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Brotherton Memonal Lecture (Dr. R. Spence, Chemical Processes for 
Nuclear Power), 1030 
—— of Prof R. M, Shackleton to the second chair of geology, 


University of Liverpool + The New Building in the Faculty of Veterinary 
Science (Prof. D. L Hughes}, 124 
Retirement of Prof. T. H. Davey from the Middlemass Hunt chair of 
tropical hygiene, 422 
Appointment of Dr. T. Wilson to the Middlamass Hunt chair of tropical 
hygiena. 422 
NATO lectures on Tides and Storm Surges, 628 
Phenolics Group Symposium on Enzyme Chemistry of Phenolic Com- 
pounds, 932 
University of London: The Prince Consort and the Founding of the 
imperial College (Sir Patrick Linstead), 107 
Postgraduate Course In Nutrition at Queen Elizabeth Collega, 123 
Appointment of Dr. C. W. Jones to the chair of mathematics applied to 
ana at the Impersal College of Saence and Technology, 


Tithe of professor of mathematics (at Queen Elizabeth College) con- 
ferred on Dr W B. Bonnor, [23 

Title of reader tn chemical pathology (at the Institute of Orthopaedics) 
conferred on Dr. P G Walker, | 

Chemical Engineering in the Imperial Collage of Sclenca (Prof. A. R. 
Ubbelohde), 124 

gr At Pek nual Report of the Governing Body of the Impera] 

lege of Science and Technology [1 360-615, 722 

Annual Report for 1960-61 of the British Library of Political and 
Economie Science, 324 

Symposium on Oxidation and Reactivity of Graphite at the Imperial 
College of Science and Technology (under the auspices of the Faraday 
Society), 530 

Title of professor of mathematics (at Birkbeck College) conferred on 
Dr.C H. Dowker, 830 

Title of reader in mathematics (at Birkbeck College} conferred on 
Dr P. Vermes, 830 

Appointment of Dr. Alastair Cameron to a readership in mechanical 
ene inesrmg at the Imperml College of Science and Technology, 


Appointment of Dr. K Fotherby to a readership in chemical) pathology 
at the Postgraduate Medical School, 830 

Title of professor of theoretical physics (at the impera! College of 
— and Technology) conferred on Dr. Paul Taunton Matthews, 


Title of reader tn aeronautics (at the Imperial College of Science and 
Technology) conferred on J. L Stollery, 630 

Title of reader in electrical engineering (at the Imperial Collage of 
Scrance and Technology) conferred on Dr. J C. Anderson, 830 

Title of reader in bacteriology {at the Institute of Orthopaedics) con- 
ferred on C. H Lack, 830 

Title of reader in geology (at King’s College) conferred on Dr. J. E 
Prentice, 830 

Title of reader in virology {at the London School of Hyglene and Tropi- 
cal Medicine) conferred on Dr C.E Gordon, 830 

Title of render in veterinary medicine AN the Royal Veterinary College) 
conferred on Dr J.C Greatorex, 830 

Title of reader in bacteriology = St. Bartholomew's Hospital Medical 
Coilege) conferred on Dr. F, W. O'Grady, 830 

Title of reader In mathematics (at University College) conferred on 
Dr. G. L Watson, 830 
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Title of reader in phyaipicey (at University College) conferred on Dr. 
M. Schachter, 830 
Title of reader in zoology (at University College) conferred on J. 
Maynard Smith, 830 
Shorter Postgraduate Courses at the Impera]! Collage of Science and 
Technology, Session 1961-62, Spring Term, 1028 
University of London Institute of Orthopaedics : Title of reader in chemical 
pathology conferred on Dr. P. G. Walker, 123 
Title of reader in bacteriology conferred on C. H. Lack, 830 
University of Malaya (International Geographical Union and the): Confer- 
ence on the pepe sphy o South-East Asia, 1138 
University of Manchester : Retirement of Prof, H. B. Maitland from the 
chair of bacteriology, 527 
Appointmant of Prof. P. J. Collard to the char of bacteriology, 527 


— of Dr, R. S. Benson to a new chair of mechanical engineer- 

Ing, 

Retirement of Prof. F Fairbrother from the chair of inorganic chen 
istry, 928 


Appointment of Dr. F, Lewis to the chair of inorganic chemistry, 928 

University of Nottingham : Ninth Easter School in Agricultural Science 
{Antibiotics in Agriculture), 326 

University of Oxford : Appointment of Dr. J W. S. Pringle to the Linacre 
professorship of zoology, [19 

University of Oxford South Caspran Expedition (P, P. Feeny, S L, Sutton and 
C J. C, Reas), 834 

niveret of Reading - Open Days at the National Instrtute for Research 
in rying, 1137 

University of Sussex > Appointment of Prof. D. B, Scott to the chair of 
mathematics, 323 

University of Wroclaw (Institute of Physical Chemistry of the Polish 

cademy of Sciences end the) : Symposium on Theory and Structure 

of Complex Compounds, 729 

University (Columbia) College of Physicians and Surgeons : Symposium on 

tc Problems in Neoplastic Disease, 426 

University (Cornell) Summer Laboratory Course in Techniques and 
Applications of the Electron Microscope, 729 

waivers) (Harvard), Cambridge, Mass : Fellowships in Forest Resources, 


University (Hebrew), Jerusalem : School of Theoretical Chemistry, 123 
University (Monash), Melbourne : Appointment of Dr. H. C, Bolton as first 
professor of theoretical physics, 1027 
University (Princeton): Proceedings of a Conference on Academic and 
Industrial Basic Research (sponsored by the United States National 
Sc:rance Foundation), 833 
University (State), of Groningen 
fessor of genetics, 17 
Appointment of Dr. J. A. Beardmore as professor of ganetics, 18 
University (Yale): Annual Report of the Peabody Museum of Natural 
History (1960-61), 221 
Role of the, 1215 


University in Adult Education 

University College, London . Title of reader in mathematics conferred on 
Dr G L., Watson, 830 

Title of reader in physiology conferred on Dr. M. Schachter, 830 
Title of reader in zoology conferred on J. Maynard Smith, 830 

University College, London (communteated by Dr. D. W. O Heddle for 
members of the Space Research Group, Department of Physics) : 
Observations in the Southern Hemisphere of Ultra-Violot Light from 
Celestiz! Obpects, 86! 

University College of North Wales, Bangor: New Laboratories for the 
Department of Physics (Prof E R. Andrew), 921 

University College of Wales, rystwyth : Fifth Symposium tn Agricultura! 
Meteorology (Climatic Factors and the Incidence and Spread of 
Diseases in Plants and Animals, 1030 

University Entrance—the Basic Facts, third edition (National Union of 
Teachers), 325 

University Students (indian), in Britain (Pol:cical and Economic Planning, 
Broadsheat 456), 537 

University Teachers, Association of : Submissions to the Committee on 
Higher Education, 305 

University Teachers (United Kingdom) : Secondment of, Overseas, 929 

aa 4 Teaching of Social Sciences—Industrial Sociology (J H. Smith), 


Unprocessed Liquid Milk in the Netherlands : Strontium-90 tn—Uprake 
from Soil and Direct Absorption by Grass (F. C M Mattern and 
L. Strackae), 647 

Unsaturated Fatty Acid Deficiency tn its Formation: Atheroma of the 
Aorta and the Possible Role of (Dr. Maurice Sandler and Prof. 
Geoffrey H Bourne), |184 

Unsold, Dr. Albrecht : Elected a member of the Basic Sciences Section of 
the International Academy of Astronautics, 1025 

Unsteady Motion of Continuous Media (Prof. K, P Scanyukovich}, trans- 
lation edited by Prof Maurice Holt ; literal translation by J George 
Adashko, review by Dr. A. J. M. Spencer, 411 

Unstressed and Stressed Immature Female Rats  Beta-Glycyrrhetinic 
Acid on the Adrena! Ascorbic Acid of (Dr. Shirley D. Kraus), 1082 

Unustiel Sensitivity to Bile Salts and other Agents: Naturally Occurring 
‘Varants’ of Salmonella pullorum possessing an (H Wilhams Smith), 
70] 

Une, H, and others: Cultivation of Isolated Tissue de®ived from the 
Pericycle of Roots, 1305 

Upper Atmosphare Geophysical Measurements in the (Royal Astro- 
nomical Society Geophysical Discussion on), 29 

Upper Atmosphere Emissions : Theoretical Interpretation of (International 
Astronomical Union and the International Union of Geodesy and 
Geophysics International Symposium on), 729 

Upper Atmosphere Research in Australia, 329 

Upper Mantle Project (Prof G, D. Garland), 721 

Uptake of Caesium-137 and Potassium : Effact of Nutrient Potassium on the, 
and on Discrimination Factor (J F Cline), 1302 

Uptake of Radiostrontium by an Alga, and the Influence of Calcium lon in 
the Water C Pickering and J. W. Lucas), 1046 

Uptake from Soi! and Direct Absorption by Grass Strontium-90 in 
Unprocessed Liquid Milk in the Netheriands—(E. C M, Mattern and 
L. Strackee}, 647 

Uptake of Strontium and Calcium by Streptococcus lactis (Prof. B J Demott 
and H C, Holt), 1309 


Retirement of Prof. M. J. Sirks as pro 
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Uptake (Functional), of Hydrazine by Frog Nerve in Sodium-deficlanc 
Ringer's Solution (Szxe-Chuh Cheng), 691 

Uranium Carbide > Work Function of (B, J Hopkins), 668 

Uranium Monocarbide : Effect of Oxygen on the Temperature Coefficient 
of Resistivity of (L B, Grrffichs}, 362 

Urbd-Holmgran, Ruth, and Wauuberg, $S. Eduardo : 
Bacillus cereus, 374 

Urbani, Prof. G. : Recent Advances in Conservation of Historic and Artistic 
Works (Picture Conservation), 27 

Umeme 3 Role of Carbonyl Chloride in the Production of (Dhruba K. Sen), 
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Ribonuclease of 


Uraemic Serum: Time-la Cinemicrography of PIRE Tissue Cui- 
tured tn Normal and in (J A Sharp and F. G. Smiddy), [91 
Urea and Total Solutes :n tha Plasma of Toads : Effect of Bilateral Ligatura 
of Ureters on the Concentration of Sodium, Potassium, (Dr. los 
Monge C.), 1185 
@rea-created Gram-negative Bacilli in the indirect Haemagglutination 
Reaction (Dr. H Braodhage), 50! 
Urease : Microbial (Prof H Seneca, Dr. P. Peer and Dr. R. Nally), 1106 
ay from Jack Bean: Preparation of (Dr. Kryomichi abusa), 
Urechis Eggs : Actrvation by Redox Dyes of (Saburo Isaka and Toyoo 
Aikawa), [096 
Ureters : Effect of Bilateral Ligature of, on the Concentration of Sodium, 
Potassrum, Urea and Total Solutes in the Plasma of Toads (Dr. Carlos 
Monge C.), | 185 
Uray, Prof. Harold C : LifeForms tn Meteorites—Origin of Lifelike 
Forms in Carbonaceous Chondrites, IHES 
Urinary Elimination and Excration of Nicotinic Acid Derivatives in Man . 
3-Pyridineacetic Acid and Nicotinic Acid—Blood Levels, (Dr, E. 
Ginoulhiac, Dr. L T. Tenconi and Prof. F. M. Chiancone), 948 
Urinary Amines after Adrenalectomy (R, F, Coward, P. Smith, Olga S. 
Ison and R. Robinson), 1295 
Urinary Metabolites of Progesterone in the Rabbit (A W. Rogers and Dr. 
G H. Thomas), 68 
Urine : Persistence of the Diurnal Rhythm of Flow of (G, W. G. Sharp), 37 
Urine amen) and Tumour Tissue of Phaeochromocytoma . Presence ot 
ethylmetadrenaline in (Chuichr Itoh, Kaoru Yoshinaga, Tatsuo 
Sato, Nozomu Ishida and Yasuo Wade), 477 
Urodeles : Smooth Muscles in the Lungs of some (Dr. J. Cropek), 798 
Uromestix acanthinurus: Simultaneous Steaming of Heinz Bodies and 
Reticulocytes with New Methylene Blue N tn, after Ipronazd 
Treatment (Prof. A. Stolk), 594 
Usborne Memoria) Prize of the Royal Aeronautical Society awarded to 
Pr. K W. Pearce, 1135 
Usa in African Countries : Methods of National Accounting in Jorane 
tron for European Economic Co-operation Report on), 42 
Use of Carbon Dioxide as Carrier Gas in Gas Chromatography (Dr. Arthur 
Karmen, irmgarde McCaffrey and Dr Robert L. Bowman), 575 
Use of Case Studies in Educatlon for Management (Weish College of Advan- 
ced es ular and the Comparative Administration Trust Confer- 
ence on), 
Use of N,N-bis (2 -Cyanoethyl) Formamide as a Liquid Phase for Gas Chroma- 
tography (Gino J. Frisone), 370 
Use in Descending Paper Chromatography > An Easily Made Solvent Trough 
for (M. D. Gwynne), 1316 
Use of Dimethyl! Sulphoxade for Preservation of Tissue Culture Cells b 
Freezing (Preservation of Cells in Tissue Culture), (Dr. Robart M. 
Dougherty), 550 
Use of the Electrolytic Tank for Freld Studies : A Development of the 
(i Hudson), 468 
Use of Z-Mode Propagation for observing Cosmic Radio Nolse from Earth 
Satellites (Prof. G. R A, Ells), 862 
Use of Ultrasonics : Application and, 1035 
Usher, M. J., and others : Absorption and Dispersion of Elastic Energy In 
Racks, 764 
Using Ultrasonics (R. Hamilton), 1035 
U.S.S.R. Academy of Scrences (Zoological Institute): Zoologists of the 
Soviet Union, 938 
Utech, Dr. Karl . Frequency of Meteorite Falls throughout the Ages, 56 
Uterine Muscle « Passage of Glucose through the, in relation to the Surface 
Area (R R-Candela, D. Martin-Hernandez, T. Castilla-Cortazar and 
Prof. J. L, R-Candala), 1292 
Utilization of Free Acetate in Man : Production and (Dr, Frank Lundquist), 


579 
Utilization of Inorganic Sulphate labelled with Sulphur-35 by Torulopsis 
vtilis (Dr Otto J Crocomo and Dr Louis Neptune Menard), 502 
Utilrzation of Tritaated Histidine by Calls of the Skeletal System: An 
Autoradiographic Examination of the (Dr Edgar A, Tonna), 130! 
Uulration (Formation and), of I f-cis Vitamin A by the Eye Tissues during 
Light and Dark Adaptation (Dr. Ruth Hubbard and Dr. John E. 
Dowling), 341 


VACCINATION Procedure which increases the Frequency of Regressions 
of Shope Papiliomas of Rabbits (Prof, C. A. Evans, L. R. Gorman, 
Y. lto and R.S Weiser), 288 

Vacant Lattice Sites In —— : Energy to Form and to Move (C, Baker 
and Dr. A. Kelly), 

Vaccinia Virus and its Neutralizing Antibody : Titration of, by the Plaque 
Technique (Dr. Moshe Nishmi and Dr. Robert Keller), 150 

Vacuum Deposits : Measurement of the Thickness of, using the Electron 
Microscope (D. Chescoe and J. S Halliday), 434 

Vacuum—Arc Deposition + Production of sporconducking Niobium Films 
by (M. S. P. Lucas and D. T. Meyer), 766 

Vaerman, Dr. J.-P. (Heremans, Dr. J. F, and): §24-Globulin as a Possible 
Carrier of Allergic Reaginie Activity, (09! 

Vass, Dr. Gilbert M., end Nichols, jun, Dr. George : Oxygen Tension and 
the Control of Bone Cell Metabolism, 379 

vee Eva: A Method for Quantitatrve Starch-Gel Electrophoresis, 


Valentinuza, M. : At the First Bromagnatic Symposium (Chemical Effects 
caused by Magnetic Frelds tn Biological Systems), 124 

Vallorcine Granite (Switzerland): Measurements of the Age of the (R. 
Chessex, F. de Montmollin, G. Ferrara and Dr A, Longinesil:), | 


INDEX 


— — T. and others : Infra-Red and Ultra-Violet Spectra of Primycin, 


van Duyn, jun., C.: Differenclal Staining of Nucleic Acids 7, 999 

van Hoff, J.: Animal Communication and Learning Processes (Fecia! 
Expressions in rmata S 

van Leeuwenhoek, Antoni : The Collected Letters of (edited by a Com- 
misston of Dutch Scientists), Vol 6, review by Prof. L A. Harvay, 913 

Van Mieghem, J. (edited by H. A Landsberg and) © Advances In Geophysics, 
Vol. 7, review by Dr. A C. Best, 913 7 

van Noordwijk, J., and Brurnvels, J., and} : Fluorescence of Aldosterone in 
Sulphuric Acid, 1260 

van Rheanan, D, L. : Determination of Biogenic Amines in Faeces of Normal 
Dairy Cattle, 170 

Van Rysselberge, Dr. J., and Van der Stricht, M. : Complete Separation of 
Xylenes and Ethylbenzene by Gas Chromatography, 128 

van Schendel, Dr A. : Recent Advances In Conservation of Historic and 
Artistic Works, 26 

van Steenwinkel, R. (Thomass, G, and): Second Yina) Coefficient of 
Krypton at Low Temperatures, !60 

Yan Wiyhe, M (Blanchaer, Prof. M., and) © Distribution of Lactic Dehydro- 
genase in Skeletal Muscle, 877 

Van der Kelen, Prof. G P.* Second-Order Hybridization Effects in the 
— Magnetic Resonance Spectra of the Methyl TH Chlorides, 

van der Kulp, Lidy, and others Enzyme Histochemistry of Bronchial 
Epithelium and Alveolar Cells in the Early Stages of Influenza-Virus 
Pneumonia of Mice, 348 

Van der Strrcht, M (Van Rysselberge, Dr. J., and) Complete Separation of 
Xylenes and Ethylbenzene by Gas — ———— 128 

Vandervell, H D., and others : Caesium-} 36 in Rain and in Milk, [150 

Vapour —— fſuoreacance Spectrum of atya Prakash), 268 

Vapour (Hydrogen Peroxide) > Catalytle Decomposition of, by Equimolar 
Mrxed Oxides (A. B Hart and Dr. R A, Ross), 1175 

Vapour (Mercury), and Hydrogen: Search for Light Amplification in a 
Mixture of (Dr. J. H. Sanders, Dr M J. Taylor and C. E. arabes 767 

Vapour (Water) Supply to the Middle Scratosphere (Per B, Storebø), 466 

Vanability of Brucella Phages (Dr, Leon Jablonski), 703 

Vartability of Thalassaemic Red Cell Characters (Dr. G. H. Beaven and 
Dr. J.C White), 448 

Varrance as a Measure of Line Broadening (Dr, A. J. C. Wilson), 568 

Variant (Haemoglobin), (Gaatreston): A New (Dr. Barbara H. Bowman, 
Harms Moreland and Dr Rose G. Schneider), 1298 

‘Variants’ (Naturally Occurring), of Saimonsifa pullorum ponening an 
Unusual Sensitivity to Bile Salts and other Agents (H. Willams 
Smith), 701 

Variation : Individual (Nutritton Society Symposium on), 426 

Variation of the Dielectric Constant of che Alkali Halldes with Pressure 
(G. J. Hill), 1275 

Variation of Shear Relation Times in Liquids with Temperature and 

Frequency (D. O Miles and A. S. Hamamoto), 644 

Variation (Excessive), in Radtation-induced Chromosome Aberrations (Dr. 
Nathan Mantel and Dr, Charles L Greenblatt), 795 

— (Masner Daily), zt Addis Ababa : Reversal of the (Pierre Gouin), 
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Vartational Principles and Stability, review by Prof. T. G. Cowling, 612 
Vartations in Partition Coefficients with Carrier Gas : Gas-Liquid Chrom- 
acoarapty =A Goldup, G. R. Luckhurst and W., T. Swanton), 


Vartiunen, E., and others: Adult Haemoglobin in the Blood of Very 
Young Human Embryos, 386 

Vasopressin and ey tcl containing Granules in the Neurohypophysls : 
Evidence for the Existence of Separate (Prof. F. S. LaBella, G. Beaulieu 
and R. J. Reiffensteln), 173 

Vassy, Prof. E. : Elected a member of the Basic Sclences Section of the 
International Academy of Astronautics, | 

Vector — of Red Ring Disease of onuts > The Palm Weevil, 

phorus palmarum L , a (E. A. C, Hagley), 499 

Vert, G. R. (Goedheer, Dr J. C, and): Chemiluminescence of Chioro- 
phyll a and Bacteriochlorophyil in relation to Redox Reactions, 875 

Vein (Lettuce Big) : Graft Transmission of (Dr. J. A. Tomlinson, Bridget R. 
Smith and R, G. Garrett), 599 

Yeloaty (Force~) Relation of Muscle (Hill's Equation) : Conceptual Model 
Tor the (Dr. C. R. Worthington), 1283 

Venables, Dr. P. F. R , and Willams, W. J... The Smaller Firm and Technical 
Education, 203 

Vendrig, Dr. J, C., and Buffel, K.: Growth-promoting Activity of Caffeic 

cid, | 

Vennart, J, and others : Measurements of Caesium-137 in Human Beings 
during 1958-6!, 516 

Ventura, U, and others: Phosphorylation of Thiamine labelled with 
Sulphur-35 in the Liver of Rat, 56] 

Venturia inaequalis (Cooke) Wint.: Removal of Apple Leaf Cuticla by 
Pectinase to reveal the Mycelium of (T, F. Preece), 902 

Venugopalan, Dr, M. : Effect of 8 or/and »-Reays on Gas Discharge, 976 

Yenugopolan, Dr. M., and others: Oxidation of Carbon Monoxide and 
oy Alcohol photosensttrzed in the Gas Phase by Zinc Oxide, 


Veratrine, Nitrate lon and »Aminobutyric Acid : Effects of, on Mammalian 
Miniature End-Plate Potentrals (Prof. YY. W. Hofmann, Prof. G. A. 
Felgen and G. H. Genther), 175 

——— D. : Probability Theory (Some Recent Work in the U.S.S.R), 


Verhaegen, Dr. G., and others : Mass Spectrometric Investigation of Gase- 
ous Species in the System Boron—Carbon, 1280 

Vermes, Dr. P : Title of reader in mathematics (at Birkbeck College, 
London), conferred on, 830 

varnon (DF H. M.) Award of the National Institute of Industrial Psychology, 


Vernorte, P., and others : An Enrichment Effect of Oxygen in the Isotope 

LA obtained during an Experiment with Concentrated 
one, 

Vertebrate Eye . Optica! Rotatory Capacity of the Lens of the (Dr. Donald 
M. Kirschenbaum), 392 

Verwoerd, C.D A. (Verwoerd-Verhoef, H. L, and}: Start and Progress of 
Increase of Nuclear Deoxymbonuclerc Acid Content after Sumulation 
of Celi Activity, 1208 
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Verwoerd-Verhoef, H. L, and Verwoerd, C. D A. - Start and Progress of 
Increase of Nuclear Deoxyribonucleic Acid Content after Stimulation 
of Cell Activity, 1208 

Very High Temperatures ; Behaviour of Well-orlented Graphite at (Prof. 
A. R. Ubbelohde, D. A, Young and A. W. Moora), 571 

Very-Low-Frequency Signals between Rugby and Rome: Possible Propa- 
gation of, through the lonosphere (YY. T. Blackband), 863 

Very Young Human Embryos : Adult Haemoglobin in the Blood of (Dr. H. 
Zillacus, E Vartuunen and A, -M. Ortelin), 

Veterinary College Royal), London: Title of reader in virology conferred 
on Dr. J. C Greatorex, 830 

Veterinary Physiology at Edinburgh, 928 

Veterinary publications : Recent (Dr. G. Lapage, 536 

Vibrations in Two-Dimensional Systems, review by Dr A. B. Wood, 1218 

Vibriocin : Lethal Biosynthesis of a New Antibacterial Prinaple— (Prof. 
H. Farkas-Himsley and P. L. Seyfried), 1193 

Vice-Chancellors and Principals of the Unrversities of the United Kingdom, 
Committees of: Memorandum of Evidenca to the Committee on 
Higher Education, 630 

Vickers Group Research Establishment (Dr. C. F Bareford), 226 

— ada ot the Royal Geographical Society awarded to Prof. Carl 

roll 

Views and PPospacts from Curzon Street—Seven Essays and Addresses on 
the Future of Education (Percy Wilson), review by H. L Elvin, [221 

Vignal, A, and others : Fibrinogen Free of Plasminogen as Substrate for 
Fibrinolytuc Assays, 693 

Vilar, Macau + At the Second Reunion of the Grupo Espafiol de Sedimento- 
loga Goint Studies between Sedimentologists and Engineering 
Geologists of Bore-hole Samples from the Ebro Delta), 30 

Villanueva, J. R.: Attempts to show Inhibition of Nitro-reductase by 
Aureomycin In Call@ree Extracts and Isolation of an Aureomycin- 
resistant Nocardia V, 95 

Villanueva, J. R (Leal, Juan Antonia, and} : An Improved Selective Medium 
for the Formation of Ascospores by apareis nidulans, 1106 

Villela, Gilberto G., and others . Effect of Colchicine on Rat Blood Serum 
Xanthine Oxidase, 64 

Villemot, the late J. M., and others ; Endotoxin from Mycoplasma mycoides, 
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Virchow (Rudolf) Medical Society In the City of New York: Proceedings, 
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Schreiber), 93 
Virgih, Dr. C.* At the Second Reunion of the Grupo Español de Sed 
mentologia (Joint Studies between Sedimentologists and Engineering 
Geologists of Bore-hole Samples from the Ebro Delta), 30 
Virgilio, A., and others: Rifamycin XXV, a Group of Actinophages Active 
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Viral Coefficient (Second), of Krypton at Low Temperatures (G. Thomass 
and R van Steenwinkel), 160 
Virology : Advances in, review by Sir Chnstopher Andrewes, 104 
Perspectives In (edited by Morris Pollard), Vol. 2, review by Sir Christo- 
phar Andrewes, 104 
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Epithelium and Alveolar Cells in the Early Stages of (J. F. Ph. Hers, 
R. G.J Willighagen, D. A, J. Tyrrell, Lidy van der Kuip and Maria 
A. C. Hos), 348 
Virus — Strains . isolation of, frorn Animals (J. Romviry, Gy. 
, Kathleen Barb and E. Farkas), 907 
ntact), of Nicotiena glutinosa : Competition between Infectious 
obacco Mosaic Virus Nucleic Acid and (Dr. Jia-Hsl Wu and Dr, 
Irving aport), 908 
Virus (Lettuce Mosaic): Purrfleacton of (Dr. J. A. eter or te 299 
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lague Technique (Dr. Moshe Nishmi and Dr. Robert Keller), 150 
Virus Protain > Role of, in Tobacco Mosa:c Virus Infection Process (Prof. 
G. W. Cochran, G. W. Welkle, J. L. Chidester, 8. K. Chandrasekhar 
and M. H. Lee), 544 
Virus Research, review by N W. Pirie, 513 
Advances tn (edited by Kenneth M. Smith and Max A. Lauffer), Yol. 7, 
review by N. W. Pirie, 513 
Virus Strains (Inhibrtor-Resistant A2 ruana : Sensibliization by means 
a Aari Periodate of, to Non-Specific Serum Inhibitors (Dr. B, 
tyk), 
Viruses : Seed-Transmission of eor John Caldwell), 457 
Viruses (Adeno-) of Man : Inoculation of Pigs with (Dr. A. O. Betts, A. R. 
Jennings, Dr. P. H. Lamont and Z Page), 45 
Viruses ole): in vitro Inhibrtion of Infectivity of, by Guanidine (B. 
Loddo, Prof. VY. Ferrari, G. Brotzu and A. Spanedda), 97 
Visceral Pain evoked by Intra-Arterial — of Substance P (G. D. 
Potter, F. Guzman and Dr. R. K. S. Lim), 983 
Viscometer (Cons-Plate) ; Radial Flow in tha (David B. Cox), 670 


Virus 


Virus 


Virus 


Virus 


xcevil 


Viscometers (Rotation), and their ——— to Non-Newtonian Measure# 
ments {Cambridge Rheology Club Meeting on), 430 

Viscosity and Density of Supercooled —— : Dependence on 
Temperature of the (L. W. Phipps), 54 

Visible Absorption Spectrum of Chlorophyll a, b, and B-Carotene Molecules 
mixed in Monolayers at a Water-Alr Interface (Dr. Germille 
Colmano), 1287 

Visible Light (Long-wave Ultra-Violet and) © Melanin Formation In Human 
Skin induced by (Dr. M, A. Pathak, Dr. F. J. Riley, Prof. T, B. Fitz- 
patrick and Dr. W. L. Curwen), 148 

Vision of Nature (Sir Cyril Hinshelwood), (Eddington Memorial Lecture), 
325 


Visual Aids (Assoclated Electrical Industries, Ltd.), 529 

Visual Attention: The Act of (Dr. Gilbert H. Glaser and Dr. David 
Kennard), 1110 

Visual Freld ects in Monkeys (A. Cowey), 302 

Visual Receptor Cells : Spectral Sensitivity of (Orlo E. Myers), 449 0 

Viswanathan, P. N., and Krishnan, Dr. P, S. : Role of Alkaline Fructose-!,6- 
Diphosphatase in Plants, [66 

Vitamin A ([J-cis}* Formation and Utilization of, by the Eye Tissues 
during Light and Dark Adaptation (Dr. Ruth Hubbard and Dr. John 
E. Dowling), 341 

Vitamin Aa: A New Synthesis of—Conversion of Vitamin At to As (Prof. 
R. K., Barua and M. G. R. Nair}, 165 

Vitamin A-defictent Rats: Vitamin C Status of (P. Seshadri Sastry, P. 
Malathi, K. Subba Rao and J. Ganguly), 1080 

Vitamin Bs and the Reproductive Cycle of Ovaries in Cod (Gadus morrhua), 
(Olaf R, Braekkan and Gjermund Boge), 394 

Vitamin Bia, Bs and Procaina > Effects of, on the Conditioned Escape 
Response (Dr. R. Kiesewetter, R. Icterheim and J. Gebhard), [188 

Vitamin Bis Activity in the Serum of the Rat (Maureen A, Booth and Dr. 
G. H. Spray), 74 

Vitamin Bie in Serum: Relationship of the Concentration of, to that In 
Liver and Kidney in Rabbits (K, Ina Simnett and Dr. G. H. Spray), 75 

Vitamin Bia/i-Glutamie Acid Mixture: Oral Treatment of Parnictous 
Anaemia with a (Dr. J. G. Heathcote and Dr. F. S. Mooney), 380 

Vitamin C Status of Vitamin A-deficient Rats (P. Seshadr: Sastry, P. Malachi, 
K. Subba Rao and J. Ganguly), 1080 

Vitamin E in Nutritlon : Stgnifteance of Selenium and (Scottish Group of 
the Nutrition Soclety Symposium on), 1138 

Vitamin Ks Haemolytie Activity of--Evidence for a Direct Effect on 
Cellutar Enzymes (Dr. J, D. Harley and H. Robin}, 478 ; (Dr. Andrew 
Sass-Kortsak, Or. Bertil Thalme and Dr. Lars Ernster), 

Vitamin Ks (Menadione) : Growth Response of a Strain of Haemophilus 
parainfluenzae to {M. Lev and B Reiter), 905 

Vlasov, Dr. K A. : Elected 2 Foreign Member of the Geological! Society of 
London, 1233 

Vocal Communication and Expression in Birds © Bird-Song, the Biology of 
(Dr. W. H. Thorpe), m Prof, R, J. Pumphrey, 1116 

Vogel, Dr. F., and others: Alleged Causes of the Present-Day World 
Distribution of the Human ABO Blood Groups, 445 

Vogel, pr pavan : A Possible Role of the Boundary Layer in Insect Flight, 

Voice : An Effect of Emotion on (Prof. Arnold J Friedhoff, Murray Alpert 
and Richard L. Kurtrberg), 357 

Volnchet, J , and others : Rapid and Accurate Experimental Determination 
of the Anisotropy and Plasticity of Deap-drawing Sheets, 771 

Volcanic Activity on Tristan da Cunha on December [6-17 (Dr. P. G, Harris 
and Dr, R. W. Le Maitre), 719 

Volcanic Systems: Calculation of Chamical Equilibroa in, by means of 
Computers (Emerson F. Heald and Prof. John J. Naughton), 642 

Voleanics (Alkaline Rift), in Tanganyika , Ignimbrites in the (D. A, Harkin 
and J. R Harpum), 57 

von Diringshofen, Dr. Heinz: Elected a member of the Life Saences 
Section of the International Academy of Astronautics, 1025 

von Engel, Dr. A. (Cozens, J R., and). New Calorelectrme Effact, 1/70 

v. Hofsten, Angelica : Deoxyribonucleic Acid Content of Morphologically 
Different Call-Types of Ophiostorna multiannulatum, 897 

von Schuching, S., and others . u-Ascorbic-!-“C Acld Catabolism in the 
Rhesus Monkey, 1178 

von Stosch, Prof. H. A. : At the Fourth International Seaweed Symposium 
(lodine Requirement of Asparagopsin armata}, 332 

Vrubel, Dr, J., and Vrubelové, H. Prevention of the Second Set Reaction 
by Extirpation of the Regronal Lymph Nodes and Splenectomy, 186 

Development of Transplantation Immunity tn the Regronalrzed ri a 

eee following Extirpation of the Original Regional Lymph Node, 


i 
Vrubelová, H. (Yrubel, Dr. J., and) Prevention of the Second Set Reaction 
by Extirpation of the Regional Lymph Nodes and Splenectomy, 186 
Development of Transplantation Immunity in the Reglonalized ihe 
— following Extirpation of the Original Regional Lymph Node, 


I 
Vukovié, D. (Konsadé-Djurdjevié, Dr. S., Se 
by means of Dielectric Charging of 


ions In Fluidized Systems 
aterals, 58 


Wana, Yasuo, and others: Prasence of N-Methylmetadrenaline in 
Human Urine and Tumour Tissue of Phaeochromocytoma, 477 
Waddington, Prof. C, H. : The Ethical Animal, review by Prof. J. Z. Young, 


Waddington, Prof. C. H., and others: Duscovery—Developments In 
Scrance axamined by, review Dr. H. D. Anthony, 615 

Waddington, Dr. C. J. : Increases of ionization in the F2 Layer and Solar 
Corpuscular Radiation, [272 

Wager, Prof. L. R.: Awarded the Lyell Medal for 1962 of the Geological 
Society of London, 527 

Wagner, H., and others: Long-range Transmission of Atmospheric Dis- 


turbances, 97 

Walsberg, S., Eduardo (Urbé-Holmgrean, Ruth, and): Ribonuclease of 
Bacillus cereus, 374 

Waite, B, D., and others : Infra-Red Estimation of Sulphur Trioxide, 62 

Wakefield, H.: Recant Advances In Conservation of Historic and Artistic 
Works (Problems of Packaging—~Packaging Methods used by the 
Victorra and Albert Museum in its Travelling Exhibitrons), 26 


xcvlil e 


akefleld, J. (Freck, D. V., and) : Gamma-Ray Spectrum obtained with a 
Lithium-drifted p-n Junction In Germanium, 669 
Wakefield Gold Medal of the Royal Aeronautical Society awarded to J. E 
Clegg and to T. G. Thorne, 1135 
"Wakonig-Vaartaja, Or. Resa : Mutation as Initlator of Neoplasms, and their 
Secondary Evolution, 44 
Wales (England and), National Foundation for Educational Research in: 
echnical Education Abstracts, Vol. 1, Nos, 2-3, 222 
Walker, Dr. P G. : Title of reader in chemical pathology (at the Institute 
of Orthopaedics) conferred on by the University of London, [23 
Wall, Dr. Robert © Overlapping Genetic Codes, 1268 
Wallace, Prof Bruce, and Dobzhansky, Prof. Th.: Radiation, Ganes and 
Man, review by Dr. Charlotte Auerbach, 914 
‘Wallace, Prof T Obituary of Prof B. T, P. Barker, 526 
Waller, Or. Mary Dés:irée . Chladni Figures, a Study in Symmetry, review 
by Dr. A B, Wood, !218 
aiis and Capsules : Bacterral (Biochemical Society Colloquium on), 2! 
Walsh, Dr, John W. T.: The Scrence of Daylight, review by Dr. R. G. 
Hopkinson, 8[5 
Walters, A. A. : Appointed professor of economatrics and soctfal statistics 
in che University of Birmingham, 123, 626 , work of, 626 
Waltregny, A., and others . Particulate Enzyme System for the Synthesis 
of Squalene from 2-('4C)}-Mevalonic Acid, 22 
‘Walwick, R., and others * X-Radration Inhibition of the Induction of 
Kidney Enzymes catalysing Synthesis of Deoxyribonucleic Acid In 
vitro, 
Wang, Prof. Chih H (Ramsey, John C. and) Catrabolic Changes in Ripen- 
Ing Tomato Frutt, 
Wannier, Dr Gregory H : Elements of Solid State Theory, review by 
Prof. G O lons 106 
—— A B., and Cronshaw, J... Formation of Phenolic Substances In 
the Ray Parenchyma of Angiosperms, 90 
Warfield, R. W , and Petree, M.C : Heat Capacity of Amorphous Polymers 
at Low Temperatures, 1280 
Warmke, Germain L., and Abbott, Dr. R. Tucker: Caribbean Seashells, 
review Prof R. D. Purchon, 1015 
Warner, B, : Spharical Projection Photographs of the Moon, 830 
Warner, B, and Frelder, Dr Gilbert : Stresses around Lunar Craters, 762 
Warren, Kenneth $ , and Schenker, Stevan: Brain Ammonia during Con- 
vulsions In Thramine<deficient Mice, 253 
Washington Academy of Sciences Journal of the, Vol I], No. 7, Report 
on School Student Research Programme, 637 
Watanabe, Dr. Hiroshi: An X-Ray-induced Strain of Ring-of-12 In Trade- 
scanta paludosa, 603 
Watanabe, Dr Kosuke (Brown, Dr. Kenneth T, and): isolation and 
Identification of a Receptor Potential from the Pure Cone Fovea of 
the Monkey Retina, 958 
Water: Irreversible Thermodynamics and Membrane Transport, part- 
cularly of (British Biophysical Society Symposium on), 1138 
Mechanism of the Radiolysis of, by Gamma or Electrons (A O. 
Allen), (The Chemical and Biological Action of Radiatrons, edited by 
M, Haissinsky, Vol. 5, Part 1), review by Prof. F. S, Danton, 1220 
Sub-Committee on the Growing Demand for—Final Report (Central 
Advisory Water Committees), [244 
Uptake of Rad:ostrontium by an Alga, and the Influence of Calcium 
lon in the (D C. Pickering and J W Lucas), 1046 
Water, Deuterium Oxide and Aqueous Solutions of Glycine at Low Tem- 
peratures : Radiation-induced Radicals in (Thormod Henriksen), 371 
Water (incorporated) > Stabilization of Keratin Structure by (J E, Algie 
and | C, Watt), 972 
Water (Trit:ated) : Preparation of Tritium-labelled Paromomycin (‘Huma- 
tin’) by Fermentation tn a Medium contalning (Dr. Robert È, Ober, 
Salvatore A, Fusari, George L. Coffey, G ayne Gwynn and 
Anthony J Glazko), 1289 
Water Committee, Central Advisory . Sub-Committee on the Growlng 
Demand for Water—Final Report, [244 
Water Problem Britain's (Prof. W G. C. Balchin), 1244 
Water Supplies : Radioactivity in, 121 
Water Transport (Biologica!) > A Model System for (Peter F Curran and 
John R. Macintosh), 
Water Vapour Supply to the Middle Stratosphere (Per B Storebs), 466 
Water and Inorganic lons > Dutribution of, in the Central Nervous System 
of an Insect (Periplaneta americana 1), (J, E. Treherne), 750 
——— Interface: Monolayer Film of Rhodopsin at the 
yono, Shtgeko Kumyama, Kenzo Tsuj: and Yup Hosoya), 6 
Water—-Air Interface: Visible Absorption Peon of ———— a, b, 
and §-Carotena Molecules mixed in Monolayers at a (Dr Germille 
Colmano), 1287 
Water (Sea-) nonm, Conductivity and Density of (Dr. R A Cox, 
Dr. F. Culkin, R. Greenhalgh and Dr J. P. Riley), 518 
Waterlow, Dr. J.C Biochemistry and Nutrition (Protem Malnutrition 
in Infants), 16 
Waterman, Thomas E., and others : Handbook of Thermophysical Proper- 
ties of Solid Macerials, Vol I, Elements (Melting Temperature above 
[000° F.), revised edition, review by Prof M W. Thring, 106 
Waters, R S Appointed to the chair o geograph in the University of 
Canterbury, Christchurch, New Zealand, | 7 ; work of, 1233 
Waters (Petroleum Reservoir) . Fatty Acids in Recent and Ancient Sedi- 
ments and (J E. Cooper), 744 
Waterson, Dr. A P Two Kinds of Myxovirus, [163 
Watkins, C D. and others: Radar Observations of Meteor Echoes at a 
Frequency of 1,300 Mc/s, 1036 
Watkins, Dr. Winifred M, and others: Isolation of a — Di- 
sacchande from Human Blood-Group B Substance, | 
Watson, Or G. L.: Title of reader tn mathematics (at University College, 
London) conferred on, 830 
Watson, Or. J H.: Returement as chemist and assayer at the Royal Mint, 
1234; work of, 1234 
Watson, J H (Freeman, M W.. and). At the First Biomagnetic Symposium 
(Means of Introducing Iron into the Vascular System with the help 
of Sublingual apura on of iron —— 1244 
Watt, | C (Alpe, ) E, and): Stabilrzation of Keratrn Structure by In- 
corporated Water, 972 
Watts, W. A. : Early Tertiary Pollan Deposres tn Ireland, 600 
Wave (Shock), of Low Attenuation : Electromagnetic Shock Tube capable 
of producing a Well-formed (Dr. P, R. Smy), 969 


Atsushi 


INDEX 


bhai — : Radio Emtssion from Casslopera 23N5A an (A. 

cna), 

Wavelength and Luminosity of the Light Incident on the Human Eye : 
Sree of the Static Pupil as a Function of (H Bouma), 690 

Wave-langth (Sound): Dependence of the Intensity of the First-Order 
Crffraction on (Dr. C. Raghupachi Rao), 1169 

ey sole Medal Essay Competition, 1962 (Research Applied in industry), 


Waves (Pressure): Transit of, through New Zealand from the Soviet 50 
Megaton Bomb Explosion (E kas), 765 

Waves (Radio): Scattering of, in the lonosphere (B R. Clemesha and 
Prof. R W. Wright), 54 

Waves (Radio), in the lonosphere (Dr. K. G. Budden), review by Prof. 
W.J G. Beynon, 208 

Waves (Sub-Acoustic), from Large Explosions (Prof R. Y. Jones), 229 

Wax (Wool): Fractionation of, in the Centrrfugal Process (Dr. C. A, 
Anderson and Dr G F Wood), 742 

Wax Coatings of Plant Leaves : Hydrocarbon Constituents of the—a 
Taxonomic Survey (Dr. G. Eglinton, R J Hamilton, Prof. R. A 
Raphael and Prof. A. G Gonzalez), 739 

Way (The Biological}, to the Future, review by Prof J. Z. Young, 409 

Ways (New), in Management Tra:ining—a Technical Collage develops its 
Sarvices to Industry (Dr. Cyril Sofar and Geoffrey H@cton), 203 

Wealth (The Natural), of Scotland, review by Prof L. Dudley Stamp, 514 

Weaning (Early and Late) Effect of, on Learning in Adult Rats (V. 
Nováková, J. Falun, V. Flandera, P. Hahn and O. Koldovsky), 


90 
Weatherall, Dr. J A. : Fluorides 
Weaver, C. Wo: ‘Twinning’ and re in Chromium, 265 
Weaver, J. M (Dells, Dr. A. N., and) Maasurement of a High Refractive 
Index for Transmission of 3-cm. Micwowaves through a Plasma, 


127 

Webb, C. E, and others: Search for Light Amplification in a Mixture of 
Mercury Vapour and Hydrogen, 767 

Webb, E K : Thermal Convection with Wind Shear, 840 

Webb, M., and others : Cadmium as a Carcinogen, 592 

Webb, S. J. (Federoff, Prof. S., and): Natural Cytotoxic Antibodies tn 
Human Blood Sera which react with Mammalian Cells and Bacteria, 80 

Weber, Charlotte L, and others: Estimation of Deoxyr:bonuclele Acid 
Synthetic Period for Myelocytes in Dog Bone Marrow, [34 

Weekes, K.: Geophysical Measurements of the Upper Atmosphere 
(Results obtained from the Distribution of lonization above the 
Maximum of the F-Region), 29 

Weeks, Boyd M., and others ' pH Effects in the Radiolysis of Aquo-Organic 
Systems, 1291 

Weevil (The Palm), Rhynchophorus palmarum L , a Probable Vector of Red 
Ring Drsease of Coconuts (E. A. C. Hagley), 499 

Weidlein, Dr. Edward R Awarded the Willam Procter Prrza of the 
Sarenufic Research Soclety of America, 426 

Weidmann, Dr. S. M.: Fluorides (Fluorotic Lesions of Bone), 23 

Weight (Age): Guinea Pig Lung Diphosphopyridine Nucleotidase in rela- 
tron to (Dr. Elliott Middleton, jun., and Dr. Anima Devi), [179 

Well, A. R. Recent Advances tn ion of Historic and Artistic 
Works (Non-destructrve Methods available in the Examination of 
Metallic Antiquities), 27 

Weinberg, Dr. F J, and others : Flame-Are Combination, 736 

Weiner, Dr N, and others: Noradrenaline and Adrenaline Content of 
Adipose Tissues, 36 

Effect of Reserpine on Noradrenalina Content of innervated and 

Denervated Brown Adipose Tissue of the Rat, 137 

Weintroub, S.: The Institute of Physics and the Physical Society, 327 

Weser, R. S, and others : A Vaccination Procedure which increzses the 
Frequency of Regressions of Shope Papillomas of Rabbits, 288 

Weussbach, Arthur, and Jacob, Dr Francois: Effect of Glucose on the 
Formation of Bacterrophage A, 197 

Wersenberg, Prof. K : Rotatlon Viscometers and thelr Application to 
Non-Newtonnmn Measurements, 430 

Weoissler, Alfred : Ultrasonic Hydroxylation In a Fluorescence Analysis for 
Microgram Quantities of Benzole Acid, 1070 

Welch, L : ee the H, B. Irving Meda! of the Royal Aeronautical 
Sociaty, 

Welfare of the British Factory Worker, 531 

Welfare (Animal), Universities Federation for Easter Congress, 932 

Welfare (Health, Education and), United States Department of : The Public 
Health Service in Radiological Health, 223 

Welkie, G W , and others : Role of Virus Protein in Tobacco Mosaic Virus 
infection Process, 

Well-formed Shock Wave of Low Attenuation > Electromagnetic Shock 
Tube capable of producing a (Dr. P. R Smy), 969 

Well-oriented Graphite at Very High Temperatures : Behaviour of (Prof. 
A R. Ubbelohde, D A. Young and A. W. Moore), 57! 

Wellby, M. L, and Hetzel, Dr. B. S.: Demonstration of lodotyrosines in 
Human Plasma in Response to Thyroid Scimulation, 

Wallcome Trust and the Madical Research Council of Sweden Establish- 
ment of Exchange Fellowships, [22 

Wellings, 5 R : At the Frith Internatronal Pigment Cell Conference (The 
Origin of the Mefanin Granule), 126 

Wells, C $. : Resin Impregnation of Soil Samples, 804 

Wells, C. L., and Wolken, J J. © Microspectrophotometry of Haemosiderin 
Granules, 977 

Wells, Dr. G P . Speciation in the Sea (Barriers and Speciation in the 
Caudate Arenicolidae, the Lugworms), 25 

Wells, M J.. Animal Communication and Learning Processes (Early Learn- 
ing In Sepia), 28 

Welsh, Prof H, L : Elected a Fellow of the Royal Society, 1134 

Welsh College of Advanced Technology and the Comparative Administra- 
tion Trust: Conference on Use of Case Studies in Education for 
Management, 1138 

Welsh Soils Discussion Group - 
Organic Matter, 2 

Welwitschia mirabilis The Karyotype in (Dr T N Khashoo and M. R. 
Ahuja), 356 

Wendlande, Prof Wesley VW, and Haschke, John: Yallow and Green 
Forms of Silver (I) 8-Quinolinolace, 1174 

Wank, Prof E.: Elected a Foreign Member of the Geological Soctaty of 
London, 1233 


luorotic Lesions of Bane), 23 


Discussion on Static Aspects of Soll 


INDEX eè XCX 


Werner, Dr. A. E : Recent Advances in Conservation of Historic and 
Arastic Works (Summary of F. Flieder’s Method for ensuring that 
Documents re-nforced with Cellulose Acetate or Taxtile ric 
remained properly Fungicidal), 27; (The Stabilizing of Water- 

logged Wood), 27 

Werner, S. Ac the Third Nordic Meeting for Mining Geophysicists 
a Methods used by the Geological Survey of Sweden), 


West African Universities : Future of (Dr. C. T Mortimer), 1241 
Wrest an Starch Research Station : International Starch Conference, 


Wast Riding of Yorkshire : The Place-Names of the (A. H. Smith), Part 4, 
Barkston Ash, Skyrack and Ainsty Wapentakes ; Part 5, Upper and 
Lower Claro Wapentakes, Part 6, East and West Seancitffe and 
Ewcross Wapentakes, review by Prof H. C Darby, 918 

West-Wind-Drift Dispersal of Echinoderms in the Southern Hemrsphere 
(Prof H Barraclough Fell), 759 

Weste rd, Mogens, and others Haemoglobin Pattern and Chromosome 

umber of American, European and Japanese Eels (Anguita), 100! 

Westerman, R., and others Long-lasting Reversible Changes in the Reflex 
Responses of Chronic Spinal Cats to Touch, Heat and Cold, 17] 

Western rge > New Hydrographic ani for the, 20 

Westhemmer®Dr. F. H, © Elected to a Fellowship (Title F, overseas fellow- 
ship) of Churchill College, Cambridge, 930 

Whalley, C.: Elected chairman of the Microchermistry Group of the 
Saciaty for Analytical Chemistry, 1029 

Wharton, A L (Brunt, A, A, and) Calonectria rigidiuscula (Berk, and Br ) 
Sacc the Cause of a Gall Disease of Cocoa In Ghana, 903 

What is Science For ’? (Discovery Prizes for essays on), 629 

Whelan, Or. W 1 . Chemis of Carbohydrates, review, 206 

Whiffen, Dr. D H (Rowlands, Dr. J. R, and): Dependence on Tempera- 
ture of Hyperfine Couplings on the Free Radical SOs--NHat, 61 

Whisker Growth from Quartz (S C. Abrahams and C. D Stockbridge), 670 

Whiskers . Sodium Chloride (Dr. Gy Turchdny;, Dr. T Horvath and Dr. 
I. Tarjan), 867 

Whistlers Dispersion of (Atsushi Kimpara), 667 

Whistlers and Solar Activity (Atsush: Kimpara}, 666 

White, Dr. Errol, and others. Discovery—-Developments in Selence 
examined by, review by Dr H D. Anthony, 615 

White, Dr. E i : Awarded the Murchison Medal for 1962 of the Geological 
Society of London, 527 

White, Dr J C. (Beaven, Dr. G H. and) * Variability of Thalassaamie Red 
Cell Characters, 448 

Whita, * E.. Reproductive Structures of Gioscopteris angustifolia Bgt., 


White (Fowl Pat and Plasma: Comparative Starch-gel Electrophoretic 
Studies of (E. Annau and Dalma Cochrane), 879 

White Celis Cytolytle Effect of Homogenates of Mouse Adenocarclnomas 
on (Dr. Eric Ponder and Dr, Ruth Y, Ponder), 1300 

White Rats. Adranals in Trypanosoma evans: Infection In (Anjal Chatterji 
and Prof P C, Sen Gupta), 78 

Whitenack, D., and others: A Skin Reaction in Guinea Pig Homograft 
Ponor with a Cell-free Substance from Recipient Lymph Nodes, 


Whitmore, jun., Dr W F. and others : Zinc Content of Expressed Human 
Prostatic Flurd, 72 

Whitney, H., and others - Scintillations of Radio Stars and Satellites during 
Incense Magnetic Disturbances, 1246 

id ee aE Dr. D., and others : Convection-free Post-arc Gap Recovery, 
2 


Whittle, H, and others: Antigens of Tapeworms, 931 
Whole Homogenate of Liver : Incorporation of *C-Glucose into Glycogen 
— Ennque Figueroa, Ariana Pfeifer and Hermann Niemeyer), 


Why Not Teach for a Time Overseas ? (Ministry of Education), 22! 
Wma, Prof, J] M., and others © Effect of Mutant of Bacillus subtilis on the 
Spectec Transport of Acon:tase and Dicarboxylic Acid, 70, erratum 


Widdowson, Dr E. M (McCance, Prof R. A, and): Biochemistry and 
Nutrition (Nutrition and Growth), 16 

Wiener, Alexander S (Springer, Or Georg F, and). Alleged Causes of the 
Present-Day World Distribution of the Human ABO Blood Groups, 


Wigglesworth, Prof Y B Economic Entomology in Australis, | [43 

Wihe, R. Recent Advances in Conservation of Historic and Artistic 
Works (Glass Conservation—Replica Work done with Transparent 
Cold-setting Polymers), 27 

Wilce Dr R.T At the Fourth International Seaweed Symposium (Flora 
of North-west Greenland), 332 

Wildirfe Fund + The World (Phyllis Barclay-Smith), 12 

Wildy, P : Elected a Fellow of the Royal Socrety of Edinburgh, 1024 

Wilkinson, Prof D H - Appointed Rutherford Memorial Lecturer by the 
Institute of Phystcs and the Physical Society, 729 

Willard, Or J.J. © Tithe of University Research Fellow in chemistry in the 
University of Birmingham conferred on, 830 

Willams, A. E, and others Foetal Erythntol, a Cause of the Localmation 
of Brucelia abortus in Bovine Contagious Abortion, 47 

Wilhams, B Vaughan : Promoted to deputy chief screntific officer to fill the 
new post of director of professional staff management, Ministry of 
Avration, 1135 ; work of, 1135 

Wiliams, D = Probability Theory (Random Time Substitution in Denumer- 
able Markov Processes), 

Wiliams, M.M R. (Kemeny, L G. and): Nuclear Thermalzauon tn Pulsed 
Moderators, 359 

Williams, Prof Robert P. (Norman, Jamas ©, and): Growth Stimulation 
of Mycobacterium tuberculosis H37Ry by Coen e Qio, 702 

Willrama, Or. YY D. . The Genus Asellus in Britain, 300, 

Willams, W.J] (Yenables, Dr. P F R., and) The Smaller Firm and Techni- 
cal Education, 203 

Willrmson, D. H , and Scopes, A. WW : A Rapid Method for Synchroncing 
Division in the Yeast, Sacchoromyces cerevisiae, 256 

Wilhamson, Dr. D |} Given an Award under the Royal Society and 
Nuffield Foundation Commonwealth Bursaries Scheme, 929 

Wilhamson, Dr. J.B. P Applications of Non-Destructive Testing In the 
Electrical Industry (Significance of the Measurements made in the 
Non-Destructive Testing of Electrical Joints), 535 


Williamson, Dr M. H. : An Ecological Survey of a Scottish Herring Fishery, 
Part 4, Changes in the Plankton during the Period 1949 to 1959 > 
Appendix, A Method for Studying the relation of Plankton Variations 
ES Hydrography (Bulletins of Marina Ecology, Nos. 47 and 48, Vol. 


Willighagen, R. G. J., and others : Enzyme Histochemistry of Bronchiab 
Epithelium and Alveolar Cells in the Early Stages of Influenza-Virus. 
Pneumonia of Mice, 348 

Willis, Wem. D. (Hubbard, Dr John |, and): Mobilrration of Transmrtter 
by Hyperpolarization, 174 

Wills, Wm D. (Hubbard, Dr, John l., and). Reduction of Transmitter 
Output by Dapolarmation, 1294 

Wilman, Dr. H. Chemical ey of Diffraction Methods (Diffraction 
of Radiation other than X-Rays}, 733 

Wilson, Dr A.J C : Vartance as a Measure of Line Broadening, 568 

Wilson, Dr.C W M.: Audtogente Serzures, 430 

Wilson, Dagmar C, and others: Thyroid Dysfunction in Aborted and# 
New-born Calves, 595 

Wilson, Dr. Malcolm E : Apparent Movement in Repetitively Patterned 
Fields, 960 

Wilson, Olga S, and others : Uninary Amines after Adrenalectomy, 1295. 

Wilson, Percy : Views and Prospects from Curzon Street—Seven Essa 
and Addresses on the Future of Education, review by H. L Elvin, 122] 

Wilson, P. W. (Temperli, A, and) : Reactivation of Sucanate—Cytechrome 
E in Acetone-extracted Particles of Azotobacter vinelandii, 

Wilson, Dr R.: Space — in Great Britain (Plasmas in which, 
Radiative, Hydrostatic and Thermodynamic Equilibria ware absent), 


Wilson, Dr T.: Appointed to the Middlemass Hunt chair of tropical 
hygiena in the Unrversity of Liverpool, 422 ; work of, 422 

Winand, Louis, and Dallemagne, Marcel J.: Hydrogen Bonding in the 
Calcium Phosphates, 369 

Wind (Long): Down the—a Study of Bird Migration (Garth Christian), 
review by H Dunnichff, 917 

Wind-Drift est-) Dispersal of Echinoderms in the Southern Hemisphere 
(Prof. H Barraclough Fell), 759 

Wind Shear: Thermal Convection with (E. K. Webb), 840 

Wind-Tunnels (Hypersonic): Plasma Arc Heating for {E A. Bunt and 
H L Olsen), 530 

Winer, P, and others > Estimation of Risks of Heat-Scroke, 848 

Winsor, G (Peacock, R V., and): Measurement of Easy Direction Drsper- 
sion in Magnetre Thin Films, 768 

Winter, George D : Formacon of the Scab and the Rate of Epithelization of 
Superficial Wounds in the Skin of the Young Domestic Pig, 293 

Wrely B. : Effect of an Anti-Fouling Paint on a Bryozoan Larva, 543 

Wiseman, N E ' Iterative Arrays of Logical Circuits, review, 515 

Wiseman, Dr. Stephen (edited by) : Examinations and English Education, 
review by H L. Elvin, 122 

Wish, J. (Audus, L J, and} At the First ——— Symposium (Exper. 
ments on Magneto-tropism of Seba 1243 

Wisse, Dr J H., and others: ‘Purity’ of Alpha-Crystallin, 437 

Witkop, B.: At the Fifth International Pigment Cell Conference (Chemical 
Structure of Melanins ), 127 

Witt, K, and others. Foetal Erythritol, a Cause of the Localrration of 
Brucello abortus in Bovine Contagious Abortion, 47 

Wolf, Prof. Frederick T.. Growth Inhibition of Chioreila induced by 
3Amino-1,2,4Triazole, and its Reversal by Purtnes, 901 

Wolfrom, Melville L. (edited by, in association with R. Stuart Tipson) - 
Advances In Carbohydrate Chemistry, Vol. 15, review by Dr. W. 4. 
Whelan, 206 

Wolken, J. J. (Wells, C L., and): Microspectrophotometry of Haemo- 
siderin Granules, 977 

Wollaston Fund for 1962 of the Geological Society of London awarded to, 
R. G., YW Brunstrom, 527 

Wollaston Medal for 1962 of the Geological Society of London awarded to. 
Prof L. Hawkes, 527 

Wollman, Dr Ehe l. (Jacob, Dr. Francors, and) © Sexuality and the Genetics 
of Bactena, review by Dr W. — 206 

Wolters, Dr. C. : Recent Advances in Conservation of Historic and Artutic 
Works (Picture Conservation), 27 

Woman (Married) : Employing (Dr Viola Klein), 635 

Employment of, in Britain, 635 

Wonderful World of Nature—Fauna and Flora in 300 Pictures (F. A. 
be A English version by Mary Phillips, review by B., J. G. 
Maitland, 410 

Wood, Dr A B Vibrations in Two-Dimensional Systems, review, [218 

Wood, B.J B : At the Fifth International Pigment Cell Conference (Role. 
of Copper in Tyrosinase-catalysed Reactions), 127 

Wood, Or F. (Anderson, Dr C. A, and) ° Fractionation of Wool Wax 
in the Centrifugal Recovery Process, 742 

Wood Charcoal in Great Britain ; The Manufacture of {L Reynolds), 1236 

Woodrow, J C, and others > Iso-lmmuntzation in the Rabbit with And. 
body-coated Erythrocytes, 991 

Woods, H. (du Buy, H, and): At the Fifth International Pigment Celt 
Conference (The Origin of the Melanin Granule), 126 

Woodward, Dr. Y W Fiche of University Research Fellow in micro~ 
biol in the University of Birmingham conferred on, 830 

Wool, Ira G., and Manchester, Dr K L.+ Insulin and Intorporation of 
Amino-Acids into Protein of Rat Tissues, 345 

Wool Fibres : Multiple Medullae in (G. Jones), 1001 

Wool Research in Australia, 325 

Wool Textile industry (Brith) - Research in the, 628 

Woo! Wax Fractionation of, in the Centrifugal Racovery Process (Dr. 
C A Andersonand Dr G F. Wood), 742 

Wool and Aqueous Solutions A New Approach to the Donnan Distriby- 
tion of lons betwaen u Delmenico and Prof R H Peters), 1252 

———— ae : Direct Methods in Crystallography, review by Dr. A. 

ug, 

Work Acerdentsat (Adjournment Debate on, In the HouseofCommons), 531 

Work e Graphic), of M C Escher, revrew by Prof Misha Black, 4 

Work Function of Uranium Carbide (B. J Hopkins), 668 

Worker (Both Factory} . Welfare of the, 531 

Works (Historic and Artistic). Recent Advances In Conservation of 
(International Institute for Conservation of Historic and Artistic 
Works International Conference on), 26 


c e 


Works (Historic and Artistic), International Institute for Conservation of : 
Firet International Conference, 26 
Forbes Prize Lecture, The International Organization and Conservation 
(Dr. H. J. Planderleith), 27 
World of Cryophysics, review by Prof J. F. Allen, 813 
World (The Wonderful), of Nature—Ffauna and Flora In 300 Pictures (F. A. 
——— Engliah version by Mary Phillips, review by B. J. G. 
Maitland, 4/0 
World Advancement : Science, Technology and (Prof. P. M. S. Blackett), 416 
World Co-operation in Scjance, 405 
World Directory of Dental Schools (United Nations, World Health 
Organization), 222 
World Distributian (Present-Day), of the Human ABO Blood Groups: 
Alleged Causes of the (Dr. Georg F. Springer and Alexander S. 
Wiener), 444; (Dr. H. J. Pettenkofer, Dr. B. Scoss, Or. W, Helmbold 
and Dr. F. Vogel}, 445 
“World Federation of Neurology (Commission for Neuropathology and the 
Commason for ———— Neuropathology): Acta Neuro- 
pathologiea, Yol. |, Fasc. I, 1136 
World Health Organization (United Nations} : Monograph Series No. 46, 
Air Pollution eS Barber, and 18 other authors), review by Dr. G. 
Underwood, 2 
World Directory of Dantal Schools, 222 
Technical Report Series No. 225, Expert Committea on the Public 
Health Aspects of Housing—First Report, 636 
Technical Report Series No. 226, Chemotherapy of Malaria—Reaport of 
a Technical Meeting: 735 
World Importance : Parasites of (Parasrtology Group of the Institute of 
Biology Discussion on), 318 
World Trends In Aur Pollution Research, review by Dr. G. Underwood, 205 
World Wildlife Fund (Phyllis Barclay-Smith), 12 
TS : Antigens of (S. E, Maddison, H, Whittle and R. Elsdon- 
ew), 
Worshipful Company of Gardeners : Scholarship, [238 
Worthin , Dr, R.: Conceptual Model for the Force—Velocity 
Relation of Muscle (Hill’s Equation), 1283 
Wortls, S, Bernard, and others : Matabolism of pt-Norepinephrine-7-"H 
in the Guinea Pig treated with Tolburarnde, 
Wounds (Superficial), in che Skin of the Young Domestic Prg . Formation of 
the Scab and the Rate of Eprthelization of (George D. Winter), 293 
Ba hy A. (Lews, Dr. D, J., and) : A Trematode Parasite of Symulium, 


Wright (Orville) Prize of the Roya! Aeronautical Society awarded to H. L. 
Cox and N, B. Owen, 113 

Wright, Prof. R. W. (Clemesha, B. R, and} : Scattering of Radio Waves in 
the lonosphere, 54 

Wright, Dr. S. T. C.: An Observation surgan that the Molecular 
Weights of Enzymes can be arranged in Three Geometric Series, 334 

Wright, Prof. YY. : Elected a Fellow of the Royal Society of Edinburgh, 1024 

Wrnch, Dr. Dorothy: Some Issues in Molecular Biology and Recent 
Advances in the Organic Chemistry of Small Peptides, 245 

Wu, Dr. Jr-Hs, and Rappaport, Dr. Irving: Competition between 
Infectious Tobacco Mosaic Virus Nucleic Acid and Intact Virus on 
Nicotiana glutinosa, 908 

Wunderlich, Maria, and others : Pressor—Depressor Blood Pressure Res- 
ponses tn the Cat after Intraventricular Injection of Drugs, 1297 

Wynants, J., and others : Effect of Mutant of Bacillus subtilis on the Specific 
Transport of Aconitase and Dicarboxylic Acid, 70, erratum, 426 

Wyndham, C. H., and others: Estimation of Risks of Heat-Stroke, 848 

Wyss, W. F. : Carbonyl Groups in Bituminous Coals, 870 


X-IRRADIATION : Reduction of the Pathogenlaty of Fasciola hepatica 
in Mice by (D. L. Hughes), 1093 
X-Irradiation (Total-Body) : Long-Term Effect of, on the Compensatory 
Hypertrophy of the Rat Kidney (Dr. T. J. Franklin}, 289 
X-Radiation (a-, Be, 20-kV. X- and 200-kY.}: Dose Survival Curves of 
Beart cae in Tissue Culture irradrted with (Dr. G. W. Barand- 
sen), 3 
X-Radiation Inhibltlon of the Induction of eg @ reg catalysing 
Synthesis of Deoxyrtbonucleaic Acid in vitro (R. K, Maln, L. J. Cole 
and E. R. Walwick), 995 
X-Ray Analyss of organic Structures (S. C. Nyburg), review by Prof, J. M. 
Robertson, 91 
X-Ray Analysis of Parallel Growth and Disorder in Silicon Carbide Crystals 
(Dr. J. W. Jeffery and T. S. Murty), 1172 
X-Ray Crystallography, review by Dr. A. Klug, 104 
X-Ray Investigations of M-5 and T-2 Bacteriophage (Marcos F. Maestre and 
Dr. Reln Kilkson), 366 
X-Ray Study of Preferred Orientation In Pyrolyac Boron Nitride (O. J. 
Guentert and R. L. Mozzi}, 570 
X-Ray-induced Strain of Ring-of-12 in Tradescantia paludosa (Dr. Hiroshi 
Watanabe), 603 
X-Rays : Effects of, on the Rat Embryo during Mesoderm Formation (Dr. 
N, Skreb and N. Blyelt¢), 292 
Electron Spin Resonance Measurements of Keratine treated with 
(Prof. B. Rajewaky and Dr. A. Redhardt), 365 
Xanthine Oxidase (Rat Blood Serum) : Effect of Colchicine on (Ortilla R, 
Affonso, Dr. Emilio Mitidleri and Gilberto G. Villela), 64 
campestris (Pammeal, 1995) Dowson, 1939, In Brassica Seed . 
A Method for the Detection of (D, A. Shackleton), 78 
aseolt : Specificity of the C-l Keto-sugar Diphosphatase of 


(Rolf M. Hochster), 7! 
Xenografts cet Human Bone): Fate of, in Rats (Dr. Kalevi Koski, 
Anna-Lisa Laaksonen and Enni Luostarinen), | 


A. Band System of the 


tion of, by Gas Chromato- 
. Van der Stricht), [281 


XeN Molecule: Rotational Structure of the 
(L. Herman and R. Herman), 156 

Xylenes and Ethylbenzene : Complete Sa 
graphy (Dr. J. Van Rysselberge and 


Yaci, Kunio, and Ozawa, Takayuki! : Formation of 1-Amino-acld Oxidase 
Artificial Michaelis Complex, 483 

Yagi, Kunio (Nagatsu, Toshiharu, and) : Identification of the Main Ethylene- 
diamine Condensate of Noradrenaline with that of Catechol, 464 


INDEX 


Yale University: Annual Report of the Peabody Museum of Natural 
History (1960-61}, 22! 

Yamada, Dr. Shigahiko, and Sato, Hiroshi: Some Physical Properties of 
Glassy Carbon, 261 

Yamagata, Dr Noboru, and Iwashima, Kiyoshi : Environmental Contamina 
tion with fodine-I3 in Japan, 892 

Yamanaka, Elaine, and others: Allergen Testing on Monkeys passively 
sensitized by Hay Fever and Asthma Reagins of Human Sera, 

Yeast : Active Dry (Y. S, Lewis, S. Neelakantan and D. $. Bhatia), 1137 

Transformation tn—Evidence of a Real Genetic Change by the Action 

of DNA (Dr W. F. F. Oppencorth), 706 

Yeast, Saccharomyces cerevisiae . A Rapid Method for Synchronizing Divi- 
sion In the (D. H. Williamson and A. W. Scopes), 256 

Yeasts Torulopsis utilis and — — cerevisiae : Nutritional Require- 
ments for the Cultrvation of Fully Deuterated (Y. S. Mohan, L. 
Cresp: and J. J. Katz), 189 

Yeilow Coat-colour in the Domestic Cat : Autosomal Inheritance of (C. E. 


Dyte), 198 

Yellow and Green Forms of Silver k ey daa (Prof. Wesley W. 
Wendlandt and John Haschke), [17 

Yellowknife District in the Northwest Territories of Canada: Auriferous 
Veins of the (Dr. R. W. Boyle), 425 

Vllner, Dr. S., and others : Hepatotoxic Effect of Tri- and Tefa-chlorethy- 
lena on Mice, 395 

Yoffey, Prof. J. M.: A New Guide to the Dissection of the Human Body, 
review, 717 

Yohimbine as an Autonomic Test Drug (Dr. Gunnar Holmberg, Samuel 
Gershon and Lloyd H. Beck), 131 

Yonge, Prof. C. M, : Speciation in the Sea (Evolution of tha Bivalvia from the 
point of view of Functions! ical vaca f Ee 

Yorkshire : The Place-Names of the West sH g of (A, H. Smith), Part 4, 
Barkston Ash, Skyrack and Ainsty Wapentakes ; Part 5, Upper and 
Lower Claro Wapentakes; Part 6, East and West Staincliffe and 
Ewcross Wapentakes, review by Prof. H, C. — 918 

ome Kaoru, and others: Presence of N-Methyimetadrenaline In 

uman Urine and Tumour Tissue of Phaeochromocytoma, 477 

Young, Prof. A. D, : Obrtuary of Prof H B. Squire, 421 

Young, D. A, and others : Behaviour of Wall-oriented Graphite at Very 
High Temperatures, 57! 

Young, D. A. B.: Effect of Change in Length of Day on the Insulin Sensi- 
tivity of the Rat Heart, 488 

Young, Prof. F. ©.: Hormonal Control of Growth (Brailsford Robertson 
Memorral Lecture), [029 

Young, Prof.J Z.: The Biologa! Way to the Futura, review, 409 

Young, S, (Keeler, R. F., and): Electrophoretic and Histologica] Evidence 
for Muscle Regeneration in Ovine Muscular Dystrophy, 338 

Young, T. R, : Appointed chief of the Length Saction of che United States 
National Bureau of Standards, 626 ; work of, 626 

Young, W. J. : Recent Advances in Conservation of Historic and Artistic 
Works (Physical and Chamical Methods of Analysis), 26 

Young's Modulus of Hot-worked Pyrolytue Graphite (W. Y. Kotlensky, 

H. Titus, Jun., and H E. Martens), 1066 

Young Domestic Pig : Formation of the Scab and the Rate of Epithelization 
of Superficral Wounds in the Skin of the (George D. Winter), 293 

Young Human Embryos (Very) : Adult Haemoglobin in the Blood of (Dr. 
H, Zilliacus, E. Vartuarnen and A, -M. Octelin), 386 

TONOS ects In France : Nuclear Sciance and the Training of (J. Dabiesse), 


Z-MovE Pro tion: Use of, for observing Cosmic Radio Nowe from 
Earth Satellites (Prof. G. R. A. Ellis), 862 

Zicek, Prof. August : Obrwary by Dr R H Furth, 625 

Zabka, George G., (Alexopoulos, Prof. Constantine J., and) : Production of 
Hybrids between Physiological Races of the True Silme Mould 
Didymium iridis, 598 

Zagórski, Z. P. (Minc, Prof. $., and): A Device for Optical Measurements 
during Gamma-rradiation of Fluids, 1290 

Zaheer, 5. 
692 

Zannoni, Y. G., and others ; Nature of the Defect In Aicaptonuria, 952 

Zivody, A, and others : A Microwave Plasma Discharge, 156 

Zbrozek, J. K.: Armosphorie Turbulence and its relation to Aircraft 
(Atmospheric Turbulence and Aircraft), 933 

Zero Concentration : Extinction Coefficient at (Dr J, Fog), 564 

Zero Order Oxidation of Tolbutamide in vivo (Prof. Eino alec); 76 

Zeuner, Prof. F. E. : Soils and Shore Lines as Aids to Chronology, 1243 

Zillracus, Dr. H., and others ; Adult Haemoglobin in the Blood of Very 
Young Human Embryos, 

Zine : Blockade of Neuromuscular Transmission by (Dr. Aleander Sandow 
and Dr Saul M. Bren), 689 

Cychic-induced Ductilrty in (Dr. A. H. Melaka and L B. Harris), 770 

Zine Blande/VWeurtzatetype Crystal Structure ; Cobaltous Quide with the 
(M. J. Redman and E G. Steward), 867 

Zinc Content of Expressed Human Prostatic Fluid (Dr. A. R Mackenzie, 
Dr. T. Halland Dr. W. F. Whitmore, jun.), 72 

Zinc Content of Hair from the Head of Carcinoma Patients (Dr. N. W. H. 
Addink and Dr. L. J. P, Frank), 1190 

Zinc Hydroxide and lon-exchanging Resin: Concentration and Partial 
Purification of Poliovirus by means of (Dr. Florian Horodniceanu, 
Dina Sergiescu, Richard Klein and Andra Aubert-Combiescu), 600 

Zinc Oxide: Oxidation of Carbon Monoxide and Methyl Alcohol photo- 
sensitized In che Gas Phase by (Prof. Georg-Marm Schwab, Heinrich 
Noller, Fritz Steinbach and Dr. M. Venugopolan), 774 

Zipursky, F {lsraels, Dr. L. G., and) : Primary Shunt Hyperbilirubin- 
aemia, 

Zlatkls, Prof. AL, and others : Affinity of Polycyclic Aromatic Hydrocarbons 
for Electrons with Thermal Energies—its Possible Significance in 
Carcinogenesis, 540 

Zone Electrophoresis and Iso~Enzymes (Assocration of Clinical Biochemists 
Symposium on), 21 

Zoological Nomenclature : International Code of, adopted by the XV 
U ATACO] Congress of Zoology, review by Dr. H. Dighton Thomas, 


„ and others: New Potent Tetrahydroquinoline Derivative, 


Zoological Nomenclature : Internationals Commission on, 628 
— Society and the Association for the Study of Anima! Behaviour : 
pos tum a Animal Communteation and Learning Processes, 28 

Seas ciety of London, and others : Symposium on the Primates, 729 

ZLoologists of the Soviet Union (Zoological Institute of the U.S $ R. Acadamy 
of Scrences), 938 

Zoologists Soviet) : Census of, 938 

Zoology at Durham, 627 

Zoology at Oxford, 119 

°” Zoology : Law and Order in, review by Dr. H. Dighton Thomas, 513 

Zoology, International Congress of: International Code of Zoological 
— adopted by the XV, review by Or H Dighton Thomas, 


INDEX 


e cl 
Zoology (Comparative), Museum of (Harvard College): Report for 1960- 
aL 


Zooplankton Faeces : Pigments m (Ronald i. Currte), 956 
Zoosporas of intestinalis Link - Perlodicty In the Liberation of 
Gametes and (A. O. Christie and L. Y. Evans), 193 
uke a : A New System of Anatomy, review by Prof, J, M. 
Oney, 
Zurhein, G. M., and others : neanta ere hamiya Poly-L-iysıine, 1081 
Zwicky, Prof. Fritz : Elected a member of the Basic lences Section of the 
International Academy of Astronautics, 1025 
——— {Lepidoptera): Release of Hydrocyanic Acid from Crushed 
Tissues of all tages tn the Life-Cycla of Species of the (Dr. David A. 
Jonas, John — and the Hon. Mirram Rothschild), 52 


o~ 


Subscriptions 


The charges for direct postal subscriptions to 
“NATURE” are 


[2 months * «e tee Ll0 0 O 

~ 6 months (26 issues) ... 2. £5 0 0 

3 months (13 Issues) ... .. 4210 0 
Postage paid, to any part of the world 


* 


All subscriptions are payable in advance 


* 


Volumes begin in January, April, July and October of 
each year, but subscriptions may commence with any Issue 


* 
Payment from abroad should be made by 


International Money Order or by Cheque 
payable at a London Bank to Macmillan & Co., Ltd. 


* 


MACMILLAN & CO., LTD., 
St. Martin’s Street, London, W.C.2 


Printed in Great Britain by Fisser Kniaut & Co. Lro., The raea ped ey St. Albans, 
and published by MACMILLAN & Co. LIMITED at St. Martin’s Street, London, W.C.2, 
and St. MARTIN’s PRESS, Inc., 103 Park Avenue, New York 17. 17, N.Y., Oa 
Saturday, July 21, 1962. 


" No. 4810 January 6, 1962 


NATURE 6 1 


CREATIVE INDUSTRIAL ENTERPRISE 


R the first time during its existence of nearly 

fifty years, the Institute of Personnel Manage- 
ment has held its annual conference in Edinburgh- 
This was during October 5-7, 1961, when almost a 
thousand delegates attended. 

Speaking to the general theme of creative industrial 
enterprise, Mr. 8. P. Chambers, chairman of Imperial 
Chemical Industries, Ltd., examined the economic 
aspecta of business enterprise. Any decision which 
affects the profitability of any enterprise, he suggested, 
has ita economic aspect, and from so wide a feld the 
matters selected for, consideration are some of those 
in which the economic aspect is dominant. 

A. bold system of delegation should leave only 
major decisions to be taken by top management; 
but those to whom authority is delegated must be 
aware of the economic implications of ther own 
decisions and of the effect on the enterprise of external 
economic and political events, some of which can have 
important effects on particular enterprises. Some- 
times little can be done to mitigate harmful effects; 
but reasonably good forecasting and sound judgment 
can often indicate the right action to take, particu- 
larly for the larger and more diversified business. In 
assessing the likely effects of changing economic and 
political conditions, decisions have to be based on 
relating the risks to the probable rewards, and on the 
appropriateness of the risks for the enterprise con- 
cerned, as well as on the external evidence. Mr. 
Chambers gave examples of the ways in which both 
action by Governments and changes in economic 
conditions which are unrelated to political conditions 
can affect a business, and of the considerations that 
will influence the ways in which the business can 
respond to these changes. 

Economists’ generalizations about the optimum 
size for a business must be regarded with caution. 
Optimum size depends not only on how big the 
manufacturing units should be but also on a large 
number of other factors. There are appropriate 
fields for amall, large and very large enterprises. 

Examining the effects that would follow from freer 
trade with Continental Europe and the reasons for 
the slower growth of overseas sterling area markets 
and for Britain’s declining share of exporte to these 
marketa, Mr. Chambers stated that no likely expan- 
sion of trade with Commonwealth countries could be 
a substitute for increased trade with Europe. 

Discussing wages, earnings and the working week, 
Mr. K. D. M. Dauncey, director of personnel, Elliot- 
Automation, Ltd., argued that straight-time-workers 
may be increasing productivity as well as piece- 
workers. It is not realistic to expect time-workers to 
tolerate artificial differentials created by incentive or 
other additional earnings when they know that they 
are engaged on equally profitable tasks. Within 
individual companies, inflationary differentials caused 
by incentive payments most commonly arise when 


there has been no proper planning of the effect of 
incentives on the overall wage structure and operating 
economy. In modern production technology, produc- 
tive efficiency is increasingly determined by Man- e 
agerial skills, and personal incentives at operative 
level become only a consolidating activity. Real 
appreciation of this gives the clue to the ways in 
which incentives, merit paymenta and the like should 
be planned so as to avoid inflationary consequences. 

This does not take care of the parallel problem as 
between different companies and imdustries. The 
ultimate solution is that labour must be encouraged 
to flow where it can really be afforded. The para- 
mount need is for a new political approach to mobility, 
especially in connexion with housing policies. There 
must be a clearer approach to wages in unprofitable 
sectors of industry, and, above all, m Government 
decisions about uneconomic or non-profit-making 
services. 

It is not reasonable to regard overtime merely as a 
sometimes necessary evil. It is not in all eircum- 
stances uneconomical. It may enable fuller use of 
capital equipment and of fixed indirect expenditure. 
It may make it possible to match productivity 
capacity to a variable order book more cheaply than 
by maintaining all the capital costs and overheads to 
deal with peak loads. Proper deployment of overtime 
will become increasingly important as the working 
week becomes shorter. Most people will be prepared 
to do more work than will be required by the short 
standard week; and will incressingly discover that 
the high standards of living desired cannot be 
obtained without a reasonably high expenditure of 
labour in one form or another. It is probably also 
true that natural human behaviour is in fact less 
adaptable to fixed standard hours than to quite wide 
fluctuations of activity. It will be necessary for both 
sides of industry to discover ways to achieve a really 
flexible use of ‘extra work’. In the long run it may 
be possible to envisage an increase in the practice of 
people working for more than one employer. 

Recent developments in management training were 
examined by Prof. Norman C. Hunt of the University 
of Edinburgh and Mr. J. E. M. Roberts, director of 
training and education to the British Transport 
Commissioners. Prof. Hunt described how an 
investigation made in 1966 of the major large com- 
panies in Britain showed that two-thirds of them 
hed management development programmes, the 
majority of which had been started after the Second 
World War. So far as the universities are concerned, 
there was virtually nothing which could be described 
as ‘management training’ until the 1950’s. In fact, 
only during the past half-dozen years have the 
universities begun to develop significant work in this 
field. At the present time, more than half the univer- 
sities in Britain are offering postgraduate courses 
in management of some kind or another, and roughly 
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the same number are offering post-experience courses, 
most of which are either short residential courses or 
part-time courses. 

This recent development in Britain of university 
facilities for management education coincides with 
highly relevant changes in the process of management 
itself. The traditional type of manager who was secure 
in the knowledge that he could do any of his subordin- 
ates’ jobs better than they could will not be with us 

‘much longer. The manager of to-morrow is going to 
be mainly concerned with the problems of communica- 
tions, with the assembly, processing and transmission 
of various kinds of information, with the formulation 
of managerial goals and the initiation and main- 
tenance of action directed towards their fulfilment. 
This is the area of ‘thmking skill’ and it demands 
imagination and insight into relationships among 
many bits of information. Thus the problem of 
management training becomes less a matter of 
imparting knowledge and more one of developing 
analytical, integrative and problem-solving skills 
involving people and ideas, This is a proper area for 
university activity, and, as management itself moves 
to this cognitive level, away from the empirical level 
of the past, university training for management 
becomes more relevant. 

Research is characteristic of university work and 
modern management is increasingly being seen as & 
proper focus for research, particularly by social 
scientists. Such research workers as Argyris, Bakke 
and Simon have directed attention to the many 
incongruencies between the needs of the healthy 
individual personality and the demands of our 
traditional forms of managerial organization. 

The paper by J. E. M. Roberts dealt with the 
practical applications of management training within 
a specific undertaking, namely, British Railways. He 
defined the six critical factors which have influenced 
the action taken by British Railways to train its 
managers; the sizo and spread of the undertaking; 
its financial condition and its peculiar political and 
commercial problems; in an acute form, the problem 
of centralization and decentralization; its existing 
tradition of training; the disruption of the period 
1938-50; and the political and technological impacts 
of the past decade. 

Within this climate of change and strees, manage- 
ment training policy has been focused on four objec- 
tives: to find, and launch in training, sufficient young 
men suitable for future management; to fit selected 
managers of standing for higher appointments; to 
prepare young men of promise for their first manage- 
ment posts; and to ensure management’s adequate 
knowledge of all the men in training, at various levels. 

A pre-requisite to management training is a grasp 
of the aims, methods and resources of the under- 
taking. There is no short cut to this knowledge. 
Training is therefore based on the earlier provision of 
controlled experience on the ground. In pursuit of 
the first objective, practical schemes for this basic 
preparation were started in 1950. The second 
objective, the trainmg of men selected from estab- 
lished managers, in higher management in the widest 
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and, most liberal sense of the term, was sought in the 
institution of the British Transport Commission Staff 
College at Wokmg in 1959. The College provides a 
four-month residential course of traming and probably 
represents the most advanced management training . 
programme in Britain. To meet the third objective, a 
railway management course has been run at the British 
Railways School of Transport, Derby, since 1960, for 
the training of less-senior mon of management poten- 
tial. The close association of management with the 
training process was well brought out by Mr. Roberts. 

The place of communication and joint consultation 
in industry was analysed by Mr. John Garnett, of 
Imperial Chemical Industries, Ltd. Good com- 
munication, stated Mr. Garnett, implies giving the 
facts plus a certain amount of the why and wherefore. 
There is only a limited time for communication, and 
in considering what should be communicated in the 
first place one should keep only to those things that 
are of direct importance to employees. It is only 
those things that are within five feet of a man that 
are important to him. These matters will be of two 
kinds, things that affect his job (such as why paper 
bags instead of hessian ones) and things that affect 
his personal treatment, that is, his pay, promotion 
and conditions. 

To ‘communicate understanding’ on these impor- 
tant matters there are three groups of methods. 
There is the mass method of communication, by 
means of magazines, notice-boards, etc. These are 
good enough for passing on factual and general 
information, but their drawback is that they cannot 
answer the unexpected questions. The second 
method is through joint consultative measures, such 
as shop stewards, works councils and staff committees. 
In a large organization these are a necessity for 
upward communication. They are not so satisfactory 
for transmitting management policy downwards, 
although they are much misused for this purpose, 

The third method of communication is through the, 
management line of command. Much lip service is 
paid to this, but not nearly enough work on its 
working in detail. In a large organization, the 
management line of command will have a number of 
levels; department~head or works manager, deputy 
works manager, section manager, plant manager, 
foremen and assistant foremen. Before exhorting all 
these individuals to keep those under them informed 
about the things that matter, it is important to see 
that managers and supervisors themselves know what 
the policy is and some of the reasons behind it. The 
provision of specific and speedy information for these 
people must be organized. When top managers, 
middle managers and supervisors have the informa- 
tion, they need advising on the methods they may 
use and the company time they may take up in 
transmitting this information. 

There is also the job of making managers and 
supervisors realize that all this is part of the job of 
management and that they cannot push off these 
responsibilities to the house magazine, the notice- 
board or the shop steward. Managers accept that. 
they must explain and defend their. own decisions 
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To*what extent do they accept that they must also 
try to explain and defend the decisions reached by 
those above them, whether these decisions are reached 
on their own or at trades union negotiation? If 
managers increasingly accept their communication 
responsibilities, they may need help in effective 
speaking and running meetings. 

A paper of particular interest was presented by 
Mr. H. A. Goddard, a hospital management con- 
sultant, who examined the place of personnel manage- 
ment ín the hospital service. Mr. Goddard showed 
that all personnel problems found in industry are also 
present inehospitals, although special problems also 
arise in hospitals. These stem from peculiarities in 
function, organization and administration, and can 
be listed as follows: 

The hospital is a non-standardized type of organ- 
ization, that is, some ere general purpose, some highly 
specialized, some self-contained, some dependent 
units of larger organization. There is no profit or 
loss account to measure efficiency. 

The hospital is a product of medical and allied 
professions and as such reflects their traditions and 
values. The authority of persons is not measured by 
organizational charts, but by the professional com- 
petence of the individual. Professional people do not 
take kindly to a ‘hierarchical chain of command’, 
The hospital is a multi-craft organization, and the 
problem of reconciling values and perspectives into 
one harmonious whole is difficult. The hospital is a 
place of tension and anxiety which must communicate 
itself in some measure to those working in it. It is 
a place where many semi-autonomous co-operators 
meet for the purpose of using common services and 
facilities and providing service to each other in the 
interests of the patient. The pattern is a loosely 
knit federal system rather than a hierarchy. Among 
the factors which contribute to the special problems 
is that of continuous operation. The 24-br. service 
to the patient involves large numbers of employees 
having to work at week-ends and on public holidays. 
The hospital represents ® community working 
together and often living together without the oppor- 
tunity of social relaxation as enjoyed by other 
workers. 

In the hospital, too, although routines can be 
established, the unpredictable can easily happen. 
Employees must be ready to accept the unusual part 
of the job. Emergency situations must be met 
calmly and with confidence even if routine has to 
be upset. There are no standards of production— 
either quantitative or qualitative—available to 
measure work. This places added responsibility on 
supervision. The patient’s attitude may, because of 
his condition, be difficult and unjust. 

The degree of specialization in hospitals often 
results in departmental loyalties taking precedence 
over organizational loyalty. This can lead to inter- 
departmental jealousies and friction. There is need 
for a published personnel policy and the responsibility 
for initiating policy lies with the governing body. 

The closing address on the social aspects of industry 
was delivered by the Right Hon. Lord Robens, 
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chairman of the National Coal Board, who said that 
the rapid rate of technical advance put an immense 
demand on an individual’s ability to adapt himself 
to new situations. One of the greatest problems 
facing large-scale industry is finding men for manage- 
ment who are able to adapt themselves personally to 
the new situations which have come about. 

While it is necessary to try to give people in 
industry a sense of full satisfaction with their work, 
there are thousands of jobs which give no satisfaction 
to the worker. Half a man’s life is occupied in or 
about his job, physically at the job, and probably 
talking about it in the community in which he lives, 
and it is important that he should look for the same 
means of fulfilment at his work as he has in his 
domestic and private life. We ought to encourage 
those who work on tedious jobs in industry, and who 
have the ability, to take part in local activities and 
in local government. Thus they would become 
leaders of men and would achieve a sense of living 
and of full satisfaction. We should provide them 
with the necessary time to perform some public duty 
and not worry about the cost to industry and 
absences from work. This is not only important 
from the point of view of giving a man a sense of 
fulfilment in his whole life but also from the national 
interest and because the best kind of people are 
needed in local government and elsewhere. 

Certain unpleasant or monotonous tasks will 
always have to be done, and Lord Robens thinks 
management might perhaps give the men engaged on 
them a sense of fulfilment by employing them on 
team-work. The monotony of the job is accentuated 
by its loneliness: perhaps better results could be 
obtained if affairs were so organized as to employ 
teams of people to work together. The coal industry 
has gone full cycle: in the early days of coal getting, 
the whole family, including the children, worked 
together; later, coal-getting ceased to be a family 
occupation and became an individual operation in 
which one man with his big shovel would be hard at 
work getting coal from the seams. Now the coal 
industry has turned the wheel back to men doing 
team-work and this is producing far better results. 

Turning to industrial relations, Lord Robens said 
there is often a belief on the part of those engaged in 
this work that their success is based on the victories 
they can secure over the other side. This is a 
mistaken approach: it is not the job of those respon- 
sible for negotiations to secure victories but to 
achieve by their skills a better understanding of the 
problems and a common approach to solving them, 
whether through a re-organization or a wage agree- 
ment. There is no value in a victory gained by 
intellectual capacity, or skill in the negotiations on 
the management side in concealing information. 
Industry would benefit far more if settlement could 
be based on common senso rather than a victory on 
either side or by compromise. Decisions arrived at 
mutually and defended by both sides have a far 
greater likelihood of remaining permanent. 

Lord Robens said he believes wages to be the most 
complicated problem facing management to-day. 
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Management literature leads one to believe that men 
enjoy working all the time. This is untrue; people do 
not want to work. What kind of approach should be 
made to wages ? Where the impact of wages is small, 
it would be more sensible not to wait for wage 
applications at all, and at a convenient date and 
time, both sides of industry ought to meet to decide 
what should be the wage-rates for the next year. It 
is essential to get rates in relation to productivity 
costa and to look at what industry did in the past 
year and to assess roughly what may be done in the 
following year. It would then be possible to aay, 
“If we get this level of productivity, if we can 
introduce these new machines, if we can re-organize 
the way in which we do some jobs, if we can apply 
work study methods to industrial processes, then we 
can agree on next year’s wages being up X per cent, 
and the X per cent is consequent on the acceptance 
of the new techniques which can be developed in the 
industry in the following year”. 


GEOMETRIC PHANTASMAGORIA 


The Graphic Work of M. C. Escher 
Pp. 61. (London: Oldbourne Press, 1961.) 216. 


T the end of this disturbing book a meticulous 
self-portrait of Maurits Cornelis Escher broods 
over his biographical notes. The mouth is sensitive 
and sad, the nose powerful, the eyes those of an 
impassioned dedicated mystic. He was born at 
Leeuwarden in 1898, spent ten years in Italy and in 
Switzerland and Belgium before returning finally to 
Holland. 

The book has been compiled by the artist. He has 
written an introductory credo and descriptive notes 
to each engraving and lithograph reproduced. The 
enigmatic inconsistency in his work cannot therefore 
be attributed to an eclectic editor. He works at the 
border between reality and fantasy, between day and 
a night in which fish fly through the air in serried 
renks and men change imperceptibly into demons, in 
which armoured dragons possees buildings which 
themselves consist of nothing but staircases which 
lead only to each other. 

When his drawings are meticulous records of life his 
precise photographic accuracy produces the evocation 
of serenity which is one aspect of art, but the drawing 
hand must start drawing another hand on the same 
sheet, the eye contains a skull in its iris, faces dissolve 
into ribbons of flesh floating in space. Is this, writes 
the author, a ‘a sleeping bishop who is dreaming of a 
praying mantis, or is the whole soeno a dream of the 
maker of the print ?”. 

If the drawings of reptiles which craw] off the paper 
to blow’ fire before regaining their two dimensions 
were imagined animals designed to explode the too 
comfortable concept of a reality accepted at its skin- 
deep value, the prints could jolt, perplex, instruct, or 
amuse without alarm, but one is, in fact, left with the 
uneasy feeling that these monsters are a reality to 
the artist. “‘...no matter how objective, how imper- 
sonal most of my subjects appear to me, as far as I 
have been able to discern few or none of my fellow men 
seem to be struck in the same way as I am by the 
things they see around them.”’ 

Escher is obsessed with metamorphosis. A twelve- 
foot-long woodcut moves from the letters O and M to 


i 
e 


NATURE 


January 6, 1962 voL 193 


squares and animals, from bees to birds to fish to 
buildings. “Each bird is transformed into a rhomb 
and this gives rise to a second association of ideas | 
a hexagon made up of three rhombs gives a plastic 
effect . . . from a cube to a house is but a step and from 
the cubes a town builds up.” Hore there is a resomb.- 
lance to the work and ideas of Rudolf Steiner, but 
with the fundamental difference that Steiner’s 
metamorphosis was progressive, finishing with new 
forms, while Escher returns always to his original 
beginning. 

Spattered through the book are geometric exercises. 
“The Cube with Magio Ribbons”, “The Spirals”, a 
network of meridians and parallels of latitude 
delineate a sphere which is entwined by sfirals, It is 
a grotesque assembly in which sensitivity and expert 
draughtsmanship degenerate into crude pattem 
meking, in which Rudolph Steiner, science fiction, a 
dash of art nouveau and an innocent surprise at 
geometry (“I have tried to express my interest and 
admiration of regular polyhedrons”’) are made palat- 
able by the sincerity and innocence of the artist. It 
is a book for the connoisseur of the extraordinary. 

MisHa Brack 


ORIGIN OF THE BRITISH 
BROADCASTING CORPORATION 


The Birth of Broadcasting 

By Asa Briggs. (The History of Broadcasting in the 
United Kingdom, Vol. 1.) Pp. xiii+425. (London: 
Oxford University Press, 1961.) 42s. net. 


HIS is the story of Reith. Reith who, though 

“embarking on an uncharted and very extensive 
sea’, knew the general direction in which he wanted 
the new broadcasting service to go and had the 
sagacity and strength to see that it got there. For 
although the British Broadcasting Corporation has 
changed a great deal since Reith joined the private 
British Broadcasting Company as its general manager 
in 1923, the foundations of its sound and, later. 
television programmes had already been well and 
truly laid in the years 1922-26 which Prof. Briggs 
has chosen to introduce a new series of books which 
he is preparing on broadcasting in Britain. Reith 
wes determined that this new form of communication 
should be a healthy social and cultural force, and 
besides entertaining, should educate and inform. So 
well has he succeeded that, despite all the under- 
standable fears of forty years ago, there are more 
readers, more music-lovers and a more politically 
informed electorate than would have seemed possible 
in 1923. This applies to many peoples beyond the 
seas who have been influenced directly or indirectly 
by the B.B.C. and present and former members of 
ite staff. 

The Birth of Broadcasting may prove to be the 
most interesting of Briggs’s projected three or four- 
volume history of broadcasting in the United King- 
dom. In it we read of the tortuous negotiations with 
hide-bound officials of the Post Office and of the 
Treasury: the limitations which cautious politicians 
can put on enterprise; the attempts by commercial 
newspapermen to corner and muzzle a potential rival; 
and the legitimate doubts of many who saw the 
breeding of a new race of passive “standers and 
starers’’. But, above all, there is the story of the 
intrepid pioneers like Eckersley, Bishop and Burrows. 
the shoe-string experiments at Writtle and Savoy 
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Hill, and the determined resolve of that craggy near- 
genius, J. C. W. Reith. 

Yet, despite the inherent mterest of his subject- 
matter, it is doubtful whether Briggs will reap the 
richest reward for his herculean labours. As a pro- 


* fessional historian he has kept the record straight. 


The facts sre all there, and sometimes the reader has 
to look for the story. One gets the impression that, 
besides his zeal as a historian, the magnanimity of 
Briggs would not permit him to leave out a passing 
reference to any of the early stalwarts. The result 
is an impression of padding with not always relevant 
or necessary facta, and tributaries which lead the 
reader up interesting creeks that go nowhere. 

For this reason The Birth of Broadcasting may not 
achieve the success it deserves. Many devotees of 
the “Third Pro ” will read it with delight. 
Listeners to the “Light”? may, of course, ignore it, 
The pity is that Briggs could so easily have made 
this a book which*would have appealed to many of 
the intelligent “Home Service” listeners. As it is, 
they might peruse and pass on. What Briggs has 
done, however, is to bring together material which 
some enterprising television producer should soon 
make into a fascinating documentary programme. 
Reith, Bishop and others could, perhaps, again play 
a part. T. H, Hawkins 


FUNCTIONS OF RIBONUCLEIC 
ACIDS 


The Biological Role of Ribonucleic Acids 

By Jean Brachet. (Sixth Weizmann Memorial 
Lecture Series.) Pp. vi+144. (Amsterdam: Elsevier 
Publishing Company; London: D. Van Nostrand 
Company, Ltd., 1960.) 38a. 


HIS small book, which is an excellent review of 
our knowledge of the biological functions of 
_ ribonucleic acids up to 1959, has enabled Prof. 
Brachet to summarize and also to bring up to date 
the many years of work and thought which he and his 
laboratory have devoted to the subject. He was the 
first to show the existence of ribonucleic acids in 
large quantities in the cytoplasm of cells and to 
suggest its possible functién as a templato for the 
synthesis of proteins. In this book he concentrates 
on this and other possible biological functions, 
touching only lightly on the structure, properties and 
metabolism of ribonucleic acid itself—subjects on 
which ample information is to be found elsewhere. 

Chapter 1 is concerned with the now universally 
accepted view that proteins are synthesized in the 
ribosome and the process involves ribonucleic acid. 
This is a rapidly developing field and much has been 
learnt since these lectures were given about the 
different kinds of ribonucleic acids in the cell and their 
distinct functions. In particular, there is evidence 
from the experiments of Brenner, Jacob and Meselson: 
that the microsomal ribonucleic acid is not iteelf the 
template, but will synthesize any protein according to 
the instructions arriving from the nucleus in the 
‘messenger’ ribonucleic acid. However, this situation 
obtained after phage infection may be a very special 
one, since experiments by Schweet ef al.* with rabbit 
reticulocytes indicate that in this case at least the 
message is permanently imprinted in the ribosome. 
Nevertheless, Prof. Brachet’s account of the situation 
in 1959 still contains many points which are worthy 
of investigation. 
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The second chapter, on growth and morphogenesis, 
deals with a much more elusive field. The arguments 
for regarding ribonucleic acid as a key substance 
controlling development are assembled, but while 
these will be read with respect, I feel that there 
are other candidates for this role, especially the 
lipo-proteins. Both in this and the previous 
chapter, the effects of ribonuclease are quoted in 
support—a rather dangerous weapon as the effects 
produced by this enzyme in many cases are far from 


In the final chapter the author discusses the role 
of ribonucleic acid in the cell nucleus. His discussion 
is prophetic in that it foreshadows the more recent 
observations from a number of laboratories which 
demonstrate the formation of ‘informational’ ribo- 
nucleic acid in the nucleus in close association with 
deoxyribonucleic acid, by means of which the code 
of the latter is transmitted to the cytoplasm. 

J. A. V. BUTLER 
1 Nalure, 180, 376 (1961). 
2t Nature, 191, 1865 (1061). 


THE BIOLOGY OF BLOOD 


Functions of the Blood 

Edited by R. G. Macfarlane and A. H. T. Robb- 
Smith. Pp. hv+635. (Oxford: Blackwell Scientific 
Publications; New York: Academic Press, Ine., 
1961.) 1208. net. 


e their foreword the editors proclaim their objec- 
tive: “We wanted a review of ideas rather than 
the dry reviews of undigested facts which seem to 
occupy so much of the biological literature of to-day 
—a review of biological strategy rather than the 
tactics of research”. In the total they have achieved 
it. 

The book opens with an introduction on the growth 
of knowledge of functions of the blood by A. H. T, 
Robb-Smith. The thirteen chapters which follow 
are: (1) evolution of oxygen transport (H. P. Wolve- 
kamp); (2) “Why are Red Cells the Shape They 
aro ? The Evolution of the Human Red Cell” (H. 
Lehmann and R. G. Huntsman); (3) significance of 
the red-cell antigens (A. E. Mourant); (4) influence 
of disturbed metabolism on the morphology of blood 
cells (Oliver P. Jones); (5) evolution of the leucocytes 
(William Holmes); (6) evolution of the hsmostatic 
mechanism (the late L. V. Heilbrunn); (7) reaction of 
the blood to injury (R. G. Macfarlane); (8) homeo- 
stasis of the blood-cell elements (Howard R. Bierman); 
(9) maintenance of milieu intérieur (J. P. Bull); (10) 
function of the blood in the rt of fatty acids 
(D. 8. Robinson); (11) chemotaxis and pha i 
(H. Harris); (12) complement (Otto J. Plescia and 
Michael Heidelberger); (13) the role of tho blood 
— in bodily maintenance and repair (Felix 

urowitz). 


It is difficult to maintain unity of style and approach 
when chapters are contributed by so many different 
authors. A book covering so wide a field cannot be 
expected to have the coherence of classical mono- 
graphs like those of Joseph Beroroft and Lawrence 
Henderson, but it may well come to rank with them 
in usefulness. There is some overlap of subject- 
matter in the different sections, particularly in 


-Chapters 1 and 2 and 9-13. This seems unavoidable 


if each section is to form a rounded -whole and.to be 
complete in itself. It cannot be considered a fault. 
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The chapters on the evolution of oxygen transport, 
the shape of the red cell, the evolution of the leuco- 
cytes and of the hemostatic mechanism are of particu- 
lar interest to those primarily concerned with human 
physiology and hematology, since they shed much 
light on the contributions of comparative physiology 
to the solution of fundamental biological problems. 

Jt is not possible to give detailed comments on all 
the chapters, but a few points must be mentioned. 
“It is disappointing to find the old-fashioned and con- 
fusing word ‘tension’ used instead of ‘pressure’ in 
referring to the blood gases. It is also unfortunate 
that many of the figures in Chapter 1 are so very 
amall and overcrowded as to be a liability rather than 
a help to the reader. One hopes that these defects 
may be remedied in future editions. 

The only section of the book which fails ep vetted 
to fulfil the intentions of the editors is the one dealing 
with the effecta of altered metabolism on the morpho- 
logy of blood cells. It has all the faults of the standard 
review article, being a catalogue of disconnected 
observations presented in ungrammatical and un- 
readable style. Such terms as “‘aleukemic leukæmia” 
and ‘‘sub-leuksmic leukemia’? may convey precise 
meaning to the hematologist, but to no one else. A 
halt must be called to the multiplicetion of this kind 
of jargon. All that can be said in favour of this 
chapter is that it is well illustrated and provides a 
review of.the literature. 

In contrast, the subject of blood coagulation, an 
equally difficult and controversial one, is treated with 
masterly clarity in the context of Chapter 7. This 
is also true of the chapter on complement. The 
authors have not attempted to minimize the difficul- 
ties, but have shown a path through the maze which 
even the non-expert can follow. 

There are gaps in the muterial covered by the 
book and every reader will have his own ideas as to 
how these should be filled. I personally, for example, 
would have wished for more discussion of the permea- 
bility of the erythrocyte membrane and of the signifi. 
cance of the accumulation of potassium in the 
erythrocytes of some species. However, this subject 
has been considered in some detail in other recent 
publications. 

The book will be of great value to experienced 
workers in many different disciplines and much of it 
could be read with pleasure and profit by under- 

uate studente of biology and medicine. The price 
is likely to deter all but the most enthusiastic student 
frum buying his own copy. M. E. Norr 


a 


HORMONES IN BLOOD 


Hormones In Blood 

Edited by Prof. C. H. Gray and A. L. Bacharach. 
Pp. xviii+655. (London: Academic Press, Ino. 
(London), Ltd.; New York: Academic Press, Ino., 
1961.) 140s. 


HIS book gives an up-to-date and critical account 

of the work that has been done on the estimation 
of hormones ın blood. It is the work of about twenty 
of the leading authorities on this subject. They have 
described the best methods available to-day, omitting 
historical accounts of inferior methods. The articles 
are based on a common plan, giving first the chemical 
propertics, so far as they are known, then the paths 
of biosynthesis, the methods of assay, the average 
results found and the changes occurring in disease 
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The book deals primarily with work on human blood, 
but occasionally it discussee work on other mammals. 
Separate articles deal with insulin, thyroid hormones, 
the polypeptide hormones of the two lobes of the 
pituitary, the steroid hormones and the catechol- . 
amines. The difficulties of work in this fleld are fully 
discussed and may appear formidable, but it is 
impressive to see what great progress has been made 
mn recent years. 

The title of the book has to some extent limited ite 
scopes, since estimates of hormones in blood do not by 
themselves tell us all we want to know; we would 
generally like to know something about the turn- 
over. Estimates on the urine may sometémnes give 
an indirect indication of the daily output of the 
steroid hormones, the catecholamines, and the 
hormones of the posterior pituitary, though their 
interpretation is complicated by the fact that it is 
generally only a small proportion of various metab- 
olites of the hormone which are found in the urine. 

The turn-over of some corticoids can be estimated 
by injecting isotopically labelled hormone and 
measuring its apecifie activity and rate of decay in the 
blood. It is pointed out in this book that this 
method is difficult because the concentrations are 
low; but this difficulty can be sometimes avoided by 
estimating the specific activity of a suitable metab- 
olite in the urine; such a method would presumably 
be outside the scope of the book. 

All these substances were originally detected and 
estimated by bioassay. The catecholamines, the 
thyroid hormones and many of the steroid hormones 
can now be estimated chemically, and H. H. Dale once 
predicted that this process would continue until 
bioassays became unnecessary. This stage has not 
yet been reached, and most of the methods described 
in this book are biological, though many of them do 
not involve the use of whole animals. Some hormones 
can be tested by incubating them with small pieces of 
their target-organ. This often increases the sensitivity 
and the accuracy, and brings the assay within the 
competence of the biochemist and outside the juris- 
diction of the laws governing experiments on animals. 

The use of immuno-assay methods is discussed in a 
postecript to this book. This is a recent development 
of great interest and promise, which has been applied 
to the estimation of growth hormone, insulin, gluca- 
gon, gonadotrophins and other peptide hormones. It 
provides a method of estimating most of the hormones 
for which it seemed unlikely that tn vitro methods 
would ever be devised. The hormone is obtained in a 
very pure state, and an antiserum is prepared. In 
one method, erythrocytes are coated with hormone, 
so that antiserum agglutinates them; they are then 
used as an indicator when hormone is titrated against 
antiserum. In another method, the unknown 
solution is mixed with an isotopically lahelled stand- 
ard preparation of the hormone, and with antiserum. 
The free hormone and the hormone—antiserum com- 
plex are then se and their radioactivities 
determined. The amount of labelled hormone which 
is displaced from combination with antiserum gives 
@ measure of the amount of unlabelled hormone 
present. These methods are remarkably sensitive, 
quick and specific; but they still require specialized 
knowledge and skill. 

This book will be a necessary part of the equipment 
of anyone dealmg with hormone assays. Its main 
disadvantages are that it 18 expensive, and that it 
will soon be out of date, since knowledge is advancing 
rapidly. J. H. Gappum 
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CALENDAR OF CENTENARIES, 


January 


10 Corr, Samuel (1814-62), American mventor 
of the revolver. 

23 Hirsert, David (1862-1943), German mathe- 
matician. 


February 


3 Bior, Jean Baptiste (1774-1862), French physi- 
cist, whose most important work was in the 
field of optics. 

18 BRETONNEAU, Pierre (1778-1862), French 
physician who described diphtheria and gave 
the disease its name. 

20 Mayer, Johann Tobias (1723-62), German 
astronomer whose lunar tables earned for 
his widow a grant of £3,000 from the British 
Government. 


March 


1 Bartow, Peter (1776-1862), English mathe- 
matician and Copley medallist of the Royal 
Society, who discovered a means of rectifying 
errors ın ships’ compasses: 

10 RIOHTER, Jeremias Benjamin (1762-1807), 
German chemist whose quantitative work 
between 1791 and 1802 established the 
doctrine of equivalent weights of bases and 
acids. 

l4 Brernxnes, Vilhelm (1862-1951), Norwegian 
physicist and meteorologist who developed 
the theory of the polar front. 

21 Lacarre, Nicholas Louis de (1713-62), French 
astronomer who made important observe- 
tions at the Cape of Good Hope during 
1751-54. 


3 Ross, Sir James Clark (1800-62), English 
naval officer who determined, in 1831, the 
position of the north magnetic pole, and was 
in commend of the Antarctic exploring 
vessels Erebus and Terror during 1840-43. 

10 Appr, Giovanni (1762-1834), Italian physi- 
cist, nephew of Galvani, who demonstrated 
some of the remarkable effects of galvanism 
to audiences in London and Paris. 

15 Horr, Frederick William (1797-1862), ontom- 
ologist and founder of the first chair of 
zoology at Oxford. 

22 TRADESOANT, jun., John (1608-62), traveller 
and collector, whose rarities, collected by 
himself and his father, passed to the Univer- 
aity of Oxford via Elias Ashmole. 


June 


5 QULLSTRAND, Alvar (1862-1930), Swedish 
professor of physiological and physical 
optics who received the Nobel Prize for 
Medicine for his work in ophthalmology. 

7 Lewarp, Philipp E. A. von (1862-1947), 
German physicist noted for his work on 
cathode rays. 
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1962 


25 Barem, Herbert Brereton (1862-1935), English 
chemist, an authority on the dehydration 
of chemical substances and the effects of 
moisture on chemical changes. 


July 


2 Brace, Sir William Henry (1862-1942), 
English physicist noted for his researches on 
X-rays and structure. 

§ Brown, Heinrich Georg (1800-62), German 
geologist, author of important palæontologi- 
cal works. 

13 Brapipy, James (1693-1762), English astrono- 
mer, discoverer of the aberration of light 
and the nutation of the Earth’s axis. 


August 


19 Pasoar, Blaise (1623-62), French mathe- 
matician and philosopher, author of an 
important work on the equilibrium of fluids 
and constructor of the first adding machine. 


October 


4 Loncgomonranus, Christian Severin ‘(1562~ 
1647), Danish astronomer, assistant to 
Tycho Brahe. 

9 RALLOPIVBS, Gabriel (1523-62), Italian — 
of anatomy and surgery at Padua, who 
investigated the structure of the internal ear 
and the organs of generation. 

12 Bover, Theodor (1862-1915), German cyto- 
logist who carried out’ important work on 
centrosomes, & term he introduced. 

21 Bropi, Sir Benjamin Collins (1783-1862), 
English physiologist and surgeon, president 
of the Royal Society during 1858-61. 


November 


11 ps Marorraim, Emmanuel (1862-1953), French 
geologist and bibliographer of geology. 

20 Larvrermin, Pierre André (1762-1833), French 
naturalist and entomologist. 

20 STEIN, Sir Aurel (1862-1943), Hungarian-born 


archeologist and explorer who acquired 
British nationality in 1904. 


December 
1 Munoz, William (1762-1820), English military 


surveyor, director of the Ordnance Survey 
from 1798 until his death. 


DrsaravuErs, Gérard (1593-1662), French 
mathematician who was & pioneer of projec- 
tive geometry. 

LOMIùRE, Auguste M. L. N. (1862-1984), 
French chemist, with his brother Louis a 
pioneer in colour photography and cinema- 


tography. — 
a s EYLES 
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INTERNATIONAL GEOPHYSICAL CALENDAR FOR 1962 


HE Internetional Geophysical Calendar for 1962 

indicates selected days and intervals for special 
attention for geophysical experiments and anslysis 
during 1962 and is thus a framework for world-wide 
co-ordination. It serves mainly the branches of 
geophysics dealmg with the Earth's atmosphere, in 
which many phenomena vary significantly during 
the course of a year. In some experiments, such as 
the routine recording of variations of the Earth’s 
magnetic field, the observing and analysis programmes 
at observatories are normally carried out at a uniform 
level throughout the year; in these cases the Calendar 
is not needed. However, in many other experiments 
(for example, rocket experiments), it is not practical 
or worth while to carry out the same programme on 
each and every day. Here the Calendar can provide a 
useful mechanism for co-ordination, since experi- 
menters wil know that others will tend also to carry 
out experiments on the days or intervals marked on 
the Calendar. 

In some scientific flelds, international scientific 
organizations have made specific recommendations 
for programmes to be done on days or intervals 
marked on the Calendar; in others, the arrangementa 
are informal or self-evident. Some examples are given 
here. 

Regular World Days (RWD) are intended for 
observations or analyses or special experiments which 
a8 & practical matter can be done for only about 10 
per cent of days and should be spaced throughout the 
year. Examples in ionospheric physics are: oblique 
incidence pulse transmission and reception; absorp- 
tion measurement by pulse reflexion technique; 
extended observing schedule for whistlers and very 
low-frequency emissions; vertical sounding ionograms 
by f-plot, A’-plot, etc.; hourly reduction from iono- 
grams of J -region true height parameters he and ge. 

The RWD with highest priority are for similar 
work which can be undertaken for only one day each 
month. A specific example is the programme recom- 
mended by U.R.S.I. for exchange of copies of original 
ionograms in ionospheric vertical sounding work. 

World Synoptic Intervals (WSI) are intended for 
experiments which for practical reasons cannot be 
carried on continuonsly, but for which statistics of 
seasonal variations are especially needed. To simplify 
the Calendar, the Regular World Intervals, World 
Meteorological Intervals and International Rocket 
Weeks of past years have been combined for 1962 
into one set of intervals. For the sake of the synoptic 
meteorological rocket programmes as designated by 
the Committee on Space Research (COSPAR) and 
World Meteorological Organization (WMO), the 
intervals have been placed about a month after the 
equinoxes and solstices—the times of marked seasonal 
change in certain upper-air meteorological phenomena. 
During WSI, meteorological rockets at a network of 
stations are launched at least once daily. Balloon 
sounding-programmes either with special instruments 
or launchings to unusually high balloon altitudes have 
been planned during WSI. Other programmes such 
as ionospheric drift and high-atmosphere wind meas- 
urements are other examples of suitable pro 
for such intervals. In several disciplines sample 


detailed data will provide a sampling of variations 
throughout the year but with improved statistics 
during one month of each season. 

Other special days marked on the Calendar include 
the days of solar eclipses, two in 1962 and one in 
January 1963, when special programmes may be 
expected to be carried out in appropriate eparts of 
the world to study the Sun and any eclipse effects 
on the Larth's atmosphere. Jonospheric stations 
customarily increase their observing programmes 
even if the magnitude of eclipse at their location is 
small. Many solar activity observatories take extra 
observations and issue specially detailed reports to 
assist the interpretation of the geophysical effects. 
Also shown are days when moteor shower activity is 
unusual. These include some of the important 
visual meteor showers and also unusual showers 
observable mainly by radio and radar techniques. 
Attention is also directed to these deys in case ioniza- 
tion produced by meteors may account for unusual 
effects in other geophysical experiments. The 
Annual World Meteorologicel Day, selected as March 
23 (not marked on the Calendar), was firat celebrated 
in 1961. Its purpose is to make the services which 
national meteorological services can render to the 
various branches of economic development, as well 
as the activities of the World Meteorological Organiza- 
tion, better known and appreciated by the public of 
of all countries. 

Special intervals not appearing on Calendar. Periods 
of great magnetic, auroral and ionospheric disturb- 
ance are also of considerable geophysical interest 
World-wide co-ordination of observation is especially 


“useful for stations not near the auroral zones, that is, 


places where the beginning of a major disturbance 
may not be immediately apparent from local observa- 
tions. Notices of Geophysical Alerts and Special 
World Intervals (S WI) are distributed by telegram or 
radio broadcast on a current basis by the solar- 
geophysical Regional Warning Centres, the tele- 
graphic addresses of which are as follows: AGIWARN 
WasHinaton (U.8.A.); Dumra Koxusounsi (Japan); 
Nizwre Moscow (U.8.8.R.); lonospHare DARMSTADT 
(G.F.R.) or GENTELABO Panis (France) or A.G.I 
NEDERHORSTDENBERG (Netherlands). The meteor- 
ological telecommunications network co-ordinated by 
WMO carries such information once daily soon after 
16.00 u.t. Many geophysical stations increase their 
programmes or carry on special experiments during 
disturbed periods. Prompt notification of immedi- 
ately significant geophysical observations and of 
major solar flare events which have important and 
sometimes long-lasting geophysical effects, sre also 
undertaken through the Regional Warning Centres. 

The International World Day Service (1. W.D.S.) 
was established in 1958 by the International Council 
of Scientific Unions (1.C.8.0.) and is administered 
by the International Scientific Radio Union (U.R.S.1.). 
This Calendar has been drawn up by A. H. Shapley 
and J. V. Lincoln in consultation with interested 
I.C.8.U. unions and committees and representatives 
of the WMO. Further copies of the Calendar can 
be obtained from the Secretary-General, U.R.S.I., 
7 Place Emile Danco, Brussels 18. 
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SCIENCE IN THE BIBLE 


By LEONARD W. CLARKE 
Senior Narrator, London Planetarium, Marylebone Road, London, N.W.| 


T is often said, and it is too easy to say, that science 

began with the Greeks. If one means by science 
a formal, co-ordinated analysis of how natural 
phenomena inter-relate with each other, then the 
statement is true. From about 650 B.o. the first 
signs of the great Hellenistic culture began to appear 
in the Ionian Islands. Intelligences were born or 
developed which could the fact that the myriad 
properties and the peculiarities of behaviour of natural 
things were not directly inherent in the things them- 
selves. Science us a formalized study, science as a 
philosophy, had begun, and it made rapid strides, at 
least in the first three to four centuries of the Hellenic 
civilization. 

The progress throughout the period was great, but 
it was certainly not continuous. There were times, 
many times, when it stopped almost completely. 
The Greek mind, the Greek way of thought, concen- 
trated too much on just ‘the Greek way of thought’; 
and in the case of many Greeks who certainly made 
great contributions to the total of human knowledge, 
confined itself to contemplation and argument; 
turning over and over again the already observed 
facts. It is difficult to feel sympathetic toward 
Glauco, the recipient of the dialogue in Plato's 
Republic; he fits so well the modern description 
‘stooge’. But when he hears the ponderous state- 
ment “‘for you seem to think that if anyone contem- 
plates the various bodies in the firmament, and by 
earnestly looking up habe git everything, you 
reckon he has — of th 1680 things, and not 
merely sees them with his eyes”, one feels that he 
should reply, ‘Well, at least you have got to start 
by looking at them’. 

The author of Epinomis states that “wo may assume 
that whatever the Groeks take from the barbarians, 
they bring it to a finer perfection”. There is no 
question that this was true; but a no less important 
fact than that of “bringing it to a finer perfection” 
is the admission that they did take it from “the 
barbarisna’’, There was plenty to take; observation 
of natural happenings had been going on ever since 
the human race began. One does not need to be a 
learned meteorologist to realize that oyolone or flood 
may destroy your home; a stone hammer does ita 
job equally well if one is totally unaware of the 
principle of the conservation of momentum. The 
earliest farmers, irrigating their fields, did not need 
to understand fully the gravitational theory to realize 
that water will not-run up hill. 

Perhaps it was because there was such a great deal 
of observational work already done that so many 
of the Greeks did little themselves, and, in fact, 
despised it. The East and the Middle East had 
already seen great civilizations rise, and some of 
them fall, for at least 3,000 years before Hellenism 
began. In the second century A.D. Adrastus wrote 
that the methods used in astronomy by the Chaldeans 
and Egyptians were imperfect because these people 
lacked phystologia. Nevertheless, they had the 
methods, and had used them. In Egypt, vast 
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pyramids and temples had been built, mvolving 
tremendous mathematical and ‘scientific’ skill in 
their construction; defensive walls had been erected 
enclosing the valley of the Nile. In Sumersthe fore- 
runner of Babylonia, the irrigation and flood-defence 
schemes which had been carried out successfully 
were such as would tax the ingenuity of modern 
engineering firms with highly developed equipment. 
Elam, in modern Iran, had its enormous temples and 
rock-carvings. In the Indus Valley, sivilization far 
beyond a primitive agrarian culture, had progressed 
a very long way; and over the Himalayas, in China, 
a vast knowledge, truly scientific, had grown up 
almost independently, and was still developing. 
Most of this, in all the countries except perhaps China, 
was technology if one prefers to make the distinction; 
but technology, as well as being the offspring of 
science, is also ite father. 

Among these peoples in that early cradle of civiliza- 
tion was one tiny nation, the history of which we 
know better than we do that of any of the larger 
countries; among them, but not of them. The Jews. 
from the time of Abraham to that of Josephus, 
were & struggling nation; struggling for mere survival. 
In such circumstances, with long periods of servitude 
and captivity extending over centuries, little native 
culture apart from that appropriate to the simple 
business of living, had a chance to develop. It is 
useless to search The Bible for evidence of highly 
developed techniques or unique scientific knowledge. 
The techniques known to the Jews—and so frequently 
mentioned both in the narrative historical books and 
in the prophetic writings—were simple ones. Those 
among them who retained the privilege of remaining 
as relatively free persons in their own country were 
largely nomads or peasant farmers; those who 
endured periods of slavery in the country of a con- 
queror, were brick-makers or reapers. In Israel 
itself, very few soientific or technological arta devel- 
oped. The cities of Judah, so proudly and splendidly 
described by the writers of the Old Testament books, 
were small compared with a moderately sized English 
village. Jerusalem and Megiddo were each only 
13 acres in extent!. Solomon's Temple. to the descrip- 
tion of which so many verses of Kings and Chronicles 
are devoted, would have been dwarfed by modem 
chapels. 

The art of miming was known; much of it no 
doubt open-cast, but the first part of Job xxviii 
gives an unmistakable description of the shafts 
and galleries of a mine. Mineralogy is one of the 
technologies in which the early Jows were obviously 
considerably practised. They worked in iron, in 
copper and in brass. Solomon’s emelting works at 
Ezion-Geber even included an efficient blast-furnace 
for which the draught was provided by the prevailing 
north winds sweeping down a wadi*. Gold and silver 
were worked, but not mined in the country. Many 
precious stones were known, and not improbably some 
of them were found within the borders of Palestine. 
In the description of the ephod to be made for Aaron 
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(Exodus xxviii), twelve of them are listed; a slightly 
different catalogue of twelve gems is given in Revela- 
tion xxi, and to this list are added pearls, which 
seem to have been unknown to the Jews in Old 
Testament times. 

_ The experience gained in sinking mines no doubt 
holped in the only major engineering accomplishment 
mentioned m The Bible—the Sudoam Tunnel, the 
conduit constructed in the reign of Hezekiah for 
bringing water into the city (II Kings xx, 20). 
Bridges were unknown; water-courses were crossed 
either at natural fords, or, if an army or a large 
number of people required to croas, by damming the 
stream temporarily so as to create a ford for a suffici- 
ent length of time. The rolling back of the waters of 
the Red Sea (or Reed Sea) was not quite so miraculous 
to the Jews as it would be to us. The technique was 
a normal one; the way in which it was carried out 
was the miracle. 

The plants and trees of The Bible have been very 
competently desoribbd by a number of writers. An 
agrarian people, dependent for their very mainten- 
ance on finding and recognizing edible plants and 
fruits for themselves and their livestock, in a country 
with many arid, unproductive areas, were bound to 
know them. They knew which trees provided the 
best timber for building; even Noah chose the mater- 
ials for his ark carefully. The pitch he used for 
finishing it, and that used for the cradle of Moses, 
may have been the same as the bitumen which the 
Babylonians used widely for roofing from the earliest 
times, or it may have been a resinous vegetable 
matter. It is not likely to have been the same as the 
piteh in Isaiah xxiv, 9. Here it is almost certainly 
lava; and this is not the only passage which shows 
that the Jews were quite familiar with volcanic 
eruptions and earthquakes. 

The birds mentioned in The Bible are many: the 
bittern, the cormorant, the raven; doves, eagles and 
sparrows. Their habits and many of their peculiari- 
ties were known. Domestic animals were known 
to every Jew; he lived with them, for they shared 
his own dwelling. As with the birds, the habits of the 
wild animals were well known, and at least something 
about animals not found in the country; the lion, 
‘behemoth’ (the hippopotamus), and ‘leviathan’ 
(the whale 7). 

It is to those individuals among the Jews who had 
risen to positions of importance in servitude to the 
more powerful, and more culturally advanced nations 
surrounding the home-land of the Israelites, that we 
must look for evidence of imported scientific know- 
ledge. It is here that we find the most fruitful 
field for search into scientific knowledge in Biblical 
times. Tho first of these, in point of chronology, is 
Joseph. He reached his place of eminence through 
his skill as an interpreter of dreams; a skill highly 

t from the scientific point of view. Neverthe- 
leas, to hold one’s own in such & precarious pursuit, 
especially in the surroundings of a royal court, 
required no little scientific acumen; and Joseph 
certainly justified his selection as the first known 
administrator in agricultural science. 

Moses, who had absorbed a great deal from 
Egyptian knowledge during his own period of captiv- 
ity, turned it to the advantage of his own people 
while leading them through the Sinai Desert. It was 
probably largely due to this knowledge that they did 
not perish utterly in that Desert. Moses knew how 
to take advantage of the migratory habits of quails; 
the fact that manna was edible, or at least, 
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how to test it, and he also knew exactly how to 
strike the rock at Rephidim to release the pent-up 
rivulet. 

Isaiah was probably never a captive in Babylon, for 
in his time there was a loose allance between Heze- 
kiah and Merodach-Baladan against Assyria. How- 
ever, he may have spent some time there, and to 

im, Babylon was the arch-enemy. He certainly 
ew enough of Babylon’s dependence for the whole 
conduct of all its affairs on the visible phenomena of 
the oldest of sciences, astronomy, to use his knowledge. 
with effect in his prophecy. In the very powerful 
rhetoric of Isatah xiv is the verse which begins, 
“How art thou fallen from heaven, O Lucifer, son 
of the morning’’. That is the translation of the 
Authorized Version, and an annotated Bible will tell 
us that Lucifer is Venus. This is very unlikely; the 
word in The Septuagint is pwopépog, and pw tpdpor, 
the light bearer, is any planet. It is not only Venus 
that takes a turn of duty as morning star. They all 
do it periodically; and the appropriate one here is 
Jupiter, not Venus. In the Babylonian religion, 
Jupiter was the visual manifestation of Marduk (Mero- 
dach), the principal god of Babylon. When Jupiter 
was not visible in the night skies, all official activities 
in Babylon had to cease; the new year festivals, the 
great festivals of Babylon, were postponed until 
Jupiter re-appeared. The king himself went in fear 
of his life during that period; such an event as a 
coronation could not be held while Jupiter was out 
of sight. How much more effective is the passage, 
“How art thou fallen from heaven, O Marduk, son 
of the morning!"’; for Marduk was Babylon, and its 
king, even in Isaiah’s day, was Merodach-Baladan. 
How much more appropriately, too, does it accord 
with the next two verses... “I will ascend into 
heaven, I will exalt my throne above the stars of 
God... I will ascend above the heights of the clouds; 
I will be like the most High”. Jupiter can do all this, 
but Venus cannot; the greatest angular height that 
Venus can reach above the horizon is 47°, while 
Jupiter can be seen near the zenith. 

The book of Job was written after the fall of Baby- 
lon, at a time when the threat of captivity for the 
Jews was not an omnipresent fear. The geophysical 
and astronomical passages in Job are well known; 
fairly recent research has made some of them more 
easily understood than was previously the case. 
No research is necessary for Arktos (not Arcturus), 
Orion and Pleiades (Job tx); all these groups were 
known by those names, and are mentioned in both 
the Iliad and the Odyssey, by Homer, who wrote in 
about 1,000 B.o. Mazzaroth is very likely to be the 
ring of the twelve constellations of the zodiac, 
although some think otherwise. The phrase “Canst 
thou bring forth Mazzaroth in his season” is certainly 
appropriate to the zodiac, especially as the Hebrew 
is equally well translated as “bring forward Mazza- 
roth in his season’. The position of the Sun against 
the zodiac (the precession of the equinoxes had not 
yet been discovered), and the monotonously regular 
holiacal risings of the same signs of the zodiac at 
the same dates in each year would be well known to 
Job, who lived in the land of Uz, the area around 
Damascus, at a time when the Persian Empire was 
giving way to Hellenism. 

The chambers of the south (Job ix, 9) is equivalent 
to “the Way of Es” of the Babylonians. It is simply 
that belt of constellations below (south of) the zodiac. 
According to Enuma Elish, the Babylonian epic of 
creation, Marduk had set up this as a pathway in 
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the skies for Ea, the god of knowledge. Job xxxviii, 
15 ends with the rather obscure looking statement 
“and the high arm shall be broken”; just as obscure 
as the statement ‘the plough was wheeling in the 
northern sky” might appear to a person who reads & 
modern novel in a thousand years time, assuming that 
the names we now use for star-groupsa cease to be used 
from to-morrow. The “high arm” was the ‘Navigator’s 
Line’ of the Phoenicians, consisting of the stars Sirius, 
Procyon, Castor and Pollux and adjacent stars in 
* Gemini. The shape formed by these stars is that of a 
alightly bent arm, with Sirius at the shoulder, Procyon 
the elbow, and the appropriate stars of Gemini as 
the fingers; and as Earth turns, that bent arm always 
points approximately north. It was at least near 
enough to north to make an approximate landfall 
in a coastal passage in the Mediterranean. The high 
arm is broken up when Sirius sets; for Sirius, being 
nearer to the southern horizon as seen from the 
northern hemisphere, always sets before the other 
stars of the ‘arm’. 
This is certainly not the only case of an archaic 
star-group name making an apparently irrelevant 
in The Bible. There are others, in the same 
book of Job, and research has progressed far in 
identifying these. The translation of cuneiform 
texts’ has greatly increased our realization of the 
very considerable knowledge and ability of the Baby- 
lonians, both in and before the Seleucid era. The 
re-reading of Hebrew texts with a desire to make 
obscure passages understandable, bearing in mind 
that idiomatic phrases, local colloquialisms, pet 
names, are rife even (especially) in the English 
language bas produced gratifying results. 
Contributions from many countries have made the 
possible identification of the star of Bethlehem a 
much more realistic thing than it used to be. There 
are a number of natural phenomena which the star 
could have been; and one thing which is much more 
readily accepted now than in past years (very much 
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more readily than in Kepler’s time) is that the birt] 
of Christ was not in 0 B.0. or A.D. Dyonisius Exiguu 
made a mistake of at least four years when he con 
verted the calendar from the Roman method o 
reckoning to the Christian in the late fifth century 
Woe must therefore look for things which appeared noi 
later than 4 8.0. according to our present reckoning 
Halley’s Comet was seen in 12 B.0.; there is a ver 
full account of its appearance then in an extan 
Chinese record. A comet is a very likely possibility 
for the star. The tail is always directed away fron 
the Sun, and a brilliant comet setting soon after thi 
Sun would leave its tail visible, standing up from thi 
horizon——‘“‘and stood over where the young child was” 
A catalogue of ancient nove compiles by the 
Academia Sinica in recent years‘, from ancient Chines: 
records, states that there was a “sweeping star” jı 
Aquila for more than 70 days in the year 5B.c, Z 
“sweeping star” is thought to mean a comet. D 
7 B.O. the largest two planets, Jupiter and Saturn 
came into conjunction three times in the same year 
and these two in close conjunction would make ı 
very prominent object. Their conjunction occurs a 
intervals of approximately 20 years; but every 12( 
years, because the conjunction takes place while the; 
are retrograding, it repeats, and repeats again, withir 
a period of a few months. We have no identifiabk 
record of a supernova near the date; there have beer 
but few observed supernove within our Galaxy 
Such an event—s star in the process of exploding— 
involves a brilliant object being visible in the skies 
but it is mere wishful thinking to hope that one may 
be found to fit the date. 

; Monton, TA Everyday Life in Old Testament Times (Bataford 
"Kellee, W, The Bible as HistoryE(Hodder and 'Stoughton, 195€ 


* Neugebauer, O., Astronomical Cun 
ump X ca etform Texta (8 vols., Lune 


1 Sotihsonsan Contributions to Astrophysics, Ancient Novae a 
Metoor Showers, VoL 2, No. 6, 1058. Smithsonian Institution 
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THE WORLD WILDLIFE FUND 


WORLD Wildlife Fund, under the patronage of 

H.R.H. the Prince of the Netherlands, with the 
aim of raising a sufficiently large sum of money—at 
least five hundred thousand pounds a year—to meet 
the state of emergency which now faces wildlife, 
was launched in London at a meeting held in the 
rooms of the Royal Society of Arts, on September 28. 
At the same time “The World Wildlife Charter” 
signed by twenty-two leading naturalists of meny 
nationalities, was issued. In the Charter, which the 
United Nations will be asked to endorse, the 
signatories solemnly declare that they will take all 
possible steps: (1) to prevent any further extermina- 
tion of wildlife; (2) to make sure that room shall be 
left for wildlife; (3) to protect all wildlife from unin- 
tentional or wanton cruelty; (4) to encourage children 
to develop a love and understanding of wildlife; 
(5) to make certain that all those whose work 
has an impact on Nature should recognize their 
responsibility to wildlife; (6) to arrange to help 
those nations in need of it in order to preserve their 
wildlife; (7) to work together to save the world’s 
wildlife. 


The pressure on fauna and flora from all angles, 
among which loss of habitat is the most serious, has 


become such that the declared state of emergency, i: 
no exaggeration. A survey of tle animal species 
both bird and mammal, which have been wiped out 
during the past hundred years makes depressin; 
reading. ‘The classic case of the passenger pigeon. 
once the commonest bird in North America and estim. 
ated to number thousands of millions, which became 
extinct in 1914, is a gloomy example of uncontrollec 
destruction of even a most abundant species 
Millions of animals have been destroyed in Africe 
during this century for one reason or another; for 
the groundnut scheme in Tanganyika alone, no fewer 
than 8,554 of the animals were killed betweer 
the years 1945 and 1950. Tens of thousands have 
— destroyed, in ei name of teetae fly control, and 

e construction of dams, and other large engineering 
projects have also taken a heavy toll. 

Much has been done to conserve wildlife by the 
establishment of national parks and reserves; but 
the rapidly changing political face of Africa makes 
appreciation of wildlife as a national asset vitally 
necessary. The project of cropping wild game, which, 
unlike domestic cattle, does not destroy the natural 
habitat, to provide a meat supply for the protein- 
deficient Africans, has recently made considerable 
























‘ogress, as a result of the scientific studies of Fraser 
arling and others. This subject was further dis- 
issed at a symposium on “The Better Use of the 
forld’s Fauna for Food” held by the Institute of 
iology in London during October 27-28. Sir Julian 
uxley, who was assigned by Unesco to report on 
© conservation of wildlife and natural habitats in 
mtral.and East Africa, after a three-month journey, 
rote in October 1961; “The Africans (or some of 








1emselves, as a source of much-needed meat, of 
venue from visitors, game licences, or ivory, or 
nally of national pride and international prestige”. 
his wag borne. out at the international conference 
onvened by the International Union for the Conserva- 
> tion of Nature in co-operation with the Commission 
-for Technical Co-operation in Africa South of the 
- Sahara, at Arusha, Tanganyika, in September last 
= year. The conference, which was attended by dele- 
gates from twenty-five Governments, including four- 
teen independent and six not yet independent African 
States, received a manifesto from the Prime Minister 
of Tanganyika, Mr. J. K. Nyerere. This stated that 
-the survival of wildlife was a matter of grave concern 
— to all in Africa, and solemnly declared that in accept- 
ing the trusteeship of wildlife everything would be 
done to make sure that future generations would 
be able to enjoy this rich and precious inheritance. 
He concluded: “The conservation of wildlife and wild 
places calls for specialist knowledge, trained man- 
_ power, and money, and we look to other nations to 
— co-operate in this important task—the success or 
_. failure of which not only affects the Continent of 
_ Africa but the rest of the world as well”. 
-. Though, as a result of the rapid changes taking 
pilaeo in that continent, Africa has recently been the 
~ focus of attention, wildlife in all parts of the world is 
no less in need of safeguards; the island species are 
particularly vulnerable, from the kokikokiko (Cono- 
poderas aequinoctialis aequinoctiales), a small warbler- 
like bird which inhabits Christmas Island, to the 
unique giant tortoises on the Galapagos. The develop- 
ment of Antarctica might well constitute a threat to 
the indigenous fauna and flora, and it is encouraging 
to hear that the Special Committee for Antarctic 
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49m) are beginning to realize the value of wildlife for 


Research has already made firm recommendations 
with regard to conservation measures to be included ` 
in the Washington Treaty. — 


+ 


There are already in existence specialist organiza- = = 
tions—such as the International Union for the Con- 
servation of Nature and the International Council for >- 
Bird Preservation, which are striving to save both = —— 


habitat and species from destruction, but they are 
deplorably hampered by lack of funds. The main. 
task of the World Wildlife Fund will be. to raise, 
money to make it possible for existing organizations 
to undertake the necessary expansion in order to save 
the world’s wildlife. The funds in the first place will 
be used mainly for helping to deal with emergencies. 


of threatened or imminent disasters to wildlife (such = = 0.. 
as large dam projects, reclamation of marshlands, 
deforestation, oil or mineral prospecting, or projecta = ==- 
involving pollution of air, water or soil); helping to = 
finance long-term conservation projects; and assisting 
the development of ecological science and its applica- = 
tion in sound principles and techniques of conservas = < 


tion. Saving wildlife is inseparable from an advanced = 


level of ecological science and higher training in its: 5 


application, and there will be an increasing demand 
for trained men and women of all races to deal with ` 
an enormous variety of problems. 
The World Wildlife Fund is an international charit-- 
able foundation registered under Swiss Federal Law. — 
It is administered by a Board of Trustees headed by- 
Prof. G. Baer (president of the International Union = 
for the Conservation of Nature), Neuchatel, and — 
includes Prof. Sven Hérstadius (chairman of the. 
European Continental Section, International Council — 
for Bird Preservation), Uppsala, and Dr. Ira Gabriel- 


son (president of the Wildlife Management Institute), ae 


Washington, D.C. Under its direction a number of | 


national appeals will be launched, and the Trustees. — — 
of the British National Appeal will include -H.R.H. | 
the Duke of Edinburgh, president of the Zoological = 


Society of London. | 
Contributions should be sent to the World Wildlife 
Fund. Lowenstrasse 1, Zurich 1, Switzerland, or to 
2 Caxton Street, London, 8.W.1, whence further — 

details can be obtamed. a 
Peyruis BARCLAY- SMITH 


MAN-MADE TORNADOES 
By JEAN DESSENS 


Attaché de Recherches, Observatoire du Puy de Dôme, Université de Clermont 


















TAHE observations of phenomena described in this 
‘|. article were unfortunately obtained with too few 
quantitative data; this was because from the begin- 
ning the experiments on the plateau of Lannemezan 
20 km. north of the Central Pyrenees Mountains) 
were undertaken with the object of producing a 
strong ascending column generating a cumulus cloud, 
and for the study of this system viewed as a whole. 

- The apparatus built for the production of this warm 
air column is called the Meteotron; it consists of two 
pumps driving one ton of fuel per minute, pressurized 
at 60 kgm./em.*, to 100 burners regularly spaced 
yver an area 125 x 125m. In these conditions, the 
100 burners have a calorific power of about 7 x 10° 
kW.,; it is possible to vary the number of burners and 
thereby the calorific power of the ensemble. 


It is important to specify that when the M eteotron : ` 
is working, at its normal rate, thick black smoke is 


emitted because of incomplete combustion of the fuel. — 
This allows visual observations of the evolution of the 
ascending column. 7 


Tn the course of the analysis of one of the first trials, a. 


carried out on June 17, 1961 (start of fire: 17 hr. 
43 min., temperature and relative humidity at ground- 


level: 27° C., 68 per cent), a form of tornado (Fig. 1). = 
was seen on photographs at 17 hr. 49 min. 30sec, >; 
17 hr. 51 min. and 17 hr. 51 min. 30 sec. taken froma 
distance of 4 km., that the observers, being too =- 


occupied with predetermined tasks, had failed to- 
notice during the experiment. | 2 

From wind sounding and photogrammetric data, it 
is concluded that this tornado appeared as a black: 
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Fig. 1. 17 hr, 49 min. 30 sec. (left) and 17 hr, 51 min. (right). In the former, the distance between the fire and the foot of the 
tornado is 875 m.; in the latter it is 525 m. 


smoke tube about 10 m. in diameter and 200 m. long; 
between 17 hr. 49 min. 30 sec. and 17 hr. 51 min., the 
foot of the tornado seems to have moved with the 
direction and at the speed of the wind (100 m./min.); 
alternatively, the tornado visible in the photograph 
taken at 17 hr. 51 min. may have been a second one 
formed at the same place. It is impossible to tell 
whether tornadoes were started downwards or 
upwards. 

During further trials, whirls and even incipient 
tornadoes were very often observed; but the most. 
interesting observations were made on August 31, 
during an experiment specially intended to produce 
tornadoes, and which took place in very fair weather, 
with 48 burners. During this experiment. (wind speed 
between the ground and 800 m.: 80 m./min., tem- 
perature and relative humidity at ground-level: 30° 
C., 65 per cent), the air layer up to 2,000 m. above the 
ground was particularly unstable; this instability is 
determined by observation of the decrease or increase 
with altitude of the rate of ascent of a smoke puff; 
thus, on August 31, a puff which had an ascending 
speed of 250 m./min. at 200 m., was still rising at 
200 m./min. at 1,100 m. above the ground. 

About 15 min. after starting the burners, the 
observers standing near the Meteotron could see a 
whirl 40 m. in diameter, the centre of which was near 
the burners; the whirlwind was so strong that the 
burner flames were inclined at 45°, and 3 burners were 
blown out. A bright tube of about 1 m. diameter 
appeared along the whirl axis (the whirl being made 
visible by smoke, dust and burning fuel); this tube 
was neither rectilinear nor continuous and its bright- 
ness fluctuated with time. Its diameter was not 
uniform along its length and changed from one 
moment to another. 

This phenomenon, which lasted 3-4 min., coincided 
with the ascent of a-smoke puff at a very great speed 
(600 m./min.); no cumulus appeared at the top of the 
convective column. 

It was then decided to extinguish the burners. 
About 30 sec. later, two observers, appointed to 
photograph respectively at 3 and 4 km. from the 
Meteotron, observed a long and narrow white twist 
which extended from the ground up to the black 
smoke base (100 m. above the ground); the colour of 
this twist, lit by the Sun, was similar to that of an 
altocumulus lenticularis cloud illuminated under the 


same conditions; the twist was so narrow (diameter 
5 m.) that only a poor photograph could be taken 
with a 135-mm. lens; however, this photograph 
shows that the diameter was not uniform along the 
twist. 

These observations suggest the following conclu- 
sions. 

(1) A severe ascending current can be the single 
cause of a tornado; it is possible, however, that the 
fairly strong horizontal wind, which prevailed during 
tornado experiments, may be necessary for tornadoes 
to start, as well as instability of the air layers near 
the ground. Further experiments may resolve this 
point. 

(2) The tornado is recognized as being a strong 
gyration, with a pressure minimum along the axis; in 
these conditions, several workers have thought that 
the air adiabatically expanded near the axis may be 
cooled to the dew point, if the drop in pressure is great 
enough; this would explain why we could very often 
observe a funnel at the axis of a tornado. Our August 
31 observations confirm this hypothesis. My father, 
Henri Dessens, who approached the twist as near as a 
few tens of metres, is convinced that the twist is made 
visible by the condensation of droplets. The life of a 
droplet in such a ‘gyratory cloud’ would be analogous 
to that in a very small! altocumulus lenticularis; the 
droplets are formed along the axis, but are rapidly 
centrifuged outwards and evaporated. The lifetime 
of these droplets, certainly very short, remains to 
be determined. A question, however, remains: on 
June 17, was it condensation which made the tornado 
visible ? 

(3) No ascending or descending current appears 
along the tornado axis; observations of natural 
tornadoes prove that the tornado funnel often 
descends from the pendant cloud down to the ground : 
this is probably due to the greater relative humidity of 
the air in altitude, where condensation occurs more 
rapidly. 

In summary, it seems that for the first time, with 
the Meteotron, the tornado problem can be approached 
quantitatively. Experiments more specially directed 
to this problem will therefore be continued; in par- 
ticular, attempts will be made to provoke the forma- 
tion of artificial tornadoes by using near the burners 
a kind of large churn in order to initiate a gyratory 
motion. 
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BIOCHEMISTRY AND NUTRITION 


SYMPOSIUM on biochemistry and nutrition, 

under the leadership of Prof. R. A. Morton, 
was held by the Royal Society on October 26 to mark 
the centenary of the birth of a former president of 
the Society, Sir Frederick Gowland Hopkins (1861- 
1947). Sir Howard Florey, who presided, commented 
on the large number of distinguished pupils who had 
given continuity to Hopkins’s influence. 

Dr. J. Needham (Cambridge) spoke of the “feeling 
of discipIéship . . . to the founder of modern bio- 
chemistry in our country” and paid tribute to 
“Hoppy’s outstanding personal qualities”, ‘Himself 
no one’s direct pupil”, Hopkins’s outstanding intel- 
Jectual characteristic was a deep intuitive faith in 
the explicability of she biochemistry of the living cell 
expressed in the phrase “substances undergoing 

ible reactions’’ (1913). His famous state- 
ment that “life is a dynamic equilibrium in a poly- 
phasic system” seemed to open vistas in the minds of 
his contemporaries, so that Needham could quote an 
eloquent passage from no less a man than Sherrington 
referring to Hopkins’s “peculiar intensity of visual 
unagination continuously checked by factual know- 
lodge”. 

The symposium continued with four short papers 
under the title ‘Perspectives’, each being devoted to 
the re-assessment of a topic which interested Hopkins. 

Dr. L. J. Harris (Dunn Nutritional Laboratory, 
Cambridge), speaking about ascorbic acid, quoted 
from a 1906 paper given by Hopkins to the Society 
of Public Analysts and “almost casually” attributing 
rickets and scurvy to a faulty diet. After discussing 
the history of the vitamin’ C concept, Dr. Harris 
recalled the isolation in Hopkins’s laboratory in 1928 
by Szent-Györgyi of a hexuronic acid, later to bo 
recognized as vitamin O and renamed ascorbic acid. 
A. great deal is now known about the nature, distribu- 
tion’and physiological functions of this substance, but 
‘it is fair to conclude that we are still left without 
any adequate explanation of the fundamental mode 
of action of ascorbic aciq”. 

Prof. F. C. Happold (Leeds) recalled that trypto- 
phan was discovered sixty yeara ago by Hopkins and 
Cole. The inadequacy of zein as a dietary protein 
and the value of tryptophan as a supplement fore- 
shadowed the essential amino-acid concept. Later it 
was to be shown that nicotinic acid, the “pellagra 
preventive” vitamin, could be formed in the body 
from tryptophan, albeit in small yield. The metab- 
olism of tryptophan to give formylkynurenine, 
kynurenine and 3-hydroxykynurenine led to the 
elegant work of Butenandt and his school on the 
ommochromes of insects, and to some very convincing 
examples of genetics applied to enzymatic processes. 
The metabolic pathways from kynurenine to nicotinic 
acid via 3-hydroxyanthranilic acid have been worked 
out. Prof. Happold went on to discuss the bacterial 
degradation of tryptophan—one of his own fields of 
research. The enzymes tryptophanase (giving indole, 
pyruvic acid and ammonia) and tryptophan synthet- 
ase, provide a good example of enzyme induction 
and enzyme suppression, whereby bacteria can adjust 
themselves to the environment by a feedback 
mechaniam. 

Mr. N. W. Pirie (Rothamsted Experimental Station) 
traced Hopkins’s work on glutathione to his early 
training as an analyst. The name ‘glutathione’ had 


been criticized but ‘some casuainess in the application 
of the conventional rules is not uncommon in bio- 
chemistry”. Pirie discussed the isolation, character- 
ization and synthesis of glutathione, a story with ite 
ups and downs and many a wry twist. “To-day, “the . 
role of glutathione aa a coenzyme of glyoxalase is well 
known, though the function of the enzyme remains 
obscure. Hopkins and Morgan (1945) argued from 
its very wide distribution that it probably has a 
function”. Glutathione bas now ceased to be unique 
of its kind, but it remains the dominant member of a 
family of y-glutamyl peptides. In Hopkins’s last 
paper (Hopkins and Morgan, 1948) he was on the 
trail of the glyoxalase reaction, but even to-day 
glutathione challenges the biochemical world. 

Dr. E. Lester Smith (Glaxo Laboratories, Lid.) 
saw both the naturalist and the analytical chemist at 
work in Hopkins’s early studies (1889, 1895) on the 
yellow pigment from the wings of the brimstone 
yellow butterfly. Although Hopkins used many 
thousands of insecta, they yielded very little material, 
and forty years later Wieland’s group “used over a 
million to establish, after several false leads, the true 
constitution of the ptorina“. Later work on xanthop- 
terin, erythropterin, biopterin and ichthyopterin 
revealed the existence of a family of pigments. 
Finally, the isolation and synthesis of folic (pteroyl- 
glutemic) acid added a new chapter to the story of 
vitamins and of anmmias. Dr. Smith went on to 
outline the biochemical functioning of folic and folinic 
acids in reactions involving transfers of one-carbon 
units. He showed how 5-amino-4-iminazole-carboxy- 
amide phosphoriboside (ICRP) accepts a carbon from 
formate or serine to become inosine monophosphate. 
Folic acid and vitamin B,, are biochemically inter- 
related, and jointly or singly they are concerned 
in the biosynthesis of nucleic acids of both types and 
of proteins. 

After a break, the symposium continued with a 
paper by Dr. T. Moore (Dunn Nutritional Laboratory, 
Cambridge) on vitamins and nutrition. Dr. Moore 
pointed out that Hopkins’s 1906 lecture was mainly 
about the duties of public analysts and medical 
officers of health and that ‘the prophetic utterances 
about the substances we now know as vitamins only 
occupied about the last quarter of the lecture”. In 
the discussion on that occasion, Mr. F. J. Lloyd 
pointed out that infantile scurvy could be caused by a 
diet of boiled rather than fresh cow’s milk, and that 
university professors were the appropriate persons 
to work on the very slight chemical differences 
between boiled and unboiled milk. Dr. Moore 
reconsidered the famous paper published by Hopkins 
in the Physiological Journal of 1912. Carefully 
planned and carried out with meticulous care, the 
experiments showed that on a diet made up of purified 
food constituents a supplement of as little as 3 ml. of 
milk a day caused rats to grow rapidly. Other 
workers were much less successful, and Dr. Moore 
felt that we “are still without an adequate and 
unequivocal explanation of why the experiments in 
1912 gave such convincing results”. Dr. Kon’s 
later contribution to the symposium pointed out 
that rats are coprophagous, perhaps variably so, 
and that this may partially account for what 
Moore called a “knotty problem” in the history of 
nutrition. 
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In re-examining the vitamin concept, Dr. Moore 
explained how difficult is the present-day situation 
concerning vitamin E. He paid tribute to the 
technological skill behind to-day’s synthetic products 
and remarked that ‘‘vitamins have not only saved 
millions of lives, they have made millions of pounds. 
- .. Nevertheless, “a vast and difficult field of 
research remains open, to find out what forme of 

ə minor ill-health, if any, are benefited by liberal doses 
of vitamins’’. 

Dr. 8. K. Kon (National Institute for Research in 
Dairying) reviewed some aspects of the history of 
vitamin A research. Vitamin A aldehydes (retinene, 
and retinene,) occur not only in retinss but also in a 
combined form in the eggs of fishes and hens. This 
might be a point of departure for investigating the 
systemic mode of action, which was still but little 
understood, despite the mmportent observations of 
Fell and her group on the effects of excess vitamin A 
in modifying metabolic processes occurring in explants 
of chick embryo in tissue culture. 

Dr. Kon went on to recall the steps by which our 
present knowledge of vitamin B,, was reached. He 
stressed the value of bringing to bear on this one 
difficult problem the most advanced chemical and 
physioal techniques, together with clinical observa- 
tions and trials, supported by the resources of micro- 
biology, nutrition and enzymology. Dr. Kon 
referred to the concept of ‘refection’, a phenomenon 
associated with diets containing raw rce starch and 
an unexpected ability of rats “to grow and thrive 
without vitamin B in the food”. Recent evidence 
indicates that a rat is ‘‘refected” by consuming its 
fæces and not through any direct absorption of 
vitamins (elaborated by the bacterial flora) from the 


gut. 

Prof. R. A. MeCance (Department of Experimental 
Medicine, Cambridge) gave a paper (with Dr. E. M. 
Widdowson) on nutrition and growth. Rats suckled 

- in amall litters are much bigger at weaning than rats 
suckled in large litters, and the latter remain smaller 
and lighter for the whole of their lives despite ad 
libitum feeding after weaning. Some hall-marks of 
development, such as opening of eyes and eruption of 
teeth, are very little affected by the plane of nutrition 
and occur at the normal age, but others such as 
puberty, are linked with attainment of a definite 
size. Prolonged under-nutrition of cockerels and of 
pigs allows survival, but develpment is distorted and 
rehabilitation on a full diet is imperfect. Chronologi- 
cal age determines some aspects of growth while others 
depend on the plane of nutrition, but the overall 
effects vary from one species to another. The heights 
and weights at given ages of children in several 
countries have been rising steadily during the 
— century and this trend has been accompanied 

y earlier maturity. As McCance said, “he would 
be a bold man to-day who would prescribe with 
certainty the most desirable diet for the seven ages 
of man”. 

Prof. B. 8. Platt (Applied Nutrition Unit, London 
School of Hygiene and Tropical Medicine) discussed 
“Proteins and Nutrition”. Assessments of the protem 
values of foods should be related quantitatively to 
needs, which differ for different age-groups. The pro- 
tein valuo of a given diet is reduced if the amount of 
food is too small. Prof. Platt’s contribution was 
illustrated by many slides; marasmus and kwashior- 
kor in children were displayed and compared with 
equivalent syndromes produced experimentally in 
pigs. The use of tritiated lysine in the diet of pigs 


+ 


NATURE 


January 6, 1962 von 193 


indicated that tissues such as intestinal mucosas which 
have high turn-over rates are early affected by sbort- 
age of dietary protein. The biochemical and physio- 
logical aspects of protein—calorie deficiency are many 
and various. Prof. Platt showed a film based on the. 
work of his Unit and displaying neurological abnorm- 
alities in puppies. The offspring of bitches given a 
protein-low diet beforo and durmg pregnancy and 
lactation developed poorly, and when kept on the same 
diet the puppies had a clumsy gait, tremor of the head 
and unusual posture. Protein—calorie deficiency may 
be important in the causation of obscure congenital 
neurological disorders. 

The contribution by Dr. J. O. WaterloW (Depart- 
ment of Medicine, University College of the West 
Indies) dealt with protem malnutrition in infants, 
æ major problem in some countries. The condition is 
a deficiency of total protein and not of any one of the 
essential amino-acids. Carbohydrate intake is usually 
excessive in relation to protein intake. The protein- 
depleted baby—half the normal weight for its age— 
is not ‘‘a miniature edition of the normal like @ parti- 
ally deflated balloon” but is different in pattern at 
“the level of the whole body, the organ, the tissue and 
the cell”, to an extent depending on the degree and 
duration of under-nutrition. The shifts of protem 
metabolism seem to maintain the more vital at the 
expense of the less vital functions. ‘The responses 
to an improved diet reflect different rates of synthesis 
for different body proteins; plasma protem in the 
infant responds quickly, while muscle regeneration is 
delayed. 

Prof. R. Nicolaysen (Institute for Nutrition Re- 
search, Oslo) reported experiments which showed that 
the polyunsaturated acids of marine oils are about 
four times os effective as linoleic acid in depressing 
serum cholesterol in rats. On a diet deficient in 
essential fatty acids (with or without supplementary 
cholesterol) skin symptoms appear and remarkable 
cures are effected by small doses of cod liver oil 
or menhaden oil. Colour photographs illustrated 
this clearly. Male rate given 2 per cent of dietary 
cod liver oil from weaning had small testes and 
were sterile, despite the inclusion of «-tocopherol 
in the food. 

Prof. Nicolaysen went on to discuss the time- 
trend for the incidence of myocardial infarction in the 
population of Oslo, and concluded that an explosive 
rise in diagnosed male cases from the immediate post- 
war years to 1960 “is in the main a real one’’. Type of 
work, whether sedentary or demanding much physical 
effort “hardly influences the incidence’. The 
changing pattern of food consumption in Norway 
shows that in the present century cereal consumption 
has decreased and fat consumption increased, with 
however a decreage in the percentage of polyenoic 
acids. To-day, “fat represents from 42 to 60 per 
cent of the calories consumed” and serum chol- 
sterol values tend to be high in patients who have 
recovered from a coronary infarction. An investiga- 
tion (now in its third year) of a Jarge group of men in 
Oslo may in time provide a more direct test of the 
validity of the ‘fat’ hypothesis. Reviewing the 
evidence, which is “incomplete and in part con- 
tradictory’’, Prof. Nicolaysen thought that “a long- 
term change in the national food habits” was now to 
be recommended as & preventive measure. He 
pointed out that as little as 3 per cent continuous 
over-eating results in the addition of about 9 lb. 
of adipose tissue a year. “Moderation with regard to 
food, specifically with regard to fat intake, can do no 
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harm and may assist in the prevention of an ischemic 
heart attack.” 

Dr. G. J. Popjak (Medical Research Council 
Experimental Radiopathology Research Unit, Lon- 
don) gave the final paper, which was concerned with 
‘selected aspects of lipid biochemistry. Knoop’s 
hypothesis of the degradation of fatty acids is now 
understood in terms of a fatty acid cycle involving 
coenzyme A and mitochondrial enzymes. i 
can make labelled fatty acids and also cholesterol 
from isotopically labelled acetate. Until recently 
the sequence: 


acetate —> squalene — lanostero] — cholesterol 


had many gaps, but the discovery by Folkers’s group 
of mevalonic acid led to a fuller picture: 


acetate —~ mevalonate — phosphomevalonate — 
isopentenyl pyrophosphate 


The latter compound, being in its reactions both 
electrophilic and nucleophilic, is a precursor of 
different polyisoprenoid products. As Lynen has 
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New Year Honours List 


THe following names of scientists and others 
associated with scientific work appear in the New 
Year Honours List: 

Baron: Sir Russell Brain, for services to medicine. 

C.H.: The Very Rev. Walter Robert Matthews, 
Dean of St. Paul’s. 

Baronet: Sir Harry Jephcott, lately chairman, 
Council for Scientific and Industrial Research. 

Knights: Jack Ellerton Becker, in recognition of 
his contribution to scientific research and pastoral 
development; Prof. N. F. Mott, Cavendish professor 
of experimental physics and Master of Gonville and 
Caius College, University of Cambridge; Lindsay T. 
Ride, vice-chancellor, University of Hong Kong; 
E. L. Russell, chief education officer, Birmingham; 
Dr. George Taylor, director, Royal Botanic Gardens, 
Kew; Prof. G. S. Wilson, director, Public Health 
Laboratory Service. 

, O.B.: E. A. Perren, lately director, Chemical 
Defence Exxperrmental Establishment, War Office. 

G.B.H.: Sir Hector Hetherington, lately principal 
and vice-chancellor, University of Glasgow. 

C.B.H.: J. M. Barnes, director, Toxic Research 
Unit, Medical Research Council; H. Barrell, super- 
intendent, Standards Division, National Physical 
Laboratory, Department of Scientific and Industrial 

; E. G. Bowen, chief of the Division of 
Radiophysics, Commonwealth Scientific and Indus- 
trial Research Organization; Prof. H. Burton, 
principal, School of General Studies, Australian 
National University, Canberra; Prof. L. P. Pugh, 
professor of veterinary clinical studies, University of 
Cambridge; J. E. Richardson, director of education, 
The Polytechnic, Regent Street, London; Brigadier 
C. F. C. Spedding, scientific attaché, H.M. Embassy, 
Bonn; A. B. Stewart, director, Macaulay Institute 
for Soil Research, Aberdeen. 


Joint Editorship of Nature: Mr. A.J. V. Gale 


Mr. A. J. V. Gatun, joint editor of Nature for the 
past twenty-three years, retired at the end of 1961. 
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shown, geranyl (10 carbon atoms) and farnesyl 
(16 carbon atoms) pyrophosphates are formed from 
§-carbon units. Two sesqui-terpenoid units condense 
tail to tail to form squalene, but the precise mechan- 
ism is still under discussion, Popják and Cornforth 
advancing rival theories. Squalene is enzymatically 
cyclized to Janosterol, which in turn is converted to 
cholesterol through intermediate states. The head- 
to-tail polymerization of isopentenyl pyrophosphate 
must be continued to produce the side-chains of the 
ubiquinones. Tail-to-tail linkages with 20-carbon” 
units lead indirectly to carotenoids. A unifled picture 
of beautifully co-ordinated enzymatic processes is 
emerging. 


Himself so often in at the start of a chain of 
discovery, Hopkins might perhaps have been pleased 
to know that his centenary would provide an occasion 
to look back on what has been accomplished and to 


discern so much that remains to be done. The 
symposium will be published tn extenso. 
R. A. MORTON 


d VIEWS 


He was educated at Latymer Upper School and the 
University of Cambridge. In 1920 he was appointed 
assistant to Sir Richard Gregory, who was then 
editor of Nature. When Sir Richard retired in 1939, 
Mr. Gale was appointed joint editor with L. J. F. 
Brimble; throughout the years this collaboration 
has proved congenial and fruitful. Mr. Gale’s shrewd- 
ness in judgment and his meticulous editing have 
contributed largely to the advancement of the 
journal. He is highly esteemed not only by the 
entire staff of Nature but also by all members of the 
firm of Macmillan and Co., Ltd., the owners and 
publishers of Nature. It is good for all such people 
to know that Mr. Gale will continue to live in London, 
so that we can look forward to his visiting us and 
can, without doubt, depend on receiving the benefit 
of his advice if such occasions arise. Meanwhile, we 
hope Mr. Gale has many happy years ahead in which 
to enjoy a well-earned retirement. 


Genetics at Groningen : Prof. M. J. Sirks 


Pror. M. J. Smxs, professor of genetics in the 
State ‘University of Groningen, retired on September 
l. At the same time he decided to resign from the 
editorship of the two periodicals, Genetica and Biblio- 
graphia Genetica, of which he had been chief editor 
from 193] onwards. His many publications are 
indicative of his wide knowledge of literature, current 
as well as old. His historical sense is clearly expressed 
in his text-book, Handboek der Algemene Erfelijk- 
heidsleer, first published in 1924, the fifth edition of 
which was translated into English under the title 
General Genetics (Martinus Nijhoff, 1956). Prof. Sirks 
was an organizer on international level. Among other 
things, he was secretary of the seventh International 
Horticultural Congress in 1923 and of the sixth 
International Botanical Congress in 1935, both in 
Amsterdam. During 1935-47 he was secretary of 
the International Union of Biological Sciences and 
its president durmg 1947-50. 

As @ young man, Prof. Sirks played a leading part 
in the building up and the well-balanced development 
of genetics in The Netherlands. In the ’twenties it 
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certainly required courage to be critical of the famous 
Hugo de Vries as to his views on the occurrence of 
mutations in the species of the genus Ginothera. The 
fact that the fanatical Lotsy was his ally in this 
matter made his position far from enviable. His 
ability to choose his own way independently, but 
well considered and well founded, characterized also 
his later career. When he had, at middle age, attained 
his leadmg position, he gave others free scope when- 
ever he thought it justifiable to do so. His students 
who were working on their theses under his direction 
on various subjects knew and appreciated this; his 
liberal leadership in The Netherlands genetical jour- 
nals, too, bears further witness to it. 


Prof. J. A. Beardmore 


Dr. J. A. BEARDMORE has succeeded Prof. Sirks 
at Groningen. Beardmore graduated in the honours 
school of botany, University of Sheffield, in 1953. 
His ivterest in population genetics was fostered by 
his early research, which was supervised by Prof. 
J. M. Thoday in the Sheffield Department of Genetics. 
Most of the period 1956-58 was spent as Common- 
wealth Fellow in the laboratories of Prof. Th. 
Dobzhansky at Columbia University. After acting 
for several months as visiting professor at Cornell 
University, he returned to the teaching staff in the 
Department of Genetics, Sheffield. In Sheffield, 
Beardmore played a large part in a diverse teaching 
programme to students of botany, zoology, biochem- 
istry and medicine and continued his research on the 
population genetics of Drosophila; his particular 
recent concern has been with the problem of why 
populations characteristically possess a wide range of 
genetic variation. In addition, Beardmore undertook 
or helped to promote fundamental investigations in 
a variety of organisms. His new post will give 
him further scope for the development of his broad 
research interests and the application of his wide 
teaching experience. 


B.B.C. Engineering Diviston : 
Mr. M. J. L. Pulling, C.B.E. 


Mz. M. J. L. Purusa has been appointed assistant 
director of engineering at the British Broadcasting 
Corporation. He will be responsible, under the 
director of engineering, Sir Harold Bishop, for the 
Operations and Maintenance Departments, the 
Engineering Establishment Department and the 
Engineering Training Department. Mr. F. C. McLean 
remains deputy director of engineering responsible to 
the Director for the Specialist Departments dealmg 
with research, development and new projects. Mr. 
Pulling was educated at Marlborough College and 
King’s College, Cambridge, gaining an honours 
degree in mechanical sciences. Later he joined 
‘Murphy Radio and then went to the Engineering 
Information Department of the B.B.C. in 1934. He 
was eventually appointed personal assistant to the 
Assistant Chief Engineer and in 1941 was placed in 
charge of the Recording Department. In 1949 he 
became genior superintendent engineer, television, 
and in 1956 was appointed to his present post of 
controller, Television Service Engineering. 


British Insulated Callender’s Cables, Ltd.: 
Mr. J. Temple Hazell, M.B.E. 


AFTER thirty-four with British Insulated 
Callender’s Cables, Ltd., and the former Callender’s 
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Cable and Construction Co., Ltd.. Mr. J. Temple 
Hazell, a senior engineer in the Overseas Factories 
Organization of British Insulated Callender’s Cables, 
Ltd., has retired. Mr. Temple Hazell joined Cal- 
lender’s Cable and Construction Co., Ltd.. in its 
testing department at Erith, Kent, in 1927. Previous 
to this he had spent some years in the timber and 
plywood industry. In 1933 he was appointed 
personal assistant to the late Mr. P. V. Hunter, who 
was then joint manager and chief engineer of the 
Callender’s Cable and Construction Co., Lid. Mr. 
Temple Hazell remained with Mr. Hunter, who was 
appointed a deputy chairman of British Insulated 
Callender’s Cables, Ltd., in 1947, until 1952 when he 
retired. Mr. Temple Hazell was co-atthor with 
Mr. Hunter of a History and Development of Power 
Cables, and he also collaborated with him in the 
formation of the Hunter—Hazell collection of historic 
cables. This unique collection was presented to the 
nation in 1951 and is now heused in the Scienco 
Museum, South Kensington. 


Government Grants for Research 


Lord Har.sHamM, the Minister for Science, and Mr. 
Denzil Freeth, the Parliamentary Secretary, giving 
written answers in the House of Lords and the House 
of Commons on December 20, stated that grants will 
be offered towards the cost of building and main- 
taining two new radio telescopes at the University of 
Cambridge and at the Jodrell Bank Station, Univer- 
sity of Manchester, and a nuclear reactor for research 
and teaching to be set up in Scotland. They were 
replying to questions asking whether a decision had 
yet been taken in respect of the five major research 
grants approved in principle by the Research Council 
of the Department of Scientific and Industrial 
Research, final approval of which was postponed 
last summer because scientific expansion in all fields 
seemed likely to exceed planned financial resources. 
The Department hopes to make an announcement 
later about the remaining two projects, which would 
provide two further nuclear reactors, one for the 
University of London and the other for the Univer- 
sities of Manchester and Liverpool jointly. The 
grants now being offered, which represent a total 
expenditure of £1-2 million, are as follows: £466,000 
to Prof. Martin Ryle (Cambridge), for a triple para- 
boloidal radio telescope; £236,000 to Bir Bernard 
Lovell (Manchester), for a fully steerable radio tele- 
scope; and £450,000 to the Scottish Universities for 
a low-energy nuclear reactor. 

The Cambridge telescope will consist of two fixed 
and one rail-mounted paraboloidal aerials, each of 
52 ft. diameter. It will be used to examine the 
intensity distribution of radio sources m a limited 
part of the sky with greater sensitivity than is 
possible with the existing aerial array. The new 
instrument for Manchester—-known. as Mark I[—will 
be fully steerable and elliptical in shape with a major 
axis of 125 ft. It will be used in conjunction with 
the existing 250-ft. telescope at Jodrell Bank, to 
which it is similar in principle, as an interferometer 
system to determine the position of astronomical 
radio sources with greater accuracy. It will also be 
used for a programme of observations on its own. 
The Scottish reactor will be a low-energy machine for 
research and teaching and will be shared jointly by 
the four Scottish Universities (Aberdeen, Edinburgh, 
Glasgow and 8t. Andrews) and by the Royal College 
of Science and Technology, Glasgow, to which the 
grant will be offered and which will be responsible 
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for the operation and maintenance of the reactor. 
The reactor will be built on the site of the National 
Engineering Laboratory at East Kilbride, near 
Glasgow. The main part of the scientific programme 
will be the production of short-lived radio isotopes 
for research in chemistry, metallurgy, biology and 
medicine. The reactor will also provide teaching and 
training facilities for engineers and physicists in 
reactor technology. 


British Space Research 


In replying for the Government in a debate in the 
House of Lords on space research on December 6, 
which was notable for the high level of its speeches, 
the Minister for Science, Lord Hailsham, commented 
that the present organization for space research m 
Britain was devised by him just over two years ago 
when the Scout satellite programme began. He said 
he regards the present organization as an interim 
device, but believes it should continue until the 
future plans are better known. The ourrent pro- 
gramme this year will extend to 15-20 firings of the 
Skybolt rocket, 10 of which will carry experiments 
selected under the ægis of the Royal Society from 
proposals made by research workers in universities 
and Government Departments, and dealing with all 
aspects of the physics of the upper atmosphere and 
studies of the un and stars. Six will be simple 
rounds carrying grenades for meteorological observa- 
tions under a Royal Society programme. The 
university iments are financed by grants from 
the Department of Scientific and Industrial Research, 
and the manufacture of the rockets has been under- 
taken by the Ministry of Aviation. The launching 
and collection of data are a joint Anglo—Australian 
responsibility. 

Lord Hailsham claimed that the British pro- 
gramme of sounding rockets has already produced 
important information about the atmosphere and the 
ionosphere, and has had direct effects on such sreas 
of applied science as radio research and meteorology, 
and there has been no duplication of effort. The 
experiments on the Scout programme are being 
financed by Department of Scientific and Industrial 
Research grants at a rate of about £160,000 a year 
on the advice of the Royal Society, and substantial 
sums are also being spent on similar experimental 
work in Government research establishments, par- 
ticularly the Radio Research Station. The launching 
of the first of these by the Delta rocket, a three-stage 
liquid-fuelled rocket, is scheduled for next spring. 
The Government is also giving full support to the 
European Space Research Organization, which will 
provide a framework for scientific co-operation, and 
to the European Launcher Development Organiza- 
tion, proposals for which provide for an initial 
programme of about £70 million over five years for 
the development and construction of a launcher, 
using Blue Streak as the first stage, a French rocket 
as the second, and a third stage to be developed 
under the leadership of Germany. In parallel with 
investigations made by the British Space Develop- 
ment Co., studies of a possible design of a com- 
munication satellite programme have been made 
jointly by the Post Office and the Ministry of Avia- 
tion. Lord Hailsham said that to ignore space 
research would be to opt out of most exciting 
developments in physics, astronomy, the earth 
sciences, engineering and technology ; but he re- 
affirmed that British participation must be governed 
not by considerations of prestige but by matter of 
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fact regard to resources available and scientific 
advantages. 


Communications Satellites 


THs ground radio station at Goonhilly Downs, on 
the Lizard, Cornwall, is being built by the General 
Post Office in order to carry out experiments in 
satellite communications. The Post Office is co- 
operating with the U.S. National Aeronautics ang 
Space Administration in a programme for trans- 
Atlantic testing of communications satellites. Other 
countries, including France and the Federal Republic 
of Germany, are also to co-operate in the tests. The 
British ground station, which will cost about £750,000, 
will be used for the reception and transmission of 
telephone, telegraph and television signals across the 
Atlantic, using satellites to be launched by the 
National Aeronautics and Space Administration, com- 
mencing in 1962, known as Projects Relay and 
Telstar. Both projects mvolve the active use of 
satellites launched in elliptical orbits with a maximum 
height of about 3,000 miles, inclined at about 50° to 
the equator. The Project Relay satellite is being 
designed and built by the Radio Corporation of 
America, and the Project Telstar satellite by the Bell 
Telephone Laboratories. The United States ground 
station is being built at Rumford, Maine, by the 
American Telephone and Telegraph Co. and the 
associated Bell Telephone Laboratories. The Post 
Office ground station is being equipped with radio 
facilities of an advanced type, including an 865-ft. 
diameter steerable aerial capable of being pointed 
automatically and with great precision in the direc- 
tion of the satellite. 

Projects Relay and Telstar are essentially research 
and development projects to demonstrate the tech- 
nical feasibility of satellite communications and to 
provide data on which the design of operational 
systems could ultimately be based. The Post Office, 
in co-operation with the Ministry of Aviation, has 
carried out studies of the problems associated with 
communications satellite systems, with the following 
objectives: (i) continuous 24-hr. service for telephony 
and telegraphy between all ground stations provided 
in connexion with the system; (ii) world-wide cover- 
age in association with the existing cable and radio 
links; (iii) provision for the satellites to carry about 
1,000 telephone channels and a television channel; 
(iv) the system should be capable of co-operating 
with some twenty or thirty ground stations in various 
parts of the world without requiring more than two 
satellite links in tandem. In general, the number of 
satellites ired in a system depends on the type 
of orbit adopted and its height, or whether the 
satellites are controlled in position in this orbit or 
are randomly distributed, and to some extent on the 
number and location of the ground stations. For 
example, with satellites controlled in position in an 
equatorial orbit, twelve satellites would need to be 
put into orbit at a height of about 7,500 nautical 
miles to meet the objectives. The information and 
experience that will be gained from the North 
Atlantic tests in 1962 should be of great value in 


future planning. 


Radio Astronomy Planning Committee In Britain 


Tus Minister for Science, Lord Hailsham, has set 
up & Radio Astronomy Planning Committee. The 
precise terms of reference are: ‘To consider and 
advise on the nature and extent of the participation 
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of H.M. Governtienit in research in radio astronomy ; 
in particular to consider the programmes, facilities, 
funds and organization required to support the U.K. 
interest in research in radio astronomy both nation- 
ally and internationally”. The Committee is con- 
stituted as follows: Lord Fleck (chairman); Sir 
Edward Appleton (University of Edinburgh); Dr. 
D. G. Christopherson (University of Durham); Dr. 
W. L. Francis (Department of Scientific and Indus- 
trial Research); Dr. J. 8. Hey (Royal Radar Estab- 
lishment, Malvern); Prof. Fred Hoyle (University of 
Oambridge); Sir. Willis Jackson (University of 
London); Prof. E. R. H. Jones (University of 
Oxford); Sir Bernard Lovell (University of Man- 
chester); Mr. J. A. Ratcliffe (Radio Research Station, 
Department of Scientific and Industrial Research); 
Prof. Martin Ryle (University of Cambridge); Dr. 
R. v. d. R: Woolley (Astronomer Royal). 


The Royal Aircraft Establishment, Farnborough 


Toren new Departments have been set up at the 
Ministry of Aviation’s Royal Aircraft Establishment, 
Farnborough. They have been formed to meet 
ohanges in emphasis in Britain’s scientific programme, 
and will be manned by redeploying existing staff at 
Farnborough. A Space Department will co-ordinate 
research and development on all kinds of satellites, 
on. ballistic and upper atmosphere research rockets 
(such as Black Knight and Skylark) and on the 
equipment that will be needed for Britain’s contribu- 
tion to the European Launcher Development Organ- 
ization. The team will be led by Dr. A. W. Lines. 
A new Weapons Department will be responsible for 
the evolution of missiles and airborne armaments of 
varying kinds. Its head will be Mr. D. J. Lyons. An 
Instrumentation and Ranges Department has also 
been formed under Mr. E. W. Pye to co-ordinate the 
Royal Aircraft Establishment’s trials work at all 
ranges in the United Kingdom. It will be responsible 
for the provision of instrumentation and deta handling 
‘services throughout the Establishment. Other 
developments at Farnborough are the building of new 
and larger structures testing facilities and laboratories, 
and the creation of a team to study ‘human engineer- 
ing’. This division of the Mechanical Engineering 
Department is carrying out research and development 
on equipment to be used by aircrew of aircraft of the 
future—particularly pressure suite, oxygen breathing 
systems and ejection seats—and is also studying 
aspects of passenger comfort and aircrew fatigue in 
civil air liners, and examining means of increasing 
the efficiency of aircrew. 


Training for Public Administration 


In a written answer in the House of Commons on 
December 5, the Sécrotary for Technical Co-operation, 
Mr. D. Vosper, said that he had appointed a com- 
mittee under the chairmanship of Lord Bridges with 
Prof. W. J. M. Mackenzie as vice-chairman, to advise 
him, after such consultation with educational institu- 
tions and other organizations as the Committee might 
think necessary, on the following matters: (a) traming 
facilities in the field of public administration and 
related subjects provided in the United Kingdom for 
Government servants and other public employees 
nominated by the Governments of overseas countries ; 
and (b) on the arrangements for assistance from the 
United Kingdom in building up local training 
facilities in this field in response to requests received 
from the Governments of overseas countries; and to 
report on the suitability and adequacy of the arrange- 
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ments made for these purposes in relation to present 
and foreseeable demands. The members of the Com- 
mittee are: B. M. Chilver, Sir Gordon Hadow, W. F. 
Houghton, Guy Hunter, A. H. Marshall, Raymond 
Notiage, C. J. Ritchie, Dr. R. E. Robinson, Prof., 
W. A. Robson, P. Rogers, Mrs. D. M. Rossiter and 
K. G. Ashton (secretary). 


Research and Development In Shipbuilding 


In a written answer to @ question in the House of 
Commons on December 14 regarding action being 
taken on the recommendations of the report on 
research and development requirements of the ship- 
building and marine engineering industries #1 Britain. 
the Parliamen Secre for Science, Mr. D. 
Freeth, said that the review of the arrangements for 
carrying out research in these industries is nearing 
completion, and formation of a new British Ship 
Research Association has beey announced. An 
economic and technical study of research and 
development needs in marine engineering by the 
Department of Scientific and Industrial Research 
and, the Ministry of Transport with full co-operation 
of marine-engine building firms and the research 
associations is well advanced. A production research 
team established nearly a year ago by the British 
Shipbuilding Research Association, which would 
continue as part of the new Research Association, has 
already surveyed techniques and methods in hull 
construction, and consideration of development con- 
tracts awaits the formation of the new Research 
Association and the completion of these surveys. The 
General Council of British Shipping has recently 
announced its intention of joining the new research 
association and of instituting a review of the shipping 
industry’s own research requirements. 


New Hydrographic Ship for the Western Arctic 


Tr first hydrographic vessel for use in the western 
arctic is being built by Star Shipyards, Ltd., New 
Westminster, B.C., for the Department of Mines and 
Technical Surveys, Canada. The C.H.L. Richardson, 
a 60-ft. steel-hulled ship, is specially designed for 
arctic survey work. The Richardson, when completed 
early in 1962, will be the ninth vessel to be operated 
by the Canadian Hydrographic Service. In summer 
the fleet fans out along tho Arctic, Atlantic and 
Pacific coasts and inland waters sounding and chart- 
ing channels, studying tides and water-levels, finding 
new shipping lanes. Special construction features of 
this craft will enable it to remain in the arctic for 
four-year periods without major overhaul. Its winter 
base and supply depot will be at Tuktoyaktuk in the 
western arctic. In summer the Richardson will ply 
the waters of Amundsen Gulf, and Dolphm and 
Union straits. The vessel is named after Sir Jobn 
Richardson, who explored these same regions in 
1826. 


Rural Man-power in Industry 


AN international seminar, organized by the Euro- 
pean Productivity Agency to examine the problems 
which industry has to face when taking on rural 
man-power, was held at Groningen, Netherlands, 
during September 26-30, 1960, at which eleven 
European countries and several international organ- 
izations were represented. A general report on the 
seminar by Prof. H. Krier has been issued by the 
Organization for European Economic Co-operation, 
under the title Rural Manpower and Indusirtal 
Development: Adaptation and Training (Pp. 130. 
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operation, 1961. 7 N.F.; 10s.; 1.75 dollars; 5.80 
D.M.). In more than thirty countries, situated in 
every continent, the agricultural labour force has 
decreased during the past ten or twenty years, when 
compared with total employment, although in areas 
in process of economic development, the agricultural 
population continues to grow in absolute figures; in 
the economically more advanced countries it is 
diminishing in numerical importance. In countries 
with an income of more than 1,000 dollars per head, 
less than 20 per cent of the working population is 
employed in agriculture; in those with an income of 
§500-1,0Q) dollars per head, about 25 per cent; and 
in those with a lower income, for example Italy, 
averaging 310 dollars, 42 per cent. 

In successive chapters the report considers the 
adjustment of agricultural man-power resources to 
the needs of industry, inoluding the reasons for 
leaving agriculture$ the conditions of adaptation to 
industrial work, for example, the vocational training 
for industry of agricultural man-power and conditions 
which contribute to the satisfaction of such workers; 
the adaptation of rural workers to the new type of 
social environment; steps which fecilitate adaptation 
to industry; and the direction of further research. 
Three main subjects for further research were pro- 
posed at Groningen: a special study of the conditions 
of adaptation of rural workers ın areas in process of 
economic development; a general and comparative 
study of policies of regional development and land 
improvement; and some supplementary inquiries 
‘into the adaptability of rural workers in such areas. 
Some indication is given of the lines these inquiries 
should take, and it ıs emphasized that investigations 
of this kind may facilitate social progress following 
the economic progress which is an integral part of 
industrialization. 


The Cawthron Institute 


THe annual report for 1960-81 of the Cawthron 
Institute covers the Institute’s fortieth year, and 
during the year ita work was partly reorganized to 
include fundamental studies into some problems of 
world-wide occurrence and significance (Pp. 40. 
Nelson: Cawthron Institute, 1961). Research on the 
nutritional problems of fruit, tomatoes and pastures, 
as well as of tobacco and hops, continued in col- 
laboration with the Tobacco and Hop Research 
Stations of the Department of Scientific and Indus- 
trial Research. Field investigations into factors 
responsible for bitter pit in apples are still concen- 
trated on inorganic nutrients and the beneficial effect 
of calcium applied as a foliar spray, particularly as 
nitrate, has been confirmed. Biochemical research on 
tomatoes was directed towards a study of the poly- 
phenol oxidase system present with particular refor- 
ence to the part of this enzyme system in blotchy 
ripening. In an attempt to correlate quality of 
tobacco with the chemical composition of the leaf, 
much attention has been directed to nitrogen, carbo- 
hydrate (particularly polysaccharides) and alkaloid 
fractions. A list of publications is appended. 


The Exhibition of the Institute of Physics and the 
Physical Society 
Tam forty-sixth annual exhibition of scientific 
instruments and apparatus, organized by the In- 
stitute of Physics and the Physical Society, will be 
held at the Old and New Halls of the Royal Horti- 
cultural Society, Vincent Square, London, 8.W.1, 
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during January 15-19. The exhibition has as its 
origin a soirée of the Physical Society in 1905, at 
which a few of the Fellows and their guests exhibited 
interesting and novel preces of apparatus. Participa- 
tion in the present exhibition is by invitation of the 
Council of the amalgamated Institute of Physics and 
Physical Society, and special efforts are now being 
made to ensure that the exhibition remaina essentially 
a scientific occasion and does not become one merely 
for commercial displays. The 1962 exhibition wil] 
have only one hundred and eleven firms exhibiting 
compared with one hundred and twenty-nine in 1961, 
but twenty-cight academic and Government and 
Government-sponsored research establishments will 
be exhibiting, compared with seventeen in the 
previous year. The Institute and Society itself will 
this year be putting on a display of physics teaching 
equipment which, although in the main not original, 
is essentially new to Britain. Included will be some 
equipment designed by the American Physical Science 
Study Committee. The Institute and Society has 
published a Handbook which contains descriptions 
of exhibits and some new devices for which space 
could not be allocated in the exhibition. Besides 
— as a catalogue, the Handbook will serve as a 

reference book throughout the year. Admission 
to the exhibition is free, but by ticket only; these 
and copies of the Handbook (price 6s., postage 2s.) 
are available from the Secretary, Institute of Physics 
and the Physical Society, 47 Belgrave Square, London, 
S.W.1. 


Announcements 


Dr. H. R. V. ARNSTEIN, of the National Institute 
for Medical Research, has been appointed an honorary 
secretary of the Biochemical Society in succession to 
Dr. J. W. Whelan. 


A CONFERENCE on ‘““The Recovery of Metals” is to 
be held in Delft during April 25-26. Further informa- 
tion can be obtained from the secretary, C. M. van 
Baal, Laboratorium voor Metaalkunde, Rotter- 
damseweg 137, Delft. 


A symposiom on “River Pollution Prevention”, 
organized by the Institute of Sewage Purification, is 
to be held in Edinburgh on March 2]. Further 
information can be obtained from Mr. James Couper, 
Institute of Sewage Purification, Airdrie Sewage 
Works, Locks Street, Coatbridge. 

Tum theme for the present session of the Welsh 
Soils Discussion Group will be “Organic Matter in 
Soils”. A meeting will be held on February 7 at 
Aberystwyth to discuss “Static Aspects of Soil 
Organic Matter”. The chairman of the meeting will 
be Prof. P. F. Wareing. Further information can be 
obtained from Mr. James A. Taylor, Geography 
Department, University College of Wales, Alexandra 
Road, Aberystwyth. 


Tum four hundrod and twelfth meeting of the Bio- 
chemical Society will be held m the Department of 
Chemistry, King’s College, Newcastle upon Tyne, 
during January 11-12. A colloquium on ‘Bacterial 
Walls and Capsules” will take place on January 11. 

i communications will be presented on 
January 12. The Association of Clinical Biochemists 
will meet on January 13 m the Royal Victoria 
Infirmary, Newcastle upon Tyne. A symposium on 
“Zone Electrophoresis and Iso-enzymes” will be held 
in the morning, and original communications will be 
presented in the afternoon. 
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CHRISTIAAN HENDRIK PERSOON (1761—1836) 


By Dr. G. C. AINSWORTH 
Commonwealth Mycological Institute, Kew, Surrey 


HE present outstanding names in the history of 

science not only commemorate novel discoveries, 
but many (some of them very familiar) are also the 
names of those who by major works of synthesis 
established generalizations or integrated the know- 
ledge of some particular field. This last category 
is perhaps particularly characteristic of systematic 
biology where, for example, Linnæus is a name revered 
by both botanists and zoologists. Linnzus (1707—78) 
dominated the taxonomy of his day, and his influence 
still persists if for no other reason than that the 
starting points for the binomial nomenclature (which 
was his innovation) of both plants and animals date 
from two of his major publications. Linnæus had, 
however, weaknesses. One was his treatment of 
fungi, the ordering of which he found “a scandal to 
art, no botanist knowing what is a Species and what a 
Variety’! (which, alas, is still often the plight of 
mycologists to-day) and finally a residue of the few 
fungi which he compiled were clasafied among the 
Vermes (worms) in his genus Ohaos. The mycological 
exploitation. of binomial nomenclature based on a 
comprehensive classification had to wait until the 
turn of the century, when the part played by Linnæus 
for higher plants and animals was taken for fungi 
by the Swedish botanist Elias Fries (1794-1878) and 
his predecessor Christiaan Hendrik Persoon. 

Persoon? was born at the Cape of Good Hope on, 
it is conventionally held, December 31, 1761 (but his 
birth may well have been a year later, or on January I, 
1763). His father, Christiaan Daniel Persoon, who 
came from Pomerania, emigrated in the service of 
the Dutch East India Co. to the Cape, where he 
eventually settled. There he married a well-to-do 
Duteh farmer’s daughter from Stellenbosch (and not a 
Hottentot as was once supposed), who died a few weeks 
after Persoon’s birth, when the care of Christiaan 
and his two sisters became a charge cf the Orphan 
Chamber. Their father remarried, prospered as a 
general dealer in anything from beer to stockings 
and slaves, and after his death in 1776 the Orphan 
Chamber embezzled funds held on behalf of the young 
Persoon. The Amsterdam Chamber, however, came 
_ to his rescue, if parsimonioualy. 

In 1775, Persoon had been sent to Europe, never to 
return to the Cape. He went to school at Lingen- 
on-Eims, Germany, and in 1783 proceeded to Halle 
as a theological student. Three years later he was 
studying medicine at Leyden, a study he continued 
at Göttingen, then in the van of botanice] research. 
Later still, at the instigation of Prof. von Schreber, 
a noted cryptogamist, he obtained his doctorate from 
the Academy of Natural Sciences, Erlangen. The 
next four years seem to have been spent travelling, 
and, in 1803 Persoon settled in Paris where for thirty 
years he lived the life of a recluse on the sixth floor 
of 2 Rue des Charbonniers, a mean street near the 
present Gare de Lyon. 

Little ig known as to how Persoon’s interests in 
natural history were aroused and developed or what 
induced him to concentrate his attention on fungi, 
but his talent became widely recognized. As a botan- 


ist his most important work is the two-volume 
Synopsis Plantarum, 1805-7, which, in 1,200 small, 
closely printed pages, lists according to the Linnean 
system all the phanerogams then known. It is, 
however, as a mycologist that he will always be best 
remembered and his reputetion rests mainly in four 
works: his Observationes Mycologicas, 1795-99; the 
germinal Tentamen Diepositionis Methodicæœ Fung- 
orum in Classes, Ordines, Genera e Familias, 1797; 

the great Synopsis Methodica Fungorum, 1801; and 
the unfinished Mycologia Europaea, 1822-28. Of 
these the Synopsis is the most important. It is a 
work to which all subsequent mycological systematists 
have had to refer and this led to it being singled out 
as the starting-point work for the nomenclature of 
several of the major groups of fungi (Fries’s Systema 
Mycologicum, 1821-32, being the starting point for 
the remainder). Persoon made more use of a hand 
lens than the microscope, but he was a careful, 
painstaking and self-critical observer, and his basic 
classification, though unacceptable to-day, was com- 
prehensive and brought together many related forms. 
He accurately described many of the common micro- 
scopic fungi—both saprophytes and parasites—and 
what has given his descriptions and nomenclature 
particular value is that the specimens on which 
many are based are still available for study. Persoon 
thus laid a firm foundation on which others could 
build. 

In later life at least, Persoon was of unprepossesaing 

ap ce and clearly eccentric. He confessed that 
he loved the study of fungi because it could be 
carried out alone in a room. But Persoon, in his 
room surrounded by his specimens and books, was 
far from isolated. He corresponded regularly with 
many leading scientists, particularly botanists, from 
all over Europe, and received much materiel from 
many parts of the world. He held no official appomt- 
ments, and a price he paid for his freedom was life- 
long fmancisl worries, which are reflected in his 
correspondence. In later life he was reduced to 
poverty, but being unwilling to accept money 88 a 
gift he made over his herbarium in 1825 to the 
Dutch Government in return for @ pension. Since 
1829 this herbarium has been in the safe keeping of 
the Rijksherbarium, Leyden, together with the 
greater part of his library, while the University 
Library at Leyden has a valuable collection of letters 
written to Persoon. 

Persoon sought membership of scientific societies 
(ın 1799 he was elected a foreign member of the 
Linnean Society of London) and he was honoured by 
others. In 1794 the twelfth issue of the Annalen der 
Botanik was dedicated to him and he has been 
commemorated by a number of generic names 
(including Persoonta J. E. Smith, 1798; Proteaceae) 
and specific epithets. Most recently, the mycological 
journal of the Rijksherbarium, Leyden, begun in 
1959, haa been named Persoonta. 

Persoon died in November 1836, but the exact 
date, like that of his birth, is not quite certain. It 
is given as November 14 in the Archives du Départe- 
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ment de la Seine et Ila Ville de Paris, as November 
16 in the obituary notice in the Government Gazette, 
but as November 16 in the register of Le Pére Lachaise 
cemetery, where he was buried, and also on the grave- 
stone which, according to Persoon’s testamentary 
instructions (and for which he composed the inscrip- 
tion), was “simple and vertical’. 


I am indebted for help in preparing this article to 
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Dr. M. A. Donk of the Rijksherbarium, Leyden, for 
the loan of literature, and to Mr. P. Blum for transla- 
tions from the Dutch. 
1Tinnaocus, O., Philosophia botanica, 241 (1761) (translation by Rams- 
bottom, J., Proc. Linn. Soc. Lond., 181, 283; j deat). 
Franken, J. L. M. ae die Lewe van'n Beroomde Afrikaner 
tiaan Hendrik "Persoon", ae — Stellonbosek, 15B, 4. wher Pp. 
“A Note on a to Christiaan Hendrik Persoon's 
South Afr. Bo., v Nr (1938), gives details of Parsoon'’s 
references to most of the other papers oon- 
sulted in the preparation of this article. 


° BIOLOGICAL ACTION OF FLUORIDES 


N October 25, the Bone and Tooth Society held 

a symposium on “Fluorides”, under the chair- 

manship of Dr. H. A. Sissons. The large attendance 

and brisk discussiog were indications of the present 
wide interest in this subject. 

The symposium opened with a paper by Dr. G. N. 
Jenkins (King’s College, Newcastle upon Tyne) on 
“The Mode of Action of Fluoride with Special 
Reference to Dental Effects”. He summarized the 
three known effects of fluoride at physiological con- 
centrations: (a) ionic exchange with hydroxyl of 
the apatite in the calcified tissues; (b) influencing 
the precipitation of mineral from saturated solutions 
of calcium phosphate, resembling saliva; (c) inhibi- 
tion and, in some cases with low concentrations, 
activation of enzymes. Since fluorapatite dissolves in 
acids less readily than hydroxyapatite it had long 
been thought.teeth formed in areas with ‘high’ levels 
of fluoride (more than 1 p.p.m.) in the tap-water 
would be less soluble than those from ‘low’ fluoride 
areas—and direct comparisons of the tooth solu- 
bilities have confirmed this, although the differences 
are small. The action of fluoride in favouring mineral 
deposition suggested that it might reduce the rate of 
tooth decay by slowing up or even intermittently 
stopping the development of existing cavities. 

With to enzyme inhibition, low concen- 
trations of fluoride (5-10 p.p.m.) could reduce, and 
in some conditions such as a pH of 5-0, completely 
stop acid production from carbohydrate by salivary 
bacteria—a result which would be expected to slow 
down caries. 

The crucial question of this anti-enzymatio theory 
of the action of fluoride in reducing caries was the 
duoride concentration in the muco-bacterial ‘plaque’ 
on the teeth. Whether it reached inhibitory levels 
and whether it varied with the fluoride of the drinking- 
water were stil unknown, but the work of Hardwick 
and Fremlin and their colleagues was likely to 
provide an answer shortly. 

Information on those enzymes most sensitive to 
finoride might provide a clue as to which were 
involved in the toxio reactions of the tissues. Unfor- 
tunately, the available information on fluoride 
sensitivity could not be compared since some enzymes 
had been studied in intact cells, others in 
mitochondria and others with crystaline prep- 
arations. 

Dr. S. M. Weidmann (University of Leeds) described. 
his work with Dr. J. A. Weatherell on the fluorotic 
lesions of bone. Although the bone effects showed 
considerable variation and obeyed no particular 
pattern, two marked features were bone formation 
and resorption. In most cases the newly formed bone 
appeared as localized, irregular outgrowths (exos- 
toses), or caused a generalized thickening of bone. 


Bone resorption usually developed from the endosteal 
area, of shaft bone and progressed towards the peri- 
osteum, forming large cavities and frequently causing 
& widening of Haversian canals. It had been sug- 
gested that resorption was the primary action and 
the thickening re ted a compensation to main- 
tain the strength of the bone. As resorption was not 
the first reaction observed, Dr. Weidmann did not 
accept this view, but thought that resorption was a 
means of supplying the minerals needed for the 
calcification of the exostoses. The presence of wide 
seams of uncalcified matrix suggested that fluoride 
interfered with calcification. The matrix formed in 
fluorotoxicosis was more resistant to the attack of 
collagenase than that of non-fluorotic bone, but 
further work showed that this resistance was due 
to the exostoses being young bones with a high 
mucopolysaccharide content rather than the result of 
a pathological change caused by fluoride. Serum 
alkaline phosphatase rose, as in other bone dystro- 
phies. Fluorotic bone was low in carbonate, and high 
in fluoride and magnesium, the calotum/phosphorus 
ratio being normal. Fluoride accumulation was not 
uniform throughout bone. Apart from blood flow, 
vascularity of bone and crystal size of bone mineral, 
ita uptake seemed to be governed by a tendency to 
accumulate in those areas of bone which are known 
to be prone to exostosis formation. 

Dr. A. M. Bond (Bedford College, University of 
London), in her paper on “‘Some Effects of Fluoride 
on General Metabolism”, mentioned that the inhibi- 
tion of enolase arrested glycolysis, thus leading to a 
diminished production of adenosine triphosphate and 
consequent failure of the-energy supply to the cells. 
Also, the respiratory chain is affected by inhibition 
of succinic dehydrogenase. Soft tissues did not 
accumulate fluoride, the concentrations being norm- 
ally less than 1 p.p.m. An acute lethal dose of a sol- 
uble fluoride produced severe gastro-intestina] distress 
with hemorrhages in the gut and general hyperamia. 
Excitation followed by paralysis of the nervous 
system and musculature occurred with respiratory 
distress and cyanosis. Instiling 5 mM sodium 
fluoride solution (that is, 95 p.p.m. fluorine) into a 
cat’s stomach reduces to 50 per cent the secretion of 
hydrochloric acid in response to injected histamine 
and increases greatly the permeability of the mucosa 
to cations. In chronic fluorosis in rats, the numbers 
of oxyntic cells of the stomach were reduced. Appetite 
was depressed (even if the fluoride was injected, thus 
eliminating the effect of taste), gain in weight was 
reduced and there was wasting of body tissues 
revealed both histologically and by a high urea 
output. Polyuria, low renal clearance values and 
histological evidence of necrotic nephrons proved the 
presence of impaired kidney function. Life was not 
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shortened. It was stated that man 1s more sensitive 
to fluoride than experimental animals but that some 
adaptation could occur, for example, industrial 
workers exposed to fluoride showed more severe 
symptoms after a period of absence. 

Dr. W. T. C. Berry discussed “Medical Effects 
especially in Relation to Fluoridation Levels’. The 
average daily fluoride intake in Britain had been 
estimated as 0-6 mgm. for children, 1-3 mgm. for 
women end 1-8 mgm. for men. If the water con- 
tained 1 p.p.m. of fluoride, these intakes were 
approximately doubled for children and rose 70-80 
per cent for adults. The diet of primitive man 
probably contained more fluoride than do modern 
diets, as presumsbly bones were chewed and, where 
salt was used, it was sea salt. The first sign of 
excessive intake in man was mottled enamel, sug- 
gesting that the ameloblast was the most sensitive 
cell. It had been found in several countries that 
another type of enamel marking (‘idiopathic mottling’) 
decreased in incidence as the fluoride of the tap-water 
rose from zero to about 1 p.p.m., although evidence 
of a causal relationship (for example, a fall in 
incidence after a town water supply was fluoridated) 
was inadequate. There were preliminary reports that 


SPECIATION 


T a symposium arranged by the Systematics 
Association and the Challenger Society, and 
held at the Plymouth Laboratory of the Marine 
Biological Association of the United Kingdom, 
during September 27-29, the practical difficulties in 
ini the processes by which new species 
develop in marine habitats were comprehensively 
oxamined. 

Throughout the meeting two factors wore continu- 
ally emphasized as restricting the progress towards 
a true appreciation of the problems of speciation. 
These were the need for more extensive taxonomic 
study of the plants and animals and the severe limita- 
tions on experimental work which the sea as an 
onvironment imposes. The contrasting features of the 
open ocean, tho inter-tidal zone and benthic regions 
exposed fundamental differences of approach to the 
problem, with resultant divergence of opinion as to 
primary and secondary causes. 

In the zooplankton, an examplo from the North 
Pacific Ocean ulustrated the necessity for very large 
collections now available and for the genetical 
examination of living populations, unfortunately not 
yet possible. J. A. McGowan reviewed his work in 
that ocean on the pteropod Limacina helticina which 
occurs there in two forms: A, high spired, with 
striations, inhabiting the Sub-Arctic water mass; 
and B, short spired, with no striations, living in the 
Transition Zono, the Alaskan Gyral and the Cali- 
fornia Current. A form intermediate between A and 
B may occur in overlapping areas. The water circula- 
tion in the North Pacific is such that form B must 
have been derived from A. Only those specimens, 
the genetio make-up of which allows them to inhabit 
Transition Zone water, survive there, and these, 
form B, become progressively more adapted to this 
water, and unsuitable genotypes of the parent 
populations tend to be eliminated. Eventually 
reproductive isolation may occur here. 

A genetical study of the actual populations involved 
is of courso a necessity to a full understanding of 
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osteoporosis was unusually common in areas where 
water-borne fluoride was zero and that calcium 
balances in osteoporosis and Paget’s disease improved 
with large intakes of fluoride. 

No evidence had been produced in recent work to. 
suggest that any harmful effects followed the fluorida- 
tion of water at the level of 1 p.p.m. At higher 
intakes, as with certain workers in the alummium 
industry, gastritis and increased density of bone had 
been reported. Bone lesions had been found in the 
absence of reported evidence of renal damage, 
indicating that increased bone density occurred 
before renal change. 

The symposium revealed the contras? between 
knowledge of the effects of fluoride and ignorance 
of the mechanisms, and the need for multi-disciplinary 
work. It was pointed out that even the well-known 
inhibition of enolase provided an uncertain explana- 
tion for the reduction of glycolysis by salivary bac- 
teria. The observed effect was reduced acid pro- 
duction, whereas if enolase were inhibited the expected 
result would be the accumulation of one acid (phos- 
phoglyceric) in place of the normal acid end-product 
(lactic), presumably with little effect on pH. 

G. N. JENKINS 


IN THE SEA 


this problem. Whether or not the differences which 
separate these populations are genotypic or pheno- 
typic 1s fundamental. This aspect of the subject was 
stressed by a number of speakers. 

P. M. David gave a detailed account of the distribu- 
tion of species of Sagitta. Bathypelagic species are 
more widely distributed than epi- and meso-plank- 
tonic ones. Sagita macrocephala, for example, is 
found from the Arotic to the sub-Antarctio at a 
depth of 1,000-1,500 m. It does not occur south of 
the Antarctic Convergence. Sagitta gazellae, which 
occurs on both sides of the Antarctic Convergence, 
provides an interesting example of incipient specia- 
tion as & result of a spatial barrier. It has formed 
two morphologically distinct races on the two sides, 
neither of which is numerous, in the region of the 
Convergence which separates them. 

Analysing the data from the oceans of the world, 
he showed that the normal number of species found at 
any one station is about ten, and that ın each oceanic 
area, there is one species which is dominant. In cold 
waters the diversity is low and the dominant species 
accounts for as much as 85 per cent of the total 
chetognath population compared with 40-50 per 
cent in warm waters. Comparing the distributions of 
species in oceanic waters with those in neritic and 
mixed waters, Mr. David suggested that the species 
of the oceanic group, which are by far the most 
numerous, are the most closely adapted to thei 
environment. Neritic and mixed-water groups are 
more capable of surviving in fluctuating conditions, 
and their less specialized adaptations are not able to 
survive competition against oceanic forms in the 
open ocean. Species are probably controlled by 
physical and chemical factors, not acting alone but 
in combination with biological factors including 
competition with other species. 

J. M. Colebrook and G. A. Robinson discussed the 
specific treatment of data from the planktonic 
recorder and referred to the sub-speciation of Calanus 
finmarchicus. - 
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G. A. Knox was able to give a number of examples 
of speciation in Bivalvia from the coasts of New 
Zealand. Not only was he able to compare species 
north and south of the Sub-tropical Convergence, 
which to-day lies athwart New Zealand, but also 
” from a study of the Tertiary molluscan fauna he was 
able to trace the past history of species and to deduce 
the earlier positions of the Sub-tropical Convergence. 
It appears that the nucleus of the New Zealand 
molluscan fauna dates from the late Cretaceous. 
During the early Miocene, the Sub-tropical Con- 
vergence ran far south of its present position and 
there was an influx of warm-water Indo-Pacific 
species. After this, the line of the Convergence moved 
northwards and by the mid-Pliocene was more 
northerly than it is now, and cold-water species 
were brought in by the Tasman Current with Aus- 
tralian fauna in the late Pliocene. 

Prof. Knox considers that in most cases the pre- 
liminary factor im speciation was geographical 
separation, the present pattern of species having 
been brought about by changes in the configuration of 
coast-line, fluctuations in the position of the Sub- 
tropical Convergence and changes in the current 
systems affecting the dispersal of larve or adults. 
Populations became isolated and diverged to such an 
extent that when they have afterwards come to over- 
lap they have remained reproductively isolated. 

J. H. Day gave evidence from grab samples from 
South African waters which shows that although 
warmer waters are poorer in individuals than cold 
waters, they are much richer in species and there is a 
much higher proportion of carnivores. As an example 
of complexity, he said that the animal turf from a 
single square metre from a rock face at a depth of a 
few metres in False Bay contained more than 120 

te species, and stressed that the complexity. of 
the biotic environment provides more ecological 
niches and thus promotes sympatric speciation. 

G. M. Spooner was one of the few to refer to the 
genetic isolation that may be associated with host 
specificity. He gave as an example differences in 
colour patterns of the polynoid Harmothos lunulata 
according to the host with which it is commensal; 
the implication being that these colours reflect 
genetic differences of physiology or behaviour which 
adapt each form to its particular host. 

A. Graham with V. Fretter also discussed variation. 
in colour pattern, particularly with regard to Patina 
pellucida and Nucella laptllus, relating them to the 
habitat, food or exposure of the individual. 

C. M. Yonge brought his researches on evolution of 
the Bivalvia from the point of view of functional 
morphology down to species-level when describing 
the five British species of Nucula; and he gave details 
of their adaptations to the different particle size 
of the substrata into which each burrowed. Because 
fertilization in the bivalves is external (even when 
incubation occurs) species cannot be locally isolated. 
Distinct breeding seasons and specificity of gametes 
are barriers, but speciation is also due to factors 
influencing metamorphosis. Thus the larve of 
Teredo and allied genera are alone in being stimulated 
to settle and metamorphose by the presence of wood. 
Less easily defined factors doubtless account for the 
differential settlement of sand and mud burrowers 
or of rock borers. Less specialized species tend to 
separate out after metamorphosis as the ecological 
needs of the adult become compulsive. 

G. P. Wells discussed barriers and speciation in the 
caudate Arenicolidae, the lugworms. He showed 


NATURE 


25 


that they are distributed in three temperaturo 
zones, & northern cold-water, a warm-water and a 
southern cold-water. Except for a little overlap at 
the boundaries, no species is found an more than | one 
zone. Several species are widely distributed in their 
particular zones and each zone appears to have at 
least one endemic group of closely related species. 
This suggests that the three-zone picture has existed 
for long enough to allow a considerable degree of 
speciation to take place within each zone. 

When discussing speciation in shore-fishes, R? 
Rosenblatt spoke of ecologically correlated patterns 
which appear repeatedly: the tendency for forms in 
cool waters to have more segments or those from a 
few fathoms depth to have less melanin, more delicate 
bodies, fins and skins, and larger eyes than littoral 
forms. This applies at specific and generic levels as 
well as within species. In S gutta, form and 
depth of habitat are closely correlated over the major 


. range of the species in the temperate San Diego 


area, but there is an anomalous population in the 


_ north of the Gulf of California which is of the deep- 


-water form though it lives in shallow water. 


Dr. 
Rosenblatt suggested that this population reached the 
Gulf in the Pleistocene when there was sufficient cool- 
ing of the deeper waters but not of the surface waters 
for the deep-water form to reach the around the 
tip of Lower California which now forms a barrier. 

Comparison of sibling species of fishes of various 
families on both sides of North America or species 
inside, the Gulf of California with species outside, 
indicates that speciation occurs more rapidly in amall 
fishes living at shallow depths among rocks than in 
large fishes characteristic of shallow sand or mud- 
bottom waters. Adaptations to life in rock crevices 
such as small size, short life, territorial habits and 
viviparous reproduction, markedly restrict vagility. 
Gene-flow would be expected therefore to be restricted 
between populations of such fishes, and a detailed 
study of Hnneanectes sexmaculaius supports this. 
On the other hand, with larger fishes not tied to this 
habitat, the great mobility as adults, the pelagic 
eggs or larvæ and the long life-span all tend to main- 
tain a genetic homogeneity within a species. 

N. B. Marshall described the diversity .of distribu- 
tion of deep-sea fishes and remarked that the oppor- 
tunities for speciation in the environment which has 
remained homogeneous and stable fór a very long time 
are relatively limited. 

Bathypelagic fishes which have spent their larval 
life in surface waters tend to have wider distributions 
than deep-sea species, most of which do not have sur- 
face-dwelling larve. He compared the deep-sea fishes 
of the Red Sea with those of the Mediterranean. The 
conditions in the Red Sea are more extreme than those 
in the Mediterranean, and differentiation of species is 
correspondingly more marked. Basin conditions, 
such as those of the Sulu Sea and Gulf of- Mexico, 
have favoured species formation and the development 
of distinct communities of macrurid fishes. The early 
colonizers of deep waters, commg mostly from tropical, 
shallow areas, probably lived in the more productive 
oceanic regions in equatorial waters and over con- 
tinental shelves, living at first not far under the pro- 
ductive photic zone. When the favourable environ- 
ment near the thermocline had been fully exploited, 
pressure on living space would become more severe 
and less-productive waters would be invaded. Mutant 
dwarf forms with reduced food requirements may 
even be able to survive in the gyrating central water 
masses poor in food, and if these formed populations 
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breeding in the new deeper living space they would 
become genetically isolated from the parent form. 
A forced exploitation of the deeper levels leading in 
this way to considerable speciation and adaptive 
radiation will have produced the elaborate and stable 
eco-systems now found in deep warm waters. 

P. 8. Dixon, H. T. Powell and T. J. Hart discussed 
speciation in Rhodophyta, Fucus and Diatomacea, 
respectively. All three were of the opinion that an 
ainperalleled confusion existed in these groups because 
of a shortage of good taxonomists. It was made 
clear that more attention will have to be given to a 
study of the plant ın life at all seasons before a study 
of speciation can be attempted. 

C. F. A. Pantin, in summing up, considered that 
the papers had shown the need for further rosearch 
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into the nature of the physical environment, and in. 
order to understand the significance of this for the 
individual species physiological study of the organ- 
isms in relation to their environment is also needed. 
The very constancy of the environments of the sea 
makes it easier for us to appreciate that the environ- ` 
ment, which directs selection, mcludes biological 
factors which, since they are evolving all the time, 
do not reach final equilibria. He likened these appar- 
ently constant environments to dynamio equilibria 
in open systems. 

A grant towards the expenses of the symposium 
was made by the International Union of Biological 
Sciences. e : 
J. P. HARDING 
N. TEBBLE 


RECENT ADVANCES IN CONSERVATION OF HISTORIC 
AND ARTISTIC WORKS 


HE first international conference on this subject 

was held at Rome during September 25-29, 
1961. The conference was organized by the Inter- 
national Institute for Conservation of Historic and 
Artistic Works, and attempted in a very full pro- 
gramme to survey all aspects of conservation. 

The importance of this conference to readers of 
Nature, who are more aware than most of the difficul- 
ties of communicating specialized information, was 
that topics ranged from the use of refined electronic 
techniques to a discussion of the esthetic principles of 
conservation. There were many who were lost in one 
or other of these fields, and some who suggested that 
there ought to be separate sessions at future con- 
ferences. But it is likely that in ten or twenty 
years, a8 basic scientific knowledge becomes more 
widespreed, whatever the refinements developed by 
that time, there will be more common ground in such 
a conference, not leas. 

It may not be generally reslized that many of the 
world’s major museums have attached to them a 
conservation studio, and sometimes also a scientific 
laboratory. Notable are the National Gallories of 
London, Washington, Ottawa and New South Wales, 
the British Museum, the Victoria and Albert Museum, 
the Tate Gallery and the chief museums in Roston, 
Harvard University, Madras, Naples, New York, 
Prague and Zurich to mention only some. In some 
countries conservation activities are also centralized 
within an institute, such as the Istituto Centrale del 
Restauro (Rome), the Academy of Fine Art (Warsaw), 
the Courtauld Institute (London), the Doerner 
Institute (Munich), the Federal Institute for Protec- 
tion of Cultural Monuments (Belgrade), the Inter- 
museum Laboratory (Ohio), the Laboratoire de 
Recherche Archéologique (Nancy), the New York 
Conservation Center and the Smithsonian Institution 
Freer Gallery. The heads of all these de ents 
- and organizations were among the delegates at the 
Rome conference. 

The Centro Internazionale di Studi per la Conserva- 
zione ed il Restauro dei Beni Culturali, more shortly 
known as the Rome Centre, and the Istituto di 
Patologia del Libro deserve special mention, for the 
director of the former, Dr. H. J. Plenderleith, took a 
very prominent part in the organization of the 
conference, and the latter were hosts to the delegates, 


providing lecture rooms and other facilities. The head 
of the organizing committee was N. 8. Brommelle, 
head of the Victoria and Albert Museum Conservation 
Department and secretary-general of the Inuter- 
national Institute for Conservation of Historic and 
Artistic Work; the treasurer of the latter is S. Rees 
Jones. 

The qualifications of restorers and conservators 
vary greatly in different countries. Museum directors, 
trained, most frequently in humanist disciplines, find 
it difficult even to-day to judge the value of the con- 
tributions from their technical departments. In his 
opening address, Dr. A. van Schendel, president of 
the International Institute and director of the 
Rijksmuseum, Amsterdam-—a very modern director 
in his understanding of the role of conservators— 
directed attention to the hope of the Institute that 
conservation is becoming a recognized profession with 
professional standards of its own to maintain. To 
this end, fellowship of the Institute is not an easily 
acquired, distinction. 

In all attempts to prolong the lives of precious 
museum objects, the most important study is that of 
the museum ‘climate’, to which the opening session 
was devoted. Air conditioning is by now well estab- 
lished in the major museums, so that the present 
emphasis in research is on the effects of lighting, 
L. S. Harrison (United States) described his use of 
photocells for controlling the light in a museum, and 
J. Lodewijks (Holland) dealt in general terms with 
the chemical theory of photolysis and photochemical 
degradation as it affects museum objects. 

Travelling exhibits are becoming increasingly 
popular and raise problems of packaging, often for 
conveyance through climates of widely varying 
humidity and temperature. Dr. N. Stolow (National 
Gallery of Canada) described some tests on methods of 
insulation, and Dr. K. Toishi (Japan), who was not 
able to be present, contributed work on the use of silica 
gel as a humidity stabilizer within the package. 
H. Wakefield described packaging methods used by 
the Victoria and Albert Museum in ita many trevelling 
exhibitions. 

There were five speakers in the session on physical 
and chemical methods of analysis. W. J. Young 
(Museum of Fine Arts, Boston) and Dr. E. T. Hall 
(Research Laboratory for Archeology, Oxford) 
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described the use in the analysis of museum objects 
of X-ray diffraction, X-ray fluorescence, the electron 
beam microprobe (X-ray micro-analysis) and y-ray 
spectrometry. Some impressive information has 
already been collected by these very expensive 
`” methods which will, however, never replace the 
cheaper method of chemical or wet micro-analysis. 
This subject was covered by R. J. Gettens (Freer 
Gallery of Art, Washington) and Miss J. Plesters 
(National Gallery, London), who spoke of plans for 
organizing the scattered information now available 
on the materials used in antiquity, particularly 
pigments. The contribution of Dr. 8. Augusti 
(Capodimonte Museum, Naples) was a survey of all 
these methods. 

The second day was the busiest of the week, cover- 
ing in the morning fungicides and insecticides, in the 
afternoon application of science to the cleaning of 
paintings and examination and treatment of metallic 
objects. There was also a tour of the museum and 
laboratories of the Istituto di Patologia del Libro. 
Dr. L. Santucci (Istituto di Patologia) gave a well- 
documented account of the entry of science into the 
restoration of archival materials. Dr. P. Gallo and 
Dr. F. Gallo (Istituto di Patologia) spoke respectively 
on the toxicity hazards of insecticides and of the 
micro-organisms and insects which are on record as 
having attacked books and manuscripts. Next, two 
members of the Istituto Centrale del Restauro, 
Prof. A. Tonolo and Dr. C. Giacobini, showed slides 
of attack by moulds and bacterie on wall-paintings 
in damp surroundings, mentioning that good atmo- 
spheric conditions are more important for preserva- 
tion than any amount of insecticides. The next 
speaker, Mme. F. Flieder (Bibliothéque Nationale, 
Paris), was unable to be present. and her work was 
summarized by Dr. A. E. Werner. This dealt first 
with a method for ensuring that documents re-inforced 
with cellulose acetate or textile fabric remained 
properly fangicidal; and secondly, the methods which 
she had found effective for preventing mould forma- 
tion in documents snd books, and for treating infected 
documents. W. Boustead (Art Gallery of New South 
Wales) gave a vivid account of difficulties with mould 
growth in Australia. 

Concerning scientific contributions to methods of 
cleaning pictures, Miss E. Jones (Fogg Art Museum, 
Harvard University) gave useful data on the proper- 
ties of aged synthetic resin varnishes, while Dr. N. 
Stolow’s paper, describing his work on the effect of 
solvents on linseed oil, provoked a lively discussion, 
since it touched on the fundamental operation of 
removing old varnish without affecting old oil film. 

Concurrently, a discussion was held on the very 
large subject of conservation of metallic objects. R. J. 
Gettens (Freer Gallery of Art, Washington) described 
some of the unusual mineral alteration products 
found on ancient metal objects, including one or two 
of his own discovery. A. France-Lanord (Musée 
Lorraine, Nancy) told how very large bronze objects 
could be successfully repaired by the use of glass fibre 
and adhesive. The special contribution of Drs. C. 
Panseri and M. Leoni (Istituto Sperimentale dei 
Metalli Leggeri) was on advanced sampling techniques 
for metallurgical examination, including metallo- 
graphic polishing and electrolytic etching of tiny 
areas of metal, and extraction of tiny cylindrical 
samples by high-frequency electric discharge and 
ultra-acoustical elastic vibration. R. Organ sum- 
marized the methods used in the British Museum 
Research Laboratory for the examination and treat- 
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ment of bronze antiquities. In particular, he dealt 
with the effective treatment of bronze disease, that is 
to say, the removal of all traces of cuprous chloride. 
Lastly, Mme. A. R. Weill of Paris summarized the 
non-destructive methods available in the examination 
of metallic antiquities. 

To complete the day, Dr. H. J. Plenderleith, direc- 
tor of the Rome Centre, gave the Forbes Prize Lecture, 
taking as his subject the international organization 
and conservation. > 

The next morning was devoted to demonstrations 
and lectures on Italian methods of fresco transfer. 
This is a subject on which Itaban restorers are the 
acknowledged authorities, having had quite out- 
standing experience. Prof. P. Mora (Istituto Centrale) 
and Prof. L. Tintori (Uffizi, Florence) gave critical 
accounts of the methods they had used in this 
seemingly dangerous operation of transferring large 
frescoes from sites in churches, etc., where deteriora- 
tion had occurred, to safer atmospheric conditions. 

Methods for strengthening and consolidating fragile 
objects are as important to the excavator as to the. 
museum curator. Dr. A. E. Werner (British Museum 
Laboratory) concentrated on the stabilizmg of water- 
logged wood, describing many methods, but favouring 
that using polyethylene glycol wax for impregnation. 
R. Organ (British Museum Laboratory) and also Dr. 
H. Jedrzejowska (Poland) were concerned with the 
consolidation of metal objects. Mr. Organ described 
some ingenious methods used with success in the 
British Museum Laboratory. Dr. Jedrzejewska 
advocated the use of paraffm wax in the treatment of 
bronzes, a method which produced a certain amount of 
disagreoment from her British colleagues. Finally, 
Mrs. A. Rosenqvist (Universitetets Oldsaksamling, 
Oslo) gave a general background to the use of adhe- 
sives. 

Two very different contributions on the subject 
of glass conservation were each exceptional. Dr. 
R. H. Brill (Cornmg Museum of Glass, New York) 
illustrated the use of the electron-beam mucroprobe 
for work previously mpossible—the analysis of tiny 
inclusions in ancient glass. R. Wibr (Rheinisches 
Landesmuseum, Trier, Germany) showed some 
beautiful examples of replica work done with trans- 
parent cold-setting polymers. 

A big problem in picture conservation is the 
tendency for wood panels to crack and warp, often 
causing flaking of paint. Three speakérs on Thursday 
morning described the methods used in their 
museums. These were Dr. ©. Wolters (Doerner 
Institute, Munich), A. Lucas (National Gallery, 
London) and Prof. G. Urbani (Istituto Centralo). 
The fourth speaker, R. D. Buck (Intermuseum 
Laboratory, Ohio), who has specialized for many 
years on the treatment of wood panels, described a 
method for backing panels which served also to form 
an effective moisture barrier. 

The situation with respect to the use of synthetic 
resins as picture varnishes was described by Dr. R. L. 
Feller (Mellon Institute, Pittsburg) and G. Thomson 
(National Gallery, London), who have hoth specialized 
in this subject. Vital information on the long-term 
properties of synthetic resins, particularly as regards 
possible development of insdlubility, is at last becom- 
ing available. The use of infra-red spectrophotometry 
following the chernical deterioration of picture varn- 
ishes was also described. 

There is considerable controversy over the use of 
synthetics in the treatment and repair of textiles and 
tapestries. Contributions came from Dr. A. Geijer 
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(Stockholm), read by H. Burnham (Royal Ontario 
Museum), Dr. J. E. Leene (Laboratory for Textile 
Technology, Delft), Miss L. Bellinger (Textile Museum, 
Washington) and E. R. Beecher (Victoria and Albert 
Museum, London). 

The final session was on the subject of the eclucatiou 
and training of conservators and restorers, perhaps the 
most important of all since, in the absence of proper 
training, standards cannot be maintained. Speakers 
yere: Prof. P. Rotondi, the new head of the Istituto 
Centrale del Restauro, Rome; 8. Keck, the new 
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director of the New York University Conservation. 
Center; H. Ruhemann (London), Prof. B. Marconi 
(Academy of Fine Arts, Warsaw) and H. W. M. 
Hodges (Institute of Archmology, London). There 
was unfortunately very little time for discussion. 
Insufficient time for discussion was in fact the major 
complaint of the delegates and was foreseen by the 
organizers. Only a limited time was available, and a 
huge range of subjects had to be represented. Future 
conferences will deal with certain of these subjects 
separately. GARRY ‘THOMSON 


ANIMAL COMMUNICATION AND LEARNING PROCESSES 


HE eighth of a series of symposia organized by 

the Zoological Society of London was held durmg 
November 8-9 jointly with the Association for the 
Study of Animal Behaviour. The first day was devoted 
to @ discussion of “Evolutionary Aspects of Animal 
Communication”, and the second to a discussion of 
“Imprinting and Early Learning”’. 

Dr. N. Tinbergen (Oxford) opened the first day's 
proceedings with a critical examination of methods 
or, as he put it, with ‘soul-searching’ concerning the 
validity of evidence derrved from the study of present 
communication patterns for the making of general- 
izations about their evolutionary history and taxono- 
mio relevance in the absence of ‘fossil’ evidence. 
Often the assessment of sequences proves difficult, 
and it is frequently hard to pin-point the selection 
value of deviations from the norm. The question 
was discussed whether the manifest act of communica- 
tion or its underlying neuromuscular pattern is the 
substrate for selection. 

In & paper on the “Snapping Movement of the 
Blue Heron” Dr. G. P. Baerends (Groningen) submit- 
ted that the ‘snap display’ of this bird did not, as had 
been thought, originate as a displacement activity 
from fish-seizing or nest-building but was primarily 
caused by an interaction of tendencies to attack and 
escape and is thus a typically ambivalent movement. 
The wing display of the jungle fowl during waltzing 
was described by J. P. Kruijt (Groningen) as a com- 
promise between simultaneously activated motor 
patterns. 

Prof. D. 8. Lehrman, Rutgers University, analysed 
the part played by endocrine responses to sensory 
stimulation from fellow-members of a species and em- 
phasized the great importance of hormonal stimulus- 
response relationships in the communication of physio- 
logical states. In a paper on the evolutionary aspects 
of courtship songs in the estrildine finches, Dr. Fae 
Hail (London) demonstrated that the song of these 
birds has no proved territorial or hostile function, 
but is primarily a ritualized sexual signal immediately 
preceding copulation. The various songs appear 

to be species-specific and act as sexual isolating- 

. Dr. J. H. Crook (Cambridge) showed 

how in plocerine weaver birds the various combina- 

tions of six basic behaviour patterns are associated 

with habitat and solitary or gregarious habit. Dr. 

M. R. A. Chance (Birmingham) discussed the signifi- 

cance of agonistic postures and developed a hypothesis 

that they serve as cut-off enabling aversive drives to 
wane and social intercourse to continue. 

Vocal communication patterns in Rhesus monkeys 
were demonstrated by Dr. Thelma Rowell (Cambridge), 
who pointed out that a set number of noises with their 


various intermediates can be identified, but prove 
to be olosely associated with cegtain postures and 
movements. They can therefore not be studied in 
isolation, but only in conjunction with the activity 
of the animal as a whole. Facial expressions in 
primates were discussed by J. van Hoff (Utrecht), who 
directed attention to the fact that only the higher 
primates, the higher carnivores and the ungulates 
have developed an elaborate systom of social signals 
concentrated in tho facial region, and that this seems 
to be correlated with the specializations of the sense 
of vision. Various compound expressions each 
result from balance of aggression and fear. 

The second day of the symposium opened with 
lectures by Dr. R. A. Hinde (Cambridge) and Dr. E. 
Fabricius (Stockholm), who, each in his own way, 
challenged the criteria set out originally by Konrad 
Lorenz ae distinctive for this kind of learning. Thus 
it was argued that the absence of reward, the existence 
of a critical period, the rapidity of the process, its 
irreversibility, its supra-individual significance, the 
particular absence of any innate releasing mechanism, 
the question of regulative or mosaic determina- 
tion, and finally the relationship between imprint- 
ing and sexual orientation to the foster parent have 
all been conclusively challenged by observation and 
experiment. Dr. Hinde pointed out that, although 
imprinting is not a unique form of learning, it poses 
many problems with wide ramifications and provides 
a context in which they can be studied in detail. 

In a paper on early | ing in Sepia, M. J. Wells 
(Cambridge) showed how newly hatched animals are 
dominated by innate mechanisms for attack of certain 
food organisms, but how later on an ever-widening 
range of objects elicit attack. During the first month 
after hatching there is very little evidence of learning, 
but by the middle of the second month, that is, 
precisely when the vertical lobe of the brain becomes 
fully developed, the animals learn to deal with more 
varied prey. 

Prof. F. V. Smith (Durham) discussed certain 
perceptual aspects of imprinting, and described three 
groups of experiments in which the perceptual factors 
in initial approach, the duration of responses and 
relative strength of stimuli, and the hypothesis of 
effort (E. H. Hess) were examined. Dr. W. Sluckm 
(Leicester) discussed the relationship between per- 
ceptual and associative learning and pointed to some 
important differences between them. The capacity 
for perceptual learning remains steady for some time, 
but declines with age, whereas associative learning 
improves with age for a long time. 

Dr. E. A. Salzen (Liverpool) analysed the relation- 
ships between “Imprinting and Fear”. He suggested 
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that persistent patterns of sensation give rise to 
‘models’ of static and dynamic environments the 
disruption of which by unfamiliar stimulus patterns 
releases emotional behaviour in the form of fear 
. responses. J. P. Kruijt, in a second contribution to 
the symposium, spoke on imprinting inrelation to drive 
interactions in Burmese red jungle fowl, and showed 
thet the ability to integrate attack and escape into 
ambivalent behaviour is an important factor in the 
performance of successful copulatory behaviour. 
Dr. P. E. Guiton (Edinburgh) gave a demonstration 
of the development of sexual responses in the domestic 
fowl in relation to the concept of imprinting. He 
claimed fhat sexual attachments may be formed as a 
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consequence of the parent~young bond apparently 
before overt sexual behaviour is normally possible. 
Persistent sexual attachments to human beings can be 
induced in domestic cocks by early social contact with 
men. There is evidence that endogenous androgens 
are secreted by chicks. 

The symposium was wound up by a discussion on 
gome of the controversial aspects of imprinting 
initiated by Dr. W. H. Thorpe (Cambridge). Both 
sessions excelled by the quality of the papers ande 
illustrations by slides and film, and there were some 
most useful and informative discussions in those 
instances when speakers allowed sufficient time 
for them. O. E. LOWENSTEIN 


GEOPHYSICAL MEASUREMENTS IN THE UPPER ATMOSPHERE 


GEOPHYSICAL discussion on the subject of 

the upper atmosphere was held at the Royal 
Astronomical Society, London, on November 24, 
with Mr. J. A. Ratoliffe, director of the Radio 
Research Station, Slough, as chairman. 

There were four main speakers. The first, D. G. 
King-Hele (Royal Aircraft Establishment, Farn- 
borough), discussed atmospheric density and its 
varistions at heights of 180-700 km., as revealed by 
the changes in satellite orbits. The air drag acting 
on & satellite near its perigee point causes its orbit to 
contract, and by measuring the rate of contraction 
the air density near perigee can be deduced. The 
results obtained by this method have been very 
consistent and satisfactory, and have shown that the 
density tends to fluctuate in response to solar activity, 
the density being greatest when the Sun is most 
active. At heights above 300 km. there is also a large 
variation between day and night, the maximum 
day-time density exceeding the minimum night-time 
density by factors of 24 at 400 km. and 8 at 
600 km. 

The second speaker was H. Rishbeth (Redio Re- 
search Station, Slough), whose subject was “‘Atmo- 
spheric Composition and the F-layer of the Iono- 
sphere”. The electron distribution in the upper 
atmosphere is controlled by photochemical processes 
—the production and loss of ionization—which are 
dominant in the E- and F-lẹyers, and by movements, 
such ‘as electromagnetic drift and diffusion, which 
are important in the F, layor. Dr. Rishbeth also 
discussed the seasonal anomalies in the F-region: 
the peak electron density is much greater in winter 
than in summer; the electron density near the F,- 
peak increases at sunrise more rapidly in winter; and 
the midnight electron density is greater in summer 
than in winter. Finally, he touched on the effect of 
magnetic storms. 

The third speaker was K. Weekes (University of 
Exeter), who discussed the results obtained from the 
distribution of ionization above the maximum of the 
F-region. This ionization can be derived by three 
_ methods: (a) study of the Doppler effect and Faraday 
rotation on the radio signals emitted by satellites; 
(b) incoherent scattering by free electrons; (e) the 
Faraday method applied to Moon echoes. Method 
(a) gives the seale-height of positive ions as about 
- 60 km. at heights of 300-600 km. Method (b) has 
given scale-heights of 55 km. at 400 km. rising to 
90 km. at 700 km. height, corresponding to tempera- 
tures of 900-1,600° K. There is, however, no indica- 


tion as yet from these results of the change in tempera- 
ture between day and night suggested by the changes 
in density revealed by satellite orbits. 

The fourth speaker was R. L. F. Boyd (University 
College, London), who described the measurement of 
electron temperature by means of Langmuir probes 
on rockets or satellites. The electrode is negatively 
biased, and the current flowing depends on the ability 
of the electrons to surmount this bias. ‘The method 
has three advantages: it gives instantaneous values, 
can detect differences between electrons and neutral 
particles, and measures temperature directly. Dr. 
Boyd then gave some recent-results obtained from a 
firing of a Black Knight rocket to a height of more 
than 500 km., at a time 24 hr.-after sunset. The 
temperatures obtained increased from-about 1,000? K. 
at 300 km. to nearly 2,000° K. at heights of 500-600 
km. At the lower altitudes, these values agree with 
the night-time values deduced from the analysis of 
satellite orbits, but at tho higher altitudes they are 
nearer the day-time values, suggesting possibly that 
the decrease in temperature after sunset is not so 
rapid at these heights. 

In the subsequent discussion, G. V. Groves (Univer- 
sity College, London) commented on the rather 
puzzling fact that changes in air density revealed by 
satellite orbits at the time of the great magnetic storm 
in November 1960 seemed to be almost independent of 
latitude and longitude, whereas one might have 
expected the offects due to particles from the Sun 
would be stronger near the poles. Mr. Ratcliffe 
suggested that if the heating were due to hydro- 
magnetic waves, the fairly uniform distribution would 
be more intelligible. 

J. M. Stagg (Royal Meteorological Society) referred 
to the existence of another variation in air density at 
heights above 200 km., namely, an annual variation 
with a minimum in June and a rather flat maximum 
in October~December, and other speakers mentioned 
somewhat similar effects in the ionosphere. 

After considerable further digcussion, on topics 
which included upper-atmosphere winds, the inter- 
mediate ‘Fiy peak in electron density and changes 
in atmospheric composition, Mr. Ratcliffe summed 
ee The meeting had been a fruitful one, he thought, 
and particularly because it had brought together 
three groups: those who are working with rockets and 
satellites, the ionospheric physicists, and the meteoro- 
logists. He thanked the Royal Meteorological Society 
for sending a strong delegation, which contributed 
much to the discussion. D. G. Kine-Harz 
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SPANISH GROUP OF SEDIMENTOLOGY 


HE second (biennial) reunion of the Grupo 
Español de Sedimentologia was held in Seville, 
at La Escuela de Estudios Hispano-Americ nos, 
„during October 16-21. The reunion was attended by 
*28 Spanish scientists intorested in sedimentology as 
geologists, mineralogists, pedologists and engineers, 
and was organized by the Consejo Superior de Investi- 
aciones Cientificas, Madrid, Sección de Petrografia 
entaria. D. F. Ball, of the Nature Conservancy, 
Bangor, attended as an invited guest. Tho papers 
presented covered the wide field of approach to the 
subject of those participating. 


Techniques discussed included the applications of ` 


phase-contrast microscopy to soil mineralogy by 
Dr. M. Delgado (Granada); electron microscopy 
studies of sediments of the Tagus basin by Dr. J.. 
Alonso; differential thermal analysis of clays in 
podzols of Lugo Province by Prof. Muñoz Taboadela 
(Santiago) and X-ray fluorescence spectrography by 
D. F. Ball. The methods of determining sanidine in 
sediments were reviewed by Dr. P. Arévalo. 

Papers of particularly pedological significance 
included thin-section studies of Andalusian braun- 
lehm by Drs. N. Bellinfante and G. Paneque (Seville), 
investigation of opaline silica particles in soils and 
sediments from Koija (Seville) by G. Paneque and of 
distribution of major soil groups in Wales by D. F. 
Ball. The work on braunlehm fabric has shown that 
this is present at depth in Tertiary sediments in what 
would be considered O horizon material and not only 
as a pedological product in the upper horizons of the 
solum. Prof. Gonzélez Garcia (Seville) discussed. 
trace elements, particularly manganese and cobalt, in 
soils and sediments of Seville Province. 

Some of the important geological contributions 
were those of Prof. O. Riba (Zaragoza) with Dr. Perez 
Mateos (Madrid) on the Tertiary and Quaternary 
sediments of the Huelva area, and of the same author 
on a palwogeographic reconstruction of the Ebro 
basin. This utilized heavy-mineral studios and a 
statistical investigation of mica-oriontation in cross- 
bedded sands to determine direction of flow of the 
depositing currents. The identification of loess ag 
occurring in Toledo Province was described by Dr. 
J Benayas (Madrid). Dr. L. Alias Perez and Dr. 


Rodriguez Gallego (Granada) gave accounts of work 
on the sand and clay fraction of sediments carried by 
rivers dramuing the region of Granada. 

Geological studies linking sedimentology with 
engineering problems included the papers of Prof. 
F. Hernandez Pacheco and Dr. I. Asensio Amor 
(University of Madrid) on the forces responsible for 
building the sand-bar and banks across the bay of 
Santander. Their work showed that mserme-eroded 
and current-borne sediments, rather than sediments 
derived from rivers draining into the bay, are thé ~ 
materials from which the bar and banks are con- 
structed. Some of the first joint studies between 
sedimontologists and engineering geologists of bore- 
hole samples from the Ebro delta were reported on by 
Sr. Macau Vilar (Ministry of Public Works), Prof. L. 
Solé Sabaris and Dr. C. Virgili (University of Barce- 
lona) and their collaborators. The problems involved 
in studying silting in reservoirs and behind dams were 
interestingly reviewed by F. Suárez Gómez, who 
described methods for sampling sediment load in 
rivers and for measuring the bottom profile across 
reservoirs. 

A field-tour visited areas near Huelva, in particular 
the extensive Almonte Forest, on cemented sands 
with what are probably relict podzol soils. The deep 
A, horizon of these, 99 per cent quartz sand in com- 
position, forms the present surface soil. Relict peats 
occurring m basins within the sand are now being 
exploited. Experimental plots of such crops as beans, 
maize, and tomatoes were seen on irrigated sandy 
soils with which this peat has been mixed. Interosting 
results are being achieved on this field-trial soale; for 
example, tomatoes planted at the beginning of 
September had well-developed fruit by mid-October. 
Orange trees planted in peat-filled holes were showing 
good early growth. 

The full proceedings of this reunion will be pub- 
lished as II Reunión de Sedimentologia, by the Insti- 
tuto de Edafologia, Serrano 113, Madrid (6). The 
third reunion of the group is planned for Santiago. 
north-west Spain, in the summer.of 1963. Details 
can be obtained from Prof. Mufioz Taboadela, Depart- 
ment of Applied Geology, University of Santiago, 
Spain. Davo F. Barr 


MEASURING PRODUCTIVITY OF NORTH AMERICAN DUCKS , 


N evaluation of sex and age ratios in North 

American duck populations and the waya in 
which, in waterfowl management, these ratios can 
be used to measure productivity has been carried out 
by Frank G. Bellrose, Thomas G. Scott, Arthur 8. 
Hawkins and Jessop B. Low*. Determination of 
sex composition in duck populations presented a 
difficult sampling problem which was complicated by 
differences in species, seasons and places, and by 


+ State of Ilinols: Doparimens of Registration and ere 
Natural History Suey vision. — vol — — 6 (August 
1961): Sex Rattos and Age n North A 
F. O. Belirose, T. G. Booth, A. B. Hawkins and J.B. Low. A 
391-474. rbana, DL: Departmen ent of tion and Education, 
Natural Htstory Survey Division, 1961.) 1 dollar. 


inadequate sampling techniques. Most trapped or 
bagged ducks that could not be readily sexed by 
differences of plumage were sexed by cloacal charac- 
ters. Four methods of sampling waterfowl popula- 
tions for sex ratios were used: (1) examination of 
trapped ducks, (2) inspection of ducks taken by’ 
hunters, (3) observation of ducks in the field, and 
(4) examination of disease victims. 

Baited, funnel-type traps tended to take dispro- 
portionate numbers of drakes, while gate-type traps 
placed on shore tended to catch a predominant 
number of hens. Inspection of ducks in hunters’ 
bags made possible the separation of drakes and hens 
in moulting adults and in juveniles. Most sex ratios 
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derived from inspection of hunters’ bags showed little 
bias, usually in favour of drakes. 

Analysis of available data showed no significant 
departure from an evenly balanced sex ratio in ducks 
_ at fertilization or at hatching. Data obtained from 

examining juvenile ducks trapped during the breeding 
season or taken by hunters during autumn indicated 
that the ratio between sexes from the time of hatching 
to adulthood was close to 60-50; local variations 
appeared to result from differences in seasonal move- 
ments. Although sex ratios of adults usually favoured 
drakes, there were, however, numerous exceptions. 
Sex ratios of many species of ducks varied from week 
to week én any given area as the composition of the 
.local population changed with the arrival and 
departure of flocks containing varying numbers of 
drakes and hens. 

In most species of ducks for which data were avail- 
able, drakes made up a smaller proportion of the 
hunters’ kill in Mafitoba than in three States to the 
south (North Dakota, Ilinois and Tennessee), indi- 
cating that more drakes than hens left Manitoba in 
advance of the hunting season. Periodic counts of 
ducks in late winter and early spring revealed 
differences in the sequence of northward migration of 
drakes and hens of the same species. The first spring 
flights arriving in Manitoba showed a closer approach 
to a balance between sexes than did subsequent 
populations. 

Information collected on the principal mortality 
factors affecting the North American duck population 
indicates that hunters and disease take relatively 
more drakes than hens. The information is not 
sufficient to permit appraisal of the influence of 
predation on sex ratios. However, appreciable losses 
among hens during the breeding season, most of these 
losses apparently being attributable to predation, 
agricultural operations, and stress, may account for 
the predominance of drakes in the adult class. The 
more productive & species of waterfowl, the greater is 
apt to be the proportion of juveniles in its population 
at the opening of the hunting season; the greater the 


RADIOACTIVITY 


HE possibility of early fall-out from recent bomb 
tests has focused attention on levels of iodine-131 
in milk, However, since the saying, ‘what goes up 
must come down’ does not apply to short-lived 
isotopes, this danger has receded. 

There is no such uncertainty about the eventual 
return to Earth of materials such aa strontium-90, 
and a reminder of this long-term hazard comes from 
the publication of the latest of five annual reports of 
the Agricultural Research Council (ARCORE 5). 
Figures are given for radioactivity due to strontium- 
90 and cesium-137 in dairy products, cereals and 
vegetables, and in soil samples taken at different 
depths. These figures will not reflect the effects of 
recent tests, but in conjunction with those from the 
previous reports may give some indication of the 
time for which radioactivity will persist in the diet 
after a future test ban. 

The level of contamination rose to a peak in 1959 
of 9-0 uuc. of strontium-90 per gm. of calcium in the 
average diet of the population of the United Kingdom. 
This was followed by a rapid fall to 6-4 uuo. in 1960, 
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proportion of juveniles in a population, the more 
nearly balanced is its sex ratio. 

Drakes occurred in relatively greater numbers 
among diving ducks than among dabblers; examina- 
tion of the available knowledge on the reproductive 
biology characterizing these two sub-families revealed 
nothing which suggests that extra drakes may be 
more important to the maintenance of populations 
of diving ducks than of dabblers. 

The authors also showed that age ratios alone aree 
seldom true indices of waterfowl production, but they 
offer a ing basis for measuring it. Age ratios 
derived from waterfowl lost to severe outbreaks of 
disease were considered unreliable because of irregular 
occurrence and site limitations. Because juveniles 
and adults do not follow identical migration schedules 
or routes, age ratios showed seasonal and regional 
variations. Age ratios were found to be useful for 
appraising the production of ducks if the data on 
which they were based had been carefully evaluated 
to show the effect of seasonal, regional, and shooting 
biases. 

An attempt was made to correlate water conditions 
on the breeding grounds with mallard production. 
In Saskatchewan, mallard production (as determined 


‘by the number of juveniles per adult among birds 


bagged in Ilinois) and water abundance (as measured 
by the number of ponds per square mile in May) 
followed similar trends in most years of the period 
1948-59. In Manitoba, mallard production tended to 
parallel water abundance in the period 1956-59 but 
not in the three previous years. Decreased produc- 
tion by the mallard on the plains of Canada in years ` 
of very plentiful water and of cold weather, snow and 
heavy rains at nesting time, suggests that cold and 
excessively wet springs may be more unfavourable 
to duck production than dry, warm springs. 

The suthors conclude that, for further progress in 
waterfowl population management, a more concerted 
effort is required to obtain information concerning 
ago ratios of ducks by design and to relate these data 
to conditions on the breeding grounds. 


Fadl 


IN HUMAN DIET f 


mainly due to the reduction of direct surface con- 
tamination of crops consequent on the cessation of 
testing in 1958. 

The figures for 1960 were the result mainly of the 
absorption of radioactivity by plants, from the 
accumulated total in the soil, and more than 60 per 
cent of the total stroptium-90 was found to be still 
in the upper layers of the soils tested. 

Evaluation of these hazards is an uncertain matter. 
The level of strontium-90 in the bones of one-year-old 
children rose to 4 uuc. per gm. of calcium in 1959, 
The most recent recommendation of the Medical 
Research Council (M.R.C. 1960, Rep. No. Cmnd. 
1225, H.M. Stationery Office) is “that if the con- 
centration of strontium-90 in bone, calculated as an 
average for any age group, ino'uding the groups of 
infants and young children, was found to be rising 
continuously and to have reached the level of ‘one- 
half of that recommended as the maximum permis- 
ible level for the population as a whole (67 pue. per 
gm. of calcium) a re-assessment of the situation 


would be required’’. 
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A NEW GALVANOMAGNETIC EFFECT IN os 
SEMICONDUCTORS 


t 


R. STANISLAW SIKORSKI, of the Institute - 

Z of . Fundamental Technical ‘Problems, Polish 
Academy of Sciences, Warsaw, has carried out a 
theoretical analysis of the electrical conditions in an 
inhomogeneous semiconducting specimen, which has 
one face uniformly illuminated and has a magnetic 
field applied perpendicular to the face’. A general 
formula for the current density. in such a specimen 
has’ been deduced and from this a new galvano- 
magnetic effect has been predicted. Experimental 
investigations have been carried out to confirm these 
theoretical predictions. 

The effect is best observed in a thin rectangular 
semiconducting plate with electrodes making ohmic 
contacts at the ends, as shown in Fig. 1. A con- 
ductivity gradient exists in this sample perpendicular 
to ita length. The upper face is uniformly illumin- 
ated and the magnetic field B is applied perpendicular 
to this face. The theory shows that under these 
conditions a volt is developed between the end 
electrodes. Dr. Sikorski proposes that this effect 
be called the bulk photo-electromagnetic effect (Bpem). 





The effect is different from the Kakoin—Noskov 
photo-electromagnetic effect*. This is because the 


density of non-equilibrium current carriers 3p in a 
sufficiently thin and uniformly illuminated plate is 
constant over the whole volume. It has been shown 
that the bulk photo-electromagnetic effect may be 
considered as a Hall effect in which the moyement of 
non-equilibrium current carriers in an internal field 
must be taken mto account. The nature of the 
internal field, grad V, is directly related to the con- 
ductivity gradient in the sample. The effect is. 
however, related to the Kikoin—Noskov effect as 
well as to the Tauc—Trousil bulk photo-voltaic effect’, 
and this is why the term bulk photo-electromagnetic 
effect has been chosen. 

For the case as shown in Fig. 1, the general formula 
provides the following expression for the voltage 
U (bulk photo-electromagnetic effect) under open- 
circuit conditions: 


ep * Sp dVo , 


ody uty 


In the special case of an n-type semiconductor, this 
formula takes the more legible form: 


kT e 9 do 
U npem = — e ioe? dy p (2) 


where e is the charge of an electron; u * 18 the group 
mobility of non-equilibrium current carrier; p w8 
the density of non-equilibrium hole-electron pairs; 

= (up + pn)B; upH, pny are the Hall mobilities of 
holes and electrons; o is the mean value of the con- 
ductivity; dV,/dy is the value of the internal field; 
l is length of the illuminated region; do/dy is the 
value of the conductivity gradient; and up is mobility 
of holes. All the quantities are in M.K.8. units. 

ssh pe — — Acad. Pol. — ane ia pS — San” Proc. 
2 van Roosbroeck, W., Phys. Rev., 101, 1718 (1956). 
3 Tano, J., Croch. J. Phys., 6, 96 (1968). 
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TITRATION OF MODIFIED PROTEINS 


By J. F. RIORDAN and M. BIER 
Laboratory of Organic Chemistry and Enzymology, Fordham University, New York 


N recent years chemical modification using group- 

specific reagents has become an increasingly 
important tool in protein chemistry. Most of these 
reactions involve ionizable functional groups by 
either blocking existing ones or introducing new ones. 
Fundamental to the interpretation of results is a 
knowledge of the changes produced in the electrical 
character of the protein molecule since these so 
strongly influence a wide variety of properties. Sur- 
prisingly few investigations of this nature are to be 
found in the literature!. It seems desirable, therefore, 
to direct attention to this lack of data and to report on 


gome experiments which have been recently carried 
out on the titration of 6-lactoglobulin, ovalbumin 
and their acetyl derivatives. 

In Fig. 1 are presented the results found for these 
proteins along with curves calculated by means 
of the following equation’: 

pH = pK’ + log Er — 0-868 w’Z (1) 


Here, pK’ is the apparent pK of the groups being 
titrated and w is a parameter proportional to the 
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Titration of ——— 1 groups n in acetylated protems. 14: Curve A, 
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calculated for acatyl: 
albumun. @, observed for ovalbumin, W, observed for acetylovalbumin 


©, observed for f-lacto 
1B: berved, for Pao for ovalbumin. Curve B 


sizo and shape of the protein molecule. The values 
used in these calculations were 4:69 and 0-039 
respectively for B-lactoglobulin® and 4:29 and 0-0275 
for ovalbumin‘. The degree of dissociation is given 
by «, and Z represents the charge on the protein. 

Experimental results were acquired by titrating 
3—4 per cent protein solutions in 0-15 M potassium 
chloride with 0-15 M hydrochloric acid using a 
‘Polarad’ AT-2A automatic recording titrator. 

Acetylation causes a shift in the dissociation curves 
of both proteins to more alkaline values. The shift 
may be due to several factors, the most important 
being, in all probability, the electrostatic effect due 
to the change in the value of Z. From the degree of 
acetylation (85 per cent) and the number of free 
amino groups in §-lactoglobulin, which is 30, it can 
easily be calculated that chemical modification will 
reduce the net charge on the protein at 
the acid end of ite-titration curve by 
26 units. Similarly, for ovalbumin, 
there will be a reduction of 17 unite. 
The curves which would be expected on 
the basis of this change in charge only 
are also found in Fig. 1. This is in 
rather good agreement with the data for 
acetylovalbumin but not for acetyl 

§-lactoglobulin. 

An important feature of equation (1) 
is that it allows for e change in the degree 
of dissociation of a given class of func- 
tional groups without necessitating the 
postulation of a corresponding change 
in the pK: of that class. This, of course, 
is due to the interrelationship of « and 
Z. Thus, it is possible that chemical 
modification could change the apparent 
pK of the carboxyl groups in these pro- 
teins. N-acetylation of glycine shifts 
the pK of the carboxyl group from 2:3 
to 3-6. In the protein, however, the 


Molar extinction (x 10) 
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It is interesting to point out a parallel 
which exists between acetylation and 
anionic binding. In both cases the net 
charge on the protein in acid media 
is reduced. Thus, it was shown that 
the extent of binding of fatty acid 
anions by wool keratin’ and ovalbumin* 
was proportional to the shifts observed 
in their titration curves. These shifts 
were similar both in magnitude and 
direction to those seen in Fig. 1. It 
should also be mentioned that since 
acetylation of a protem leads to an 
increase in ite non-polar character, this 
could cause greater fatty acid anion 
binding. Since data on the degree of 
ion binding by the two proteins are not 
at present available, this consideration 
cannot be quantitatively evaluated. 

Still another factor which could be 
changed through modification and 
accordingly influence the shape of the 
titration curve is w^. However, no in- 
formation regarding the extent of 
such a change, if any, has been ob- 
tained. 

There is considerable evidence that tyrosyl- 


6 8 7 


globull 


carboxylate hydrogen bonds are —— 


maintaining the tertiary structure of some proteins’-“4, 
While the dissociation of carboxyl groups is affected 
by acetylation, it appeared improbable that the 
ionization of tyrosyl groups would be altered. Within 
the pH region of dissociation of the latter, amino 
groups are normally not charged. Therefore, their 

acetylation should have little effect on distri- 
bution. This is supported by the results of the 
spectrophotometric titration of the above two pro- 
teins presented in Fig. 2. There is apparently no 
shift in the curves. 

The dependence of enzyme activity and protein 
stability on pH are two properties usually connected 
with the dissociation of specific functional groups. 
Our resulte have direct bearmg on both of these. In 


Ovalbumin 
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of glycine, and therefore the shift would A 
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the case of , trypsin'*, chymotrypsin’? and two 
phosphatases*'15, it was shown that acetylation 
causes & shift in pH optimum by about one-half to 
one pH unit. The shifts were comparable to those 
observed in Fig. 1 and are consonant with a change in 
the dissociation of specific functional groups within 
the active centres of the respective enzymes. In the 
case of trypsin and chymotrypsin it was shown that 
the activity is related to the amount of non-ionized 
histidine in the proteins**. 

In many cases acetylation increases the stability 
of proteins in neutral to alkaline media while deocreas- 
ing it in acid conditions#*:4.15, The effect is com- 
parable to the stabilization of B-lactoglobulin’? and, 
serum albumin!*, through complexing with fatty 


- acids and their salts, which also result in increasing 


the net negative charge. 

The change in pH zone of stability, is, however, 
much greater than could reasonably be accounted for 
by changes in degrees of dissociation and/or dissocia- 
tion constants. It would appear that entirely differ- 
ent groups are responsible for the maintenance of 
native and modified proteins. Similarly, it is well 
known that complexing of enzymes or proteins with 
specific ions often greatly changes their pH zones of 
stability. 

This work was supported in part by grants from 
the U.S. Public Health Service, the U.S. Atomic 
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Energy Commission and the National Science 


Foundation. 
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HISTOCOMPATIBILITY ANTIGENS 


By Dr. D. A. L. DAVIES 
Microblological Research Establishment, Porton, Salisbury, Wilts 


HE chemical nature of transplantation antigens 

remains obscure in spite of the many attempts 
which have been made to obtain pure preparations. 
The same genetic system! underlies the distribution, 
in mice, of antigens inducing transplantation im- 
munity, specific enhancement of tumour growth and 
the appearance of circulating hemagglutinins, and 
the trend of opinion is toward the view that at least 
the same antigenic specificity is involved with all 
these activities’. 

Progress in this field has been limited by the small 
amounts of material available for chemical work, and 
there are inadequacies in the test systems available, 
which are highly specific but relatively insensitive, 
for measurement of activity. A serological method 
of measuring the potency of mouse histocompati- 
bility antigens of the H2 system has recently been 
described?; this is an inhibition of hemagglutination 
in the dextran-normal human serum system‘, which 
can be adapted for both soluble and insoluble 
inhibitors. The test revealed that the products of 
mouse ascites tumour cells, which can be obtained in 
relatively large quantities, would make a suitable 
starting material to attempt the isolation of H2 
histocompatibility antigens. 

A recent publication described an active fraction 
containing protein, carbohydrate, lipid, ribonucleic 
acid (RNA) and deoxyribonucleic acid (DNA)5, but 
there is also evidence for activity in the absence of 
DNA: and of RNA’. A view now widely held is that 
the substance is probably mucopolysaccharide or 
glycoprotein® or, at least, that carbohydrate is 
involved in the specificity. Attention has been 


directed to the presence of lipid? and it has been 
pointed out that the lability of the material is sug- 
gestive of protein!®; a recent publication indicates 
that the active substance is likely to be lipoprotein". 
Analyses available thus far are not very instructive 
in the absence of information about purity, and the 
general feeling is that the materials are inhomo- 
geneous. The subject has recently been reviewed!’. 

Using immune ascitic fluid (induced with non- 
specific or isologous tumour cells) after immunizing 
appropriate inbred mice or their Fl hybrids with 
tumour cells or spleen cells from different inbred 
lines, various multispecific and moriospecifle H2 
‘antisera’ have been obtained. Thus, for example, 
(C57B1 x Balb/c) Fl hybrids immunized with cells 
from Strong A give H2-K antibody which will 
agglutinate C3H erythrocytes, if dextran and normal 
human serum are included in the system. Ascites 
tumour cells specific for C3H mice inhibit this hæm- 
agglutination, but non-specific tumour cells grown in 
the same mice do not; specific tumour cells not 
carrying H2-K are also quite inactive. 

Although elution of active material from, for 
example, C3H specific tumour cells can be achieved, 
activity is also found in the ascitic fluid from which 
these cells have been removed (inhibition at 5 mgm. 
dry wt./ml.). From tests with various antisera and 
red cells from several inbred mouse strains, and using 
ascitic fluids from tumours of mice other than C3H, 
it was clear that this activity was also specific for 
C3H mouse H2 ‘antigens’ (ODEHfK). Ascitic fluids 
from non-specific tumours grown in 03H mice were 
inactive. Ascitic fluid has a composition similar to 
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that of serum, and seemed preferable, on all counts, 
to cell homogenates as a starting point for isolation 
of the specific substance. 

Fractionation of ascitic fluid with ammonium 
_ sulphate showed little concentration of activity in 

any fraction, and activity was irreversibly adsorbed 
on to ion-exchange substituted celluloses and materials 
suitable for block electrophoresis. Much activity was 
lost on freeze-drying, and activity was labile to acid 
and alkali, heat (60°, 20 min.), and ultrasonics. 

When C34 ascitic fluid (BP8 tumour) is dialysed 
against distilled water, an insoluble fraction can be 
recovered, representing 2-3 per cent of the original 
indiffusilae material, and ing all the H2 activity. 
The corresponding fraction of normal O3H mouse 
serum is inactive. Fractional precipitation of escitic 
fluid with water shows that dilution with 1 vol. 
precipitates about half this material, which has 
little or no activity, and further dilution brings out 
the active fraction. The resolving power of this 
method is such that material can be obtained by 
dialysis against suitable buffers of low ionic strength, 
with inhibitory activity at 50 ugm./ml., but with 
considerable loss of activity in adjacent fractions. 
Generally, material active at 100 pgm./ml. can be 
recovered in good yield by dialysis of the super- 
natant fraction of the 1 : 2 dilution of ascitic fluid 
against distilled water. This fraction, freed from the 
bulk of serum protein, hes the following composition : 
nitrogen, 13-4 per cent; phosphorus, 0-7 per cent; 
protein (by ninhydrin after hydrolysis), 88 per cent 
as leucine; carbohydrate (by orcinol), 2:5 per cent as 
glucose; lipid (by chloroform-—methanol extraction), 
10 per cent; nucleic acid, nil; hexosamine, 1:5 per 
cent; sislic acid, 0-5 per cent. The product gives an 
opalescent but stable solution in water or pH 7-0 
buffered saline. 

Centrifugation at this stage shows that all activity 
can be sedimented in 90 min. at 80,000y, leaving about 
80 per cent of the material m the supernatant. By 
sedimenting afterwards from saline four times and 
twice from water, serum proteins can be removed to 
the extent of bemg barely detectable by the most 
sensitive immunological methods’. The material now 
has an activity at the level of 20 ugm./ml.; further 
resolution, but with low yield due to spread over 
side fractions, could be obtained by differential 
centrifuging at intermediate speeds to give fractions 


inhibiting hemagglutination at 5 pgm./ml. This 
behaviour suggested gross polydispersity of particle 
size. Analysis now gave the following composition: 
nitrogen, 10-6 per cent; phosphorus, 1-2 per cent; 
protein, 60 per cent; carbohydrate, 4 per cent; lipid, 
30 per cent; hexosamine, 1-8 per cent; sialic acid, 
0-24 per cent; uronic acid, nil. 

With the severe lmmitations on the kinds of methods 
available for purifying substances of this sort without 
loss of activity, and use having been made of solu- 
bility and particle weight, the most active fractions 
were centrifuged to equilibrium at 100,000g in a 
sucrose gradient, to take advantage ‘of possible 
density differences. The use of density gradients was 
suggested by the possibility that the lipid component 
might belong to the active fraction, since it had 
increased roughly in proportion to activity. Several 
bands separate at different density-levels, all the 
activity being recoverable from two bands (T4 and 
T5), both of which give specific inhibition, but only 
the heavier one (T5) is capable of inducing agglutin- 
ating H2 antibody when injected into mice of 
appropriate strains. This fraction, about one-third of 
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the weight of material put on the gradiént, has the 
folowing composition: nitrogen, 10 per cent; phos- 
phorus, 1-0 per cent; sulphur, 0-5 per cent; protein, 
60 per cent; carbohydrate, 3°5 per cent; lipid, 
35 per cent; hexosamine, 1 per cent; sialic acid, 
0-3 per cent. The pooled fractions of higher and 
lower density have higher and lower nitrogen con- 
tents, respectively. About 120 mgm. of the active 
fraction are obtained from the producte of 1,000 
mice. The material gives a stable milky suspension® 
in water but flocculates in the presence of salt. 

Owing to the nature of the material, direct evidence 
for homogeneity has not yet been obtained but 
impurities have not been detected. In the analytical 
ultracentrifuge, the material is polydisperse and 
sediments rapidly. No further components can be 
detected; electrophoresis on cellulose acetate paper 
gives no movement of material staining for protein 
or lipid. The singularity of the fraction in the density 
gradient indicates homogeneity by this criterion. 
Using hyperimmune rabbit sera against normal mouse 
serum, it can be shown by agar diffusion that con- 
tamination with mouse serum components is less 
than 1 per cent and by testing with rabbit anti- 
mouse cell serum (after absorption with normal mouse 
serum), only one specificity can be detected. This 
has been identified as a mouse species specific antigen, 
a structural protein of mouse cells, though found in 
soluble form where rapid growth is in progress. This 
substance ig described elsewhere"; it appears to be 
the protem component of the H2 antigen. 

It cannot be assumed, however, that the least 
entity able to carry. H2 activity has yet been pre- 
pared; removal of an ether-soluble lipid fraction 
under the mildest conditions impairs the activity, 
but removal of the chloroform/methanol-soluble 
fraction results in loss of activity. The residue, 
which contains the usual of amino-acids, 
retains gome closely bound lipid the fatty acids of 
which can be recovered after strong acid hydrolysis. 
The chloroform/methanol-soluble phospholipid con- 
tains galactose and glucose (5 per cent carbohydrate 
by the orcinol method, as glucose) and there are 
indications of differences in lipid composition between 
the analogous products of different inbred mouse 
strains. 

Preparations from strains O3H, C5781 and Balb/c 
have been checked for specificity? and the results 
lead to the conclusion thet the products carry all the 
specificities expected from the known distribution of 
H2 alleles. The H2 ‘antigens’ are therefore unlikely 
to be separate chemical entities, but rather speci- 
ficities reflecting different structural features of the 
molecular complex, as is the case, for example, for 
the ‘O’ antigens of Salmonellae. For H2 antigens, 
however, there are indications that the specificities 
either reside in the lipid fraction, or that the lipid 
stabilizes some particular specific configuration of 
the protein moiety. This has yet to be demonstrated 
directly, but on purification lipid increases with 
increasing activity, the protein component has a 
specificity of its own, other than H2, but is not 
exposed on cell surfaces, whereas H2 specificity is 
exposed. No H2 activity can be detected in the 
protein component when separated by the mildest 
methods; activity is lost on freeze drying, by treat- 
ment with eodium dodecylsulphate, deoxycholate, 
“Tween 20’, or lysolecithin, which would disturb the 
structure of the lipid, the components of which are 
not bound in the sense of amino-acids and sugars in 
polypeptides and polysaccharides. The material is 
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inactivated by periodate’, and components susceptible 
to attack by periodate are present in the lipid. The 
preparation and properties of the H2 antigens are 
described’ more filly elsewhere. 

In summary, readily dispersible though essentially 
insoluble preparations of mouse H2 histocompatz- 
bibty antigens can be prepared from the products of 
ascites tumours. A simple fractionation procedure 
can give 1,000-fold increase in specific activity over 
dhe starting material. The product is a lipoprotein, 
thought to be derived from the structural part of the 
cells. The protein-like lability is due to the require- 
ment for the protein carrier, but this has species 
specificity and H2 activity appears to be due directly 
or indirectly to the lipid component. 
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NORADRENALINE AND ADRENALINE CONTENT OF ADIPOSE TISSUES 


By Dr. R. L. SIDMAN and Miss M. PERKINS 
Laboratory of Cellular Neuropathology 
AND 


Dr. N. WEINER* 
Department of Pharmacology, Harvard Medical School, Boston, 15, Mass. 


HE peripheral nervous system is known to 

innervate adipose tissue and to influence its 
metabolism?, A direct nervous influence has been 
shown most clearly for the intersoapular brown fat 
body in rodents*“. The symmetrically located left 
and right interscapular brown fat bodies have 
separate nerve supplies, and ono fat body may be 
denervated while the opposite one serves as a sham- 
operated control in the same animal. The main 
consequences of denervation are a transient mcrease 
in glycogen content, a prolonged increase m lipid 
content, and an impairment of lipid mobilization. 

The nature of the nerve fibres in adipose tissues 
has not been established. Many of the fibres ere of 
amall calibre and reach the immediate vicinity of the 
adipose cells‘, Systemic administration of adrenaline 
has been claimed to reverse the impairment of lipid 
mobilization in denervated brown adipose tissue, and, 
on this basis, the nerve supply has been assumed to 
be of sympathetic origin?. Catecholamines stimulate 
release of fatty acids from adipose tissue in vivo* and 
from freshly excised adipose tissue tn vitro’. 

We have now messured the content of catechol- 
amines in adipose tissués. For each measurement, 
interscapular brown fat bodies of 5-10 adult Swiss 
albino or C x O,HF, hybrid mice were homogenized 
in ice-cold 0-8 N perchloric acid. Noradrenaline 
and adrenaline were separated by column chromato- 
graphy and were measured spectrophotofluorometrio- 
ally by a modification of the trihydroxyindole method 
of Lund’. Epididymal white adipose tissue, heart 
and spleen were analysed in the same animals. 

Noradrenaline: concentration in brown adipose 
tissue averaged about 0:5 ygm./gm. tissue or 15 

ugm. /mgm. protein (Table 1), an amount similer to 
that | in heart and spleen, the richest tissues previously 


measured with the exception of adrenal medulla and — 


other — tissues’. Epididymal white adipose 


* Present a : Department of Chemica lPathology, St. Mary’s 
Hospital Nedioal Go School, London, W.2.- ° 


tissue contained lesser, but still considerable, con- 
centrations of noradrenaline, best recognized when the 
concentrations were expressed as ugm. noradrenaline 
per mgm. tissue protein (Table 1). Brown and white 
adipose tissues thus differ quantitatively and not 
qualitatively in noradrenaline content, as in many 
other parameters!®, Results for adrenaline are less 


pad 
© 


en 


Noradrenaline concentration, right/left x 100 





O-1 


4 °8 12 16° 
Hours after denervation on right side 


20 24 


Fig. 1. Mice we 17-21 were anesthetized with diethyl 
ether and the tin p brown fat body was denerva 
The total duration of anesthesia was less than 10 min, When 
awake, the mice were fn laced separately in plastic cuges tn a 
— at +8° 0 © number of ammals and the data aiad 
calculate the — and 24-hr. polnts are given in Table 2, 
Tho 3- and 6-hr. points are calculated from duplicate analytical 
determinations, — on a pool of left or Hebt. fat bodies from 
six mice. (The data at 24 hr. were from mice maintained at room 
temperature, since these — miop do not survive for 24 hr. 


Nu. 4810 January 6, 1962 


NATURE 37 


Table 1. OCATROHOLAMINH CONCENTRATION OF Mouse TIESUES 


No. of de- Total No. of 
terminations pooled mice Noradrenaline 


ular brown fat 


Oatecho lamine, 


No, of dè- Total No. of ne tein + S.D 
oO 0 men. pro D. 
oradrenaline Adrenaline 


Interacap 4 32 0-488 + 0087 0-046 + a 2 20 14-70 + 0:30 1-05 2 
ididymal white fat 2 16 0-055 + 0'018 0-006 E 0-012 1 10 7-00 35 
eart 2 16 0°683 + 0-055 0-086 + 0:067 1 10 11:10 2°82 
Spleen 2 16 0460 + 0108 0-100 + 0-001 1 10 4 40 


Table 2 NORADRBNALINE CONCENTRATION IN INTACT AND Dg- 
NHERVATBD INTERSOAPULAR BROWN Far BODIES 


Noradronaline, 
No.of Total ugm. /gm. wet 


determ- No. of wt. + SD. 
inations pooled Difference 
mice Left Right + 2 S.K, 
Unuperaiga at room 2 16 0462+ O500+ O47+ 
temperiture 0-084 OOK 0-50 
t side denervated. 
aintained 24 hr. 2 16 O567+ 0008+ 0564 4 
0110 0-0015 0-054 


postop. at room 
perature 


accurate because measurements were near the thres- 
hold of the methad; m brown and white fat, concen- 
trations were usually about 10 per cent of noradrena- 
line-levels. 

By 24 hr. after unilateral denervation, the catechol- 
amine content had fallen almost to zero on the 
denervated side (Table 2). Comparable results have 
been obtained in the rat”. 

Noradrenaline content generally parallels the extent 
of adrenergic innervation’. The high concentration 
of noradrenaline and its almost complete disappear- 
ance 24 hr. after denervation indicate that brown 
adipose tissue has a very rich adrenergic uanervation. 
We have not found chromaffin cells in brown adipose 
tissue (R. L. Sidman, unpublished results), and pro- 
bably most of the noradrenaline is in the nerve fibres 
themselves. (Brown adipose tissue may be supplied 
with other kinds of nerve fibres aa well.) 

Although catecholamines stimulate lipid mobiliza- 
tion from freshly excised adipose tissue in viro’, 
circulating catecholamines are unlikely to be the 
effective stimulus under most physiological conditions 
in vivo. An animal refrigerated without food pre- 
sumably has a high concentration of circulating 
catecholamines, and yet fails to mobilize lipid from 
denervated brown adipose tissue’. An intact nerve 
supply is the essential condition for lipid mobilization 
in vivo. Further, the systemic dose of noradrenaline 
which effects lipid mobilization from brown adipose 
tissue in the mouse is near lethal!*. In contrast to 
blood vessels, nerve fibres are anatomically disposed 
to supply an adequate concentration of catechol- 
amines directly to the adipose cells without simul- 
taneously raising the systemic concentration to a toxic 
level. Adipose tissue can, of course, be exposed to 
effective concentrations of catecholamines tn viro 
without consideration of toxic thresholds for other 


organs. 


2-59 


The neurohumoral control of lipid mobilization from 
adipose tissue has further important aspects. Nerwe 
fibres or other effector cells must synthesize catechol- 
amines or draw them from the environment, and 
must release them; the target cells in turn, must 
be able to respond. The presence of a normal level of 
noradrenaline in brown adipose tissue does not in 
itself ensure the integrity of the functional relation- 
ships between nervous and adipose tissues. This is 
apparent from the results of the present experiments. 
At 3 and 6 hr. after unilateral denervation, when the 
cold-stressed mouse is no longer mobilizing lipid 
from the denervated adipose tissue}, the concentra- 
tion of noradrenaline in this tissue is still high (Fig. 1). 
Lipid mobilization fails presumably because the 
transected nerve fibres cannot effect the release of 
the neurohumour during stress (see also ref. 13). 

Note added in proof: Paoletti et al. have also found 
that noradrenaline 18 present in white adipose tissue 
of rat and rabbit. They report values in the range 
of 0-1~0-2 ugm./gm. wet weight. 

work was supported in part by grants No. 
A--2881, B-2947 and H-3674 from the National 
Institutes of Health, U.8. Public Health Service. 
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PERSISTENCE OF THE DIURNAL RHYTHM OF FLOW OF URINE 


By G. W. G. SHARP* 
Department of Pharmacy, University of Nottingham 


HE diurnal rhythm of flow of urine is character- 
ized by high day- and low night-rates, and is 
strongly resistant to change. Reversal of this rhythm 


+ Present address: Institute of Olfnical Rosearch, Middlesex Hoge 
pital Medical School, London, W.1. 


has been demonstrated on only three occasions in 
healthy subjects. It was demonstrated in a night 
worker after six weeks on night work}, in a subject ona 
reversed routine who looked directly at a bright light 
by night’, and in a group of subjects working by night 
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Table 1. TEST Day Rovuriws 


Periods 1-4 Periods 
and 9-12 (hr.) (hr.) 


06.50 18.50 Reveilie, blindfolds taken off 

07.00 > 19.00 Bladder emptied, weather records taken 
-30 19.80 Breakfast 

10.00 22.00 Urine sample taken 

18.00 61.00 Urine sample taken. Lunch 

16.00 04.00 Urine sampile taken. Tea 

19.00 07.00 —— sample taken, weather records. 

mner 
22.00 10.00 Urine sample taken 
e «22.80 10.80 — to bed, blindfolds put on 
07.00 19.00 Night urine sample taken 


in the 24-hr. daylight of the arctic summer’. The 
rhythm. is present in the first few weeks afte: birth‘ 
and is ascribed to a process of acculturation to the 
normal pattern of social life. The rhythm may 
be disrupted by the administration of large doses of 
alkalinizing potassium salts by night, but reverts to 
normal immediately after the disrupting influence is 
removed, thus indicating the presence of an extra- 
renal controlling factor‘. 

It has been thought that the rhythm is consolidated 
by many years on a fixed routine of sleep and activity, 
and that this life-time of environmental and social 
pressure is responsible for the striking resistance to 
change. The results presented here are part of an 
investigation into this concept. 

The experimental proceduro was similar to that of 
previous work?. The work was carried out on an 
isolated camp site in north-west Spitsbergen, where 
in summer the 24-br. daylight and relatively constant 
temperatures provide an ideal environment for this 
type of work’. Six male and two female subjects 
aged 20-24 years were placed on a fixed daily routine 
and. were blindfolded while sleeping. Food and fluid 
intake was constant in quantity and type on all 
test and pre-test days. Diet control started 30 hr. 
before any test day, no strenuous activity was 
allowed on test days and smoking was regulated. 

During each 24-hr. test, urine was collected 
3-hourly except for the 9-hr. night sample. The 
latter was collected at the end of the 24 hr. in order 
to have the largest possible time on diet control. 
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Measurements were made of urine volume, specific 
gravity, and pH (by means of B.D.H. close-range 
indicator paper). All eight subjects submitted to 
four test days in the control periods (1—4) before they 
reversed their routine. The reversal was achieved in 
the following manner. After waking at 07.00 hr. 
they had breakfast and retired to sleep again at 
10.30 hr. They attempted to sleep through the day 
until 19.00 hr. when they arose, had breakfast again 
and worked through the night. From this point an 
artificial ‘night’ and ‘dey’ was imposed. Sampling 
was carried out as before except that it started at 
22.00 hr. and the ‘night’ sample was from 10.00 hr. 
to 19.00 hr. Subjects were tested 2, 4, 6 and 8 days 
after the reversal of routine and these eight days 
showed tho gradual adaptation of the urinary rhythm 
to the new routine. The subjects then remained on 
night work for a further six days, before reverting 
to the normal day-work routine. During the 
second change of routine another ‘eight-day study of 
adaptation was made. Due to the 24hr. daylight 
there was little difference in illumination by day or 
by night. 

The results are presented as control phase (periods 
1—4), the reversal phase (periods 5-8) and the re- 
adaptation to normal (periods 9-12). Urine excretion 
is expressed as the percentage of the daily output for 
each 3- or 9-hr. sample. 

Control phase. A well-marked diurnal rhythm of 
urine excretion was found with characteristic high 
day and low night values. Under the diet and condi- 
tions of this experiment the urine excreted between 
07.00 and 22.00 hr. accounted for 79-8 per cent of the 
24-hr. total. The night output was only 20-2 per 
cent. On a 12-hr. basis the urine excreted between 
07.00 and 19.00 hr. was 61:8 per cont and between 
19.00 and 07.00 hr. 38-2 per cent. The highest rate 
of flow occurred between 16.00 and 19.00 hr. (Fig. 1). 

pH values were higher by day than by night in 
accordance with previous observations. A maximum 
value was reached at 13.00 hr., which decreased at 
19.00 hr. before again rising at 22.00 hr. 


Table 2, URINARY Ovrrutr oF WATER AS A PERCBNTAGH OF DALY OvuTptt, pH, SP. GR. AND STANDARD DRFVIATIONS 


Periods 1-4 (a) 10.00 13.00 
Vol. 11:7 + 5'3 15:9 + 5'8 
8p. gr. 1,611 + 6 1,000 + 4 
pi 82 405 67 +04 
— 22.00 01,00 
Vol. 644 20 10°6 + 6-7 
Sp. gr. 1,619 + 7 1,019 + 8 
pi 60 +04 62 +05 
Periód 6 
VoL 80 + 2:5 14°7 + 4-2 
Sp. gr. 1,018 + 5 1,007 +6 
pi 62+02 68 + 0-5 
Perlod 7 
Vol. 8-6 + 4:9 181 + 88 
Sp. gr. 1,018 + 4 1,007 + 8 
pit 68 + 0°3 67 + 05 
Period 8 
Vol. 10:8 + 4:8 156 + 74 
Sp. gr. 1,018 + 7 1,011 + 4 
pi 58 + OF 6-6 + 0-4 
Period 9 
10,00 13.00 
Urine and vol. 78 438 19960 
8p. gr. 1,017 + 6 1,018 + 6 
pi 62 + 06 6-38 +05 
Period 10 , 
Vol. 8-0 + 2-8 18-1 + O1 
Bp. gr. 1,014 + 6 1,010 + 5 
p 8681+05 68 t04 
Period 11 
Vol. 76428 18-5 + 5-4 
Sp. gr. 1,015 + 3 1,010 + 5 
pi 62 + 08 67 +01 
PerJod 12 
Vol. Q- + 8-4 12-4 + G4 
Sp. gr 1,016 + 5 1,018 + 5 
pi 58 + 08 65 + DD 


16.00 19.00 22.00 07.00 
181 + 4-9 21-0 + 62 18-0 + 57 20-2 + 62 
1,010 + 4 1,006 + 8 1,006 + 8 1,010 + 8 
6-7 + 04 64+ 04 67+ 0:3 64405 
04.00 07.00 10.00 19.00 
F3 + 8:5 17-4 + 6-4 230 + 9-7 38-3 + 66 
1,018 + 6 1,011 + 10 1,007 + 4 1,000 + 3 
6-4 +05 68 +05 68 + 0-3 66+ 08 
14:3 + 53 19-6 + 39 19-9 + 3-0 28-5 + 5-2 
1,008 + 5 1,008 + 1 1,004 + 2 1,008 + 8 
67 + 04 6b + 0°5 66+ O04 65+038 
14:8 + 57 200 + 3-6 17-4 + 69 21:3 + 63 
1,000 + 5 1,004 + 1 1,006 + 4 1,008 + 9 
86*04 68 + 06 63 + 0-6 60+ 04 
11:7 + 54 22-4 + O4 195 + 52 206 + 67 
1,014 + 7 1,007 + 4 1,008 + 2 1,011 + 4 
64205 6-3 + 0-6 67 +04 638+ 04 
16.00 19.00 22.00 07.00 
10-2 + 41 160 + 5-5 23-8 + 102 818473 
1,012 + 6 1,006 + 3 1,005 + 3 1,008 + 6 
6-4 + O05 64 + 03 65+ 05 64403 
96 + 8-6 191+ 78 215431 287 + 109 
1,012 + 5 1,007 + 3 1,004 + 1 1,010 + 3 
6-4 + 05 63 + O4 65 + 0-4 6-5 + O4 
12-8 + 8-2 22-6 + 8-0 16-6 + 101 26-9 + 120 
1,009 + 3 1,005 + 2 1,007 + 4 1,010 + 3 
6-6 + 0-4 63S + 0-5 63 + 0:6 63+ 05 
8-7 + 86 21-4 + 111 282 + 41 26-3 + 100 
1,016 + 7 1,008 + 6 1,005 + 2 1,011 + 2 
6-5 + 0-5 64 +05 6°7 + 01 622403 
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Table 3. INDIVIDUAL PHROEBNTAGES NIGHT UMINE OUTPUT 
22.00-07.00 hr. 
Subject R.A. DB. G. B. P.M. J.S. 8.8. B.W. E.W. 
Pernod i 188 275 155 190 299 187 l8 23ọ 
2 28-6 250 126 271 260 188 147 100 
8 156 386 200 210 223 218 164 255 
4 69 156 10-4 183 170 246 160 262 
14 174 254 160 914 240 1099 152 21-4 
10.00--19.00 hr. 
Period 6 41:3 43-2 860 271 278 261 334 80-5 
6 25°2 26:2 B318 2380 253 18:90 14:8 288 
7 10:9 27-0 249 20-2 17-5 209 152 250 
8 11-8 309 265 194 200 222 127 218 
22.00-07.00 hr. 
Period 9 289 3817 4861 355 828 242 228 326 
1 160 428 438 266 328 31-4 17-4 188 
1k 11-1 8068 480 824 345 156 185 81-0 
12 13:9 245 481 25:0 216 240 194 25-9 


A diurnal rhythm in specific gravity was found 
which bore an inyerse relationship to urine volume 
(Fig. 2). 

Adapiation to work by night. In period 5, two days 
after the reversal of routine, the diurnal urinary 
rhythm was not reversed. The urine output increased 
from waking until retiring and the ‘night’ values were 
elevated above the control night values. The 
excretion of urine between 19.00 and 10.00 hr. was 
only 66-6 per cent of the daily total and between 
19.00 and 07.00 hr. 43-6 per cont. On a 12-hr. basis 
more urine was passed by ‘night’ than by ‘day’. 

In period 6, four days after the reversal of routine, 
more urine was passed by ‘day’ than by ‘night’ and 
the overall excretory trend was similar to the control 
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Fig. 1. ined | excretion pattorns under normal conditions 

periods — and at various 8 of the adaptation to reversal 

periods ) and reversion normal (periods 9-12). The 

pattern of periods 1—4 has been superim on the pattern of 

each other period —. Shaded areas show dec output, 

and blocked areas Increased output at any particular time of day 
relative to the contro] periods 
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period. However, tho ‘night’ values were still 
slightly elevated. 

In periods 7 and 8 final phase setting of tho 
excretory rhythm occurred and the familiar double 
peak was present (Fig. 1). 

pH values in period 6 were lower by ‘day’ than by 
‘night’ and no reversal of pattern had occurred. The 
average values at 13.00 hr. (periods 1-4) and 01.00 hr. 
(period 5) were 6-7 and 6-2 respectively and not until 
10.00 hr. did the pH rise to control daytime values. 

In period 6 the alkali-acid rhythm had apparently 
revorsed and no significant differences existed betweon 
samples of this period and the control periods. 
Periods 7 and 8 showed the familiar pattern. 

Urine of high specific gravity was passed after 
waking in period 5, decreasing in the afternoon and 
evening. Reversal had not occurred, and the loose 
inverse relationship with urine volume still held. In 
period 6 the pattern approached that of the control 
period and was apparently reversed in 7 and 8. 

Re-adaptation to work by day. In period 9, two days 
after resumption of the normal day-work routine, 
the diurnal urinary rhythm was still reversed. The 
urine output increased from waking until rotiring 
and the night values were high. In comparison with 
period 5, the excretion of urine between 07.00 and 
22.00 hr. amounted to 68:2 per cent and between 
07.00 and 19.00 hr. to 44:4 per cent. On a 12-hr. 
basis more urine was produced by night than by day. 
The similarity between the excretory pattern of 
periods 5 and 9 ıs shown in Fig. 1. In period 10 the 
rhythm was nearly adapted to the new routine though 
night values were clevated, and in period 11 a linger- 
ing persistence was still present. 

No signs of adaptation of the pH rhythm wero 
visible ın period 9 and the night urine was more 
alkaline than the day (Fig. 2). In period 10 tho 
pattern was not significantly different from the control 
pattern, though the night urine was slightly more 
alkalne. In periods 11 and 12 the familiar pattern 
was present. 

Early morning urines had a high specific gravity in 
period 9 with progressivoly lewer values as the day 


40 

d. In period 10 the normal trends were present 

though with exaggerated values, and in periods 11 
and 12 the pattern was normal (Fig. 2). 

Rates of adaptation. The similarity between periods 
5 and 9, and 6 and 10 during the actual change can 
be,.seon in Fig. 1. The rates of reversal of diurnal 
rhythms, and the adaptation to normal occurred at 
similar speeds. These are mean values and it is of 
greater interest and significance to study the adapta- 
tion-rates of individual subjects. ‘The 9-hr. night 
output as a percentage of the daily total is therefore 
presented in Table 2, for each subject and period, as 
well as the average control night output. 

Diurnal rhythms are characterized by repetition 
under normal conditions and when environmental 
conditions are constant. They become adapted only 
slowly to changed environmental conditions. The 
diurnal rhythm of urine flow has been shown to persist 
in the presence of a reversed sleep-activity routine”? 
though adaptation to a reversed routine with a strictly 
reversed light/dark schedule has been demonstrated’. 
In the infant the urinary rhythm develops and is 
persistent in the first few months of life’. The rhythm 
is an individually acquired phenomenon which 
develops by a process of acculturation to the normal 
social habit of activity in daylight and sleep by 
night. Its establishment is dependent on the normal 
development of a functional nervous system. It is of 
intarest to examine the persistence and resistance to 
change exhibited by these rhythms and to assoss the 
importance of the time spent on a particular routine. 
For example, it has been found that the urinary 
electrolyte rhythms may be disrupted but that on 
removal of the disrupting influence the rhythm 
promptly reappeared’. In a previous experiment 
I found that diurnal urinary and electrolyte rhythms 
were reversed in 6 subjects after 3-9 days on a re- 
versed routine’. It might be argued, therefore, that 
the pressure of say, 20 years, or more, on a fixed 
routine would result in the prompt re-establishment 
of these rhythms when the normal routine is 
reassumed.. 

It was to investigate this possibility that the 
present experiment was performed, Tha eight sub- 
jects on a controlled life of activity, sleep, and food 
and fluid intake reversed their routine and, auto- 
matically, the light/dark alternation. The rate of 
adaptation was observed both to and from night work. 
The speed with which the subjects became adapted to 
the change was thus a relative measure of the effect of 
20 years on the normal routine, and 14 days on the 
night-work routine. Comparison of the excretory 
patterns of periods 5 and 9 (Fig. 1) both determined 
2 days after the time shifts shows an exact similarity 
of pattern. In periods 6 and 10 the diurnal rhvthms 
are emerging in familiar shape except for low morning 
and high night values. The similarity is remarkable, 
and one may conclude that the adaptation to both 
time shifts occurred at similar speeds. In periods 
7, 8, 11 and'l2 the excretory patterns return to normal 
and the reversal has apparently taken place in about 
6 days. It is more conclusive, however, to consider 
the individual rates of adaptation when comparing 
time relationships of this sort. Here again tho 
similarity of roverzal rates is striki From Table 2 
it may be seen that subjects R. A., P. M., B. W. and 
E. W. were adapted to night work and back to day 
work in 4 days in each case. Subjects D. B. and 8.8. 
were adapted to night work in 4 days and back to 
normal in 6 days. Subject J. B. reversed in 4 days 
but took 8 days to return to thej day-work pattern 
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although the elevation of night values in periods 
911 was not large. Subject G. B. was the worst 
adapter in the group. In 8 days after adoption of 
the night work routine he failed to show complete 
adaptation though he reversed in the following 
6 days. Similarly, he failed to re-adapt to the normal 
routine in 8 days testing. These results show clearly 
that after reversal of diurnal urinary rhythms, 
the rhythms do not revert immediately once the 
normal routine is restored. Therefore, the rhythms 
are equally resistant to change whether on the 
normal or reversed pattern and an individual may 
be a quick or slow adapter. The presence of ‘adapters’ 
and ‘non-adapters’ in the human populatéon has 
been postulated previously®. 

From the results it seems that the effect of a life- 
time on a fixed routine produces no more persistence 
than a few days on a particular routine. It is prob- 
ably nearer the truth to assume that the pressure 
of a life-time on a day-night activity- -sleep routine will 
fix the phase relationships and length of a rhythm 
which may be very resistant to change. The actual 
starting point within the 24 hr. is more easily freed 
from this effect, and it is only the synchronization of 
the rhythm on a changed time-scale which occurs at 
constant speed. In an analogous experiment the 
adrenocortical activity rhythm was found to take 
9 days to synchronize with a new time-scale, after a 
flight from America to Japan, which involved a sudden 
time displacement!*. The time taken represents the 
gradual metabolic synchronization with the alterna- 
tion of light and darkness. The ‘built-in’ effect of 
many years is of lese importance in terms of adapta- 
tion than in controlling the pattern of excretion 
within the limits of 24 hr. This is borne out by the 
difficulty experienced in changing the phase-longth 
to more or less than 24 hr.*. 

The rhythms of urine volume, pH and specific 
gravity all reversed at the same time. This suggests 
that one leading factor may initiate the rhythms. 
There is evidence to suggest that light has a direct 
controlling influence! and fixes the phase length and 
position. However, reversal of light and dark does 
not result in immediate reversal of rhythm. This 
may be because the light reception under the reversed 
routine occurs when the endogenous leading factor is 
in a sub-normal or resting state. It may not be able 
to respond to light at this time, and other mechanisms 
which are involved may be similarly unresponsive. 
In support of this it has been shown that ACTH 
produces a variable response from the adrenal cortex 
at different times of the day?! and a diurnal rhythm of 
responsivencsas was present. The slow adaptation of 
urinary rhythms to a reversed routine may be due, 
therefore, to the gradual synchronization of respon- 
sivenoss, to the initiation of the process, by tissues 
with an established cycle of rest and activity. The 
gradual increase of urine flow throughout the day in 
periods 5 and 9 is an indication of this. 

The cause of the diurnal rhythm has not been 
directly investigated here, though it is clear that one 
should not look for one single mechanism, but rather 
to disentangle the complex interplay of all factors 
known to affect renal function. The possibility of 
sodium-excreting mechanisms as yet unknown to us 
has been 13,14 and this would be useful in 
helping to explain diurnal rhythms. Until such 
mechanisms are unequivocally demóristrated, how- 
ever, it is too early to speculate... T 

The significance of the findings is that urinary 
rhythms are equally persistent once ostablished on 
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olthor the day- or night-work routine. Night workers 
do not show a good physiological adaptation to this 
reversed routine in normal society, and only one case 
of complete adaptation has been reported. By the 
strict adoption of a reversed light-darkness activity- 
sleep routine it should be possible for night workers to 
become adapted, and once adapted their diurnal 
rhythms should persist on the reversed routine. 
They would then be physiologically adapted to night 
work, but whether they desire this is another matter. 
I am grateful for financial support from a scientific 
investigations grant-in-aid administered by the 
Royal Society, the Pharmaceutical Society of Great 
Britain, the Nottingham University Union of Students 
and May and Baker, Ltd. In addition, I express my 
thanks to the members of the expedition. to all the 
firms and individuals who helped this project, to 
the Nottingham University Exploration Society for 
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the loan of equipment, and to Mr. R. M. Atkinson for 
carrying out the measurements. 
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ADRENALINE AND SLOW-CONTRACTING SKELETAL MUSCLES 


By Dr. W. C. BOWMAN and C. RAPER 
Department of Pharmacology, School of Pharmacy, London, W.C.I 


T birth, all limb muscles in mammals are slow- 

contracting and differentiation into fast and 
slow types occurs during the first fow weeks after 
birth!" By means of nerve cross-union experiments 
in the cat hind-limb, Buller et al.‘ have recently 
shown that when a nerve from a phasic motoneurone 
has been made to innervate a slow muscle, the muscle 
is transformed to a fast muscle even in the adult, and 
likewise, slow or tonic motoneurones convert fast 
muscles to slow. Their experiments led them to 
postulate that a substance, other than the transmitter, 
passes down the axons of slow motoneurones, crosses 
the neuromuscular junction and traverses the muscle 
fibres transforming them into slow-contracting units 
and maimtaining them so. They also considered ıb 
possible that a substance from fast motoneurones 
might act via a comparable pathway to accelerate 
muscle contraction. The possibility that the latter 
substance might be adrenaline provided the stimulus 
for the present experimente. 

Complete differentiation of the limb muscles ocours 
at a time roughly corresponding to that at which 
adrenaline attains ite adult content in the adrenal 
glands of kittens; in the ‘first few weeks after birth 
the amine present is mainly noradrenaline’. Further- 
more, it has been shown in the adult cat* that physio- 
logical concentrations of adrenaline cause a decrease 
im the time to the tension crest and to half-relaxation 
of the maximal isometric twitch of the slow-contract- 
ing soleus muscle. 

These changes are associated with a decrease in the 
peak twitch tension and can best be explained by a 
decrease in the duration of the active state of the 
stimulated muscle. Noradrenaline produces the same 
changes but only in concentrations about 50 times 
greater than those of adrenaline and the effect of 
noradrenaline is therefore considered to be without 
physiological importance’. This speeding up of the 
slow-contracting muscle is in direct contrast to tho 
well-known effect of large doses of adrenaline on 
phasic musoles in which the increase in twitch tension 
produced is associated with an increase in the time 
to peak and to half-relaxation®’. 


In view of these observations it was considered of 
interest to examine the effects of adrenaline on the 
muscles of kittens shortly after birth and before 
differentiation had occurred, and also on the soleus 
muscle of older animals after cross-union and re- 
innervation by a nerve which formerly innervated 
a fast muscle. The contractions of the normally 
innervated tibialis anterior, flexor digitorum longus 
and soleus muscles were recorded in sixteen kittens 
aged betwoen 5 and 28 days, twelve of them being 
less than 17 days old. 

Cross-union between the nerve to soleus and flexor 
digitorum longus was carried out aseptically under 
sodium pentobarbitone anesthesia in young cats 
aged between 5 weeks and several months, following 
the method described by Buller et al.4. The animals 
were left for 1—5 months before continuing the experi- 
ments. In these experiments the responses of cross- 
innervated soleus muscles were compared with those 
of the normal soleus and flexor digitorum longus 
muscles of the opposite leg. In all experiments. 
isometric muscle contractions in responso to nerve 
stimulation, or to direct stimulation after full curariza- 
tion, were recorded under chloralose anzsthesia on a 
cathode ray oscilloscope by means of ROA 5734 
mechano-electric transducers. In some experiments, 
gross muscle action potentials were led off by means of 
platinum wires inserted through belly and tendon. 
Stimulation was with supra-maximal rectangular 
shooks of 100 usec. (for nerve) or 1 mses. (for muscle) 
duration. In all cases the muscle-length was that 
giving the maximum twitch tension’. The time 
courses of the maximal twitches in these experiments 
fell within the ranges recorded by Buller et al., 
indicating that similar recording conditions had been 
used. Throughout the experiments, the same changes 
were produced whether the muscles were stimulated 
directly or through their nerves. 

Maximal twitches of the tibialis anterior and flexor 
digitorum longus muscles were similar in time-course 
and in the adult showed a time from the start of the 
contraction to the tension crest of 20-28 msec. and 
from the tension crest to half-relaxation of 18-25 
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range, but towards the faster end 
(that is, about 75-80 msec.). As 
the age increased to 20 days, these 
times became slightly faster (that 
is, about 65 msec. at 20 days) 
before slowing again to the adult 
value recorded at 5 weeks. The 
effects of adrenaline on the soleus 
muscle of kittens aged between. 
5 and 17 days were variable, un- 
pronounced and required very 
large doses to elicit them. They 
did not appear to depend on the 
age of the kitten within the range 
5-17 days. In 4 out of 12 experi- 
ments, adrenaline was completely 
without effect in doses up to 35 
ugm./kgm. mtravenous. In six 
of the experiments, large doses of 
adrenaline (16-035 ugm./kgm. in- 
travenous) caused a small increase 
in twitch tension and changes m 
time course similar to those pro- 
duced in. the tibialis anterior 
muscle, while in two experimente 
the same large doses caused small 
changes which were qualitatively 
similar to those produced in the 
adult soleus muscle. Noradren- 
aline was even less effective. In 
two experiments on 28-day-old 
kittens the soleus muscles showed 
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msec. In the 5-day-old kitten the corresponding 
times for these muscles were 70--90 msec. and 60-100 
msec., and by the time the kittens were 28 days old, 


these times had decreased to 35-45 msec. and 30-40 - 


msec. respectively. Despite the slow contraction of 
these muscles in the young kitten, the offects of 
adrenaline or noradrenaline were the same as those 
in the adult except that larger doses were required to 
produce them. Thus the tension and the times to 
peak and to half-relaxation were increased by the 
amines, as were the tension and degree of fusion in an 
unfused tetanus. Fig. 1 illustrates these effects of 
16 ugm./kgm. intravenous of adrenaline on the 
tibialis anterior muscle of a 10-day-old kitten weighing. 
280 gm. Similar changes were produced in the adult 
cat by doses of the order of 3-10 ugm. 

The effect of adrenaline on the eolous musole of the 
adult cat is illustrated by the responses of the control 
muscles in Fig. 2. The twitch tension and the times 
to peak and to half-relaxation were decreased (Fig. 2 
ja) as were the tension and degree of fusion in an 
unfused tetanus (Fig. 2 ii). As previously reported’, 
the minimal effective doses were of the order of 0-06 
vem./kgm. intravenous; the effects shown in Fig. 2 
were the maximum obtainable. Similar results were 
obtained in kittens aged 6 weeks or more. The 
maximal twitch of the soleus musole of kittens and 
cate, aged 5 weeks or more, showed times to peak and 
to half-relaxation which were roughly equal and which 
were of the order of 75-100 msec. (Fig. 2 ia). In the 
§-day-old kitten, these times also fell within this 
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and flexor digitorum longus 
muscles with those of the soleus 
muscles of the opposite legs 
after cross-union with the nerve 
which formerly innervated the flexor digitorum 
longus. ‘The cross-innervated adult soleus muscles 
showed times to peak twitch tension and to half- 
relaxation each of the order of 40-50 msec. com- 
pared with 75-100 msec. in the muscles of the 
control limbs. The small doses of adrenaline, which 
were always effective on the normal soleus, were 
completely without effect on the cross-innervated 
muscle. Large doses of adrenaline (2-4 ygm./kgm. 
intravenous) regularly caused an increase in twitch 
tension, but the associated changes in time course 
differed from those produced in normal phasic 
muscles such as the flexor digitorum longus (Fig. 2 ib) 
or the tibialis anterior. 

In animals in which only one or two months had 
elapsed since the cross-union operation, the increase 
in the twitch tension of the crors-innervated soleus 
was associated, as in phasic muscles, with a slight 
increase in the time to peak tension. Unlike a 
phasic muscle, however, the time from the tension 
crest to half-relaxation was slightly reduced (Fig. 2 ic). 
When a longer time (up to 5 months) had elapsed 
since the cross-union operation, the time to peak was 
only slightly prolonged by adrenaline and the time te 
half-relaxation was always markedly reduced with the 
result that when. a twitch after adrenaline was super- 
imposed ona control twitch, the relaxation curves 
crossed (Fig. 2 ii). The same changes were recorded 
in the directly stimulated fully curarized museles. 
No change could be detected in the gross muscle 
action potential during these changes produced by 
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adrenaline, indicating that the increased twitch was 
not a consequence of recruitment of additional fibres 
or of better synchronization of the individual com- 
ponents (Fig. 2 ii). Tetanic tension in the cross- 
innervated soleus was only slightly affected by 


- adrenaline because the effect of the increased tension 


of the single twitch was counteracted by the decrease 
in fusion which occurred as & result of the quicker 
relaxation (Fig. 2 ii). The changes produced by 
adrenaline in the cross-innervated soleus muscle are 
dificult to account for. Adrenaline-effects on 
unfatigued skeletal muscles are usually ascribed to 
changes in the active states’ but the changes in time 
course produced in the cross-innervated muscle sug- 
gest thdt this cannot be the whole explanation in 
this case. 

It appears that adrenaline tends temporarily to 
complete the conversion of the soleus muscle to a 
fast muscle, a process only partially produced by the 
cross-Innervation. , It may be that the changes in 
tension and time-course produced by adrenaline are 
independent processes and that the cross-innervated 
soleus resembles æ true phasic muscle to the extent 
that the twitch tension is increased by adrenaline, 
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but it retains that part of its original properties which 
allows adrenaline to increase its speed of relaxation. 
The results provide strong evidence that adrenaline 
and noradrenaline are not the agents responsible for 
differentiation of the phasic muscles into their fast 
adult types; apart from the insensitivity of the 
kitten’s muscles to these catecholamines the changes 
produced by them in the slow phasic muscles of 
kittens resembled those produced in the fast phasic 
muscles of adults. It is interestmg to note, however, 
that the process which leads to differentiation of the 
limb muscles, at the same time apparently increases 
the sensitivity of the muscles to adrenaline. 

One of us (C. R.) is indebted to the Pharmaceutical 
Society of Great Britain for financial support. 
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OCCURRENCE OF OILS CONTAINING 3:4-BENZPYRENE AND 
RELATED SUBSTANCES IN ASBESTOS 


By Dr. J. S. HARINGTON 


Pneumoconiosis Research Unit, Council for Scientific and Industrial Research, Johannesburg 


YCLOHEXANE extracts of asbestos samples 

from a number of sources have been found to 
fluoresce in ultra-violet light and to yield small 
amounts of strongly fluorescent yellow oils on 
evaporation. Column and paper chromatography of 
these oils have shown that they probably contain a 
number of polycyclic aromatic hydrocarbons, and 
spectral and chromatographic evidence indicates that 
one of these hydrocarbons is 3:4-benzpyrene. A 
natural association between crocidolite and amoasite 
asbestos and the organic matter is indicated. 

The samples examined were collected in various 
parts of the asbestos fields in South Africa, Swazi- 
land, Rhodesia and Australia. 

Samples (about 25 gm.) were extracted for 1 hr. 
with boiling cyclohexane which had been checked for 
purity by ultra-violet spectral analysis. The extracts 
were then cooled, centrifuged free of particulate 
material and evaporated to dryness in vacuo under 
nitrogen in weighed tubes. Yields of extracts were 
calculated as percentages of the samples. 

The extracts were taken up in hexane and chromato- 
graphed on activated alumina followed by chromato- 
graphy on partially acetylated paper’?. After the 
papers were dried they were examined for fluorescent 
spots, and in particular for spote corresponding in 
Rr value to that produced by pure 3 : 4-benzpyrene 
under identical conditions. Where spots of the latter 
type were observed they were eluted, the intensities 
of fluorescence at 385 my measured, and from these 
intensities the concentrations of 3 : 4-benzpyrene 
were calculated. This technique was dictated by 
the low concentrations of the material bemg exam- 
ined. 


In order to check that 3:4-benzpyrene was 
actually being estimated, all eluates were later 
pooled, reduced in volume and, chromatographed on 
column and paper. The intense spot obtained on 
paper corresponded with a pure 3 : 4-benzpyrene 
standard, and when eluted gave an ultra-violet 
spectrum very close to that of pure material. In 
addition, paper chromatographic checks were made 
on a number of extracts using up to nine different 
solvent systems. Finally, larger amounts of asbestos 
samples (up to 500 gm.) were extracted, and the 
ultra-violet spectra obtained for the spot correspond- 
ing to pure 3:4benzpyrene compared. All gave 
very closely related or identical spectra. 

The values obtained in this work for 3 : 4-benz- 
pyrene and oils should be regarded as minimal, in 
view of the techniques used. 

Virgin crocidolite, amosite and chrysotile fibre. 
Samples of various asbestos fibres were collected 
under scrupulously careful conditions from deep 
inside asbestos cobs which were placed in special 
containers after mining. (A cob is a fragment of rock 
obtained after blasting, and bearing seams of asbestos 
fibre.) So far as possible, any further contact with 
underground or milling procedures was prevented 
before the specimens were sent to the laboratory. 
Such fibres and the oils derived from them are 
referred to in this article as ‘virgm fibre’ and ‘virgin 
oil’. Virgin oils were isolated from. virgin fibre taken 
immediately, or as soon as possible, from the exposed 
surface or surfaces of freshly broken cobs. It was 
considered, that such surfaces were free from any con- 
taminating materials from the atmosphere and from 
industrial procedures. 
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In addition to these, a number of specimens were 
‘examined which were derived from mines and mills 
during various stages of treatment, and these could 
possibly be considered as being exposed to con- 
tamination. 

In the results of the analyses of virgin fibre given 
here, trace values for residues refer to those less than 
4 mgm./100 gm. fibre, which were considered, in this 
work as bemg the lowest limits required for unequi- 
evocal quantitative detection. 

Tables 1-3 show that 3: 4-benzpyrenc and oils 
were detected in most of the crocidolite fibres exam- 
ined and 3: 4-benzpyrene in most of the amosite 
samples. Neither of these two hydrocarbons was 
detected in the chrysotile samples, and the trace 
residues and ultra-violet fluorescence obtained for 
these materials (and for most of the amosites) are 
probably due to inorganic materials extracted by the 
solvent used. 

No direct correlation between the amounts of 
3 : 4-benzpyrene and the amounts of oil detected in 
crocidolite is evident. The hydrocarbon values of 
virgin crocidolite from the North-Western Cape are 
higher than those of virgin crocidolite and amosite 
from the Transvaal, where both are found in weathered 


Table 1. ORGANIO EXTRACT AXD 8:4-BHENEPYRENE CONTENTS OF 
VIRGIN OROCIDOLITE FRES 
$. 4- 
Qil- benz- 
Nature of Uitra-violet wax pyrene 
No. Source residue flnorescence (mgm; (ugm./ 
100 gm. 100 gm. 
fibre) fibre) 
North-Western Cape 
20 8* Yellow-white t white- 200 24 
oll/ wax ue 
28 N* White wax Purple 50 49 
57 8 Indefinite Pale purple 10 46 
59 5 White-yellow Bright purple 4 36 
oll/wax 
58 8 White wax a “ Trace 32 
61 X fae tg White purple 10 30 
60 N None seen Pals purple 4 2-9 
36 8 Yellow o1)/ Bright purple 30 2°68 
wax 
89 8 White wax Purple 20 2°5 
91 8 Nono seen io white- Trace 0°6 
4 ne 
73 N White ol Bright blue- = 0'4 
purple 
104 N Indofimte Faint white- * 62 
blue 
North-Hastern Transvaal 
113 N.ET. Indefinite Faint purple Trace 18 
116 a Gelatinous Faint purple- * 16 
white 
115 i None seen Bright le i 12 
114 e * + Faint i None 
detected 


* N, fibie from the northern nieas, S, fibre from the southern areas 
of the aabestos flolds of the North-Western Cape Province. 


Table 2. ORGANIC EXTRACT AND 3 4-BENSPYREKR CONTENTS OF 
VIRGIN AMOSITE FIBRES* 


$: 4- 
Resi- benz- 
No Nature of Ditra-violet dus B 
rosidue norescence — —— gm.’ 
100 gm, 100 gm. 
fibre) fibre) 
42 White wax Bright le 20 2-4 
80 Indefinite Bright White-blue Trace 1:1 
90 Red-brown orl 96 10 
88 finite Faint white-blue Trace 0-7 
85 RA Bright blue-purple ee 07 
84 None seen pogs white-bine a 06 
78 Indefinite Bright yellow-white X o8 
87 None seen Bright white-biue None 0-6 
detected 
82 White oll Bright white- le Traco 0-5 
B3 Gelatinons Bright white-blue is 05 
81 White ou Faint white-blue ; 0 4 
89 Indefinite Bright white-blue a 0 É 
on vw? , F 
92 2 Faint white-blue g 08 
70 None seen Bright white-bIne 4 0-2 


* All samples from the North-Hastern Transvaal asbestos fields. 
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Table 3. ORGANIC EXTRACT AND 3:4-BHNEPYREND CONTENTS OF 
VIRGIN CHRYSOTILE FIBRES 


8:4- 
Nataureof Ultra-viclet Residue be 
No Source residue flnorescence {mgm / (ugm. rita gh. 
gm. 


fibre) 


07 ‘Transvaal Gelatinous Faint white Trace None detected 

101 n 25 Faint white- + (E ” 
blue 
106 ii Indefinite Faint purple 4 7 ma 
107 K a5 White-purple Trace i i 
108 +$ 2$ ? rs 
109 o Gelatinous it ut yellow- i s ʻi 
110 5 Indefinite Faint purple j F * 
111 — n” ere yellow- None i PY 
urple detec 

112 F Gelatinous Paint Bate Trace sa F 

12 F Pant i purple 6 x mr 
117 Southern Indefinite Brght purple 4:8 |, $ 

Rhodesia 

98 i i Faint yellow Trace 4 z 
118 A None scen None geen a 4 i 
119 Swaziland Si coe Faint yellow a i> ji 
120 y Indefinite p n , e on 
121 +3 os 22 22 6 oe ot 
123 j None seen jó „ s Tiace a í 
103 ” »” n” Faint blue- 3 t 13 

white 
122 F Indefinite preghi yelow- ,, E * 
white 


zones. Lower values than wore oxpected were found 
in weathered crocidolite from the North-Western 
Cape. 

Crocidolite materials other than virgin fibre. In view 
of the strong association existing between crocidolite 
fibre and the hydrocarbons, the next analysis included 
such specimens as massive riebeckite, fibre cappings, 
tailings, mill dust, and material dumped after mulling 
procedures. Thirteen out of sixteen samples gave 
3 : 4-benzpyrene values ranging from 0-4 to 4:3 ugm./ 
100 gm. material and none was detected in the 
remaining three. All but one sample yielded oils or 
waxes in amounts ranging from trace amounts to 
20 mgm. oil or wax/100 gm. material. Four samples 
of virgin asbestos {rock and fibre cappings) all gave 
positive results for both materials. In general, the 
amounts of hydrocarbon materials found in these 
samples were less than those found on fibre; this 
supports the idea that in the case of crocidolite, 
hydrocarbons are predominantly associated with 
fibre. 

Fifteen samples of milled fibre (two of them from 
Australia) gave 3 : 4-benzpyrene values ranging from 
0 to 5-5 ugm./100 gm. fibre and 0 to 130 mgm. oil 
or wax/100 gm. fibre. The values obtained for 
dumped materials outside the mills were low in all 

. In all probability this is due to the low 
fibre content of the samples and to weathering of 
the dumped material. 

Various fractions of cobs from South African 
asbestos areas. Asbestos cobs were taken from 
crocidolite and amosite mines, and the outer faces 
were trimmed off with a diamond cutter. Each block 
was then cut into three fractions: the surrounding 
rock, the fibre ends and cappings, and the fibre 
itself. These were then ground to a fine state in a 
mechanical pestle and mortar. The only contamina- 
tion thought possible in this process was that of iron 
from the working faces of the apparatus. The resulta 
obtained show that the 3:4benzpyrene and oil 
contents of the fibres are higher than those in the 
other two fractions, especially as this tendency is 
apparent for all three samples, except in the case of 
two oil values from the amosite sample. However, 
as no multiple determinations were done for cach 
case, the statistical significance of these differences 
could not be ascertained. This aspect of the work is 
to receive further attention. 
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two — of the present findings merit dis- 
ssion and are the subject of further investigations. 

From the geological point of view the association of 
ydrocarbon materials with virgin crocidolite and 
ome amosite asbestos might be explained by the 
robability that organic processes were active at the 
ime of the deposition of the rocks of the Transvaal 
ystem in which crocidolite and amosite are found 
as interbedded seams in the banded ironstone®. In 
his connexion it may be stated that alcoholic 
xtracts of virgin crocidolite fibre have been found 
6 contain up to nine amino-acids, the presence of 
which, together with that of the primitive oils, 
trongly,supports the hypotheses outlined above*. In 
\ddition to this, fossil algal domes have been found 
n the Transvaal System‘, the age of which has been 
sstimated to be approximately 2,000. million years’®. 
The samples of chrysotile selected for analyses were 
taken from the two rock types in which it occurs in 
_ the north-eastern Transvaal and Swaziland, namely : 

ta) from serpentinized dolomite; (5) from serpentin- 
f æd ultrabasic rock. 
The dolomite is a sedimentary rock which is over- 
— lain by banded ironstone north of the area in which 
-chrysotile is found, and although the present work 
failed to detect hydrocarbons in this type, it never- 
tee theless remains theoretically possible that they could 
__ exist in association with the chrysotile from this type 
of rock. Ultrabasic rock is an igneous rock which has 
__erystallized from molten magma, and the failure to 

__ detect hydrocarbons in chrysotile from this area is 
therefore not surprising. Rhodesian chrysotiles are 
: ce associated with this rock type. 

From the point of view of the possible effects 
arising from the organic fractions of asbestos dusts, 
the significance of the association between asbestos 
fibres and hydrocarbons cannot at this stage be 
accurately assessed. It is perhaps significant, how- 


NATURE j 


ever, that the concentrations of 3 :4-benzpyrene = 


found in the asbestos samples studied are extremely —— = 
low when considered in relation to the amount of o > = > 
asbestos dust inhaled during long periods of exposure. 

These and other matters arising from these initial > 


investigations will be reported in due course. 


To summarize the findings, the analyses of. organic oak 
extracts from a number of different asbestos materials _ 
have shown the presence of many fluorescent sub-; 
stances, possibly belonging to, or related to, the class 


of polycyclic aromatic hydrocarbons. For examp le, in 
most of the crocidolite. samples eight spots 
obtained on paper chromatograms and up to 
in some milled samples. Many non-fluorescent. 
stances are also present, including two reddish. -br 
pigments. z 

The presence of 3 : 4-benzpyrene and: oil i Ei 
crocidolite has been confirmed at my- request by : 


Kaluza using paper and gas chromatography in the _ oe 
laboratories of the South African Council for Scientific — 


and Industrial Research, Pretoria. 


I wish to thank Dr. H. S. Gear, formerly diréotor : : : 7 = 
of this Unit, and Dr. J. C. Wagner for their Very 


great help and for many useful suggestions. I am — 
also very grateful to the acting-director of this Unit, 
Dr. Ian Webster, for his valuable assistance, to Dr. - 
J. J. le R. Cilliers, chief geologist: of Cape Asbestos — 

(S.A.) Pty., Ltd., and to the South African asbestos 
industry for their fullest co- -operation. Finally, my 
thanks are due to Drs. R. R. Arndt and J. R. Nunn, — 
of the Council for Scientific and Industrial Research, 

Pretoria, for discussion and practical assistance. 


1 Spotswood, T, M., J. Chromat., 2, 90 (1959). 

* Hoffman, D., and Wynder, E. L., Cancer, 18, 1062 (1960). 

3 Cilliers, J. J. le R., and Genis, J. H., Trans, Geol. See. South Africa 
{in the press), 

t Young, R. B., and Moiideletohn, E., Trans. Proe. Geol. Soc. South — 
Africa, 51, "53 (1948), 

5 Nicolaysen, L. O., et al, Trans. Geol. Soc, South Africa, 61, 137 (1808). 


INOCULATION OF PIGS WITH ADENOVIRUSES OF MAN 


By Dr. A. O. BETTS, A. R. JENNINGS, Dr. P. H. LAMONT and Miss Z. PAGE 
School of Veterinary Medicine, University of Cambridge l 


CA DENOVIRUSES have previously only been 
-£A shown to be pathogenic for primates. Hilleman 

and Werner!, and Rowe, Huebner, Hartley, Ward 
and Parrott’, have recorded and discussed the lack 
of pathogenicity of these agents for a variety of 
boratory animals. Latent infection of the rabbit 


















by Pereira and Kelly’. Adenoviruses can, neverthe- 
less, be grown in tissue cultures of cells from several 
non-primate species, and Guerin and Guerin? showed 
hat types 1-7 caused cytopathic changes in porcine 
dney cells. 
Attempts have been made in this laboratory to 
infect young ‘pathogen-free’, colostrum- deprived 
pigs! with adenovirus types 1, 2, 5 and 6 after growth 
in. stationary porcine kidney monolayer cultures 
: ood by the techniques deseribed by Betts’. 
adenoviruses in the form of lyophilized tissue 
ure fluids and adenovirus type 1 antiserum were 
tained from the Virus Reference Laboratory, 
alindale. 


with adenovirus type 5 has, however, been reported. 


Pigs were inoculated by the intratr achoal: route Bn 


after anæsthetization with pentobarbitone. sodium = 


B.P. and were killed at various intervals thereafter. 


Tissues were examined both histologically and for- : . a 
the presence of virus. All type 1 isolates were typed o = 
by means of constant serum/varying virus soupa o — 


tion tests in tissue cultures. | 
Each of the four types of adenovirus: examined i ine. 2 


duced lesions in the respiratory tracts of the inoculated E r 


pigs but no well-defined clinical signs were observed. _ 
To date, further serial passages in pigs have been ` 
attempted only with adenovirus type 1. In each of 

two attempts lesions were produced in and virus. 
recovered from the respiratory tracts up to and. 
including the third passage at 5-8-day intervals, but 
not from subsequent passages, with the exception of 


the recovery of virus from the trachea of one pig at — 2 


the fourth passage. 
The inoculation of type 1 virus in the form of- — 


infective tissue culture fluids usually produced macro- — 


scopic lesions in the lungs by 4-6 days (Fig. 1). These - 
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Table 1, INTRATRACHEAL INOOULATION OF 8-DAY OLD ‘PATHOGEN- 





FREE’, COLOSTRUM-DEPRIVED PIGS with A HUMAN ADENOVIRUS 
Days 
between Lesions 
Pig inoculation in lungs 
and . Recovery of virus at — 
slaughter Tonsils Trachea Lung Bronchial 
lymph node 
PF57/1 4 + + + + 
— 
PP57/2 6 — -- + - 
PF67/38 8 av » = t = 
PF57/4 11 - ati + = 
PF57/5 115 * x * 





reached their maximum extent by about 8 days and 
began to resolve at about 11 days. The results of one 
such experiment with adenovirus type 1, including 
the recovery of virus at the various stages, are given 
in Table 1. 

The early lesions consisted essentially of bronchiol- 
itis and alveolitis. Alveolar collapse was a prominent 
feature at all stages of infection. Peribronchiolar 
and perivascular accumulations of mononuclear cells 
were constant findings, and these features became 
progressively more marked up to 8 days post-inocula- 
tion and thereafter declined. Fifteen days after 
infection the only signs of damage were partial 
alveolar collapse with thickening of the alveolar 
walls. In a few piglets, at the time of maximum 
reaction the bronchopneumonia was extensive and 
the bronchial lumina contained many desquamated 
cells. In addition, small necrotic foci were scattered 





Fig. 1. Bronchopneumonia produced by adenovirus type 1 in « 
‘pathogen-free’, — — piglet five days post-inocula- 
on 
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at io 

4 ‘ ; — Y . es 
Fig. 2. Adenovirus t 1, eight days post-infection. Lung 
showing areas of bronchopneumonia, perfbronchiolar and peri- 
vascular cuffing and alveolar collapse. Stain hamatoxylin-cosin 





Fig. 3. Adenovirus type 1, four days post-infeetion. Bronchial 

epithelial cell showing typical gross nuclear enlargement, intra- 

nuclear basophilic granules and large unstained areas. Note also 
hyperchromatic pyknotic cells. Stain hematoxylin-eosin 





in the alveolar spaces (Fig. 2). Histological changes 
in the bronchial lymph nodes were constantly present, 
lymphoid hyperplasia being the chief feature. 
Characteristic nuclear alterations were present in 
the bronchial lymph nodes and in the lungs of infected 
pigs. Non-specific changes such as nuclear activation 
and increased mitotie activity were common, but 
specific intranuclear inclusions were not always seen. 
Usually, however, in any one section various stages 
in the development of the characteristic intranuclear 
inclusion could be demonstrated. Gross enlargement 
of affected nuclei was an obvious feature, as was the 
presence in the large nucleus of small eosinophilic 
particles. These particles appeared to increase 
up to tho size of cocci and were usually present in 
clusters. Basophilie granules could also be found in 
clusters. In the late scages of infection the grossly 
enlarged nucleus had a glassy homogeneous unstained 
appearance and contained basophilic inclusions 
(Fig. 3). Crystalline inclusions were not seen. 


' Hileman, M. R., and Werner, J. H., Proc. Soc. Exp. Biol. N.Y., 85. 
183 (1954). 

* Rowe, W. P., Huebner, R. J., Hartley, J. W., Ward, T. G.. and 
Parrott, R. H., Amer. J. Hyg., 61, 197 (1955). 

* Pereira, H. G., and Kelly, B., Nature, 180, 615 (1957). 

t Guerin, L. F., and Guerin, M. M,, Proc. Soc. Exp. Biol. N.Y., 98. 
322 (1957). 

* Betts, A. 0., Lamont, P. H., and Littlewort, M. C. G., Vet. Ree., 
72. 461 (1960). 

* Betts, A. 0O., Res. Fet. Sci.. 1, 57 (1960). 
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FETAL ERYTHRITOL: A CAUSE OF THE LOCALIZATION OF BRUCELLA 
ABORTUS IN BOVINE CONTAGIOUS ABORTION 


By Dr. H. SMITH, A. E. WILLIAMS, J. H. PEARCE, J. KEPPIE, P. W. HARRIS-SMITH, | 
R. B. FITZ-GEORGE and K. WITT 


Microbiological Research Establishment, Porton, Salisbury 


N brucellosis of pregnant cows, the predilection of 

Brucella abortus for foetal rather than adult tissue 
is well known). General pathological I have 
indicated an especially heavy infection in the fostal 
cotyledons (placental tissue), the chorion and the 
purulent footal fluids*:*, and we have confirmed this 
in the following quantitative experiments cerried 
out in collaboration with R. C. Fuller (present address: 
National Institute for Research in Dairying, Shinfield, 
Reading). Four 5—6-month pregnant cows were 
infected intravenously with virulent Br. abortus 
(strain 544) and the number of organisms in aliquots 
of all the relevant adult and footal tissues was counted 
when abortion was imminent 3—4 weeks later. The 
foatal cotyledons, the chorion and the purulent 
footal fluids contained respectively 60-85, 2-8 and 
1-25 per cent of the total organisms (0-3-2 x 1014) 
found in the mother and fcetus. 

This article summarizes an investigation of the 
chemical basis for this preferential growth of Br. 
abortus in footal tissue which was undertaken for two 
reasons. First, the cause of the predilection was the 
major unknown factor in the pathology of contagious 
abortion, since once a heavy growth of the pathogen 
had occurred in these footal tissues the well-known 
endotoxin of Br. abortus could cause the characteristic 
&bortiont*. Secondly, it was an opportunity to 
study the basis of one example of tissue specificity 
which is so common to many pathogens, bacterial 
and viral, and thus far unexplained’, 

The main reason for Br. abortus concentrating in 
foatal tissue cannot be solely the lack of development 
of immunity mechanisms in this tissue. If it were 
so, other maternal pathogens might reasonably be 
expected to act similerly, but this does not happen. 
A more specific reason for the preferential growth of 
the pathogen seemed likely and one possibility was 
the presence of a metabolite in footal tissues which if 
not essential was at least preferentially selective for 
the growth of Br. abortus. This reasoning received 
support from the followmg experiments. Various 
foetel and adult tissues of several pregnant cows 
were macerated with isotonic 0-02 M phosphate— 
saline buffer at pH 7-4 (vol. (ml.) = weight of wet 
tissue (gm.)). The extracts were centrifuged, adjusted 
to pH 7-0 and passed through ‘Millipore’ filters. 
When these extracts were used as growth media 
for Br. abortus (strain 544) under standard conditions 
(shake cultures, 37°, 5 per cent carbon dioxide/air), the 
extract of foetal cotyledon tissue proved the best 
medium ; the lag phase was short and the rate of growth 
in the log phase was greater than the rate in any other 
extract. This was also true when the carbohydrate 
contents of all extracts had been adjusted with 
glucose to the equivalent of 5 mgm. glucose/ml. The 
active nutrients were small molecules since the 
diffusate prepared by dialysis of the footal cotyledon 
extract was equally effective as a medium for the 
growth of Br. abortus. 


At this stage, the results from a different investiga- 
tion of the pathogenesis of Br. abortus became relevant 
to this topic of preferential growth in foetal tissue. A 
material which promoted the growth of Br. abortus 
within bovine phagocytes had been fractionated from 
a mixture of infected allantoic and amniotic fluids 


collected from a cow which was about to abort after 


infection with Br. abortus. The biological test used 
to detect this material was as follows. Bovine white 
blood cells (‘buffycoat’) and serum were separated 
from fresh defibrinated calf blood. Fresh bovine 
serum kills Br. abortus rapidly and hence some serum 
was inactivated at 56° for 1 hr. to provide a medium 
for phagocytosis of live Br. abortus. The ‘buffy- 
coat’ was washed and suspended in the heated 
serum. The suspension of white cells (10 ml., approx. 
4 x 10° cells) was mixed with s suspension of Br. 
abortus (2 ml., approx. 1-6 x 10° organisms), and 
rotated at 37° for 3 br. in 5 per cent CO,/air to phago- 
cytose the majority of organisms (approx. 1 bacterium 
to 25 phagocytes). Fresh unheated bovine serum 
(40 ml.) containing streptomyom (3-6 pgm. per ml.) 
was added and the mixture kept at 37° for 1 hr. to 
kill extracellular organisms. Aliquote (1:3 ml.) of 
the mixture were mixed with the test material in 
Locke’s solution. (0-5 ml.) and rotated for 40 hr. at 
37° in nylon-plugged tubes in a contmuous flow of 
5 per cent carbon dioxide/air. The majority of the 
phagocytes did not die under these conditions, as 
evidenced by the presence (after 40 hr.) of movement, 

phagocytosis, resistance to vital staining and resist- 
ance to entry of the external bactericidal mixture. 
The white cells were centrifuged from the bactericidal 
supernatant and washed in Earle’s medium. Viable 
counts were made of the intracellular bacteria after 
they had been released from the cells by adding 
tryptose water and shaking for 5 min. with glass 
beads. Materials promoting intracellular growth 
produced higher (two- to five-fold) counts than control 
samples; the test was used as a rough assay by notng 
the highest dilution of the material which produced a 
count significantly (P = 1 per cent) different from 
control samples. 

The fractionation and crystallization of the material 
which promoted intracellular growth are summarized 
in Table 1; 0-3 ugm. of the crystals was active in the 
biological test, detecting intracellular growth. The 
active material also stimulated extracellular growth 
of Br. abortus (strain 544, shake cultures 37°, 5 per 
cent carbon dioxide/air) in three media: (1) a mixture 
of equal parts of heated calf serum and saline; (2) 
tryptic digest meat broth containing 5 per cent 
peptic digest sheep blood; (3) a synthetic medium’; 
the rate of growth was increased three- to four-fold 
by adding small amounts of the active fractions. 
Medium (1) was used routinely, and 1 ugm. of the 
crystals produced a significant stimulation of growth. 

At first, the active material was believed to be a 
product of Br. abortus, but as more infected and 
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Table 1. FRACTIONATION FROM BOVINE FRTAL FLUIDS OF A MATERIAL 
PROMOTING THR —————— GROWTH OF Br. abortus IN BOVINE 
RLLS 


Original 
biological Amount of 


Fractionation activity matenal 
(per cent) 
Mixed allantoic/amnuotic Awd 100 640 ml 
Diffusate 930 10-3 gm, 
Aqueous solution passed through mixed 
ed reain eb 88) Hi I.R. 45° and 
‘Zeokarb 80 1 08 gm. 
Paper chro apiy A- — 
gy ok a 
40-60 e. 0-02 gm 
uaea rete ——— from acetone 40-50 0-01 gm. 


* Dipped in 1 per cent silver nitrate in acetone and sprayed with 
5 N sodium hydromde in 60 per cent ethanol (ref. 8). 


Table 2, COMPARISON OF THR PROPERTIES OF THE GROWTH-PROMOTING 
MATERIAL WITH — — 


promoting 
ma 
from Erythnitol 
bovine 
fluids 
C (pei cent) 89-1 39 8 (calc.) 
H (per cent) 8-7 8 8 (calc.) 
N nil nil 
Mp. 119-1290° 119-120°* 
Mixed mp 118-120° 
Saena chemical properes Identical 
chromatogra tography 
ay hd punO DIN e/water 
Identical * 
(2) Butanol/acoti acid/water 
Identical 
(8) Bthyloetate[pyrdne/ water 
(12 Identical * 
Infra-red spectra t Identical 
— ——— M.W. if 
386 (0 per 398 (9 per 
cont) cent)t 
Approx. minimum ———— (por 
mi. test medium) promoting 
aan oa 
“gm. 02 ugm, 
8 Fixtracell 1:0 ugm. 0-5 ugma. 


* ——— pars D- F L-threitol (m.p. 88°) and bL-threitol (m.p. 


t We are indebted to our colleague, K. P. Norris, for these spectra. 
t Concentration examined, 
Detalla of test, see text. 


normal fostal fluids were examined, ıt became appar- 
ent that the material was probably a constituent of 
normal foetal fluids. This was confirmed by fraction- 
ating normal allantoic fluids by a similar method to 
that shown in Table 1 with similar results but an 
increased yield. The cr ine material proved to 
be erythritol (CH,OH, CHOH, CHOH, CH,OH — 
meso form (see Table 2). This compound had already 
been shown to be the best of nine carbohydrates for 
the growth of the Brucella species in a simple basal 
medium. Immediately the possibility arose that 
growth stimulation by erythritol could be the cause 
of the preferential growth of Br. abortus in fæœtal 
tissue. This postulate soon received support. In 
experiments summarized here erythritol was found 
only in fetal tissue and it was concentrated in the 
tissues most prone to heavy infection; in addition, 
injections of erythritol considerably enhanced infec- 
tions of Br. abortus in 1—7-day-old calves. 

A survey of cow and fetal tissue extracts for the 
presence of crythritol and for the ability to enhance 
the growth of Br. abortus. Equal amounts of a 
number of relevant adult and foetal tissues from a 
6-7 month pregnant cow were macerated and 
extracted with one volume (= weight) of saline. 

The erythritol content of each extract was estimated 
by the following procedwe. The extract was dialysed 
and the diffusate was treated with a mixed bed resin 
column as described in Table 1. If a large amount of 
reducing sugars were present then the majority of 
these were removed by g the material through a 
highly basic column (‘Amberlite TR4400(0H)) as 
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described by Roseman et al.. The eluate from the 
mixed bed column or the basic column was examined 
by paper chromatography using n-butanol: acetic 
acid : water (4: 1 : 5) as solvent. The papers were 
stained by two methods: (1) they were dipped in 
silver nitrate (1 per cent w/v) in acetone and sprayed 
with 0-5 N sodium hydroxide in 50 per cent aqueous 
ethanol’; (2) by the method of Godin"*, The intensity 
of the erythritol spot from the experimental sample 
was compared with the intensities of the spote 
produced by known quantities run on the same 
chromatogram; under these conditions 10 ugm. of 
erythritol could be detected by the silver method 
and 20 ugm. by the Godin method. 

The ability of each extract to stimulate the growth 
of Br. abortus in the calf serum medium was determ- 
ined at the following stages in the fractionation: 
crude extract, diffusate and eluate from the mixed 
bed resin. Table 3 summarizes these results; clearly 
the growth-stimulating ability And erythritol are 
of fostal origin and are concentrated in the tissues, 
which become heavily infected in brucellosis. 

Enhancement of infection of Br. abortus in 1—7-day- 
old calves by injections of erythritol. To obtain as 
near an in utero experiment as possible in an adequate 
number of animals several pairs of calves were injected 
intraperitoneally as acon as possible after birth; 
one calf received intraperitoneally Br. abortus 
(strain 544) and the other Br. abortus and erythritol 
(10 per cent w/v in water), the latter given in the 
following manner: 250 ml. subcutaneously 6 hr. 
before infection, 250 ml. subcutaneously and 6 ml. 
intraperitoneally at infection, afterwards 50 ml. 
subcutaneously twice deily. After 1-2 weeks the 
animals were killed and the numbers of viable Br. 
abortus in the spleen were counted. The results in 
Table 4 clearly show the enhancement of infection 
produced by the daily injection of erythritol. 

This recognition of erythritol in bovine foetal 
tissue and the demonstration of its probable role in 
foatal growth of Br. abortus would appear to be impor- 


Table 3. — OONTRNT AND GROWTH-PROMOTING VBOT 
N Br. abortus OF BOVINE Tissun EXTRACTS 
Approx, highest Approx. 
dilution having — 
Tissue extract * si cant content 
growth-promoting (ugm. per mì 
activity t oxtract) 

Foetal tissues 
Aliantoic Suid 1/200 150 
Chorion 1/100 80 
Cotyledon (placenta) Hane 50 
Kidney 1/30 25 
L Hen 16 
Liver 1/20 8 
Bpleen 1/10 8 

Cow tissues 
Seta (placenta)t 1/50 30 

dne Inactive 1/10 <6 

Spleen at <8 
Lung ; <2 
Liver * <2 
Lymph node * <2? 
Udder <? 

* Equal parts — tissues (qm ) and saline (mal J 
Dotaile of of test, see text. 


Maternal sctvibdons retained some of the fatal —— epithetial 
tissue since complete separation could not be effected 


Table 4. EWHANCEMENT OF INFECTION OF Br. abortus IN 1-7-Day- 
OLD OALVES BY INJECTIONS OF ERYTHRITOL 


No. of No, of Br. abortus in spleens of 


Br abortus Duration calves 

Calf yen of Ratio. 
pair intraperl- infection Control Erythritol- treated 
toneally (days) treated * control 

A 2 x 1018 9 4:0 x 10! 88x 107 170 

B 6 x 19% 7 2-2 x 10" 78 x 10° 381 

g 6 x 101! 8 6-8 x 10* 90x 10° 143 
D ö x 10} 8 28x10 85x 107 8-8 

(8 calves) 15 x 10° 58 


* For datalls, ses text. 
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tant for three reasons: (1) the probable basis for 
one example of tissue specificity in bacterial infection 
has been recognized®’; (2) until recently erythritol 
had not been found before in animal tissue or fluids 
- and has been regarded as metabolically mert!*1+, 

“However, while this work was in progress, erythritol 
was also found in two samples of human urinet. 
The question arises, therefore, How is erythritol 

uced and what is its function? One possibility 
18 that it may act as an intermediate between erythrul- 
one and erythrose (and hence a connexion with the 
pentose pathway) as sorbitol acts as an intermediate 
between glucose and fructose in foetal tissues of 
ungulates!*; (3) in our tests very small amounts of 
erythritol stimulated the growth of Br. abortus 
intracellularly and extracellularly in media contain- 
ing adequate carbohydrate. This activity of erythri- 
tol in these ‘vitamin-like’ amounts prompts questions 
of ite function in the metabolism of Br. abortus: 

It is possible that the presence or absence of 
erythritol in foetal tissues may determine the nature 
of brucellosis in animals other than cattle. Thus in 
similar experiments to those summarized in Table 8, 
erythritol could not be detected in extracts (less than 
about 10 ugm. per ml. extract) of three samples each 
of human, rat, rabbit and guinea pig placente. 
This observation is in accord with the fact that in 
these animals Br. abortus does not usually produce 
the overwhe infection of the placental and 
foastal tissue found in bovine contagious abortion. 


EVIDENCE FOR ASSOCIATION 
NUCLEIC ACID WITH 
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On the other hand, erythritol was found ın placental 
extracts from sheep (3), goats (2) and pigs (4); these 
animals suffer in brucellosis the characteristic heavy 
foatal and placental infection which leads to abortion. 
This question of differential fostal susceptibility in 
various animal species and the question of the 
relevance of fœtal erythritol to infections with Br. 
melitensis and Br. suts are being investigated. 


— A. W., in — A. W., and Galloway, I. A.» 
Infect us Diseases of Diseases dus to Bactsria, 53 
(Butterworth's Sctentific Publications, London, 1959). 


*Smith, T, L, J. Exp. Med., 29, 451 (1919). 

* Payne, J. M., J. Path. Bact., 78, 447 (1959). 

‘ Rudler, R. F., and Thomas, L., J. Immunol , 84, 188 (1960). 

t Huddleson, I. F., Cent. Symp. Agrios. Dep. Michigan State Umv., 27 


(1958), 

* Wilson, G., 8., and pre — ig Tople and Wilson’s Principles of 
Bactario and I ward Arnold (Publishers), 
Lid., London, Crt tall 


Bab n 8., n Microbial! Ecology Symp. Soo. Gen. Microbiol., 7, 


t Trevelyan ua E., Proctor, D. P., and Harrison, J. S., Nature, 168, 
444 (1960). 


* Rode, L. J., Oglesby, G., and Schuhardt, V. T., J. Bactariol, 60, 
661 (1950). 


10 eye oe Pa — Beal, G, B., J. Infect. Dis., 89, 266 (1951). 

11 Roseman, R. H., and Dorfman, A., Arch. Biochem, 
Biophys., ce ee (1062). 

1*Godm, P., Nature, 174, 184 (1964). 

18 Carr, O, J. and Erants, J. O., Ade. Carbohydr. Chem., 1, 175 (1948). 

it Ban, a Ro Dickens, F., and Williamson, D. H., Biochem. J., 77, 


1s Touster, O O., and Todd, W. M., J. Biol. Chem., 235, 


951 (1980 
* Hers, H. G., ny Ohemisiry, Toxvo-Kvoto, 
— 1068) * 


1957, 109 Te iniba Co. 


OF TOBACCO RATTLE VIRUS 
A CELL COMPONENT 


By C. H. CADMAN 


Scottish Horticultural Research Institute, Invergowrie, Dundee 


OBACCO rattle virus is probably one of the 

commonest of the plant viruses transmitted by 
nematodes that occurs in soils in Europe, and both 
naturally and experimentally it has a wide host-range. 
Many cultures of the virus are readily transmitted 
by mechanical inoculation of sap, and the sap of 
planta infected with such isolates invariably contains 
many rod-shaped particles. Most of these are about 
175 my or about 75 my in length. Particles of both 
lengths are nucleo-proteins; the longer ones are 
infective, but the shorter particles, which are more 
numerous in most preparations, are not}. Local 
lesions, often of many different kinds, develop in 
tobacco leaves a few days after inoculation with the 
virus. Cadman and Harrison? found that when 
individual lesions were cut out and sap from them 
inoculated to other healthy tobacco leaves, the 
single-lesion isolates behaved in one of two ways, 
regardless of the form of lesion from which they 
originated. Either they produced large numbers of 
lesions (50 or more per inoculated tobacco leaf) or 
they produced few or no lesions. Isolates of the first 
kind (multiplying or M ferms) give rise to virus that 
behaves in all respecta like the parent culture. 
Isolates of the second kind (poorly multiplying or 
NM forms) are often extremely difficult to transmit 
mechanically, and although they usually produce 
severe systemic symptoms in tobacco and other test 
plants, few or no virus rods are found when sap from 


infected plants is examined in the electron micro- 
scope. NM isolates seem never to give rise to M 
forms but M isolates, even after repeated passage 
through single lesions, always produce a proportion 
of NM forms, this proportion being characteristic for 
& given virus culture. The many similarities between 
M and NM forms led Cadman and Harrison? to 
conclude that both are variants of tobacco rattle 
virus, although no formal proof was possible. We 
also suggested that the behaviour of NM variants 
might result from the instability of their particles in 
vitro or from an association with their host cells such 
that they are rarely extracted in sap. Striking 
evidence for this explanation has come from the 
discovery that extracts from leaves and other parts 
of plants systemically infected with NM forms of 
tobacco rattle virus are highly infective when pre- 
pared with the aid of cold phenol. Independently, 
Sänger and Brandenburg’ have discovered the same 
phenomenon. My results confirm and amplify theirs, 
and show that the infectivity of the NM forms of 
tobacco rattle virus is associated with nucleic acid 
which is located in a sub-cellular component. 


Properties of M and NM Variants 


When tobacco leaves sre rubbed with infective 
preparations of the potato ring necrosis culture of 
tobacco rattle virus**, about 95 per cent of the 
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Table 1. PROPERTIES OF M anp NAS Forms oF TOBAOOO RATTLE 
Virus IN P., kybrida PLANTS AND BAP 


Property M form NM form 
— produeed Evanescent Peralatent 
T needed for systemic 
infeotion 7-10 days 4-6 weeks 
Mechanical transmission Easy Difficult 
Dilution end-point of sap 107-10" 0 or <10- 
— tation end-point of sap 
with antisernm 1/2-1/8 0 
cles observable in 
gap electron microscopy Long and short Few short 10ds 
> rods or none 
Thermal stability tn sap 
10 min at 60° O. bree ot ee ee 
3 hr. at 20° 0. unaffected r 


a 0 
3 days at —10° O. } abolished 


individual lesions are found to give rise to NM and 
only about 5 per cent to M variants. The two kinds 
of variant differ greatly in properties (Table 1). M 
isolates of the virus are readily transmitted by 
mechanical inoculation of sap, which contains 
numerous rod-shaped virus particles and is precipi- 
tated with virus antiserum, and they cause rapidly 
developing evanescent systems in both Petunia hybrida 
Vilm. and Nicotiana clevelandii Gray. NM isolates, 
by contrast, are only transmitted with difficulty by 
inoculation of sap, in which virus rods are rarely 
found and in which virus antigen is undetectable ; 
these isolates cause slowly developing persistent 
symptoms in P. hybrida and N. clevelandii. Sap from 
P. hybrida plants systemically infected with Af 
isolates is invariably highly infective even when the 
plants have been infected for several months. By 
contrast, sap from NM-infected plants varies erratic- 
ally in infectivity. Newly infected plants are usually 
better sources of infection than old ones, but indi- 
vidual NM isolates behave differently, and one and 
the same isolate may reach different concentrations 
in different P. hybrida plants. 

Viruses are often difficult to transmit from plants 
because of the presence of substances that inhibit 
- virus infectivity, but there is no evidence of any 
specific inhibitor in sap from NM-containing plants. 
Dilution does not increase the infectivity of sap from 
such plants, and unsedimentable virus antigen, which 
might conceivably act as an inhibitor, was not 
detected (by serological tests) in fresh ultracentrifuged 
gap from P. hybrida and N. clevelandii plants infected 
with either M or NM variants. In the electron 
microscope, short (75 my) rods like those of tobacco 
rattle virus were occasionally found in preparations 
concentrated ten-fold by ultracentrifuging clarified 
sap from NM-infected plants. The rods were no 
more numerous in sap heated to 60° C. for 3 min. 
before ultracentrifuging, a treatment which poly- 
merizes protein prepared from purified tobacco rattle 
virus®. 


Phenol Extracts of Infected Tissues 


The fact that plants infected with NM isolates 
show persistent symptoms yet produce sap which is 
usually poorly infective, suggested that infection 
might be associated with something other than free, 
rod-shaped virus particles, perhaps with virus nucleic 
acid. As infective nucleic acid preparations have been 
made from purified tobacco rattle virus and from 
leaves of plants infected with other viruses with the 
aid of phenol, extraction with phenol was tried with 
leaves from NM-infected P. hybrida plante. The 
resultes were astonishing because inocula so prepared 
usually produced several hundreds of lesions per 
inoculated leaf of Chenopodium amaranticolor Coste 
and Reyn. or French bean (Phaseolus vulgaris L. var. 
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Prince), whereas sap from comparable leaves produced 
few or no lesions. 

The method of making these inocula (afterwards 
called phenol extracts) wes essentially that’ described 
by Schlegel’. Weighed amounts of fresh plant 
tissue (usually 1 gm.) were macerated for 1-5 min. 
with a pestle and mortar in twice the amount (gm. = 
ml.) of 0:03 M phosphate buffer at pH 7 and of cold 
water-saturated phenol. The aqueous phase was 
separated by centrifuging the pulp for 3 min. at 
9,000g and at 5° C., freed from phenol by shaking 
twice with 4-5 vol. ether and the ether removed under 
reduced, pressure by bubbling nitrogen through the 
preparation. In some experiments, the pulp of leaves 
mecerated in buffer solution was filtered through 
muslin, the filtrate shaken for a few seconds with 
2 vol. cold phenol, and the aqueous phase separated 
and treated as already described. The manipulations 
were made as rapidly as possible at room tempera- 
ture, but all utensils and solutions used were chilled 
to 5° C. before use and the inocula kept in an ice-bath 
or at 5° C. prior to inoculation. The preparations, 
diluted with an equal volume of 0:03 M phosphate 
buffer at pH 7, and mixed with ‘Celite’ abrasive 
powder (Johns-Manville, Ltd.), were assayed for 
infectivity by manual inoculation to leaves of C. 
amaranticolor, or French bean. 


Table 2. STABILITY OF PHENOL PREPARATIONS WADE FROM LEAVES 
clevelandii SYSTHMI WYER 


OF N. ti CALLY INFEOTED NM ISoLaTEs 
Preparation Storage Final Time of storage 
temp. °O. dilution Pay eae 
Phenol extract 20 1/2 284 0 
20 1/4 88 — 
5 1/2 es 95 
—10 1/4 aera 
Phenol Pe so 
age 0'8 pgm./l, 1 0 =- 
Purlfled virus -+ í 
RNase 0°8 ugm fN. 20 1/100 80 49 


The phenol axtract was prepared aa described in the text from 
of N. elevelandti planta infected with NAY virus. pear 
tages 


lesions on 8 half-leaves of French bean expressed as percen of the 
number of lesions ((1)=297, (2) feted formed by aUtied virus diluted 
1/100. A leaf extract from sumilar N. Gecsanctt leaves produced no 


lealons on 8 half-leaves of French bean. 


The results in Table 2 are from one of several 
experiments made with twelve plants of N. cleve- 
landi, sap from each of which produced five or fewer 
lesions per inoculated tobacco leaf. By contrast with 
preparations of purified virus of comparable infec- 
tivity, the infectivity of phenol extracts was unstable, 
was abolished by minute amounts of pancreatic ribo- 
nuclease (Light and Co., Ltd.), and did not sediment 
when the preparations were centrifuged for 2:5 hr. at 
140,000g. Preparations, the infectivity of which was 
unstable and abolished by ribonuclease, were also 
made from the followmg cells or tissues infected with 
NM isolates: leaves and pollen from artificially 
infected P. hybrida plants; leaves of naturally infected 
Phlox pantculaia L.; and non-necrotic tissue of potato 
tubers (Solanum tuberosum L. var. Ulster Prince) 
affected by spraing disease. All such preparations 
produced lesions in inoculated leaves of O. amarantis- 
color, French bean and tobacco that were indis- 
tinguishable from those produced by purified tobacco 
rattle virus. Although several of the preparations 
from plants infected with NM isolates produced large 
numbers of lesions in inoculated tobacco leaves, none 
gave rise to virus of the M type. 


Source of Infectivity In Extracts of NM-Infected 
Leaves 


The source of this infectivity must olearly be 
something other than free virus particles because 
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pees EFFECT OF Exrosurs For 10 xy. at 50° ©. on ACTUAL 
LHA¥Y KKXTRACTS 


— oY FROH INYROTED 
Preparations Final Not 
treated dilution heated Heated 
NM leaf extract Ll 22 1 
N Af leaf oxtract 
tracted 
with phenol 1/2 92, 0 
M leaf extract 1/40 300 803 
Af leaf extract 
afterwards extracted 
with phenol 1/2 492 188 
Purified virus 400 1,000* 1,088 
Leaf —— made gm. infected P. ara leaves 
m 4 ml 0 08 M ——— buffer at p — Pana Ateng th through 
muslin, were stored at B° O. Aliquots of hested and intros extracts 
Mite oe tial ioe as described in the text. 


henol and processed as d 
Figures total lesions in 6 leaves of C., amaranticolor multiple by 
needed to bring the number for purtfled virus dilut 


g — total, 1,828. 


CAUSED BY ADDING 


Table 4. PRROBNTAGM DHORMASA IN INFROTIVITY 
10- — BEFORE AND AFTER HX- 


PANORBATIO aimonedidian 
INFROTED P. 


TRACTING VAS IN COLD PHENOL 
* Final Phenol added RNase added after 
Preparation dilution 20 mm. after i and 20 min. 
RNase efore Inoculation 
NM phenol extract 1/2 63 36 
Af phenol extract 1/2 11 40 
Punfled virus 1/5,000 ee 10 
Equal amounts (1 gm.) of Infected P. leaves were either 
(a) macerated in 2 hier neutral a hate b with or without added 


aft for 20 min at 18° 0. before mixing 


processed as the pre tions ted with neutral 
hosphate eee with or without ad ribonuctease a pgm. fL) 
min, p inoculation, Hach p tion was to 

6 leaves vO. 0. ‘a the percen eke na in infectivity 


calculated from lesion connie adjusted to bring those for purifled virus 
diluted 18,000 te 1,000 


few or none can be found in sap from tissues which 
yield highly infective inocula when extracted with 
phenol. Moreover, treatments which have little or 
no effect on the infectivity of purified virus, decrease 
or abolish that.of preparations made from infected 
plant tissues, as the following resulta show. Pre- 
parations of purified tobacco rattle virus and aliquote 
of leaf extracts, made by macerating M- or NM- 
infected P. hybrida leaves in buffer solution (1 gm. 
leaf in 2 ml. 0-03 M phosphate buffer at pH 7), were 
given different treatments and then assayed for 
infectivity by inoculation to leaves of O. amarani- 
color. At the samo time, portions of treated and 
untreated leaf extracts were extracted with phenol, 
as already described, and the inocula similarly assayed 
for infectivity. Leaf and phenol extracts were always 
made from comparable material, and care taken to 
prevent losses of infectivity from causes other than 
the treatments being compared. The terms actual 
and potential are used to distinguish the infectivity 
of leaf extracts from that of preparations made from 
either the same leaf extracts or from comparable 
material, with the aid of phenol. 

Table 3 shows that exposure at 50° C. for 10 min. 
virtually abolished both actual and potential infec- 
tivity of leaf extracts from NM-infected P. hybrida 
plants. This treatment had little or no effect on 
purified virus preparations and on the actual infec- 
tivity of leaf extracts from M-mfected P. hybrida; 
however, it decreased the potential infectivity of M 
leaf extracts by two-thirds. Incubation with ribo- 
nuclease (10-* ugm./l.) for 20 min. before adding 
phenol decreased the potential infectivity of NM 
much’ more than that of M leaf extracts; yet the 
same amount of enzyme added 20 min. before 
inoculation decreased the infectivity of phenol 
extracts made from each kind of leaf to the same 
extent (Table 4). When leaf extracts were kept at 
20° ©. the actual infectivity of NM leaf extracts 
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decreased more rapidly than did their potential 
infectivity, some of which was left after 3 hr.; M 
leaf extracts seemed stable under these conditions 
(Table 5). The infectivity of phenol extracts of NM 
leaves was abolished by incubation for 20 min. at 
20° C. with an equal volume of healthy P. hybrida, 
or tobacco sap diluted 1/10. These results show that 
the potential infectivity of the NM form of virus is 
leas stable than the rod-shaped virus particles in 
purified preparations, but more stable than free viras 
nucleic acid. This behaviour would be expected if the 
infective material in NM-infected leaves were virus 
nucleic acid contained in or associated with a sub- 
cellular component and thus protected from in- 
activation by other constituents of sap. 


Table 5. STABILITY AT 20° O. OF ACTUAL AXD POTHNTIAL INFEO- 
TrVITy OF LEAF Extracts FROM INFHOTHD P. hybrida PLANTS 


Preparations Final Hr. after extraction 
stored dilution 0 1 2 
NA leaf extract iji 4 9 0 0 
NM leaf extract 
afterwards ex 
with phenol. 1/2 40 61 12 3 
M leaf extract 1/40 17 18 25 86 
Mf leaf extract 
afterwards ex 
with phenol 1/2 80 61 76 92 
Leaf ex pana ior at p infected P. hybrida 
jpaven In & mi, 0 68 A ‘Phosphate puifo 7 and filtering the pulp 
through m and —— for ne ee at 


hay Stace a lea tal ide oe ae 
shaken with cold phenol and processed as described in text at r the 
sare time as untreated samples were Inoculated to leaves o C. — 
teolor. are es of tho mambar of lesion Ss feeb re 
expressed as parceantage number ons (average 
bumed by purified virus dilnted 1/5,000 


To investigate this possibility, and to find which 
cell component(s) might be concerned, leaf extracts 
were fractionated by differential centrifugation. The 
leaf extracts used were made by thoroughly macer- 
ating leaves with a pestle and mortar in cold, buffered 
0-6 M sucrose solution (1 gm. leaf in 2 ml. sucrose), 
and freed from bulky particles by filtering successively 
through muslin, 200-mesh bolting silk and glass wool. 
Preparations made by shaking the filtrates with 
phenol were about half as infective as those made by 
macerating an equivalent amount of fresh infected 
leaf in phenol/buffer mixture. After centrifugation 
in the cold (0-5° C.) for 10 mm. at 1,000g or for 
10 min. at 10,000g, the distribution of infectivity 
between the supernatant fluids and sediments from 
P. hybrida leaf extracts was like that shown in 
Table 6. Whereas the bulk of actual and potential 
infectivity of NM leaf extracts was sedimented under 
these conditions, most of the actual infectivity of M 
leaf extracts was not; about half the potential 
infectivity of M leaf extracts was sedimented. The 


Table 6. JNYEOTIVITY OF PHENOI-BXTRAOTHD AND UNEXTRACITERD 
PRACTIONS PREVIOUSLY OBTAINED BY ONNTRIPUGING P., Aporide Lear 
EXTRACT FOR 10 MIX. at 9,000g 

Not Super- 
Pre tions Final centri- Bedi- natant 
ntrifuged dilution fuged ment fwd 
NM leaf extract 1/1 26 46 17 
NM leaf extract 
fractions afterwards 
extracted with phenol ri 59 64 2 
extract 1/40 18 3 80 
M leaf extract 
fractions afterwards 
extracted with phenol 1/2 98 44 49 


Leaf extracts prepared by eee S oe eee ae hybiida 
leaves in 4 mL 0 68 phosphate buffer at pH 7 and filtering phrougl 
mualin, were kept at 5 A 2-ml. aliquote were centrifuged at 9 
and 6° O. for 10 min. and the sediments resuspended in the arlane 
volume of phosphate buffer. Alquote of supernatant fluids, sediments 
and untreated pre ona were assayed for Infectivity before and 
after treatment wi ne ee Figures are total lesions m 6 C. 

amaranticolor leaves fe percentages ot of tha T (average 
total 1,078) formed by — 
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sediments retained infectivity when resuspended in 
0-2 M sucrose solution and re-sedimented at 10,000y. 
When NM leef oxtracts (1-5 ml.) were floated on 
cold, freshly prepared glycerol gradients (5 ml. 40 per 
cent, 10 ml. 50 per cent and 10 ml. 57 per cent 
glycerol in 0:03 M phosphate buffer at pH 7) and 
centrifuged for 30 min. at 1,000g, followed by 10 min. 
at 10,000g, potential infectivity was associated with 
a fraction that failed to sediment through 50 per cent 
ghycero]. Although green, this fraction seemed to 
contain no intact plastids. 

When tobacco leaves are rubbed either with highly 
purified preparations of tobacco rattle virus or with 
the long particles separable from these by repeated 
centrifugation in density gradients, the proportions 
of lesions that give rise to M and NM variantes is the 
same as when fresh infective sap is used*. Therefore, 
the infective particles produced by M varianta are a 
mixed population, containing many particles that 
are competent to infect cells but which afterwards 
give rise to a form of virus that possesses properties 
much different from those of the parent culture. 
Once infected with this form of virus, plants develop 
persistent symptoms, but their sap is always poorly 
infective and contains no detectable virus antigen. 
Phenol extracts of leaves or of leaf extracta from such 
plants are more infective than unextracted leaf 
preparations, whereas phenol extracts of purified 
virus are only about 5 per cent as infective as the 
intact virus’. The infectivity of phenol extracts of 
crude leaf sap comes from material which is less 
stable to heat than intact virus particles but is more 
stable in sap extracts or in mbonuclease solutions 
than virus nucleic acid. This infective material is 
evidently associated with other cell components and 
is perhaps thus protected from inactivation. Theee 
cell components must be rather large because they 
are mostly sedimented by centrifuging for 10 min. 
at 1,000. 

Assuming that only one kind of cell component is 
mvolved, ribosomes seem unlikely because of their 
small size, and plastids improbable because they are 
normally absent from pollen grains and were not 
detected ın an undamaged state in the infective 
fractions from density gradient columns. Nuclei are 
the most attractive possibility because they are sites 
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of ribonucleic acid (RNA) synthesis, and because 
there is evidence that the nucleus plays an important 
part in the synthesis of two other viruses containing 
RNA, tobacco mosaic?" and fowl plague’. As a 
working hypothesis, then, it is suggested that virus 
nucleic acid is synthesized in the nucleus and virus 
protein in the cytoplasm, and that escape of virus 
nucleic acid from the nucleus is conditional on the 
initiation of virus protein synthesis. The NM forms 
of tobacco rattle virus virtually lack the ability to 
initiate protein synthesis. Thus, virus nucleic acid 
rarely escapes from the nuclei of cells infected with 
NM variants but, when it does, virus rods can be 
formed. By contrast, the M forms of the vigus are 
able to initiate protein synthesis, their nucleic acid 
readily escapes from the nuclei of infected cells and 
quantities of virus rods are then formed. The differ- 
ence between escaping and non-escaping virus nucleic 
acid may be a subtle one, because escaping forms 
produce an sbundance of non-escabing variants. 

Symptoms of infection seem caused by aberrations 
in the nucleic acid metabolism of the host cells, but 
there are indications that synthesis of virus protein 
is needed for planta to display the plant-protection 
phenomenon when inoculated with strains of the 
game virus. For example, systemic infection by NM 
forms of tobacco rattle virus protects plants against 
the symptoms produced by M forms of the virus but 
not against infection by them?. 

The behaviour of NM forms of tobacco rattle virus 
in plants, in which synthesis of virus nucleic acid 
seems virtually unaccompanied by virua-protein 
synthesis, is unlikely to be unique, and solution of 
the problems it poses may well shed light on the 
multiplication of other viruses. 
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RELEASE OF HYDROCYANIC ACID FROM CRUSHED TISSUES OF 
ALL STAGES IN THE LIFE-CYCLE OF SPECIES OF 
THE ZYGAENINAE (LEPIDOPTERA) 


By DAVID‘A. JONES* 
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URING an investigation of the toxic properties 
of certain & 
the crushed tissues of the eggs, larves, pups and. male 
and female imagines of Zygaena filipendulae (L.) and 
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tic moths it was found that’ 


Zygaena loniceras (von Schev.) release hydrocyanic 
acid. Only the eggs and the imagines of Zygaena 
trifolii (Esper.) and the imagines of Procris geryon 
(Hueb.) were available for testing, and these were 
also found to release hydrocyanic acid when crushed. 
The amount released varies with the age of the 
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imagines; old, worn specimens are only slightly 
positive. Pups and freshly emerged specimens 
(weight 66-110 mgm.) release up to 200 ugm. 
per crushed specimen; fifty crushed eggs (weight 
of about 50 eggs 2-64-0 mgm.) release up to 
150 pgm. 

It was found that the larve of Z. filipendulae and 
Z. lonicerae will feed readily on the strain of Lotus 
corniculatus L., which contains cyanogenic glucosides, 
whereas slugs will select acyanogenic plantet. By 
choice, however, Z. lonicerae oviposits on Lathyrus 
pratensis L., in which cyanogenic glucosides have not 
been detected!. We reared larvæ on thus latter food 
plant and found, nevertheless, that all stages of the 
moth released hydrocyanic acid, when crushed. Other 
aposematic species tested (for tests used see below), 
the cinnabar (Hypocrita jacobaeae (L.)), the garden 
tiger (Arctia caja (L.)), the white ermine (Spwosoma 
lubricipeda (L.)) and the scarlet tiger (Panavia 
dominula (L.)) were all negative for hydrocyanic 
acid. 

If disturbed the imagines of the burneta (Zygaena) 
and forestera (Procris) produce a strong-smelling, 
colourless, nt and volatile defensive fluid, 
which bubbles forth around the palps and along the 
proximal portion of the galeae*. Although the smell 
of this repellent fluid is quite distinct from that of 
the crushed bodies of the moths (the smell of the latter 
strongly resembles that of bitter almonds) it -was 
thought that one of the components of the defensive 
fluid might be cyanide, since subjects unable to 
smell cyanide were also unable to detoot the charaoc- 
teristic burnet odour. Spontaneous emissions of 
the defensive fluid were tested and found not to release 
- hydrocyanic acid. The bright greenish-yellow 
hemolymph, however, when drawn off from the 
hmmocole or collected from the specialized ‘bleeding 
areas’? was strongly positive for hydrocyanic acid. 
It has long been known that the hemolymph of the 
burnets (Zygaena) is poisonous? if injected into mice, 
frogs or man, and Rocci® proposed the name of 
zygénine for the toxic principle of the hmmolymph. 
Tt has also been shown that the bodies of Z. lontcerae 
contain histamine‘ ın concentrations (250 pwgm./gm. 
freeze dried tissue) generally associated with 
venomous organs. What part the liberation of 
hydrocyanic acid plays in the complicated defence 
mechanism of these moths is not clearly under- 
stood; but it seems highly probable that it has 
some part in protecting these species from tho 
attacks of vertebrate predators, to which they are 
generally distasteful>. 

The number of insect parasites attacking Zygaena*’” 
1, by contrast, very high, and it seemed highly 
probable that both these hymenopterous and dipter- 
ous parasites must be equipped in some way to deal 
with the specislized medium in which they live. 
Bertrin® has shown that certain helminths which 
parasitize herbivorous domestic animals, and also 
the larva of Gasterophilus equi (Clark), which lives in 
the stomachs of horses, can detoxify hydrocyanic 
acid to thiocyanate by means of the enzyme rhodan- 
ese, which is present in their body tissues. Several 
freshly emerged larve of Apanteles zygaenarum 
(Marshall), a specific parasite of the burnet moths 
(freshly emerged from the larvæ of Z. lontcerae), were 
tested for rhodanese and found to be positive. A 
proportion of all samples of Apanteles collected were 
afterwards found to be infested with the hyper- 
parasite Mesochorus 4s (Thompson), and it 
is therefore possible that their presence may have 
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increased or decreased the relative quantity of rhodan- 
ese detected in the sample in question. Larve of 
Apanteles tetricus Reinhard, a parasite of the oryptic 
caterpillar of the meadow brown (Mantola jurtina 
(L.)) and other Satyridae, were also tested but found 
to be negative for rhodanese. 

Several dipterous larve and two pups parasitizing 
both Z. fillspendulae and Z. lonicerae were tested for 
hydrocyanic acid and found to be complete 
negative. The same species from the same — 
were afterwards tested for rhodanese and found to be 
positive although a few only very slightly so. The 
most strongly positive species among these Diptera 
was the ‘pupa of Zenillia (Phryxe) sp. (probably 
longicauda Wainwright), which is not host-specific to 
the burnet. Blowfly larve and the three-quarter 
grown larve of Zygaena were also tested and found 
to be free of rhodanese activity. Rhodanese is a 
fairly widely distributed enzyme and, although 
hitherto recorded from only one insect®, it is possible 
that it occurs in many, particularly the Diptera, which 
would therefore be pre-adapted to life in a toxic 
media such as the stomach of the horse (a grazing 
animal, feeding by chance on various cyanogenic 
plants) or the larvæ of Zygaena. 

In 1907, resistance to cyanide (hydrocyanic acid) 
was given by Jordan’ as a character of the sub-family 
Zygaeninae. Although relatively rare among moths, 
this resistance to cyanide has been noted in many 
sluggish beetles. The acquired resistance of certain 
strains of Aonidiella auranitt (Maskell) to cyanide 
insecticides has attracted considerable attention!®}, 
and the insensitivity to cyanide of the diapause respira- 
tion of Saturniid pupz has also been recently re- 
investigated**, It would seem possible that the 
burnet moths also have a modified type of respiratory 
mechanism which, in view of the facts described 
above, merits further investigation. 

The presence of hydrocyanic acid was initially 
detected using the sodium picrate test and later 
confirmed by the copper acetate—benzidine acetate 
test}®. Papers soaked in reagent were exposed under 
standard conditions to the vapour released from 
known amounts of potassium cyanide by dilute 
sulphuric acid. The test papers were then matched 
against these standards. Rhodanese was detected by ` 
the method recommended by Sorbo", but owing to the 
scarcity and small size of material only qualitative 
estimates have been made so fer. 

We are grateful to W. H. Dowdeswell and W G. 
Tremewan for kindly sending us materiel, and to 
G. E. G. Nixon, H. Oldroyd and J. F. Perkins for 
determining Hymenoptera and Diptera on our 
behalf. 
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LETTERS TO THE EDITORS 


RADIOPHYSICS 


” Scattering of Radio Waves in the 
lonosphere 


Mxpium frequency radio waves are vertically back- 
scattered from regions of the ionosphere below the 
H-layer. Results in ref. 1 show that scattering occurs 
chiefly in two definite regions, one at a height of 
about 90 km. and the other about 70 km. 

Such attempts as have been made to explain the 
origin of these regions have involved the assumption 
that there must be an increase of irregularities of 
electron concentration, either in number or in 
intensity, in the neighbourhood of these scattering 
regions. It is the p se of this communication to 
show that no increase in irregularities need be postu- 
lated, in order to explain a maximum of radio wave 
scattering from the region at about 70 km. 

The simplest way to illustrate this fact is to assume 
a constant background electron density, N, from a 
height ñs and upwards through the D-region, and a 
uniform distribution of irregularities the fractional 
mean square departure from tho mean of which is 
also the same throughout the region. ‘Then, following 
the treatment in ref. 2, it is fairly straightforward to 
show that, for a radio wave propagated vertically into 
the ionosphere, the apparent reflexion coefficient due 
to scattering, ps, from any height as measured from 
the ground and allowing for absorption will be: 

z (ay) 2Vi — — 
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when p is the angular pulsatance of the radio wave, 
A its wave-length, L the mean size of the irregularities, 
and V the volume from which scattering will be 
received. The magneto-ionic quasi-transverse approxi- 
mation has been used for the dielectric constant for 
simplicity and will apply with reasonable accuracy to 
observations in equatorial regions. Assuming the 
usual exponential variation of electronic collisional 
frequency, v, with height, and neglecting the variation 
of the term V1/3/h, it is now easy to show that this 
function has a maximum at the level where: 
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where H is the scale height. It 1s noteworthy that the 
height from which maximum scattering is observed on 
the ground is independent of the frequency of the 
exploring wave. It is also independent of the position 
of the bottom of the layer. It should be emphasized 
that this height is not the height at which maximum 
scatter occurs, but the height from which maximum 
scattered, echo is received on the ground. 

‘Typical values of ym are shown in Table 1, and the 
probable heights at which these occur are taken from 
work in refs. 3 and 4. The height at which the layer 
begins only affects the amount of scattering and not 
the height from which the maximum scattering comes. 
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Table 1, VALCES OF Pæ FOR BLOOK LAYERS OF VARIOUS ELECTRON 
DENSITTES 

Electron (oni.7*) 200 400 800 1,206 
Approximate bolent 85x 10 13x 10ọỌ 28x10 39x 10" 
A prommate 

69 65 60 58 

Hr oight 

sport (Nicolet) 77 73 69 66 


As an example of the variation of ps with height, 
Fig. 1 shows the scattering from uniformly distributed 
irregularities in ‘block’ layers starting from a height 
where v = 7-5 x 107 and having the electron densities 
as shown. It is possible to consider the level from 
which maximum scattering is observed on the ground 
on a different scale. If we use reduced heights Z in 
units of scale height, measured u from the 
level at which p = v where Z = 0, then the value of Z 
for @ maximum of ps is: 
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However, it must be remembered that the level of 
4 = 0 will vary if the frequency varies. Away from 
the magnetic equator the propagation will move 
towards a quasi-longitudinal approximation, but the 
chief effect of this will be to increase the apparent 
frequency of the wave by the longitudinal gyro- 
magnetic frequency. This has no effect on tho 
position of the maximum. , 

The model ‘block’ layer discussed here is very 
artificial and was used only to emphasize the natural- 
ness of the existence of a region of maximum scatter 
in the neighbourhood of the region where the collision- 
frequency equals the wave frequency. A very similar 
analysis has been made assuming a D-layer in which 
the electron density increases linearly with height, a 
model which is probably more in accord with that 
which actually exists in the D-layer. The treatment 
for such a layer does not lead to a simple analytical 
result as the height from which maximum scatter is 
observed varies with the position of the bottom of the 
layer, the rate of increase of electron density with 
height 4, and the frequency of the probing radio- 
wave. However, Fig. 2 shows the resulta of the 
analysis using a frequency of 2-4 Mc./sec. and other 
variables as indicated. The results are very simular 
to those obtamed with a block layer, a maximum of 
scattering being indicated from a region not far from 


the place where p = v. 
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Fig. 1. 


Variation of p, with height for a block layer 


Nc. 4810 January 6, 1962 


Strength of scattered 
goho received on pene 
(arbitrary J 


Dl 





Nicolet A &m__¢ 


Wwe 2. Variation of p; with hept for a linear layer when f = 
2'4 Me./seo. Values of A are rates of increaze of 
electron density with height in electrons/am."/scale height 


Naturally, any gvariations with height of the size 
density, or intensity of the irregularities will affect the 
picture, but it is the purpose of this communication. 
to emphasize that no abnormal maximum of irregu- 
larities, or of electron density, is required around the 
region of 70 km. to explain the fact that a maximum 
is observed in the echo strength scattered from that 
height. 

This work was aided financially by the Office of 
Aerospace Research of the United States Air Force 
under contract No. AF 61(052)-421. We are indebted 
to Dr. N. J. Skinner for valuable discussions. 

B. R. OLEMESHA 
R. W. WRIGHT 
University of Ghana, 
Legon, Accra, Ghana. 
1 iar F., and Pawsoy, J. In, J. Atmos. Terr, Phys., 3, 821 
s ———— G., and Gordon, W. B., Proo. Inst. Rad, Eng., 38, 401 
* Fejer, J. À., J. Atmos. Terr. Phyt., 7, 322 (1055). 
*Nioolet, M., J. Atmos, Terr. Phys., 3, 200 (1958). 


Horizontal Diffusion and the Geomagnetic 
Anomaly in the Equatorial F-Region 


Mirza’ and others have suggested that horizontal 
ambipolar diffusion of ions and electrons may be of 
importance in the equatorial #-region, but there has 
been, so far as I know, no quantitative investigation 
of the rates of horizontal diffusion. Since diffusion 
will be almost exclusively parallel to the Earth’s 
magnetic field, it is convenient for such an investiga- 
tion to use orthogonal curvilinear co-ordinates based 
on the geomagnetic equipotentials and lines of force, 
and to introduce a co-ordinate, v, say, representing 
distance along a line of force, measured from a pomt 
vertically above the magnetic equator, at a distance a 
from the Earth’s centre. If z, a and the height z 
are measured in unite of the scale-height H, which 
is supposed constant, and if a dipole field is assumed, 
then I find that the rate of increase of electron density 
N due to diffusion at any point on a line of force is 
given by: 


an 3, aN 
D = (d, exp z) EN — z sind > 
ae — 1 p o 
+ N |3 amt a rTP] 


except for some terms arising from the convergence of 
the lines of force which can usually be neglected. 
In this equation J is the magnetic dip, } the magnetic 
latitude and d, is a constant. 
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The last term of equation (1), which may be 
important near the equator, arises from the rate of 
change of sint, the force due to gravity, along 
the line of force. If this term is neglected and varia- 
tions in a horizontal direction are assumed to be zero, 
then since: 


oN oN cosl aN 
w = — ml ee t gooh ap (2) 


equation (1) reduces at once to Ferraro’s expression? 
for the case of vertical diffusion. 

Experimental values of N/s and of 04N/dx* for 
the regions below the electron peak may be obtained, 
and hence values of D computed, using electron 
density contours in & meridional plane, such as those 
published by Wright’. It is clear from these that 
application of Ferraro’s equation at low latitudes can 
lead to serious errors. 

At the magnetic equator itself, T, ¢ and, it may 
be assumed, 3N/ðx, are all zero. It is not easy to 
determine 0°N/ex* accurately, but since, as Appleton 
has shown, the equatorial minimum develops between 
08 hr. and noon, é*N/dx? must become zero at the 
equator during this process, and the form of (1) 

that this may represent a stable condition. 
If this is so, then around midday we have: 


PN jir vw Offord = 0 (3) 
in which case equation (1) reduces to: 
D = — (dN exp z)/a = — Nd, say (4) 


Under equilibrium conditions the vertical distribution 
is then given by: 


q qə exp (1 — 2) 
B+a~ Boexp(—22)+ (dexpayja ®© 


where q is the rate of electron production and B the 
rate of electron loss, radiative recombination being 
neglected. According to equation (5), N has a maxi- 
mum where 8 = 2d. At sunspot maximum the mid- 
day electron peak at the equator forms typically at 
about 450 km., and at this height the magnitude of 
d is about 10-* sec.~?, It would agree with other 
evidence’ if B were also of this order at 450 km. 
It is thus clear that, if the hypothesis denoted by 
equation (3) is valid, horizontal diffusion would be 
a decisive factor at and above the electron peak. 
A further consequence of the hypothesis (3) may 
be relevant in connexion with a major and puzzling 
feature of the geomagnetic anomaly, namely, that 
near sunspot maximum the equatorial electron peak®*5 
may be formed about a scale-height higher than the 
peak at the crests of the ‘bite-out’, that is, it is formed 
where the equilibrium value, q/8, is at least twice as 
high as it is at the crests, though N itself may be 
50 per cent leas. It is probable that equilibrium 
conditions are not fully achieved by noon, but the 
relative stability normally observed near the layer 
peak after noon suggests that a situation not far 
from equilibrium may have in fact been reached. 
Large upward vertical drifts have been predicted? 
for the period around midday at the equator, and 
the observed rapid rise of the peak-level (at a rate 
similar to that predicted for the vertical drift) is 
confirmatory evidence of this. If equation (3) is valid, 
such drift will tend to raise the layer to an equilibrium 
position where the diffusion term is dominant, so that 
the equilibrium value, now given by equation (5), is 
substantially less (by a factor of 2 or more) than q/8. 
At the crests, however, diffusion is more nearly verti- 
cal, and it has been shown?! that in this case upward 
drift leads to a peak electron density greater than 
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tho local value of ¢/8. These two facts taken together 


appear to be quantitatively adequate to explain the 
anomaly in question. 
A. J. Lyon 
Department of Physics, 
University College, 
Ibadan, Nigeria. 
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Dr. Lyow concludes that, at the magnetic equator, 
the vertical distribution of electron density N takes 
the form N & 6 above the F2 peak, the height z 
being measured in unita of the scale height of the 
ionizable gas. This is in contrast to the situation at 
high latitudes where vertical diffusion is not hindered 
by Earth’s magnetic field, and the ionization takes 
up a distribution resembling that of a gas, the mole- 
cular weight of which is half that of the positive ions 
(for example, ref. 1); that is, N œ eir. 

Lyon’s result is obtained by consideration of the 
continuity equation for N, which at equilibrium may 
be written: 

q — BN + {D = 0 (A) 
Here, q and B represent the production-rate and 
loss-coefficient; and transport of ionization by pro- 
ceases other than diffusion is omitted. To a first 
order, ionization can only diffuse along the lines of 
magnetic force, in the direction of Lyon’s co-ordinate 
x, and the diffusion term {D} may be expressed in 
terma of this co-ordinate: see Lyon’s equation (1). 
Lyon then assumes that d7N/dx* = 0 at the equator, 
where the dip angle J vanishes; and that at any 
height N is determined by the local values of the 
production, loss and diffusion parameters. His 
conclusion then follows from equation (5). 

Now at great heights in the F region both g and 
8 are so small that equation (A) reduces to {D} = 0. 
This is the condition for the ionization to be in diffu- 
sive equilibrium, and is incompatible with the 
assumption that d*N/dz* = 0. 

The intention of this communication is to pomt 
out that the distribution of ionization in diffusive 
equilibrium along a line of force, N(x), must vary 
with altitude z ın the same manner, N œ e-z, at 
low latitudes as elsewhere. This is just the simple 
Boltzmann distribution for the partial pressure of 
, ionization, and is independent of the geometry of the 
field which constrains diffusion. 

Previous theoretical studies of an idealized F region 
controlled by production, loss and diffusion** refer 
to higher magnetic latitudes, say, I > 30°. Solution 
of the equation (4) shows that in the lower part 
of the F region the vertical distribution of ionization, 
N(z), resembles the ‘photochemical equilibrium’ value 
q(z)/B(z). The F2 peak occurs where diffusion and 
loss are of comparable importance. At any height 
z well above the peak, the form of N(z) does not 
depend on the local rates g¢(z) or B(z), or even on the 
diffusion coefficient at this height; instead, the pro- 
file of N is of the form appropriate to diffusive 
equilibrium, proportional to e-t. In the actual 
F region, the photochemical processes are probably 
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dominant below 300 km. and diffusion is dominant 
above 450 km.; these figures are approximate. 

It is suggested that this qualitative description of 
an equilibrium layer is valid even in low latitudes 
in the following way. Consider a line of force which 
crosses the equator at a height greater than 450 km., 
at which diffusion is dominant. The distribution of 
ionization along the highest, central portion of this 
line of force does not primarily depend on the local 
values of g and 6; instead, N(x) is adjusted by diffusion 
so that equation (A) is satisfied everywhere, and is 
then largely governed by the photochemical rates 
on the portions of the line of force which lie in the 
lower F region, below an altitude of 300 km, These 
portions are situated some distance north and south 
of the equator. 

The foregoing discussion refers only to the distribu- 
tion of ionization, N(x), along a line of force. It 
does not give the vertical distribution N (z) at a single 
latitude; in order to determine this, it is necessary 
to solve equation (A) for many separate lines of 
force and thus find the equilibrium distribution of 
ionization in both latitude and height. Nevertheless, 
there is no reason to believe that the vertical distribu- 
tion of ionization in the upper F layer above the 
magnetic equator differs greatly from that at other 
latitudes. 

I am indebted to Dr. Lyon for sending a copy of 
his communication in advance of publication. 

H. Risapere 
Radio Research Station, 
Department of Scientific and Industrial Research, 
Ditton Park, Slough. 
1 Mango, P., J. Geophys. Res., 85, 8833 (1960). 
* Yonezawa, T., J. Radio Res. Lab., 3, 1 (1956). 
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(1960). 
GEOPHYSICS 
Frequency of Meteorite Falls throughout 
the Ages 


A DETAILED investigation of Lower Triassic mud 
and coro samples from north-west German oil wells 
whioh I have carried out has revealed the presence 
of cosmic spherules in considerable numbers. Aithough 
magnetic and vitreous spherules origmate also from 
various industrial processes, there seems to be Little 
doubt that the spherules referred to represent 
genuine cosmic matter, as their main components 
are magnetite and an iron—magnesium silicate (olivine 
or bronzite). Thus they have the same composition 
as the Sikhote-Alin spherules extracted from the 
soil after the fall of that meteorite. Spherules from 
deep-sea sediments show the same composition. 

These findings suggest that meteors have reached 
the atmosphere of the Earth long before Quaternary 
times, and there is no reason to suppose that some of 
them should not have reached the surface of the 
Earth itself. 

The investigations also suggest that the fall of 
spherules did not vary considerably in Lower Triassic 
times, but was fairly constant. No reference can be 
made at present to other geological ages, as more 
detailed investigations are in progress. 

These results are contrary to Paneth’s views, 
supported by Dingle’, that glass meteorites did not 
fall before the late Tertiary and early Quaternary, . 
and that iron and stone meteorites did not fall before 
the late Quaternary, if the theory is accepted that 
cosmic spherules are derived from meteors heated 
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to superficial melting during flight through the 
atmosphere. My experience suggests that Petters- 
son’s view that there was moteoric activity long before 
the Quaternary is fully justified. 

KARL UTECH 


Minoralogisch-Geologisches Institut, 
Technische Hochschule, 
Braunschweig, Germany. 

1 Dinglo, H , and Pettersson, H., Nature, 191, 482 (1961). 


GEOLOGY 


ignimbrites in the Alkaline Rift Volcanics 

of Tanganyika 

IGOMMMBRIPES are typically developed in orogenic 
zones among the sub-aerial manifestations of geosyn- 
clinal and late- and post-orogenic voleanicity. They 
have also been found im anorogenic zones such as the 
Thulean and Oslo magmatic provinces. We have 
recently recognized ignimbrites among the early 
phases of activity in the alkaline Rift voleanics of 
Tanganyika, the first time that such rocks have been 
identified in this important anorogenic continental 
province. (The “ignimbrites’”” mentioned by Davies?! 
in this region appear to be lahars.) 

The best development of ignimbrites so far found 
lies on the Elton Plateau in south-western Tangan- 
yika, where they form part of the early extrusive 
suite of the Rungwe volcanic province*. In this 
area, which has been mapped by both of us, the 
ignimbrites occur as flows up to 150 ft. thick, low in a 
sequence of olivine basalts, phonolitic and trachytic 
lavas and pyroclastics, and debris avalanches of 
material from neighbouring Precambrian hill r i 
The rocks described here were originally referred to as 

~‘flow brecoia’ or ‘phonolite lava breccia’. Their true 
nature was not appreciated until more recently. 

Ignimbrites of the Elton Plateau are essentially 

rooks containing phyric constituents as well 
as a great deal of xenolithic (mainly phonolitic) 
material. The glassy matrix, which comprises between 
two-thirds and three-quarters of the rock, shows 
varying degrees of devitrification. It displays the 
typical banding and flow structure of ignimbrites 
from other provinces. There is evidence of marked 
welding, and the characteristic flattened Y-shaped 
shards of the welded tuffs are also visible. 

Preliminary petrographic and chemical investiga- 
tions indicate that the ignimbrites are essentially 
phonolitic. The bottoms of individual flows some- 
times resemble, both chemically and petrographically, 
the normal phonolites of the Elton Plateau. In the 
lower parts of the flows, too, the specific gravity lies 
within the range of that for these phonolites, namely, 
2-44--2-69, with a mean of 2:55. In the upper parts of 
the flows there is a decrease in specific gravity; the 
avorage for 26 ignimbrites is 2:15. At the same time 
there is a marked increase in the volatile content over 
that of normal phonolite, while there is a correspond- 
ing decrease in the figures for soda; potash figures 
remain fairly constant. The cause of the enrichment 
in volatiles and loss in soda is under investigation at 
present. A similar loss in soda is found in certain 
pyroclastice erupted at an early stage during tho 
voleaniam of this region. 

In common with the lavas and tuffs of the Elton 
Plateau, the ignimbrites are thought to be related to 
the volcanic centre of Katete, which is probably the 
oldest major central voleano in the Rungwe Province. 
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Rifé faulting seems to have post-dated part of the 
Katete volcanism and raised the voleanics of the 
Elton Plateau well above their original position. The 
major earthquake shocks related to this movement 
are probably responsible for the debris avalanches 
found on the Elton Plateau above the ignimbrites. 

imbrites are not confined entirely to the 
Elton Plateau and adjacent areas of the mountainous ` 
country of Ukinga and Uwanji. Isolated occurrences 
have been found among the early extrusives on the 
western slopes of Katete, near the foot of Mbeya 
Range, and on the north-eastern flanks of the Poroto 
Mountains. 

Following on the recognition of ignimbrites in the 
Rungwe province, other examples have come to 
light among the extensive early extrusives of the 
northern volcanic Rift province of Tanganyika. 
These include examples from Olduvai Gorge (at a 
stratigraphical horizon lower than that in which 
Zinjanthropus Bowser was found) and from the 
southern side of the Oldeani volcano. Other dis- . 
coveries will no doubt come to light in the East 
African Rift voleanic province, but it appears that 
they are more likely to be found among the earlier 
phases of that volcanism. 

At the moment these rocks are being investigated 
in more detail. As the occurrences of ignimbrite all 
lie in reletively inaccessible parte of Tanganyika, it 
was considered desirable to direct early attention to 
their presence in this short communication, rather 
than await an opportunity for completion of the 
work, which may be delayed. 

This communication is published by permission of 
the Commissioner for Geological Survey, Tanganyika. 

D. A. HARKIN 


J. R. HARPUM 
Geological Survey Division, 
Ministry of Commerce and Industry, 
P.O. Box 69, 
Dodoma, Tanganyika. 
+ Davies, R. G., Quart. J. Geol. Soc. Lond., 115, 216 (1959). 
Hakin, D. A., Mem. Geol. Surv. Tanganyika, 8, 172 (1960). 


PHYSICS 


Optical Demonstration of Bragg’s Law 


In @ recent communication! Prof. W. G. Burgers 
describes a simple method of demonstrating Bragg’s 
law using the Lippmann method! for producing colour 
photographs, in which colour changes are observed 
when a parallel beam of white light is reflected from 
the Lippmann plate at successively different angles. 

A more realistic demonstration of Brage’s law can 
be given by photographing a highly demagnified 
image of a half-tone plate (which is effectively a 
two-dimensional dot gratmg) on to a Lippmann 
emulsion backed by a mercury mirror, so that a three- 
dimensional grating is formed within the emulsion 
by the Lippmann process. 

Suitable fine-grain emulsions have been made by 
Dr. B. H. Crawford? of the Light Division of this 
Laboratory and the method of preparing the emulsion 
is described in detail in “Small-Scale Preparation of 
Fine-Grain (Colloidal) Photographie Emulsions’. 

A. possible application of the technique is in the 
determination of the orientation of single crystals 
from their X-ray diffraction photographs. The 
optical analogue can be set up and orientated with 
respect to a beam of light until the observed pattern 
corresponds to the X-ray diffraction pattern, bearing 
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in mind that some reflexions will be absent in the 
latter. A. FRANKS 
K. F. HALE 
National Physical Laboratory, 


Teddington, Middlesex. 
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Thermoelectric Power of Gallium 


My recently published measurements of the 
thermoelectric power of single crystals of jum? 
have been followed by a measurement of the thermo- 
electric power of liquid gallium and by confirmatory 
calibration runs with lead and copper. During the 
course of these measurements, it was realized that 
the sign convention used in the presentation of the 
earlier results, that quoted by R. Stratton’, was 
inconsistent with some others which had been used 
in the compilation of results for this work. The sign 
of the x.m.y. plotted in Fig. 1 and Table 1 of the 
earlier communication must be reversed to make the 
results consistent with the convention quoted below 
that diagram. 

Using the convention as printed! and combining 
the results with-the absolute thermoelectric power 
(Q*) of copper give the following revised values: 


m 

Qaacion) = + 1:50 + 0-010,7 
& 

Qaaioiny) = + 052 + 0-001,7 


+ 
Qanool) = + 1'86 + 0010,7 


It now appears that the Thomson coefficients for 
the (100) and (001) directions are approximately 
equal and much greater than the value for the (010) 
direction, which is rather small. 

Further work with spectroscopically pure copper 
and lead has confirmed that the copper sample used 
in the earlier work was suitable as a reference stan- 
dard. The absolute thermoelectric power of liquid 
gallium at 30° C. has been found to be : 


Quaak.) = — 02, 4V. deg C. 

This result confirms the belief of previous workers’, 
who deduced that the thermoelectric power of gallium 
was small, that there was a decrease of about one 
microvolt deg.~! C. on melting and that probably this 
decrease was accompanied by a change of sign. 

P. HORNER 
Physics Branch, 
Royal Military College of Science, 
Shrivenham, Swindon, Wiltshire. 
t! Horner, P., Natura, 191, 58 (1961). 
* Stratton, R., Brit. J. App. Phya., 8, 315 (1957). 
* Cuszcek, N.. and Kendall, P., Proo. Phys. Soe., 75, 309 (1960). 


CHEMICAL ENGINEERING 


Separations in Fluidized Systems by Means 
of Dielectric Charging of Materials 


E1vseHwHune)*, we have described a new pheno- 
menon, namely, that during the fluidization of 
solid materials in a gas stream under certain con- 
ditions charging of the particles occurs. We have 
also suggested that it is possible to separate com- 
ponents of a complex fluidized material, taking into 
account their physical and particularly dielectric 
properties. 
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FLUIDIZATION COLUMN 





Fig, 1 


For examination of this phenomenon we used an 
arrangement shown in Fig. 1. 

In order to effect the electrical charging, it is 
necessary that the material should be a non-conduotor. 
If the moisture content of the gas is higher than a 
certain value, charging does not occur. If air is used, 
the relative moisture content should be about 
30 per cent. 

Owing to the vigorous movement inside the 
fluidization column, the particles collide with each 
other and with the walls of the column and acquire 
electrical charges. Presumably particles with different 
dielectric constants acquire different charges. On 
measuring the voltage of the metal rod submerged 
in the fluidized bed, we found that it varies with time 
and with the material used. At the beginning of the 
fluidization process, the voltage has its highest value, 
and varies from 400 to 5,000 V. If a two-component 
system is being fluidized, and a metal rod, or a rod 
of some other material different from the walls of 
the column, is submerged in the fluidized bed, part- 
icles mainly of one component are separated on it. 
With a glass column and a metal rod, the walls of the 
column are charged positively and the metal rod 
negatively ; this effect can be emphasized by earthing 
the metal rod. In relation to the depth of submerg- 
ence of the rod in the fluidized bed, that is, to the 
distance from the rod tip to the wire net, the material 
separates in two places on the rod, the lower accumu- 
lation being of higher purity (Figs. 2 and 3). This is 
thought to be the result of very complex electro- 
static fields in a system of this kind. 


Table 1 
Degree of Metalrod Glasa wall of the 
System separation fluidization colamn 
Powdered tron-quartz 
sand 
Magnetite-qnarts sand none — — 
Magnetite-marble 
Coke- quartz sand 
Pyrite-quartz sand very poor pyrite quartz sand and 
Pyrite-marble marble, ees 
Pyrhotine-quartsz sand 


vary poor pyrhotine quarts e sand 
marble 


Pyrhotine-marble > respectively 


Bante-quarts sand fair barite — and 
Barite-marble marble, —— 
Hematite-quartz sand = falr hmmatite quarta sand 
Hematite-marble le, aiias E 
Marble-quarts sand high marble — sand 
Hard coal-quartz sand high hard coal quartz sand and 
Hard ooal-marble marble, respectively 
Brown coal-quartz sand high brown ooal miari sand and 

wh ooal-marble la, respectively 


Lignite-quarts sand very good Hgnite — ‘wand. marble 
Lignite-marble . and olay, respec- 
Lignite-clay tively 
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In order to get more detailed information about 
this phenomenon the following experiment was 
performed. A sealed glass tube was inserted in the 
fluidized bed. Owing to collisions and friction, it was 
charged positively, in the same manner as the glass 
' walls, and consequently the same material separated 
on both container and tube. If a metal rod is 
inserted in the glass tube, and both inserted in the 
fiuidized bed, then the same material separates on the 
glass surface which would separate on the metal rod 
if it were alone. We believe that charging by induc- 
tion takes place and lence negatively charged 
particles separate on the glass rod in the first experim- 
ent and positively charged particles in the second. 

We believe that this explains, at least in part, 
the principle and the main features on which the 
new method of separation is based. In order to 
study the possibilities of separation, we carried out 
several experiments with two-component systems 
using ground maftrial of the same particle size 
— 30 + 40 DIN1171 (particle size 0-150—0-200 mm.). 
The results are given in Table 1. 
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It is evident from these results that the electrical 
charging and consequent separation do not ocour if the 
materials are electrical conductors. The charging 
and separation are very small if the materials aro 
semi-conductors, and the most effective separation 
is achieved if dielectrics were used. Materials with the 
higher dielectric constants separate on the metal rod, 
as would be expected from Cohen’s rule. 

No doubt, the method could be used for separation 
of both organic and inorganic substances, and work 
is being done on these lines. 


8. Konéar-Dsurpsevid 
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Belgrade. 
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CHEMISTRY 


Self-sustained Discharge Detector 
for Chromatographic Analysis of 
Permanent Gases 


A Review of the ionization detectors for gas 
chromatography has been made by Lovelock! 
While primarily designed for the sensitive detection 
of organic gases and vapours, Lovelock’s* radioactives 
argon ionization detector has been adapted by Willis? 
to the detection of permanent gases. The latter 
arrangement permitted the use of a commercially 
available instrument, with only a slight alteration in 
the nature of the carrier gas. Use is made of the 
property of permanent gases to quench the ionization 
current flowing through the radioactive ionization 
detector, when the argon supply 1s contaminated by a 
small amount of ionizable organic impurity. Theoret- 
ical considerations have been presented by Lovelook?. 

A new approach to the ionization-type detection 
of permanent gases in @ chromatographic system has 
been derived from the observation 
thet a stable self-sustained, d.o. 
discharge, giving a useful response 
to these gases as a diminution of 
current, may arise m dry argon 
contaminated by some organic gas 
or vapour, at atmospheric pressure 
and room temperature, in a simple 
non-radioactive chamber. 

In a typical experiment, & cylin- 
der mixture of commercial argon - 
with 200 vol. per million of ethyl- 
ene was used as carrier gas, with 
a silica gel column previously 
heated under carrier flow to avoid 
slow elution of any water present 
in the adsorbent. The detector was 
a small cylindrical brass chamber, 
2 in. in length by + in. internal 
diameter, acting as the cathode, and 
0-5-mm. platinum wire coaxial anode 
with smoothed tip. The chamber 
was vented to atmosphere through 
mnall-bore tubing to avoid back 
diffusion of air. The detector was 
polarized by 1,000 V. d.c. through 
a 3:5 x 10° ohm series resistor 
and a current measuring device. 

On, admission of the carrier gas through the detector 
at rates in the range of 50-200 ml. per min. 8.T.P., & 
stable self-sustained discharge was regularly observed. 
This discharge was associated with a faint blue glow, 
visible when a glass tube detector with two platinum 
electrodes was used. The steady ionization current 
was close to 15 x 10! amp. When a long-term drift 
was observed, it was generally attributable to water 
contamination. 

Elution of peaks of permanent gases from the 
chromatographic column causes a sensitive and 
reliable diminution of the ionization current, free 
from memory effects. For carbon dioxide, the mini- 
mum detectable level was of the order of magnitude of 
0-001 ul. 8.2.2. per gec., and the maximum sample load 
compatible with persistence of the discharge was of 
the order of 0-7 pl. 8.2.P. per sec., corresponding to a 
current decrease by more than 80 per cent. When the 
current is further decreased, — bursts occur, 

With the variable-current type of polarization 
described, the response, measured in terms of the 
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integral of current dimmution with respect to time, 
was found linear to the permanent gas sample size. 
Maximum current drop compatible with linearity was 
at least 70 per cent. All figures given here are valid 
only for the stated circuit condition. 

The common permanent gases (nitrous oxide, 
nitrogen, oxygen, hydrogen, carbon monoxide, chlor- 
ine) gave simuar responses. Calibration is needed for 
quantitative analysis of mixtures, since specific 
zesponses vary. 

In survey experiments, several organic gases and 
vapours were tested as argon contaminants, and all 
were found effective m the building up of a self- 
sustained discharge. In one instance, the cylinder 
helium was contaminated and showed similar behav- 
iour. The method of polarization described was found 
useful for the observation of some characteristics of 
the discharge in contaminated argon, by making 
both the d.c. source and the series resistor adjust- 
able. 

It was first observed that the discharge could be 
started at field strength well below that necessary for 
spark production in pure dry argon at standard 
pressure. With an inter-electrode space of 3 mm., a 
typical breakdown voltage was 600 V. This level is 
relatively insensitive to moderate variations of the 
partial pressure of the organic contaminant, which is 
about 0-1 mm. of mercury at ethylene concentration 
of 200 v.p.m. It is very sensitive to traces of per- 
manent gas contamination, including water vapour, 
which explains the usefulness of the discharge as a 
detector for these gases. 

For ionization currents set in the range 10-*10-8 
amp. the potential drop across the detector in the 
steady state was but little affected by changes in 
current value, which bears some similarity with the 
potential-current relationship in a true low-pressure 
discharge mainteined in the Townsend and dark self- 
sustained discharge region’. The quenching effect of 
permanent gases on the discharge results in an increase 
of the breakdown voltage during peak elution, as it 
may be derived by simple calculation from the current 
readings and circuit data. The range of detector 
response will be extended with a d.c. source potential 
largely ın excess over the potential drop across the 
chamber in the steady state, but at the expense of a 
loss of absolute sensitivity. A useful compromise 
seems to be the use of 30 per cent excess. A constant- 
current circuit associated with the measurement of 
the voltage drop across the chamber would be another 
approach to the use of this detector. 

These results seem to provide sufficient grounds to 
revise partially tho familiar concept, based on the 
electron mean free path theory, that gases at standard 
temperature and pressure are electrical insulators as 
far as moderate d.o. fields are concerned. 

Two indications of a particular behaviour of rare 
gases possibly containing readily ionizable contami- 
nants have already appeared in the recent literature. 
Heahti, Nikkari and Kolunen’! have described the 
ionization-type detection of long-chain fatty acid 
methyl esters with a non-radioactive detector, using 
argon carrier. This mode of detection has been 
discussed by Upham, Lindgren and Nichols’. We 
think that the bleeding of polyester chromatographic 
columns operated at high temperature produces 
enough organic vapour in argon to develop a self- 
sustained discharge, when placed in a field of sufficient 
strength. We found that a non-radioactive detector 
was of no use with ‘Apiezon’ columns, in contrast to 
polyester ones. 
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Later, Karmen, Giuffrida and Bowman’ observed 
that a radioactive ionization source may be non- 
easential in the design of a detector for permanent 
gases using cylinder helium as carrier gas. Their 
contamination being very low, they observed an 
increase in conductivity followed by a decrease, with 
increasing amounts of sample gas. 

The mechanism of a self-sustained discharge 
detector as described ıs expected to be complex. Bo 
far as the quenching effect of permanent gases on 
the discharge is concerned, and excludmg the 
phenomena which lead to the complete extinction of 
the discharge, it may be that the indirect electron 
mobility theory, mtroduced by Lovelock? for the 
radioactive detector operated with con ted 
argon, will be found valid in this case. Production of 
metastable argon atoms in the discharge seems pos- 
sible in view of the long mean free path of electrons 
arising from the primary ionization of organic gas 
molocules at low partial pressure, in a relatively high 
field. The origin of these primary electrons would be 
explained by the general theory of the formation of 
charge carriers 1p a common low-pressure di 
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Purification of Sodium Taurocholate 


Soprom taurocholate, essentially free from sodium 
cholate, was required in considerable quantities. 
Norman’! has published a convenient synthesis for 
individual conjugated bue acids, but with his method 
my product from cholic acid consistently contained 
2-3 per cent of unconjugated material. Reversed- 
phase partition chromatography, used by Norman to 
purify his conjugates, was unsuitable for large 
quantities. 

Commercial cholic acid contamed 5-7 per cent of 
dihydroxy acids, presumably mainly deoxycholic 
acid, and recrystallization from ethyl acetate or 70 
per cent ethanol reduced this to about 2 per cent, but 
did not remove it. This differs from Norman’s 
experience!. However, for our purpose, the presence 
of deoxycholic acid was not objectionable, provided 
it underwent conjugation. Preferential extraction of 
free cholic acid from aqueous taurocholic acid solution 
has proved an effective method of freeing the latter 
of unconjugated material. 

Sodium taurocholate (25 gm.), prepared by 
Norman’s method, was dissolved in water (125 ml.), 
passed through a cation-exchange column (‘JR 120’, 
50 gm. Ht form), the column washed with water 
(2 x 25 ml.) and the combined eluate extracted with 
ethyl acetate (5 x 200 ml.) to remove free cholic 
acid. The extraction had to be rapidly completed 
(+0-5 hr. overall) to avoid hydrolysis of othyl 
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acetate, with subsequent contamination of the 
product by acetate ion, and it was advisable to remove 
ethyl acetate from the aqueous layer by one final 
extraction with ether (200 mli.). 

The aqueous solution was then neutralized with 
sodium hydroxide and evaporated to give a colourless 
glass, which crystallized from 88 per cent alcohol 
(160 ml.) and ether (90 ml.) on chilling overnight, in 
rosettes of needles (16 gm.). Paper chromatography* 
of this purified material revealed about 1 per cent 
taurodeoxycholate, but no detectable (that is <0:5 
per cent) unconjugated acids. 

ä I. G. ANDERSON 


Guy’s Hospital Medical School, 
London, 8.E.1. 
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Successive Stages of a Graphite-Potassium 
Compound and its Thermal Expansion 


GRAPHITE and potassium amalgamate easily, 
resulting in goldeu orystals, and the colour changes 
to brown, then to dark blue as the potassium is 
driven off by heating. Schleede and Wellmann! 
analysed two stable forms of the lamellar compounds 
with intercalated potassium atoms in one and two 
graphite layers respectively. Later, higher stages up 


to five were analysed! with the less controllable . 


compounds of graphite-sulphuric acid. Quite recently, 
Hooley? proposed a sealed-edge theory to account for 
the stepwise formation of the compounds concerned. 
I have also been interested in this point and have 
performed some experiments which will be described 
here. 

Graphite powder with excess potassium was sealed 
in one end of a thin glass tube having an outside 
diameter of 1-2 mm. and then the potassium was 
slowly driven off or absorbed again by local heating. 
A high-temperature powder-camera of 24 cm. 
diameter and filtered molybdenum radiation were 
used 


Observed diffraction lines having indices (00J) 
are shown in Fig. 1, where the orders are indicated on 
the left side of respective stages. The order of a stage 
is equal to the number of graphite layers between 
nearest potassium layers. Stage 1 was obtained after 
heating for 12 hr. at 200° or at 300° C. The heating 
was continued and stages 2 and 3 appeared during 
24 hr. at 366° C. Stages 4 and 5 appeared successively 
during the next 49 hr. at 400° C. Stage 6 appeared 
after 24 hr. at 420° C. Stages 7, 8, 9 and 10 appeared 
successively during prolonged heating at 440° C. for 
76 hr. In this series of steps overlapping patterns 
were observed only between stages 1 and 2. The time 
of heating to get a certain stage is subject to many 
factors and differed for different series of experiments. 

The spacings of the doublet lines appearing on the 
left side of each stage agree with the values calculated 
by the following formule within the errors of 
experiment: 


5-32 + 3-37 (n—1) 832 + 3-37 (n-1) 
a nD ce ss oe Ca 


where n is the order of the stage. As shown in Fig. 1 
stepping up of the stage is suddenly broken at stage 11 
by the appearance of the stronger 002 line of graphite, 
while the higher order line of the’ doublet still remains 
in this transient state, and it disappeared completely 
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Fig. 1. Spacing (A.) in logarithmic scale 


after further heating for 24 hr. at 440° C. This point 
was confirmed by repeated experiments and it has 
been concluded that in the range beyond stage 10 
the forces to hold potassium atoms periodically 
between graphite layers are overcome by the thermal 
motion. 

The temperature shifts of the pairs of lines were 
observed using a short specimen tube containing 
sufficient amount of potassium for stage 1 and heating 
uniformly in an aluminium furnace at temperatures 
ranging from 15° to 340° C. Since the shifts occurred 
reversibly it was considered to be due to thé true 
thermal expansion in the c-direction, and the coeff- 
cient has been estimated to be 47 x 10-* + 7 x 105, 
the value being fairly large: when compared with 
27 x 10 for graphite‘. As would be expected smaller 
shifts were observed also in stage 2; however, the 
coefficient had not been determined because of the 
experimental difficulties encountered. 
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Dependence on Temperature of Hyperfine 
Couplings ‘In the Free Radical SO,7—NH3t 


In connexion with a study of the electron spin 
resonance spectrum of the free radical SO,-, the 
spectrum of a single crystal of sulphamic acid 
SO, —NH,* irradiated with 1-MeV. y-rays was exam- 
ined in an X band spectrometer. In addition to the 
line g = 2-004, attributed to 80,7, a wide hyperfine 
pattern was observed. Observations at 300° K. were 
consistent with the presence of the radical 80, —NH,t*, 
in four magnetically inequivalent sites in accordance 
with the orthorhombic unit cell}. The hydrogens were 
wholly equivalent at all orientations, indicating? 
‘rotation’ about the S—-N bond. The principal direc- 
tions of the nitrogen and hydrogen coupling tensors 
were parallel within the experimental error. The 
largest nitrogen coupling is expected to be perpendicu- 
lar to the plane of the —-NH,* group, and the largest 
hydrogen coupling alopg the N bond direction. 
The details are given'in Table 1, and the direction 
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Table 1. PRINCIPAL HYPERFINE COUPLINGS IN Mc/sEc. AT 300° K, 
Signs of H couplings all same and presumed negative. Agns of N 


couplings all taken positive without experimental proo 
Direction N H 
1 plane 103 ~ O6 
T N 17 ~~ 83 
— {in plane) 83 ~~ 44 
tropic 51 ~ ~ G4 


cosines were consistent with S—N directions in the 
undamaged host. 

° Investigations at 77° K. showed that the rotation 
about the S—N bond had slowed, and the two hydro- 
gens could be distinguished in some orientations, 
although some lines were broadened considerably by 
the remaining rotational motion. A change was 
observed in both the hydrogen and, rather more 
unexpectedly, the nitrogen hyperfine coupling. To 
confirm this observation spectra were recorded at 
intermediate temperatures. The spectra wore clearest 
with the magnetic field along the 6 orystallographic 
axis, when lines from magnetically non-equivalent 
sites are superimposed. The two hydrogens couple 
equally, even in the non-rotating state, as the b axis 
lies almost in a plane of symmetry of the S—-NH,+ 
structure, as it essentially bisects the directions 
between the S—N bond and the perpendicular to the 
S—NH, plane. This means that all lnes remam 
narrow at intermediate temperatures, and the 
spectrum is simplified. The variation of both hydro- 
gen and nitrogen coupling with temperature, observed 
with b parallel to H, is shown in Fig. 1. The total 
spread of the spectrum inoreases from 294 Mc./sec. 
at 300° K. to 342 Ma./sec. at 77° K. 

- Although a complete cvaluation of the low-tem- 
perature tensors will require measurements below 
77° K., the preliminary evidence suggests that the 
dominant change of the nitrogen coupling lies in an 
increase of its largest prmcipal value of 103 Mc./sec. 
to about 120 Me./sec., with small reductions in the 
other principal values. There are various mechanisms 
which oan account for the observed change in nitrogen 
coupling. The coupling in a nitrogen atom? is sensitive 

. to the surrounding matrix, and one possible explana- 
tion is that the p orbital containing the odd electron 
is contracted as the crystal contracts thermally. 
Another possibility is that as the rotation about the 
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Fig. 1. Variation of nitrogen and hydrogen hrperfine splitt 
with Hel to magai fan 


temperature; b crystallographic axis para magnotic Seid., 
O, Nitrogen splitting; A, bydrogon splitting 


NATURE 


January 6, 1962 vor 193 


S-——N bond slows, the most stable configuration of the 
radical changes shghtly due to the influence of 
neighbouring molecules, the positions of ,which are 
affected by lattice contraction. 

Further work is being undertaken on sulphamic 
acid and on the radical HN—SO,- in potassium sul- 
phamate and N(SO,-), in potassium amine disul- 
phonate in an attempt to establish the reason for the 
temperature variation of the nitrogen coupling. 


J. R. ROWLANDS 
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infra-Red Estimation of Sulphur Trioxide 


IN¥RA-RED spectroscopy affords a possible method 
for the estimation of sulphur trioxide in examination 
of gaseous mixtures, provided that a sufficiently inert 
material can be found to contain this highly reactive 
gas. We have found that plates of ‘Irtran 2’ can be 
used for this purpose. These are only slowly attacked 
by sulphur trioxide and the extent of the attack 18 
insufficient to mterfere with the measurements; rook- 
salt plates, on the other hand, are rapidly attacked. 

The infra-red spectrum of the sulphur trioxide 
was drawn between 2,000 and 650 om.-! with a 
Unicam S.P.100 spectrophotometer, fitted with a 
rock-salt prism, to establish the position of the 
strongest absorption band. This was found to be a 
doublet with peaks at 1,399 and 1,384 om.-!, with 
broader and weaker absorptions at longer wave- 
lengths. Gerding and Lecomte, using a gas cell with 
rock-salt end plates, found the strongest absorption 
band at 1,330 cm.-1. We did not observe any band at 
this wave-length. When we attempted to draw the 

um using rock-salt windows the main absorp- 
tion band still occurred at 1,399 cm.-! and there 
was no appreciable absorption at 1,330 om.-1. 

A ‘Pyrex’ glass gas cell of path-length 6-5 cm. with 
ground ends was fitted with plates of ‘Irtran 2’. The 
cell was sealed by coating the edges of the plates 
with a thin film of a high-viscosity chlorofluorocarbon, 
and the plates were held in position by springs. An 
apparatus was constructed of glass wherein a slow 
stream of nitrogen could be passed over liquid 
sulphur trioxide, and a second stream of nitrogen 
could be used to dilute the mixture of nitrogen and 
sulphur trioxide so formed. The gas mixture was 
passed through the gas cell and into a bubbler con- 
taining distilled water; this bubbler was fitted with a 
G4 sinter to trap the sulphuric acid mist formed?. The 
amount of sulphur trioxide in the gas mixture could 
be varied by controlling the flow of diluent nitrogen. 
Various concentrations of sulphur trioxide in nitrogen 
were examined and the optical density of the peak at 
1,399 cm.-? was measured in each case. 

At intervals the gas cell was flushed through with 
nitrogen to check the level of background absorption. 
The concentration of sulphur trioxide in the gas 
mixture was calculated by measuring the rate of 
flow of the gas mixture and titrating the sulphuric 
acid formed in the bubbler. 

A plot of optical density against concentration of 
sulphur trioxide is shown in Fig 1. 
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Fig. 1. Variation of optical density of the 1,899-cm.-? band 


with concentration of sulphur trioxide in gas mixture 
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BIOCHEMISTRY 


Analysis of Cholesteryl Esters and 
Triglycerides by Thin-Layer Chromatography 


UNTO now.the separation of cholesteryl esters 
and triglycerides has been performed by column? 
or paper chromatography*-?. We bave pointed out! 
the progress of thin-layer chromatography in recent 
years. This method has certain advantages especially 
for analysis of lipids. In order to investigate the 
possibilities of this technique in the separation of 
cholesteryl esters and triglycerides we tried to 
separate these groups isolated from various biological 
sources. We have used the partition principle on the 
impregnated layers since the adsorption principle 
does not allow satisfactory separation of individual 
members within homological classes*-1%. 

Glass plates (10 x 20 om. or 20 x 20 om.) were 
covered with a thin layer (270u) of a mixture of 
silicic acid and gypsum. This mixture was prepared 
by mixing 30 gm. of silicic acid and 4:5 gm. of gypsum 
with 60 ml. distilled water. The well-stirred suspension 
was spread with a ‘thin-layer applier’ as in ref. 13. 
The layers were dried at room temperature overnight 
and then impregnated by immersing in 0-5 per cent 
solution of paraffin oil in ether and the solvent was 
evaporated. By heating the plates at elevated 
temperature the layers tend to tear. On_ the 
starting points at 2-3 cm. from the end of the 
plate 2-5*ugm. of each substance were spotted. 
The chromatography was carried out in a glass jar 
filled with solvent to a height of 0:5 cem., by the 
ascending technique. Development took 120-180 
min. After the solvent front had reached the top, the 
plates were dried at 100° for 5-10 min. The sub- 
stances were detected by iodine vapours (unsatreated 
esters) or by spraying with & saturated solution of 
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antimony trichloride in chloroform, 10 per cent solu- 
tion of phosphotungstic or phosphomolybdie acid in 
ethanol and heating 5-10 min. at 100°. Separation on 
parafiinized layers was performed with acetic acid. 
Separation of cholesteryl esters and triglycerdes 
on these plates makes ıt possible to distinguish 
these homologous components in synthetic mixtures, 
oils, fats and other materials. The method described, 
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ne simple and relatively rapid. The resolution of 
critical pairs’ is still impossible. 
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Effect of Colchicine on Rat Blood Serum 
Xanthine Oxidase 


Ix previous work! it was shown that colchicine, 
when injected intraperitoneally, inhibits activities of 
rat liver xanthine oxidase and dehydrogenase. A 
strong inhibition was also observed when this drug 
was added in vitro to purified liver xanthine oxidase 
but statistically significant changes were not noted 
when. colchicine was added to liver homogenate. The 
present work deals with the effect of this drug on 
the rat blood serum xanthine oxidase. 

‘Normal male Wistar white rata weighing between 
95 and 100 gm. and maintained on a woll-balanced 
diet were used. Blood samples were withdrawn by 
heart puncture. Each determination was carried out on 
pooled non-hwmolysed serum of 4 rate. The animals 
were injected intraperitoneally with an alcoholic 
solution (6-8 per cent) of colchicine (0-1 mgm./100 gm, 
body-weight). Blanks were performed by injecting 
a 6-8 per cent alcoholic solution. Blood was taken 
20 hr. after injection of the drug. 

Blood serum xanthine oxidase activity was 
measured manometrically as previously described? 
using 0-05 M hypoxanthine solution as substrate. 
Xanthine dehydrogenase activity was measured by 
the method of Villela? using 0-5 ml. blood serum, 
0-1 ml. 0:05 M hypoxanthine solution, 0-3 ml. 0-1 per 
cent triphenyltetrazolium chloride solution and 
2-5 ml. 0-015 M pyrophosphate buffer, pH 8-6. 

Colchicine administration increases activities of 
xanthine oxidase and xanthine dehydrogenase a few 
hours after the injection of the drug, and this act- 
ivation is statistically significant (Table 1). The 
highest values of the activation of the enzyme were 
found approximately 20-30 hr. after administration 
of the drug (Fig. 1). It was shown that a single 
injection of 0-1 mgm. of colchicine/100 gm. body- 
weight is able to activate blood xanthine oxidase 
and xanthine dehydrogenase which reach their 
highest values 20-30 hr. after the injection. However, 
the values return to normal after 68 hr. Work is in 
progress to establish the possible relation between 
effect of colchicine on the liver and the blood serum 


enzymes. 
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Fig. 1. Activity of blood serum xanthine dehydrogenase in rate 

injected with colchicine. Figures on graph represent number of 

determinations, and vertical bars indicate average values 
+ standard deviation 





Table 1 


Control * Colchicine * 


(mm.* O,/ml. 
blood serum) 13°39 + 8°22 (5) 
Xanthine de- 
hydrogenase 
form- 


20:00 +5-39 (B) ¢ = 815; P <1% 


Srono p ml. 
blood serum) 15°56 + 2°77 (4) 28-1 +8-00 (9) 


we obtained 20 hr. oS injection. 
gines given are mean + standard deviation for the mumber of 
rata (indicated in parentheses), — 


t = 7500; P< 1% 


This investigation was supported, in part, by 
grants (to O. R. A. and E. M.) from the Conselho 
Nacional de Pesquisas. 
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Redistribution of Lipid in Rat Liver 
Homogenates 


WEHEN a homogenate of rat liver is subjected to 
high centrifugal forces a creamy layer of lipid appears 
on the surface of the clear supernatant}:?. In choline 
deficiency this ‘floating’ or ‘free’ lipid increases in 
parallel with the increase of liver triglycerides?” It 
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may also be measured by extraction of the homo- 
genate with non-polar solvents‘. In the course of 
our work on the effects of short-term choline de- 
ficiency in the rat, we observed a decrease of this 
lipid fraction during storage of the homogenate at 
1°C. We examined this phenomenon at body tem- 
perature under more controlled experimental con- 
ditions and, furthermore, compared the fall of the 
floating lipid with other lipid changes in the clear 
supernatant and in the sediment that occurred during 
the same period of incubation. 

The decrease of floating lipid was more readily 
demonstrated when elevated initial levels were 
presente This was achieved, either by the addition 
to the liver homogenate of floating lipid prepared 
from the liver of choline-deficient rate, or by using 
livers of rats fed a choline-deficient diet for 2 days. 
The livers were obtained from male Wistar rats 
weighing approximately 140 gm. The diet (No. IV) 
and the dietary freatment have been described in 
an earlier publication’. Ice-cold potassium chloride- 
saline was used to prepare a 40 per cent homogenate 
in s pre-cooled Waring blender operated at. low speed 
for 1 min., and at high speed for 30 sec. The zero 
hour values for the floating lipid were obtained by 
centrifuging 12-0-ml. samples of the freshly prepared 
homogenate at 80,000g for 40 min. at 1° C., in a No. 40 
rotor of a Spinco model L centrifuge. A 60-ml. 
sample of the same homogenate was placed into a 
250-ml. conical flask and incubated at 37° C. for 
1 hr. in air. After incubation the flask was chilled 
in ice and the floating lipid separated in the same 
way as the non-incubated sample. The separation 
of the lipid fractions was carried out at 1-2°C. The 
floating layer was removed together with a known 
quantity of supernatant. The floating lipid values 
were afterwards corrected for the small amount of 
lipid contained in the supernatant. The supernatant 
was decanted into another centrifuge tube, avoiding 
the transfer of sediment. After recentrifugation, 
10 ml. were taken for lipid analysis. The sediment 
was resuspended in a total volume of 12:5 ml. with 
potassium chloride-saline centrifuged as before and, 
after discarding the supernatant, submitted to lipid 
analysis. The total lipid from all fractions was ex- 
tracted in 250-ml. flasks with 150 ml. of a mixture 
of methylal and methanol, 1: 2, a modification of 
the procedure recommended by Delsal* for serum, 
with one additional extraction of the residue with 
150 ml. boiling absolute ethanol. The subsequent 
treatment leading to the determination of total lipid, 
phospholipid and, by difference, non-phospholipid 
followed known procedures’. 

From the results in Table 1 it is evident that 
incubation of rat liver homogenates leads to a fall 
of the non-phospholipid in the floating lipid fraction. 
The total lipid obtamed as the sum of the lipid in 


‘Vable 1. KEDISTRIBUTION OF HEPATO D IN Rat Liver Homo- 


GENATEB AT . 
Lipid fraotlons 0 hr. 1 hr. Difference 
+ SEB. 
Floating 1727482 18956425 —83-245-2 
Non-phoapho- Su 10° ~ 8 
iid B nt 86:8480 1248458 +4+87:51+8-2 
Phonon: Eoo un Oke A 
0 uperma , . -l 
arene Sediment 101-042-7 1080+427 +5-04+3°9 
Liver lipids 8768 882-8 


Vainea “In mgm. + S.E. of the mean from four floa z and four 
sediment lipid values. Supernatant lipid values are single. a results 
are caloulated for the liver of a rat per 100 gm. body-vweight. > 
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the various lipid fractions showed no significant 
change during incubation at 37°C., and this is in 
agreement with a finding reported recently for the 
fatty acid composition of rat liver homogenateg after 
2 hr. incubation®. No measurable change was observed 
in the supernatant lipid; but the sediment, comprising 
the lipid contained predominantly in the particulate 
matter of the liver cell, showed a significant increase 
of its non-phospholipid. The fall of non-phospholipid 
in the floating lipid fraction 18 of the same order df 
magnitude as the increase of non-phospholipid in the 
sediment, suggesting a possible precursor—product 
relationship. Phospholipid did not contribute 
measurably to these changes. This phenomenon of 
hepatic lipid redistribution has, to our knowledge, 
not previously been described. Its mechanism is as 
yet unknown. 

The demonstrated redistribution of lipid in rat liver 
homogenate tn vitro pointe to hitherto unsuspected 
evente in the liver of the intact animal. In choline 
deficiency, in particular, where the changes in lipid 
occur exclusively in the floating lipid fraction’, the 
glyceride deposition in the liver of the rat may reflect 
& decrease of the rate of lipid redistribution. Since 
the average rate of glyceride deposition in choline 
deficiency amounts to about 2 mgm./hr., an increase 
of less than 10 per cent in the rate of redistribution 
would be adequate to prevent the accumulation of 
‘free’ lipid. The possibility of the lipotropic factors 
bringing about such an increase is at present under 
investigation in our laboratory. 

The support of this investigation by the Nutrition 
Foundation, Ino., is gratefully acknowledged. 
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Effect of Bicarbonate on the Behaviour 
of the lons of Human Bone Powder 
in vitro 


THERE is some doubt as to the physico-chemical 
nature of the relationship between the calcium and 
inorganic phosphate ions of tissue fluids and the 
calcium and phosphate ions of bone salt. It has been 
suggested that bone might behave as a sparingly 
soluble salt and maintam a constant calcium x 
phosphate product in the fluids bathing it, but inves- 
tigation of ‘bone solubility’ has led earlier authorities 
to state that human plasma is supersaturated with 
calcium and inorganic phosphate with respect to 
bone?. 

We have previously demonstrated? that when 
human. dead bone powder comes into equilibrium with 
irts(hbydroxymethy!jaminomethane hydrochloride or 
cacodylate buffers in the pH-range 6-6-7-8, a 
reproducible ion product [Ca++]*. [PO,™]*is observed. 


` The mean value of this product is 4-1 x 10-77 M.. 
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Table 1. AMODIFISD KREB8S-RISGER BIOAREBONATE 
Nat 114:4 m.equiv./l. 
Kt 5-0 3F $ 
Ol- 102-7 en. ee 
HCO,” 18 — ki 
Glucose 160 0 mgm./100 mi. 


Normal human tissue fluid contains calcium at a 
concentration of 1-5 x 10 M and inorganic phos- 
phate at a concentration of 1-1 x 10> M. The pro- 
portion of the total inorganic phosphate present as 
free trivalent ion depends on pH, and the ion product 
4-1 x 10" M is obtained at a pH of 6:8 assuming 
total dissociation of plasma inorganic phosphate. 
We have interpreted these results as suggesting that 
the bone salt/tissue fluid interface is maintained at 
intracellular pH rather than at plasma pH. 

These experiments were performed m solutions of 
constant ionic strength (0-15y) containing only cal- 
cium, phosphate and the components of the buffers. 
The purpose of this communication is to report the 
results of bone solubility experiments in a more 
physiological buffer system—carbonic acid/sodium 
bicarbonate. 

3-gm. samples of human bone powder prepared as 
before? were placed in ‘Cellophane’ dialysis bags with 
3 ml. of modified Krebs—Ringer-bicarbonate solution 
(Table 1). A further 10 ml. was placed with each bag 
in a glass veesel. A gas stream obtained by controlled 
mixing of 100 per cent carbon dioxide and air was 
passed over the buffer, and the pCO,, and hence the 
pH (which was measured electrometrically), was 
controlled by varying the proportion of carbon 
dioxide in the mixture. Samples of tho fluid outside 
the dialysis bag were removed periodically for chemi- 
cal analysis. 

It was found that although the value of the ion 
product [Cat+]}* [PO]? at equilibrium was no 
different from that in bicarbonate-free buffer, the 
inorganic phosphate concentration was higher and 
the calcium concentration lower. The phosphate 
concentration appeared, to be directly related to the 
concentration of bicarbonate (Fig. 1). 

These results can be interpreted in at least two 
ways. The simplest explanation would be that there 
18 hetero-ionic exchange of carbonate or bicarbonate 
for phosphate’. If this were the case, it is difficult to 
understand why there should be a constant 
[Cat+}?.[PO,**]* ion product, and why addition of 
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bicarbonate should reduce the calcium concentration. 
Alternatively, an explanation could be based on the 
hypothesis propounded by Daliemagne ef al.‘ that 
bone is a two-phase system of phosphate and car- 
bonate with calcium as a common cation. In that 
cage, the elevation of the carbonate ion concentration 
would reciprocally depress calcium concentration by 
means of the equilbrium between calcium and 
carbonate ions. This would ın turn result in a rise in 
phosphate concentration until the ionic equilibrium 
between calcium and phosphate ions had becn 
restored. The second explanation seems the more 
plausible despite the widespread view that there is no 
separate solid phase of calcium carbonate in Sone. 

We suggest that an experimental re-appraisal of the 
location and nature of the carbonate ın bone galt is 
now required. 

This work was completed during the tenure of 
research grants from the Medical, Research Council 
and Glaxo Laboratories, Ltd., Greenford, Middlesex. 
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Temperature - pH Relationships and the 
easurement of Thymol Turbidity 


In describing the thymol turbidity test, Maclagan! 
specified a pH for the thymol reagent of 7:8. However, 
some uncertainty has existed regarding the optimal 
pH at which to maintain the reagent, and the »H 
of the reagent actually used by Maclagan. In this 
Laboratory solutions containing 2-76 gm. of barbital 
and 2-06 gm. of sodium. barbital in 1,000 ml., the buffer 
composition specified by Maclagan, consistently 
yielded a pH of 7-63 + 0-02. Mateer et al.* recom- 
mended that the pH of the thymol test reagent be 
adjusted to 7-55 and there is evidence to show that the 
ability to detect liver disease, for example, viral 
hepatitis, is improved at the latter pH*. However, 
results reported by Maclagan and others using his 
formulation have differed less from those of Mateor 
et al. than would be expected in view of the oritical 
importance of pH in performance of the thymol test. 

These discrepancies are explained by the marked 
dependence on temperature of the pH of barbiturate 
buffer. A change of 0-019 pH/deg. C. has been 
found in barbiturate buffers of ionio strength 0-02, 
both in the presence and absence of thymol (Fig. 1). 
Measurements of pH were made over temperatures 
ranging from 13° to 33° C. by means of glass electrodes 
and Beckman model G or Radiometer potentiometers. 
Phosphate buffers prepared according to Bower 
et al.4 were used to adjust the glass electrode—calomel 
electrode system at each temperature. Manov et al.’ 
found that the pK of diethyl barbituric acid changed 
0-015 a degree between 5° and 60° C. 

It is evident that, if temperature corrections are 
applied to the pH values prescribed by Maclagan 
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and Mateer et al. to their respective reagents based 
on the temperatures prevailing in laboratories in 
England and the United States, the differences 
between the two reagents are not nearly so great 
as the specified values would indicate: Unfortunately 
no records are available that could establish accur- 
ately the temperatures prevailing in the London and 
Detroit laboratories at the time the two reagents 
were formulated. However, consultation with Prof. 
Maclagan and with Dr. Mateer’s colleagues indicates 
that the differences in temperature between the two 
laboratories was at least 10 deg. O. 

The accurate measurement of temperature at the 
time that the pH of thymol test reagents (or any other 
solution buffered with diethylbarbiturate, if pH is 
critical) is an absolute essential for accurate measure- 
ment of pH. Reference to the temperature-pH 
relationship shown in Fig. 1 then enables appropriate 
adjustments to be made if required. It is clear also 
that the thymol test reagents adjusted to pH 7-80 
when laboratory temperatures are elevated differ 
significantly from that originally described by 
Maclagan. 

The importance of controlling temperature when 
adjusting pH is even greater when érts(hydroxy- 
methyl)aminomethane buffers are used, and it was 
during the development of a modified thymol reagent 
in which this buffer replaces diethylbarbiturate 
that the effect of temperature first was noted. 
difference in pH of 0-03/degree observed agrees well 
with the change in pKa with temperature observed 
by Bernhard’. 
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Identification of Galactose-6-Phosphate 
in Galactosæmic Erythrocytes 


GALAOTOSÆMIA 18 & hereditary metabolic disease 
characterized by the absence of galactose-1-phosphate 
uridyl transferase! with accumulation of galactose-1- 
phosphate*. Yet, in the liver, small quantities of 
galactose-1-phosphate may be utilized and incorpor- 
ated into uridine diphosphate galactose by the pyre- 
phosphorylase’. Jn vitro studies with crystalline, 
muscle phosphoglucomutase have shown that galac- 
tose-l-phosphate can be converted to galactose-6- 
phosphate‘. This communication presents evidence 
of galactose-6-phospheate during the utilization of . 
galactose by galactoss:mic erythrocytes. 

Erythrocytes from galactossmic patients! were 
prepared for incubation according to Schwarz et al.®*, 
Each 100 ml. of washed packed erythrocytes was 
mixed with 1-30 gm. of galactose dissolved in 100 ml. 
of Krebs—Ringer buffer at pH. 7-4 and incubated 12 hr. 
at 37° C. The sugar phosphates were extracted from 
erythrocytes and fractionated on “Dowex-1 x 8’ 
(Ol-) according to Bartlett‘. The sugar phosphates 
determined by the orcinol-sulphuric acid method’ 
were contained mn a peak in which the first half con- 
tained hexose and organic phosphates in the ratio of 
1:1. When this peak was subjected to paper 
chromatography on the n-propanol/ammonia/water 
system (6:3: 1 = v/v/v) for 48 hr.’, compounds 


_ corresponding to galactose-1-phosphate and galactose- 


6-phosphate were revealed by staining with aniline 
hydrogen oxalate’ and ammonium molybdate’ (galac- 
tose-6-phosphate chromatographs as a single spot 
on. propanol-ammonia—water ; is stable to acid hydro- 
lysis with 1 N hydrochloric acid for 10 min. at 100° C.; 
and after hydrolysis with alkaline phosphatase 
yields only galactose by paper chromatography and 
by galactose oxidase’). In order to isolate the 
hexose-6-phosphates the fraction was heated with 
1 N hydrochloric acid for 10 min. at 100° C. 
and the resultant free sugars from the compounds 
with the labile phosphates were separated from 
the stable phosphate esters by treatment with 
“Dowex-1’, which retained the esters. Paper chroma- 
tography showed the presence of a compound 
having the mobility of galactose-6-phosphate 
(Fig. 1}. The preparation now without free galact- 
ose and completely reducible with sodium boro- 
hydride! was treated with alkaline phosphatase!* 
and, chromatographed on a system of ethyl acetate, 
pyridine and water (2: 1:1 = v/v/v) for 15 hr. 
(Inouye, T., unpublished results). As shown in 
Fig. 1, a compound staining readily with aniline 
hydrogen oxalate and having the mobility of authen- 
tic galactose was observed. This compound was 
treated with galactose oxidase!®*, These findings 
were confirmed by isolating the hexose-6-phosphates 
by preparative paper chromatography and subjecting 
the material to hydrolysis with acid. After acid 
hydrolysis followed by paper chromatography, hexose- 
6-phosphates were still apparent, and after alkaline 
phosphatase only galactose was present, suggesting 
the original material to be galactose-6-phosphate. 
In other experiments, 0:5 ml. of 1: 1 galactoszmic 
hemolysate was obtained with 0-5 ml. of 0:10 M 
phosphate buffer at pH 74 and mixed with 10 
umoles of galactose, 20 pmoles of adenosine triphos- 
phate and 6 umoles of magnesium chloride. This’ 
mixture was incubated for 2 hr. at 37° C., deprotein- 
ized, and chromatographed. Densities correspond to 
hexose diphosphates, galactose-6-phosphate and 
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1. In the n-propenoljammonla/water system ohannel 1 
contains 0-10 mole of each of the following compo : 
patactos Speyer {(Gal-6-P)}, galactoso-i-phosaphaste (Gaki- 

}, and galactose (Gal). Channel 2 is the hexose monophosphate 
fraction obtulned by “Dowex~-1’ treatment of erythrocytes incu- 
bated with etose. Channel 3 is a preparation of stable 
phosphate esters obtained by treatment of matenals in Channel 2 
with sold and ‘Dowex-1’ to remove the labile phosphate esters, 
The chromatogram was stained with aniline hy en Oxalate, 
In the ethyl acetate/pyridine/water syatem. Channe] 4 oontalns 
O me (Gal-6-P), boses phosphate (R-b-P) galactose (Gal), 

hnte , Tibose-5-p m ; 0 i 
4 i (A) and ribose (B). —E 5 is the 
el 3 digested with alkaline phosphatase. 

with aniline hydrogen oxalate 


galactose-1-phosphate were observed by staining with 
aniline hydrogen oxalate and ammonium molybdate. 
The hexose diphosphates were isolated by paper 
chromatography; one fraction was subjected to acid 
hydrolysis by alkaline phosphatase and the other 
treated directly with alkaline phosphatase. The first 
fraction revealed hexose-6-phosphate, which on 
subsequent treatment with alkaline phosphatase 
yielded galactose. The latter fraction treated with 
alkaline phosphatase yielded no galactose. When 
the hexose-6-phosphate and hexose-1-phosphate spots 
were subjected to acid hydrolysis and/or alkaline 
phosphatase, only galactose was revealed. The 
incubation of 10 umoles of galactose-6-phosphate 
with adenosine triphosphate and hæmolysate in a 
similar manner was shown to result in galactose- 
1,6-phosphate and galactose-l-phosphate, but 10 
umoles of galactose-l-phosphate yielded neither 
galactose-1,6-phosphate nor galactose-6-phosphate. 

In the past, galactose-1-phosphate has been shown 
to inhibit muscle phosphoglucomutaset by a system 
involving galactose-1,6-phosphate and galactose-6- 
phosphate (ref. 14). This seems to be apparent in our 
experiments. The presence of galactose-6-phosphate 
and galactose-1,6-phosphate and the confirmation of 
the presence of galactose-l-phosphate after tn vitro 
incubation with galactose with galactosemioc hamo- 
lysates suggest the participation of a phosphogluco- 
mutase during the utilization of galactose or a 
hexokinase phosphorylating galactose in the 6 
position, rather than a galactokinase phosphoryl- 
ating in the 1 position’. The fate of the small 
amounts of galactose-6-phosphate accumulating 
in galactossamic erythrocytes is at present being 
investigated. It appears that galactose-6-phosphate 
might be oxidized directly through the hexose mono- 
phosphate shunt. Galactose-l-phosphate was ob- 
tained from Sigma Chemical Co., St. Louis, Missouri. 
Tho' galactose-6-phosphate was supplied by Nutri- 
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tional Biochemical Co. The galactose oxidase is from 
Ames Co., Elkart, Indiana. 

This research. was supported in part by grants from 
the Illinois Mental Health Fund, and the National 
Foundation, and to one of us (M. T.) from the US. 
Public Health Service (24-5186). 
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Urinary Metabolites of Progesterone 
in the Rabbit 


Tse rabbit, lke man, exoretes 68-pregnanc- 
3a,20a-diol conjugated with glucuronic acid, as a 
urinary metakolite of exogenously administered 
progesterone’*. Quantitatively, however, the 58- 
pregnane-3«,20¢-diol recovered accounts for no 
more than 10 per cent of the injected progesterone in 
the oase of the rabbit. This observation, together 
with our recent identification of 20¢-hydroxypregn-4- 
en-3-one as & urinary metabolite of the progesterono- 
treated rabbit, has led us to investigate tho metab- 
olic pathway by which pregnanediol is formed, and 
also to assess the quantitative significance of this 
particular pathway in terms of the overall pattern of 
urinary metabolites of progesterone. - 

Female rabbits were injected with progesterone, 
labelled isotopically in one of three ways: generally 
labelled with tritium by exchange (progesterone- 
TG), labelled with tritium in the 16-position (pro- 
gesterone-16°H), and labelled with carbon-14 at C-4 
of the steroid nucleus (progestarone-“C). The radio- 
activity of the various urinary fractions was measured 
in an internal sample liquid scintillation counter. 

Radioactive products occurred in the urine almost 
entirely as conjugated metabolites, and these, after 
hydrolysis, were fractionated using the scheme 
described elsewhere (Thomas, G. H., in preparation). 
This involved ether extraction of the hydrolysate, 
followed by treatment of the ether layer with alkali 
to remove acidic material, which was designated the 
acid fraction. The ether was then evaporated, and 
the residue dissolved in petrol-benzene. After washing 
with water and alkali, the mater:al remaining in the 
petrol~benzene was designated the neutral fraction. 
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The greater part of the radioactivity was found in the 
acid and neutral fractions. 

The acid metabolites constituted the most impor- 
tant single fraction (Table 1). In one experiment, the 
conjugated fraction was divided, and the portions 
hydrolysed, the one with hydrochloric acid, the other 
with §-glucuronidase. The distribution of radio- 
activity between the neutral and acid fractions was 
similar in the two cases. Tt seems unlikely, therefore, 
that the acid fraction resulted from the breakdown of 
acid-sensitive compounds during hydrolysis. It seams 
more reasonable to suggest that these acid metab- 
olites arose from oxidative cleavage of the steroid 
molecule tn vivo. In another experiment, a mixture of 
progesterone-1*C and -16*H was injected. The ratio 
of tritium to carbon-14 in the acid fraction was very 
cloge to that in the injected material (Table 2). In the 
case of a generally labelled steroid, however, oxidation 
might be expected to result in some loss of tritium 
from the molecule? In fact, after the injection of 
progesterone-TG, the recovery of radioactivity in the 
acid fraction was consistently lower than after the 
administration of progesterone-4C or progesterone- 
16H. When a rabbit was injected with a mixture of 
progesterone-“C and -TG, the ratio of tritium to 
carbon-14 in the acid fraction was lower than that in 
the injected material, corresponding to a loss of 15 
per cent of.the tritium (Table 2). The possibility that 
this loss was due to exchange of labile tritium can be 
excluded, since 58-pregnane-32,20«-diol, isolated by 
isotope dilution methods from the corresponding 
neutral fraction (see below), had a tritium/carbon-14 
ratio of 6-75, which agreed well with the figure of 5-86 
obtained from the injected material. Taken together, 
these results suggest that, in the acid metabolites, the 
steroid molecule is probably substantially intact, and 
that oxidation has only occurred at some specific 
point in the nuoleus, or by cleavage of the side-chain. 

The amount of $6-pregnane-3a,20«-diol and 20a- 
hydroxypregn-4-en-3-one in the neutral fraction was 
estimated using isotope dilution methods. 5f8-Preg- 
nane-3a,206-diol, and 3a-hydroxypregnan-20-one, a 
known intermediate metabolite of progesterone in the 
human, were not present to any significant extent. 
This pattern of recovery suggests that 20a-hydroxy- 
pregn-4-en-3-one may be an intermediate in the 
biochemical conversion of progesterone to 58-preg- 
nane-3a,20¢-diol in the rabbit. 

To test this hypothesis 20«-hydroxypregn-4-en-3- 
one was synthesized from progesterone-TG, and 
injected into a rabbit. In this experiment (Table 1), 


Table 1. DISTRIBUTION oxi RADIOACTIVITY IN THE ACID AND NEUTRAL 
EXPRESSED AP 


——— ERORNTAGE OF THE TOTAL RADIO- 
KEODÝERED. AS ConIVGATED METABOLITES 
pornentede o as radioactivity 
Injected materia] (a ne aoid (b) In neutral 
ction fraction 
mgm. progesterons-TG 46:1 27-0 
B80 Pring progesterone- TE, a ae ad D 
progesterone- 
as aaa, 4 prestere 1 miO O R 
progesterone- . 
85 ugm. progesterone-"0 68-8 21-5 
i — 0 — 76°6 15-9 
‘8 mgm. xypregn-4-en-3- 
one-T 24:8 55-9 


Table 2. Ratios oF *H/#C IN THR PROGESTERONE OOM- 
NEUTRAL 


INJEOTHD 
CORRESPONDING ACID AND 


PARED WITH THOSE OF THE 
EOP RACTIONS ` 
7/0 in *H/C in Hjo in 
Injeoted material injected material acid fraction neutral fraction 
— or Pa 3-97 379 8-84 
Progeaterone-T G/*0 5-86 3-82 502 
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Table 8. COMPARISON OF PHA PREROENTAGE OF RADIOACTIVE 
MATERIAL OBTAINED, BY ĮISOTOPR DUUTION TECHNIQUES, AS bf- 
PREGHANE-8a,20a-Di0L AND 20a-H YDROXYPREGN-4-EN-8-ONE, FOLLOW” 


ING YHA INJECTION OF PROGRSTRRONE AND 20a-HYDROXYPREGN-4- 


FN-3-0NB 
Percentage of metabolite in oon» 
Inj ted material — 200% ProD ox 
60 ma - ©- a- ypregn- 
—— 4-en-3-ons 
osterone-T'G &-7 2-2 
Saoi ydroxypregn-4-en-3-one-TG 88-0 6 


the radioactivity of the neutral fraction was con? 
aiderably higher, and that of the acid fraction corre- 
spondingly depressed by comparison with results 
obtained after the administration of labelled pro- 
gesterone. As can be seen from Table 3, more than 
40 per cent of the radioactivity recovered as conju- 
gated metabolites could be accounted for as 5B- 
pregnane-32,20a-diol and 20«-hydroxypregn-4-en-3- 
one, compared with only about 10 per cent after pro- 
gesterone injection. ` 

In view of the high efficiency with which 20c- 
hydroxypregn-4-en-3-one is converted in vivo into 
68-pregnane-30,20«-diol, it may be assumed that 
the former is an intermediate in the formation of the 
latter from progesterone in the rabbit. From Table 3, 
however, it can be seen that these compounds form 
only a small proportion of the total radioactivity of 
the conjugated fraction. The major part of an injected 
dose of progesterone is excreted in the urine of the 
rabbit in the form of acid metabolites. 

This work will be reported in detail elsewhere. 
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Crystalline «-Prototoxin from Clostridium 
welchil 


Ir has long been known that the lethal and necrotic 
e-toxin of Clostridium welchts occurs in cultures as a 
non-toxic precursor!, Turner and Rodwell? showed 
that the toxicity of culture filtrates could be poten- 
tiated by incubation with trypsin and certain bac- 
terial proteases. They defined the activation ratio 
of an e-antigen fraction as the ratio of the LDypoy 
in mice before activation to the UD,,, after activation 
of the fraction with trypsin. Recently two papers 
have appeared describing the purification of c-antigen. 
Verwoerd’ obtained crystalline prototoxin by meth- 
anol fractionation, but in yields too small for further 
investigation. Activation ratios were not given, so 
that the proportion of prototoxin to toxin could not 
be estimated. Orlans, Richards and Jones‘ purified 
e-toxin by a method similar to that reported here, 
but their best fraction contained considerable amounts 
of prototoxin and/or toxoid. As a part of work on 
these antigens, an attempt was made to- purify 
prototoxin and, if possible, to obtain it free from 
e-toxin. By a procedure which was simple and 
apparently without deleterious effect on the antigen. 
prototoxin was obtained in a crystalline form. 

The starting materials used in this work were 
short-growth cultures of Cl. welchti type D grown 
on a medium based on a pancreatic digest of casein’. 
This medium had a low protein content and produced 
adequate titres of e-antigen with a high activation 
ratio 
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Table 1 — 
Fraotlon Tf. Aol. L+/ml, LD pp eae nitrogen If. ’ 
Unactivated Activated ratio mgm./ml.) protein — 
Culture, filtrato 105 78 25 x 10-3 5 x 10“ 500 > 00162 6,500 
(NH )p 8 Carbowax’ concentrate 30,000 ,000 88x 10% 7x 10-7 200 3-11 9,700 
—— adaorption 17650 1,480 15 x 10-8 3 x 10-* 500 0-130 12700 
Pinak from ‘OM70’ adsorption 2'000 1,740 5x 10+ 26 x 10 200 0-158 B00 
Rearvutallized antigen (0-1 pee Gente wiv) 1/280 17120 T5 x 10-4 3 x 10-* 250 0 098 18,100 


The culture filtrates were concentrated by precipit- 
ation with 300 gm. ammonium sulphate per litre 
and the antigen further concentrated by dialysis 
, against polyethylene glycol (‘Carbowax’, Union 
Carbide, Ltd., London W.1.)°. 

Purification was carried out by fractionation on 
cellulose derivative ion exchangers at 5°O. With 
disthylamincethyl cellulose (Whatman ‘“DH50’) 
equilibrated at pH 7-0 with 0-005 M sodium phosphate 
buffer, concentrates from very young cultures wero 
separated into adsorbed and non-adsorbed fractions. 
The adsorbed fraction contained non-specific protein 
and most of the colour. The unadsorbed fraction 
contained all the e-antigen. This fraction, after 
concentration and dielysis against 0:005 M sodium 
phosphate pH 6:0, was applied to a column of carboxy- 
methyl cellulose (Whatman ‘CM70’) equilibrated 
with the buffer. An unadsorbed fraction was again 
obtained containing more non-specific protein and 
colour, while linear gradient elution of the column 
with 0-005 M sodium phosphate buffers pH 7-0 and 
pH 7:5 extracted a single protein fraction containing 
all the s-antigen. This fraction came off betweon 
pH 6-5 and pH 86-9. 

Crystallization of e«-prototoxin was effocted by 
concentrating this fraction with ‘Carbowax’ at 0°. 
Care was taken in handling tho solution of tho 
antigen to avoid surface denaturation. The con- 
contrate was contrifuged to remove any insoluble 
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Fig. 1. Rocrystallized «-prototoxin. 


denatured protein and then dialysed further against 
‘Carbowax’ to a concentration of about 100,000 Lf. 
of antigen/ml. At this point a crystalline precipitate 
formed. Recrystallization was carried out by dissolv- 
ing this precipitate, centrifuging and —— re nue 
to 100,000 Df./ml. 

Purification and crystallization have been Apata 
with other similar culture filtrates of Cl. welch 
type D. Instead of using columns and gradient 
elution the concentrates were extracted with diethyl- 
aminoethyl cellulose ‘“DH650’ and carboxymethyl 
cellulose ‘CM70’ by mixing in a beaker and filtering. 
Tho matorial adsorbed at pH 7-0 in 0-005 M sodium 
phosphate by ‘DE50 and that not adsorbed at pH 
6-0 in 0-005 M sodium phosphate by ‘C470’ were 
discarded. The s-antigen was eluted from the ‘OM70’ 
at pH 7:0 with 0-005 M sodium phosphate. This was 
concentrated with ‘Carbowax’ until crystals appeared. 
Recrystallization was carried out as before. 

Table 1 shows results obtained by this batch 
method of extraction. 

A. detailed account of this work will be published 
elsewhere. 

Ronerr O. THOMSON 
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Effect of Mutant of Bacillus subtilis on the 
Specific Transport of Aconitase and 
Dicarboxylic Acid 


AMONG mutants obtained by heating dry spores of 
B, subtilia! and detected by their loss of the ability 
to grow on. glycerol~ammonium medium, one mutant 
(Marburg 04-4) behaves in an unexpected way. As 
with other mutants or other strains of the same 
species, growth occurs with the addition of glutamate’. 
The glutamate can be replaced by arginine, proline 
and ornithine, as would be expected from the occur- 
rence in Bacills of an inducible enzymatic decomposi- 
tion of these amino-acids into glutamate®?. However, 
in contrast to most cases, aspartate does not support 
growth in spite of an active asparto-glutamic trans- 
arminase. In addition, the Aira E of the dicarb- 
oxylio acids and the artric acid present in the parent 
strain (Marburg 04) vanishes strikingly in the mutant, 
in both cases after a growth in the same medium 
(glycerol, glutamate) (Table 1). Contrasting with the 
lack of oxidation by the resting cells, lysozyme 
lysates of concentrated suspensions of the mutant as 
well as parent oxidize the dicarboxylic acids and 
isocitric acid at the same speed. The only difference 
is the incapacity of the -mutant lysate to oxidize 
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Table i. 
The 


OXYGEN CONSUMPTION oF B. subtile MARBURG C4 AND 
Its MUTANT C4—4 

in the following bas 
—— MnS80, 25x10-* 
— Panen a growth, aie washodin triethanol- 

6 on suspended in the same buffer. 

8 mgm. of bactena) are manometric 


used per 
vessel, 100 n pen. of chloramphenicol are added to the oslis, 15 min. 
ore the addition of the substrates if not specified 


cella are 


Oxygen in uL/mgm. dry weight of bactena/hr. after 
growth under the following conditions 
Glycerol, 01 M Glycerol 
Substrates Glutamate Glutamate Glucose 
50 uM /veesel 2x10 MW Fumarate Ammon 
No chlor- 
C-4 04-1 04-4 amphenico} * 
Ld I IT Hi IV V 
None $2 5 12 28 35 
Glycerol 216 180 184 — — 
Glucose — —* oo 148 192 
Citrate 48 5 — — — 
geen tomutarate 48 9 25 — — 
Suceina 62 9 27 — — 
Fumarate 58 8 $0 30 86 
Malate 53° 7 88 36 147 
Glutamate 150 70 119 — — 
Aspartate 58 8 19 — — 


In this condition the' rate is not constant and the results are for 


Table 2. OXYGEN COMSUMPTION OF A. subtilis LYBOSYME (0-2 MGM.) 

LYSATH OF 12 Man. TCM aT OLAMINE BUFFER 

The ae are Ril ear with 1 uM diphospho dme nucleotide, 

008 uM dine nudleotide and 0 thiamine pyro- 
phosp ate poids the substrates. Final volume, 0-7 mi. 


Substrates Oxygen #1./mgm. protein/hr. 


50 uAf Strain C4 Stram C4—-4 

None 15 14 
L-Glutamate 28 19 
a-Ketoglutarate 19 21 
Sucomate 28 23 
Fumarate 82 86 
I-Malate $0 85 
Isoctirate 80 83 
ews-Aconitate 28 11 

trate 27 11 


Table 8. AOONITASR AND ISOCIFSRIO DEHYDROGENASE In PARENT 
(04) AND MUTANT STRAIN (04-4 
Spectrophotometric test, in 3 ml.; 160 uM poanie prao, i 
— 


04 mgm. of protein £20 ke. ee web ‘Raytheon’ sonio lyas 
15 min, 20 x 10* i able 1, Tee aa 
at 240 mu (ref. Test for — a hopyridime nucleotide 
dehydrogenase at 340 my. Activities In aM [br /mgm./protem 
Substrates Strains 
g4 O4—4 
Aconitass 
Sodium ete-aconitate, 0 25 uM 6-2 < 005 
Sodium oltrate, 26 42 <0-05 
sodium Di-wocltrate, 25 uM 7'4 < 005 
Isocitrio dehydrogenase 
Sodium DIr-isocitrate, 50 uM, y 
triphosphopyridine nucleotide, 0-8 uM 4 6 


citrate and cts-aconitate (Table 2). A specific test‘ 
shows that both activities of aconitase. (hydration 
and dehydration) are absent in the mutant; isocitric 
dehydrogenase remains present (Table 3). 

These observations lead to the conclusion that the 
mutation affects primarily the synthesis of the 
aconitase, the other properties of the mutant being 
secondary effects of this mutation. Indeed, the proper 
acceptor for the amino group of aspartate, which in 
the normal strain arises from the citric acid metab- 
oliam, is missing in the mutant. The other secondary 
effect is the lack of intracellular inducer for the 
transport system(s)}-—permease(s)-—®.* specific for the 
dicarboxylic acids. 

Further experiments support these conclusions. 
The mutant grows with ammonia as the only source of 
nitrogen, if a-ketoglutarate is added to the glycerol 
medium ; succinate and fumarate are ineffective. The 
mutant in this respect behaves in a similar way to 
the Hecherichia cols mutant deficient in the condensing 
enzyme’ and other B. subtslis with unidentified 
deficiency®. 
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The transport system(s) for the dicarboxylic acids 
can be partially induced in the mutant by addition of 
fumarate or malate during the growth in the glycerol- 
glutamate medium (Table I). 

The apparent constitutivity for the transport 
system, in the parent, should not be considered in this 
case as the result of a constitutive (inducible (-—)) 
allele of a regulatory gene’, but as a consequence of a 
permanent intracellular induction. Indeed, induci. 
bility can be shown in the parent, especially if glucose 
ig used instead of glycerol as a source of carbon for 
growth. Jn this case, the oxidation of the dicarboxylic 
acid increases rapidly in the resting cells during the 
respiration test, but this adaptation is inhibited by 
chloramphenicol (Table 1, columns IV, V). In respect 
to the specifie transport of dicarboxylic acid, the 
difference between the two strains is quantitative and 
can be understood as the result of the double circum- 
stances, namely, the lack of aconitase which can be 
compensated by glutamate, the catabolism of which. 
however, does not give rise to an adequate level of 
inducer. 

Induction by fumarate and malate in the resting 
cells of the mutant does not occur, since these 
substrates cannot be used as a source of carbon for 
glutamio acid synthesis. In this case, the addition of 
chloramphenicol does not affect the respiration. 

This work was supported by the Institut pour 
Encouragement de la Recherche Scientifique dans 
l'Industrie et P Agriculture (I.R.8.1.A.). 
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Specificity of the C-1 Keto-sugar Diphos- 
phatase of Xanthomonas phaseoll 


It has been suggested? that bacterial cells which do 
not utilize classical glycolysis or the pentose cycle to 
any significant extent, but which contain a highly 
active system for splitting 6-phosphogluconate. 
resynthesize hexose phosphate from triose phosphate 
vie a hexose cycle. This suggestion was based, in 
part, on the discovery in extracts of such cells (for 
example, the phytopathogenic organism Xanthomonas 
phaseoli) of a highly active fructose-1,6-diphosphatase 
which was shown to remove preferentially the C-1 
phosphate grouping at near neutral and alkaline pH 
values. 

Similar phosphate-cleaving enzymes — in a 
variety of tissues. Thus, the enzymes from liver? ?, 
Acetobacter suboxydans*, spinach’, pea leaf and from 
Euglena’ have been. shown to have pH optima at 9-5, 
9-0, 8-5 and 8-5 respectively. Diphosphatases from 
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Table 1, DEPHOSPHORYLATION OF KETO-SUGAR DIPHOSPHATES BY 
HH C-1 DIPHOSPHATASE OF X. phascolt 
Net total «moles 

Substrate pH ofreaction organic phosphate released 
FDP 7°83 5°00 
FDP 9-0 6-14 
RuDP 7B 6-08 
RaDP #0 5-4 
SDP 7-8 6°26 
SDP 0 5:02 


pH 7:8 an used), 125 uW; tree(h yr Agr omethans 
buifer. aR Se oe used), — » 10 uM: ketose — 

a ee oe conta ming Smem ro p 
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X. phaseoli! and from Agrobacterium tumefaciens! 
were shown to be equally active at pH 7-85 and at pH 
9-0. In all the above cases fructose-1,6-diphosphate 
served as the substrate. 
_ Recent reports indicate, however, that diphosphat- 
ases with lower pH. optima are capable of dephos- 
phorylating other keto-sugar diphosphates as well. 
Thus, an enzyme from spinach was described which 
will remove the C-1 phosphate from sedoheptulose- 
1,7-diphosphate and from fructose-1,6-diphosphate at 
pH 6-91 and one in yeast which is specific for sedo- 
heptulose-1,7-diphosphate at pH 7:2 (ref. 5). In 
addition, an enzyme has been reported in spinach 
which removes the C-1 phosphate group of ribulose- 
1,5-diphosphate and of fructose-1,6-diphosphate at 
pH 5-5 (ref. 8). 

These developments have led to a re-investigation 
of data previously published’, in which only fructose- 
1,6-diphosphate was used as the substrate, with the 
view of gaining further knowledge on the question of 
substrate ` specificity of the X. phaseols enzyme 
system. (The sedoheptulose-1,7-diphosphate used in 
this work was kindly supplied by Dr. E. Racker.) 
Enzyme preparations were made as previously 
described!. The results in Table 1 show that the 
X. phaseoli enzyme system cleaved the C-l diphos- 
phates in fructose-1,6-diphosphate, ribulose-1,5- 
diphosphate and in sedoheptulose-1,7-diphosphate at 
both pH 7-8 and at pH 9-0. The quantity of Inorganic 
phosphate liberated corresponded closely to the 
removal of a single phosphate group per molecule. 
In each case subsequent chromatography showed the 
presence of only the resultant acid-stable mono- 
phosphates (an equilibrium mixture of fructose-6- 
- phosphate and of glucose-6-phosphate, ribulose-5- 
phosphate and sedoheptulose-7-phosphate). 

Thus, the X. phaseoli alkaline C-1 diphosphatase is 
non-specific with respect to the cleavage of the C-1 
phosphate of all three metabolically important keto- 
sugar diphosphates at both pH 7:8 and at pH 9-0. The 
question as to whether this activity is the result of one 
or of more than one enzyme has not yet been resolved. 

Rorr M. HOOHSTER 

Microbiology Research Institute, 

Canada Department of Agriculture, 
Ottawa. 
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Zinc Content of Expressed Human 
Prostatic Fluid 


Bertrand and. Vladescot were the first to show the 
remarkably high concentration of zinc in the human 
prostate. The figures obtained by them were 0-49 and 
0-53 mgm./gm. dry weight. Mawson and Fischer? 
found the average zinc concentration in 7 normal 
human pose to be 0-859 mgm./gm. dry weight. 
Hoare et al.* found an average of 0-744 mgm./gm. 
dry weight in 19 normal human prostates. Higher 
zinc-levels have been reported in human spermatozoa 
(1-998 mgm./gm. dry weight)‘, in human seminal 
plasma (3-1 mgm./gm. dry weight)’, and in speci- 
mens of human carcinoid tissue (av. 1-702 mgm./gm. 
dry weight)? (Table 1). 


Table 1. CONCENTRATION OF ZINO IN SBVERAL ZINC-RICH HUMAX 
TISSUS AND FL 


UIDs 
Tissue or finid mgm./Zn/gm./dr¢ weight Ref. 
Prostate 0-51 1 
Prostate 0 859 2 
—— 1.908 i 
£08, . 
Seminal plasma 8-1 5 
Carcinoid 1-702 8 
Retina 0-20 E 
Iris 0-20 12 


It has been demonstrated both by radioautography’ 
and by histochemical staining*-!° that the zme in the 
prostate 1s located chiefly in the epithelial cells. In 
view of the large amount of stromal tissue present in 
the human prostate, the concentration of zino in the 
glandular epithelium might be expected to be very 
much higher than the figures quoted for zinc in the 
prostate as a whole and might be more closely reflected 
by the level of zinc in digitally expressed prostatic 
fluid. 

Specimens of prostatic fluid were obtained by 
prostatic massage, placed on nylon films, dried in 
vacuo and measured for zinc content using an X-ray 
fluorescence technique developed by one of us (T. H.) 
and fully described elsewhere!!. As shown in Table 2 
the concentration of zinc in normal human prostatic 
fluid obtained by massage varied between 3-9 and 9-8 
mgm./gm. dry weight, with a probable error of + 5 
per cent for each assay. In the group of men exam- 
ined the concentration of zinc was not related to age. 
No attempt was made to remove extraneous cells and 
debris from the prostatic fluid prior to measuring its 
zine content although such material, derived in part 
from the urethra, would tend to lower the zinc 
concentration in the dried prostatic fluid. 


Table 2. CONCENTRATION OF ZINO IS THE PROSTATIO FLUID OBTAINED 
BY GE FROM EIGHT NORMAL SUBIEOTS 


Age mgm./Zn/gm./dry weight Age mgm./Zn/gm./dry weight 
30 98 82 7S 
46 8-6 25 7-1 
42 8-1 85 52° 
55 77 28 8-0 


Average: 7°2 + 1:9 SD. 


Fluid obtamed by massage from normal human 
prostates is considerably richer in zine than is seminal 
plasma. It is also 2-5 times richer in zinc than are 
spermatozoa on a dry-weight basis. Human eye 
tissues are not as richly endowed with zinc! as are 
certain animal eye tissues!4-15, and the concentrations 
of zinc in the human retina and iris are less than in 
the norma! prostate (Table 1). It appears, therefore, 
that prostatic fluid contains more zinc on & dry- 
weight basis than any human tissue or any other 
human secretion. Fujii!’ has presented cytochemical 
evidence suggesting a role for zinc in mitosis and 
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Fujii et al." have found a release of zinc associated 
with activation of starfish spermatozoa. These latter 
findings have been confirmed by Mizuno’ using 
zine-685. The ability of prostatic epithelium to form a 
secretion extraordinarily rich in zinc, the high con- 
centration of zinc in spermatozoa and the relatively 
low concentration of zinc in human testes! are 
consistent with the hypothesis that a function of 
the prostate may be to provide spermatozoa with 
zino. 

This work was supported in part by research grant 
O-3817 from the National Cancer Institute, United 
States Public Health Service, Bethesda, Md., for 
which are offered. 


A. R. MAOKENZIE 

T. HALL 

W. F. WHITMORR, JUN. 

Urologie Service, 
Department of Surgery, 
Memorial Hospital, 
and the Division of Experimental Surgery 
and Physiology and Division of Biophysics, 
Sloan-Kettering Institute, 
New York. 

ETN G., and Viadeaco, R., O.R. dead, Sci., Pars, 173, 176 
— O. A., and Fischer, M. I., Canad. J. Med. Sei., 30, 886 
* Hoare, R., Delory, G. E., and Penner, D. W., Cancer, 8, 721 (1968). 
“Mawson, C. A., and Fischer, M. L, Biochem, J., 55, 696 (1953). 
s Mawson, O. A., and Fischer, M. L, Nature, 177, 190 (1856). 
* Feyrter, F., Deutsch. med, Wockschr., 81, 1078 (1958). 


aa — Haddad, F., Prout, G., and Whitmore, jun, W. F., 
Urol., 88, 271 (1068). 


stage, 4A McNary, un, W. F., and Honetti, F., J. Histoohem. 
and Cytochem., 1, 498 (1958). 
t Voigt, G. E., Acta —— Microbiol, Scand., 48, 242 (1058), 


1° Rixon, B. H., and Whitfield, J. F., J. Histochem. and Cytochem., 
7, 262 (1959). 


n Ha j. — Analysts, edit. by Yoo and Koch, Chap. 17 (John 
d Sons, Inc., 1957). 


n Hall, T, ‘unpubliahed resulta. 
11 Weitzel, G., Fretzdorff, A.-M., and Eberhagen, A., Hoppe-Seyler’s 
Z. physiol. Ohem., 368, 221 (19538). ete nat ne 
it Weitzel, G., Strecker, F.-J., Rooster, U., Buddecke, B., and Frets- 
dorff, A.-M., Hoppe-Seyler’s Z. physiol. Chem., caret 19 — 
1} Wetzel, G. Buddeoke, E., Fretzdorff, A.-M., Strec 
Roester, U., Hoppe-Seyler’s Z. physiol, Chem., stat T 
t Fujii, T., J. Fao. Sci. Unis. Tokyo, 7, 813 (1955). 
17 Fuji, T., Utida, S., and Mizuno, T., Nature, 176, 1068 (1955). 
1 Bfizuno, T., J. Fac. Sci., Untv. Tokyo, 7, 477 (1956). 
1 Luts, B. RE, J. Ind. Ryg., 8, 177 (1926). 


PHYSIOLOGY 
Primary Shunt Hyperbilirubinzmia 


Four cases of jaundice were previously reported 
from this laboratory in which the hyperbilirubinzemia 
was not related to the breakdown of circulating 
erythrocytes nor to a defect in hepatic function?. 
The hyperbilrubinemia was familial, the serum 
bilirubin predominantly mdirect-reacting pigment 
and the total urobilinogen excretion in urine and stool 
increased. The bone marrows showed erythroid 
hyperplasia and the increased marrow activity was 
reflected in a peripheral reticulocytosis. Erythrocyte 
destruction, as measured by chromium-51 red cell 
survival, was not a causative factor. It was suggested 
that the excess bile pigments were derived from 
marrow erythrocytes or their precursors—erther 
their destruction or by a direct synthesis of bilirubin 
from hem or its precursors. This short cut in bilirubin 
production was termed ‘shunt hyperbilirubmemia’ 
and was thought to represent a marked exaggeration 
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of the normal pathway in which at least 11 per cent of 
bile pigments (stercobilin) are derived from sources 
other than the ham of the circulating red cell?. To 
test this postulate we have since studied four normals 
and one of the affected patients (A. P., case II}, 
using 2-1“O-glycine as an index of hem and stercobilin 
formation. 

In all subjects 50 pe. of “C-glycine labelled on the 
second carbon was given intravenously. Crystalline 
hæmin was prepared from venous blood by Delory’s 
method’. Stercobilm was prepared from total block 
stool collections and purified according to the method 
of Watson ef al.4. Both the hemin and stercobilin 
were plated at infinite thinness and counted in a 
gas-flow carbon-14 counter. The results in one of four 
normals and in A. P. are shown in Fig. 1. The 
incorporation of carbon-14 into ham in four normal 
controls was maximal at days 8-12 and ranged in 
specific activity from 14 to 21 c.p.m./mgm. In A. P. 
the maximum incorporation was 10-5 c.p.m./mgm.. 
which was reached on day 14 and remained between 
9-8 and 11 c.p.m./mgm., until day 70. 

From the relative ifioc activities of hæmin and 
stercobilin shown in Fig. 1, the size of the more direct 
pathway of bile pigment production was calculated. 
Using the assumptions of London et al.?, the maximum 
carbon-14 content of the stercobilin was compared 
with that of the hemim and indicated that in the four 
normals 6-10 per cent of the stercobilin was derived 
from isotopically labelled precursors other than the 
hem of the circulating erythrocyte. This is of the 
same order as the 11 per cent obtained by London 
et al. using glycine labelled with nitrogen-15. The 
patient A. P., however, excreted large amounts of 
labelled stercobilin within the first six days of the 
test. This excretion of stercobilin labelled with 
carbon-14 indicated that at least 82 per cent of this 
pigment was derived from sources other than the 
circulating red cells. In a series of seven, 2-4 day 
block stool collections, subject A. P. excreted an 
average of 945 mgm. of stercobilin per 24-hr. period. 
In the absence of hamolysis as proved by two normal 
chromium-51 studies and the normal persistence of 
hem labelled with carbon-14 in the present work, 
this 70-kgm. patient would be expected to excrete a 
maximum of 240 mgm. of stercobiln per 24-br. 
period’. The excess of approximately 700 mgm. of 
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stercobilin excreted per day agrees well with the 
calculated ‘shunt’ size of 82 per cent. 

These findings, then, substantiate the previous 
postulate that this patient has a large ‘shunt pathway’ 
of bilirubin and stercobilin production. The hyper- 
active normoblastic marrow suggests this to be the 
site of bilirubin over-production, either catabolically 
from hem or by a more direct anabolic pathway. The 

emechanism is then analogous to that described in. 
pernicious ansemia®, congenital porphyria’ and thalas- 
semia®. This patient is representative of a group 
characterized by an inborn defect resulting m a non- 
hsemolytic overproduction of bilirubin and derived 
pigments. 

This work was supported by a grant from the 
National Cancer Institute of Canada. 
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Vitamin By, Activity in the Serum of 
the Rat 


Part òf the vitamin B,, activity in rat serum, as 
assayed with Lactobacillus leichmannit, 18 stable to 
alkali}, which destroys vitamin B,, and almost all 
the vitamin B,, activity in human serum’. In this 
communication we present observations showing that 
rat serum contains four separate components with 
vitamin B,, activity for Lactobacillus leichmannii. 

Albino rats of the Wistar strain were used for this 
work. Samples of pooled serum from normal or 
totally gastrectomized rats were autoclaved in the 
presence of acetate buffer pH 4-5 with traces of 
sodium cyanide’, The clear extracts obtaimed after 
removing the proteins were treated with charcoal, 
which was removed by centrifugation, washed, and 
eluted with hot 75 per cent (v/v) acetone. The 
eluates were evaporated to dryness in vacuo at room 
temperature and the residues were dissolved in about 
0-5 ml. water. Assays of the extracts before and after 
treatment with charcoal showed that the charcoal 
removed all the vitamin B,, activity and that about 
50 per cent of the original activity was recovered in 
the eluates. The proportions of alkali-stable to 
alkali-labile vitamin B,, activity in the original 
extracts and in the eluates were similar. 

The eluates (0-05—0-1 ml.) were placed on Whatman 
No. 1 chromatography paper, with suitable standards 
in parallel. The chromatograms were developed for 
16-18 hr. at room temperature using a descending 
technique with a solvent containing sec.-butanol, 
water, glacial acetic acid and 5 per cent (w/v) potas- 
sium cyanide solution in the proportions 100 : 50:1: 
0-25 by volume. The papers were dried in the air and 
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Table 1. Rr VALUES OF SUBSTANCES WITH VITAMIN Bı, ACTIVITY 
FOR Lactobaculus lecchmannti FROM RAT SERUM 
No of 
Material experiments Rp 
Vitamin Bia 6 0 21 28 
Thymidine 8 0:740 76 
0:21-0:27 
Extracts from normal rat serum 4 REE 
0 72-0°76 
0:22—0 23 
Extruots from normal rat serum with 2 0 47-0 49 
vitamin Bı, added 064-066 
0 78-076 
Extract from serum of totally gastrec- 1 — 
tomized rats 071 
Alkali-treated extracts from normal 2 — * 
rat serum 0-74-0:77 


cut into strips, which were applied to plates of suitable 
vitamin B,,-deficient medium containing 2:3: 5 
triphenyl tetrazolium chloride and sohdified with 
ager and seeded with Lactobacillus letchmannw or 
Escherichia cols 113-38. The positions of the active 
substances on the paper were shown after incubation 
by an area of red coloration in the agar; less 
than 1 mygm. vitamin B,, can be detected by this 
method. 

The results are summarized in Table 1. With 
Lactobacillus leichmannii 4 spots were obtained from 
normal rat serum, the slowest moving corresponding 
in Rr with vitamin B,,. Three faster moving spots, a 
large one (Rr 0-45-0-51) and 2 smaller ones (Hr values 
0:60-0:68 and 0-72-0-76 respectively), followed. 
Addition of witamin B,, to extracts of normal rat 
serum increased the size of the slowest moving spot, 
which was not found in extracts of the serum of 
totally gastrectomized rats in which the level of 
alkali-labile activity was reduced, or in extracte of 
normal rat serum which had been treated with, 
alkali. 

Since Lactobacillus leichmannii grows in the 
presence of deoxyribosides in vitamin B,,-deficient 
media, it seemed likely that the three faster moving 
spots might be due to deoxyribosides, because these 
substances are stable to alkali. Thymidine gave 
spots corresponding in Rr with the fastest moving 
component in rat serum. We were unable to obtam 
zones of growth with any other deoxyribosides 
although adenosine and guanosine gave some growth 
in tube assay under our conditions. The amount of 
growth with these substances was much less than 
with thymidine at the same concentration (2 ugm. per 
mi. medium). However, with water-saturated sec.- 
butanol as the solvent, adenosine and guanosine were 
found to give Rr values of 0-44-0-55 and 0-61-0-69 
respectively*, which correspond with our resulte for 
the second and third spots from normal rat serum. 
This suggests that these substances may have given 
rise to the spots obtained from rat serum, although 
our inability to obtain spots from known samples 
of these substances while we obtained them con- 
sistently from extracts of rat serum seems anomalous. 

With Escherichia coli 113-3, normal rat serum gave 
only one spot, corresponding in Rr with vitamin B,,. 
Addition of vitamin B,, to the extracts increased the 
size of the spot. Hechertchta cols 113-3 does not grow 
in the presence of deoxyribosides. 

We conclude that the alkali-labile vitamin B,. 
activity in rat serum is due to vitamin B,, iteelf. 
The alkali-stable activity appears to be due to three 
different substances, one of which is probably thymi- 
dine while the others may be adenosine and guanosine, 
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although we have- been unable to produce direct 
evidence of this. 
MavurErEn A. Boorn 
Q. H. Srray 
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Relgtionship of the Concentration of 
Vitamin Bi. in Serum to that in Liver 
and Kidney in Rabbits 


VARIATIONS in the diet of rabbits induce large 
changes in the concentration of vitamin B,, in the 
serum. Supplemenjing a diet of oats and hay with 
cobalt causes the level of vitamin B,, in the serum 
to increase as much ag 10-fold'. It is thus possible to 
regulate to some extent the serum vitamin B,, con- 
centration, affording an opportunity to study any 
correlation between this and the concentrations of 
vitamin B,, in liver and kidney. We present obser- 
vations suggesting that there is a linear relationship 
between (a) the concentration of vitamin B,, in serum 
and in liver and (b) the concentration of vitamin B,, in 
serum and in kidney. 

Vitamin B,, activity was assayed miorobiologically 
using Lactobacillus letchmanntt as test organism’. 
Extracts of serum and liver were prepared as de- 
scribed for human serum’ and rat serum and liver’. 
Kidney was extracted in the same way as liver. In 
recovery experiments the mean recovery of added 
vitamin B,, from rabbit liver was 109 per cent (10 
estimations, range 81-132 per cent) and from rabbit 
kidney 112 per cent (10 estimations, range 92-133 
per cent). 

Fig. 1 shows the concentrations of vitamm B,, 
in the serum and livers of 11 normal Flemish rabbits. 
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mg. 1. Relationship between serum vitamin B,, concentration 
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Fig. 2. Relationship between seram vitamin Bi, concentration 

(7) and. kidney vitanin Bis concentration (y) in 11 — Flemish 
©, animals on a diet of cate and hay; animals on 

a diet of oats and hay supplemented with 40 ugr. sobelt per ihe 


The levels in liver were ten times or more higher than 
those in serum. There is & significant correlation 
between the values (r = 0-885, P < 0-001). The 
regression lines y = 400:4 + 7-87 av and x = 0-1005 y — 
28-3 can be fitted to the points.- Both lines intersect 
the liver (y) axis at positive values, suggesting that 
even if the concentration of vitamin B,, in the serum 
fell to undetectable levels a considerable amount 
would remain in the liver. This does not support an 
earlier hypothesis! *, derived from studies m man, 
that the level of vitamin B,, in serum is maintained. 
at the expense of that in the liver; it agrees with 
observations in the rat?. 

The corresponding values in serum and kidney 
(Fig. 2) also show a significant correlation (r = 0-734, 
P = 0-01). The levels in kidney were between 8 and. 
60 times higher than those in serum, and they showed 
a greater variation with the concentration In serum 
than the levels in liver. The regression lines y = 359:5 
+ 27-Tzanda = 0:0194y + 19-4 can be fitted to these 
points. The positions of these lines suggest that the 
concentration in kidney falls at the same rate as that 
in serum. 

When the total quantity of vitamin B,, in each 
liver or pair of kidneys was plotted against the 
corresponding concentration in serum, the correla- 
tions were also significant (r = 0-859, P < 0-001 and 
r = 0:7290, P < 0-01 respectively). 

Our results suggest that in the rabbit there is & 
rapid interchange of vitamin B,, between the blood 
and the liver and the kidney. Liver and kidney both 
accumulate vitamin B,, from the blood, but the liver 
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probably retains its vitamin B,. more tenaciously 
than kidney. 
K. Ina SNETI 
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Blood Supply of the Brain Cortex after 
Operative Damage to the Central 
Nervous System 


AFTER separating the neo-cortex of 6-day-old 
rats from other parts of the central nervous system 
and leaving it in sttu, retardation of somatic develop- 
ment", of some simple? and complex reflexes‘ and 
thermoregulation were observed. 

In adult rats, however, there are no essential 
deviations. Simple conditioned reflexes can be 
elaborated’, and rather normal electroencephalogram 
pictures are registered’. In some animals, auditory 
cortical potentials are modified, but it is possible to 
record them’. 

After this operation, however, the cerebral cortex? 
changes histochemically; for example, an increase of 
mucopolysaccharides and other periodic acid-Schiff- 
positive substances ocours. The temperature of the 
separated part is higher, and in vitro consumption of 
oxygen increases’. The relative vascularity of the 
cerebral cortex and other parts of the central nervous 
system is rioherio. I have now investigated another 
problem which is connected with the metabolic 
properties of the isolated part, namely, the ques- 
tion of the flow of blood. I followed the blood- 
flow in the cerebral cortex in the part separated in the 
early post-natal period and that in the thalamic 
region (the non-injured part of the central nervous 
system). Gibbs’s method of using a heated iron- 
constanten thermocouple was used. The results are 
summarized in Table 1 and refer only to the increase 
in temperature of the thermocouple after heating 
with a constant electrical current (8 V., 140 m.amp.). 
Absolute values of blood-flow are not exactly ascer- 
tainable. Measuring the blood-flow in the carotid 
artery, which is difficult in the rat, cannot show the’ 
distribution of blood-flow in the central nervous 
system. The calibration of the heated thermocouple 
in other organs, for example, the kidney, omits the 
physica] properties of the brain tissue and of the skull. 
That is why I did not repeat the established values. 
The calibration curves of Gibbs show that the changes 
are rectilmear within the limits I used. Table 1 
shows that heating the thermocouple with & current 
of 140 m.amp. raises the temperature by 0-69 + 0-04 
deg. C. in the cerebral cortex of the normal narcotized 
rat. In the operated rat, the tomperature of the heated 
thermocouple increases only by 0-32 + 0-04 deg. C. 
This smaller increase is due to a higher blood-flow in 
the cortex. The physical properties of the skull in the 


Table 1. IXCRHASH OF TEMPERATURE AFTER HBATING AT 140 M. ANP. 
. IN VARIOUS Pane OF THE area NERVOUS BYOTEM 


Temperature 


eae increase a 
i post-operative 
Thalamic region, normal 20 O68 £ 005 0-28 
ë »» post-operative 15 03844008 O11 
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operated rat (thickness, eto.) do not differ signifi- 
cantly, neither does the hydration of the cerebral 
cortex. 

Similar results are observed m the thalamic region. 
The thermocouple was attached to the ventralis 
thalami region, 2 mm. laterally from. the sutura 
sagittelis, 2 mm. dorsally from the bregma, and 
4-5 mm. deep. Krieg’s stereotaxic atlas of the rat 
brain helped me to find the co-ordinates!-1*. 

The results indicate that blood-flow in the cerebral 
cortex and the thalamic region is higher after operative 
lesion, affecting the nerve fibres which connect the 
cerebral cortex with the sub-cortex. This coincides 
with my earliér observations’? (increase of tempera- 
ture, of relative capillarization and oxygen consump- 
tion tn vitro), 

Thus damaged nervous tissue shows some metabolic 
changes, which are accompanied by changes in the 
blood-flow. The causes of these changes have not yet 
been clarified; they may be'a manifestation of 
degeneration, or due to a previous inflammation. 
They may be also manifestations of compensating 
processes which occur in the central nervous system 
of new-born animals after lesion. 


S. Rape 


Department of Pathophysiology, 
Pizen, Czechoslovakia. 
1 Mysliveček, J., J. PAysiol. (Paris), 46, 479 (1954). 
” Tek loka — J., and Maršala, J., Univ. Carol. Medie., 2, 
*Bedlatek, J., Sbornik Idk., M, 352 (1959). 
4 Hassmannova, J., Os, Fystol., 8, 188 (1958). 
4 Mysliveček, J., Sborník Ldk., 80, 73 (1958). 
* Mysliveček, J., Os, Fysiol., 8, 422 (1959). 
* Mysliveček, J., and Chaloupka Z., Cs. Fystol., 8, 421 (1969). 
Jivetek, J., and Obručník, M., Activ. Ners. Supp., 1, Supp. 1, 
129 (1959), 
? Reiniš, 8., Pflugers Arch., 371, 816 (1960). 
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PHARMACOLOGY 


Zero Order Oxidation of Tolbutamide 
in vivo 


Ir has been shown that in 4 out of 5 test subjects 
carboxytolbutamide [1-butyl-3-p-carboxyphenylsul- 
phonylurea] was excreted in the urine by a first-order 
process following the oral or intravenous administra- 
tion of tolbutamide  [1-buty]-3-p-tolylsulphonyl- 
urea]; furthermore, that the rate constant found 
for this excretion was the rate constant for the in vivo 
oxidation of tolbutamide to carboxytolbutamide. An 
average of about 92 per cent of 465 mgm. oral doses 
of tolbutamide was recovered in the urine as carb- 
oxytolbutamide in 36 hr. from the four subjects 
that showed first-order excretion of the latter material. 

I have now carried out an investigation in 
which the tn vivo oxidation of tolbutamide was by an 
apparent zero-order process brought about by 
administration of ethanol 1-2 hr. after the ingestion 
of tolbutamide. It is well known that ethanol in 
moderate or heavy doses is oxidized by a zero-order 
process with & rate in adult humans of 5-10 ml./hr. 
(ref. 2). Also, intolerance to ethanol has been reported 
as & side effect of tolbutamide administration®. It 
seemed possible that since ethanol is removed by the 
body by a zero-order process, simultaneous adminis- 
tration of tolbutamide should result in the latter 
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material also being oxidized by a zero-order process 
because of competition provided by the ethanol for 
enzymes or other substances needed to be furnished 
by the body to effect oxidation. 

On two separate occasions one week apart, a 
42-year-old adult man in apparent normal health 
orally ingested 500 mgm. micronized tolbutamide 
in water suspension 3-5 hr. after a light lunch. 
In the first test, the equivalent of 60 ml. ethanol in 
beverages was ingested between the second and third 
hours after ingestion of drug. The equivalent of 
another 40 ml. of ethanol in the same form was 
ingested during the next hour and another 40 mi. 
between“the sixth and soventh hours of the experi- 
ment. Urme was collected at hourly mtervals for a 
total of 7 hr. after an mitial collection 2 hr. after drug 
ingestion and at longer time intervals until 48 hr. 
after drug ingestion. The procedure was the same in 
the second experimpnt except that ethanol ingestion 
did not begin until 2 hr. after tolbutamide ingestion; 
after ingestion of the initial 60 ml. of ethanol, the 
ingestion of the remaining 80 ml. was spread out more 
evenly over the next 8 hr; hourly urine collections 
were made for 8 hr. and collection of urine after this 
time was in some cases at different time-intervals for 
the remainder of the experiment. Urines were assayed 
for carboxytolbutamide by a previously described 
method‘ after carrying out the extraction procedure 
described in this assay for removing free tolbutamide. 
The chloroform extracts so obtained from urines 
collected in the second test were evaporated to dry- 
ness at about 50°, the residue redissolved in 0-1 M 
sodium bicarbonate and assayed for tolbutamide for 
tho same procedure. 


4 


Tablo 1. QOUMULATIVE OARBOXYTOLBUTAMIDR EXORETION (MGM.) 
Test Time (hr.) 

No. 2 3 4 56 6 7 #& 16 24 81 42 48 
1 86 64 95 114 188 155 — 246 802 882 — 361 


2 21 53 87 115 148 170 198 271 3390 — 3856 — 


The cumulative amounts of carboxytolbutamide 
oxcreted are listed in Table 1. Onder nearly the same 
conditions of administration, only without ethanol, 
absorption of the dose was very rapid by the same 
test subject and resulted in the recovery of 97 per cent 
of the dose in the urine as carboxytolbutamide after 
36 hr.!. The total recovery in the present experiments 
(Table 1) was 65 per cent of the dose in the first experi- 
ment and 64 per cent in the second. The amount of 
apparent free tolbutamide found in the second test 
was 6 per cent of the dose. It seems logical to believe 
that the remaining 30 per cent of the dose was present 
as other metabolites which are present in only small 
amounts in the normal case. The rapid absorption of 
tolbutamide and method of conduction of the test 
ruled out the possibility that the dose was incom- 
pletely absorbed due to the ingestion of ethanol. The 
rigour of test precludes its repetition with larger 
doses of tolbutamide which would allow attempts to 
recover and identify other metabolites in the urine 
collected. 

When the cumulative amounts of carboxytolbut- 
amide excreted were plotted versus timo, straight 
lines could be drawn through the experimental points 
during the time when body ethanol-level was high 
(first 7 or 8 hr. of the experiments). This is shown in 
Fig. 1 using results collected in the second teat. For 
comperison, the type of carboxytolbutamide excre- 
tion curve obtained when the same test-subject took 
465 mgm. tolbutamide in another test under nearly 
the same conditions only without ingestion of ethanol}. 
He has shown similar excretion patterns in more 
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Cumulative mgm. carboxrytolbutamide 
exoreted 





2 4 8 8 16 24 $2 40 
Time (hr,) 


. Sohd circles ilustrate the apparent zero order exerefion 
of carboxytolbutamide which — the apparent zero order 
oxidation of tolbutamide to carboxytolbutamide during the first 
8 hr. of a test m which ethanol was ingested after prior ae 
of tolbutamide. Open otrcles represent the same ject’s 
carboxytolbutamide excretion 
given and noe 


attern when the same drug was 
nol was inges 


recent but as yot unpublished work. The slope of the 
linear portion of the curve from results obtained in the 
ethanoltolbutamide test represents the constant 
oxidation-rate of 0-098 mole tolbutamide/hr. In the 
first test, the excretion curve was linear in the period 
between 4 and 7 hr. after initiation of the test and 
represented the constant oxidation-rate of 0-066 
mole tolbutamide/hr. 

It would be very unlikely that the linear excretion 
curves resulted from interference by ethanol in 
excretion of carboxytolbutamide by the kidney. 

I wish to acknowledge the valuable assistanco 
of Mr. Gerald Reichelderfer and Mr. Victor Wong in 
conducting the assays. 

Emo NELSON 
School of Pharmacy, ‘ 
University of California Medical Center, 
San Francisco 22. 
: Neon. B., and O’Reilly, L, J. Pharmacol. Ezp. Therap., 182, 108 
1 The Merck Manual, alghth ed., 1092 (Merck and Co., Inc., Rahway, 


N.J., 1947}, 


* The Merck Index, seventh ed., 188 (Merck and Co., Inc, Rahway, 
N.J.. 1060). 
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improved Method for Quantitative 
Estimation of Oxytocin 


A Fast and sensitive method for determination 
of oxytocin has long been sought. In 1959, 
Fitzpatrick! reported a new method for estimation of 
small amounts of oxytocin. Using the milk ejection 
response after mterarterial injection of oxytocin he 
was able to detect amounts in the range of 0-08-0-2 
m.U. oxytocin. With the superfused rat uterus tech- 
nique he was able to estimate doses of oxytooim 
down to 0-002 m.U., in some cases 0-001 m.U. Mendez- 
Bauer et al.* published a method to determine oxytocin 
in vitro by using strips from the mammary gland of 
the lactating rabbit. The lowest concentration of 
oxytocin detected by this method was 0:1 m.U./ml., 
but in general the suitable range for the determination. 
was 0:5-10 m.U./ml. 

By using the mammary gland from lactating rats 
we have been able to determine, tn vitro, very low 
concentrations of oxytocin (0:006—0:05 m.U./ml.) with. 
considerable accuracy. 
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Lactatmg rats from the 3rd to the 10th day post- 
partum were used. The rats were anmesthetized with 
ether and the mammary glands were dissected from 
the skin and the underlying abdominal fascia. A 
strip measuring 26-40 x 4 x 2mm. was cut out and 
freed from the surrounding fascia. The strip was 
immersed in a bath containing 4 ml. Tyrode solution 
at 38° C. and oxygenated with a gas mixture contain- 

«ing 95 per cent oxygen and 5 per cent carbon dioxide. 
With a sensitive strain gauge (TLK5/0-01, Torsten 
L jungstrom AB, Ringvägen, Sollentuna, Sweden) and 
a carrier frequency bridge (Ljungstrom, TL 21 H) 
isometric contractions were measured and recorded 
by a potentiometer recorder (Ljungstrom, TL 
PS-250). The resting tension used was 150-175 mgm. 
Within a certain range the dose-response curve was 
hnear. In general this range was between 0-005-0-050 
m.U. oxytocin/ml., but sometimes as little as 0-0005 
m.U./ml. has been determined. The tension developed 
never exceeded 25 mgm. The maximum of the con- 


traction was reached 1-3 min. after the addition of 


oxytocin. After washing, the base-line was reached 
within 5 min. 6-8 determinations can be made every 
hour. The same strip can be used for at least 6-8 hr. 
The effect of adrenaline, noradrenaline, histamine, 
acetylcholine and serotonin was tested on the 
isolated ry gland. The results obtamed 
varied somewhat, but acetylcholine invariably caused 
contractions of the mammary gland in concentrations 
down to 25 x 10 gm./ml. A detailed report will 
be published later on. 
Inevan SJÖHOLM 
GUNNAR RYDÉN 
Pharmacognosy Department, 
Royal Pharmaceutical Institute, 
Kungstensgatan 49, 
Stockholm Va. 
1 Fitspatrick, R. J., Oxytocin, 358 (Pergamon Press, 1961). 
* Mendexz-Bauer, C., Cabot, H. M., and Caldeyro-Barola, R., Science, 
82, 209 (1960). 


PATHOLOGY 


A Method for the Detection of 
Xanthomonas campestris (Pammel, 
1895) Dowson, 1939, in Brassica Seed 


Xanthomonas campestris causes widespread and 
sometimes serious disease in Brassica crops in New 
Zealand. A suitable test for the presence of seed-borne 
infection was desired, as such infection may play an 
important part in the dissemination and survival 
of the organism in New Zealand. Katzmelson and 
Sutton! have described a rapid, phage plaque-count 
method for the demonstration of imternally borne 
bacterial infections of seed. The seedling method to be 
described here is being developed as a simple altern- 
ative, not requiring specialized laboratory technique. 

Seed of the sample to be tested is germinated on 
moist absorbent paper in enclosed, but not airtight, 
plastic boxes of internal dimensions approximately 
22 x 14 x 8 cm. These boxes admit sufficient hght 
to prevent etiolation of the seedlings. Seed is sown 
at a density of approximately 2-5 seeds per cm.” 
there being 500 seeds in each box. At 22°C. X. 
campestris causes a progressive collapse, blackening 
and death of the seedlings 8-18 days after sowing. 
The incubation period of the disease and the rate 
of collapse of the seedlings vary with different lines 
of seed. The disease may appear in localized areas, 
and slowly spread throughout a box, or the whole 
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box of seedlings may succumb almost simultaneously. 
Should the pathogen be absent, the seedlings may 
slowly collapse due to other causes, but usually they 
remain healthy for at least 21 days. 

Several diseased seedlings from a box are macerated 
in a drop of sterile water, and pricked into the leaf 
veins of a Brassica indicator plant with a sterile 
needle. This indicator plant should preferably be 
closely related to the seedlings. Should X. campesirts 
be present, characteristic leaf symptoms appear within 
a few days of inoculation. The organism may later 
be plated out from the veins of the leaf petiole. 
Dead material from the seedling boxes, when plated 
directly on beef-peptone agar, consisten yields 
colonies of saprophytic bacteria, without any detect- 
able X. campesirts. 

An estimate of thelevel of infection in a given sample 
of heavily infected seed may be obtained by decreas- 
ing the total number of seeds sowa per box, until the 
organiam can no longer be detected. Where tho level 
of infection is low, an estimate may be obtained by 
increasing the number of boxes sown, until a positive 
result is obtained. 

Several lines of commercial seed have been tested 
to date, and some have been found to be infected, 
with at least 1 seed in 300 carrying the pathogen. 
This work is continuing. 

This seedling method, or modifications of it, may 
also be of value in the detection of other seed-borne 
bacterial pathogens. 

D. A. SHAOKLETON 
Bacteriology Section, 
Plant Diseases Division, 
Department of Scientific and 
Industrial Research, 
Auckland. 
1 Katenolson, H., and Sutton, M. D., J. Bact., 61, 689 (1952) 


Adrenals in Trypanosoma evansi Infection 
in White Rats 


It is not definitely known whether the adrenals are 
significantly involved in trypanosomiasis in man or 
animals. There is, however, some indirect evidence of 
adrenal hypofunction; for example, injection of 
adrenocorticotrophic hormone does not relieve the 
terminal hypoglycemia of rats parasitized by Try- 
panosoma equiperdum'; increase in serum potassium 
observed in infection with Trypanosoma equiperdum 
and Trypanosoma brucet**. 

We have recently carried out histochemical investi- 
gation of the adrenal gland in a series of white rata 
infected with Trypanosoma evansi and our findings 
are presented and discussed here. Six pairs of albino 
rats were used in the present work, one of each pair 
being infected with Trypanosoma evansi by intra- 
peritoneal inoculation of parasitized blood, the other 
one being used as normal control. Body-weight and 
the combined weight of adrenals of both sides from 
each rat were carefully recorded. Standard histo- 
chemical methods as described by Pearse‘ were used. 

It was noted that there was an increase in the weight 
of the adrenals m the infected series, the average 
weight of the adrenals being approximately 0:02 gm. 
and 0-03 gm./100 gm. body-weight in the normal and 
infected series respectively. The parasite count in the 
infected series varied from 253 to 520 parasites per 
1,000 red blood cells. In the infected series, histo- 
chemically and histologically there was hyperplasia 
of the &drenal cortex with depletion of lipoid and 
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scorbic acid, thus conforming with the usual trilogy 
en in stress due to non-specific causes, such as 
jection of adrenocorticotrophic hormone, exposure 
» cold, X-irradiation®.*, But in some parasitic 
ections though hyperplasia and lipid depletion 
ceurred, there was no change in the content of ascor- 
ic acid of the adrenal gland, namely, in Plasmodium 
maceum infection in chicks? or in Plasmodium 
het infection in rats*. Additional findings in our 
eriment were that there was also depletion of 
‘tosteroids and noradrenaline. According to the 
ypothesis formulated by Swann in 1942 and con- 
firmed by other workers, of the active principles 
of the adrenal cortex the mineralocorticoids are 
exelusively present in the zona glomerulosa and the 
glucocorticoids are present in the outer portion of 
the zona fasciculata. Thus the lipoid and ketosteroid 
depletion in the zona fasciculata may possibly be 
_ related to the hypoglycemia reported in trypanosomal 
- infection. 
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_ Relationship of the Lactic Dehydrogenase 
Factor to Certain Murine Tumours 

_ Recentry, Riley and Wroblewski? reported a close 
_ correlation between the level in plasma of the enzyme 
- lactic dehydrogenase (LDH) and the growth of several 
_ transplanted tumours in mice. ‘This was followed by 
the observation that a transmissible factor, capable 
- of elevating the plasma LDH in normal animals, was 
associated with all 26 different types of mouse neo- 
- plasms studied*.. Organ extracts or plasma from these 
_ tumour-bearing animals with the factor produced a 
< §-10-fold rise in the level in plasma of lactic dehydro- 
_ genase usually within 72 hr. after injection into 
- normal recipients. This increase in enzyme persisted 
for periods exceeding 2 months*. The nature of this 
ent and its relation to the neoplastic process 
mained obscure. 

xamination, in this laboratory, of the plasma 
















ealed a 4-5-fold increase in the level of lactic 
ydrogenase within 72 hr. after implantation. 
owever, four transplanted tumours (plasma cell 
tumour-70429, reticulum cell sarcoma-H6867, mam- 
nary carcinoma-C3HBA and melanoma-DM1) were 
und that did not produce the early rise in plasma 
DH characteristic of the transmissible factor. In 
dition the plasma of 13 mice with primary spon- 
neous mammary tumours and 8 mice with primary 
astrol-induced testicular tumours failed to 
zan increase of lactic dehydrogenase even 
h the tumours were of moderate size. Further, 





urs (hepatoma 3683, lymphosarcoma R2788, 
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rum from rats bearing 6 different transplanted — 







Walker carcinosarcoma 256, Novikoff hepatoma, 
ethionine-induced hepatoma, and Moloney leukzemia) 
showed no increase of LDH as compared with seru 
from control rats. haana 

It seemed difficult to explain these diverse findings 
unless one postulated that the factor responsible for- = 
the early increase of plasma lactic dehydrogenase = ~ 
was a contaminant of mouse origin and not directly == 
related to the neoplastic process. If this were the case, © 
those particular tumours which had become con- ~ 
taminated with the agent would show the early 4-5- 
fold rise in plasma LDH. Tumours which had i 
become contaminated would fail to show this. 
increase of enzyme. This would then account fo; 
normal level of plasma LDH. associated with 
of the tumours described here. Species specificity 
the LDH agent for the mouse or a difference in rat 
reactivity could be responsible for the normal plasma 
level of LDH in rats with transplanted tumours. To 
examine these possibilities further the experimente 
briefly outlined here were performed. LESS TE EE 

Lactic dehydrogenase was assayed by a modifica 
tion of the method used by Wroblewski and LaDue*® 
after being adapted to the Cary spectrophotometer. — 
The plasma LDH from normal mice was approxi = 
mately 1,200 units and rose in the presence of the  - os 
LDH factor to between 4,000 and 6,000 units, Plasma = 
was obtained by orbital bleeding’. ieee NB 

First, mouse plasma containing the LDH factor was 
diluted 1 in 10, and 0-1 ml. and 1-0 ml., respectively,  — = 
of the diluted material was injected intraperi- 
toneally into normal mice and normal rats. The 
mice developed the early 4—5-fold rise in plasmalactie 
dehydrogenase associated with the factor, but the 
plasma LDH level of the rats remained unchanged: 
Second, the Moloney leukemia agent (originally a 
mouse-isolated virus which is now being carried in 
both rats and mice) was extracted from leukemic rat .— 
and mouse tissues’. The leukemia virus recovered 
from the rat and mouse was injected separately into 
two groups of normal mice. Both groups of animals 
developed the characteristic lymphoid leukemia. The se 
animals which received the mouse-derived leukwmia 
virus showed the early 4-5-fold increase of plasma 
LDH associated with the transmissible factor. How- 
ever, the plasma LDH from the mice which received = o o= 
the rat-extracted material remained within the 
normal range. This added further support to the = = 
belief that the transmissible factor responsible forthe = 
early and prolonged increase of plasma LDH was 
not directly related to the neoplastic process or to 
the Moloney leukemia virus, but instead was a 
‘passenger’ agent. Inoculation of the Moloney virus 
produced an early increase of plasma LDH only if- 
the LDH factor was present. | 

To examine further the LDH factor—tumour rela- 
tionship, DBA/2 mice bearing the ascitic form of 
P--388 lymphocytic leukemia, which carries the LDH 
factor, were exposed to 10,000 rads total-body irradia- 
tion from a 3-MeV. X-ray generator. This dose of 
irradiation has been reported as sufficient to render 
the tumour cells reproductively inert (with a chance 
of approximately 1 in 10!° of a single tumour cell 
surviving), yet inadequate to cause virus inactiva- 
tion’. Ascitic fluid which contained the factor was 
immediately aspirated from the irradiated animal and 
10° morphologically intact tumour cells were injected 
intraperitoneally into recipient DBA/2 mice. Under 
these conditions, there was no tumour growth. 
Despite the lack of tumour growth, the early 4—5-fold 
increase in the level of plasma lactic dehydrogenase 
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occurred, indicating that the LDH factor had not 
been inactivated. Yaffe has recently reported some- 
what similar findings’. 

In another experiment, freshly aspirated ascitic 
fluid from mice bearing the P-388 tumour was irra- 
diated in vitro to a dose of 5 x 10° rads with 3-MeV. 
electrons from a Van de Graaff generator. This dose 
not only prevents tumour growth but is said also to be 
sufficient to inactivate many viruses. However, 
the dose is inadequate to cause major protein denatur- 
ation*. Following irradiation, 10° morphologically 
intact cells were immediately injected intraperi- 
toneslly into recipient mice. No tumour growth was 
seen, but in contrast to the previous experiment, the 
increase in the level of plasma LDH did not occur. 
From these results it would appear that the dose of 
radiation used was sufficient to inactivate the LDH 
factor. 

Investigations in progress with Dr. Robert A. 
Manaker of this Institute strongly suggest that the 
LDH agent may be associated with conditions unre- 
lated to tumours, and several stock mouse virus 
preparations of the infectious type have been shown 
to contain a factor which increases plasma lactic 
deh . Further, it appears that the factor is 
unstable in ether and may be eliminated by passage 
through tissue culture. 

Evidence is thus beginning to accumulate that the 
LDH factor is probably a virus of mouse origin, 
which is being carried along by a number of trans- 
planted tumours. The plasma lactic dehydrogenase- 
level of an animal with a particular tumour will 
depend, therefore, on whether or not the LDH factor 
has become associated with that tumour. 

We wish to express our thanks to Dr. Morris 
Barrett, Dr. Walter Heston, and Dr. Howard 
Andervont for providing many of the tumours. 

Asner L. Norxms* 
ROGER J. BERRY 
Joun B. MOLONEY 
ROBERT E. GREENFIELD 
Laboratory of Biochemistry, Radiation Branch, 
and Laboratory of Viral Oncology, 
National Cancer Institute, 
National Institutes of Health, 
Bethesda 14, Maryland. 
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IMMUNOLOGY 


Natural Cytotoxic Antibodies in Human 
Blood Sera which react with Mammalian 
Cells and Bacteria 


So long as tissues have been grown in vitro, blood 
serum has been an important component of culture 
media. Blood sera, however, differ in their suitability 
as cell nutrients: some sera favour cell growth; while 
others are toxic to cells to various degrees. In spite 
of the fact that this has been known for a long time, 
no systematic investigations of the phenomenon have 
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EFFROT OF BACTERIAL ENDOTOXIC POLYSACCHARIDES ON 
TOXICITY OF HUMAN SERUM 


No. of strain L cells per microsoopic 


Table 1. 


PAR gg of —— t Cc 
(Mean + S.E.) (Mean + S.E.) 
0 
0 
0 
92 + 268 
233 + 36-0 


been made. In 1955 one of us (S. F.) reported that 
blood sera from some human bei were very toxic 
to mouse cells (strain L) in cultures’*, and, as the 
effect was so dramatic, further investigations were 
undertaken. These investigations led to the finding 
that the toxicity of sera is due to two non-dialysable 
substances at least. Ono of these can be inactivated 
at 56° C., while the other can be adsorbed by the cells 
at 4° C., without affecting the hest-labile component’. 

On further investigation it was found that the heat- 
labile substance is similar to serum complement and 
that the heat-stable adsorbable substance has proper- 
ties similar to those of antibodies‘, and indeed may 
be regarded as a cytotoxic antibody. 

In our early work® we found that it was unnecessary 
for cells to be alive in order to adsorb the heat-stable 
substance (antibody), as dead cells killed by high or 
low temperatures were equally able to adsorb the 
cytotoxic antibody. This su to us that the 
polysaccharides of the cell surfaces might be involved 
in the binding of these antibodies. Landy and Shear 
reported that all the endotoxic properties of poly- 
saccharides, whether of bacterial, plant or animal 
origin, disappeared on incubation with fresh human 
blood serum®*, When we treated human sera at 
37° C. with polysaccharides (kindly supplied by 
Dr. M. Landy, National Cancer Institute, Bethesda, 
Maryland) prepared from Serratia marcescens, 
Escherichia coli and Salmonella typhi murium, the 
sera became non-toxic to mouse cells (strain L cells) 
in cultures (Fig. 1), but relatively large quantities of 
polysaccharides had to be used (Table 1). Since it is 
well known that bacterial endotoxie polysaccharides 
are anticomplementary at 37° C., these results were 
not surprising and could be explained by inactivation 
of complement. This was proved true by titrating 
the treated sera with sensitized sheep red blood cells. 
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; C, serum treated 

lysaccharides from marcescens ; 
treated with the endotoxic polysaccharides monella 
typhi murium. Bright-field photographs of living cells. (* 160) 
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nilar results have Haii been recorded by other 
rkers’-*, 

Perhaps of greater significance was our observation 
hat sera treated with polysaccharides were detoxi- 
ated at 4° C. as well as at 37° C. However, despite 
rh-speed centrifugation of the sera at low tempera- 
ure after treatment with polysaccharides at 4° C., a 
srtain amount of polysaccharide remained in the 
rum. When such sera were found to be non-toxic on 
ubation | with cell cultures at 37° C., it became 
lifficult to say whether the detoxication was due to 
dsorption of the antibody at. 4° ©. by the poly- 
:charides, or to inactivation of complement during 
incubatien of the cultures at 37° C. The former means 
if detoxication appears to ‘be the more likely one 
since in control experiments, in which polysaccharides 
`< were added to toxic sera shortly before addition of 
_ the sera to cultures, the sera had not been detoxicated 
_ and they killed the cells in approximately the same 
time ae did untreated toxic sera. 


“Thus it appeared that the time necessary for poly- 


3  saccharides to inactivate complement at 37° C. was 
- longer than the time necessary for the antibody and 
_ complement to kill the cells. The detoxication of sera 
_ obtained after treatment with polysaccharides at 4° 
_ ©. was probably due to interaction between poly- 
a saccharides and antibody and not with complement. 

| In order to obtain more evidence that the bacterial 
— endotoxio polysaccharides interacted with the cyto- 
-toxic antibodies in human serum, sera were treated 
with whole heat-killed bacteria. Whole bacteria were 
used instead of the polysaccharides, because the bac- 

- teria could be removed completely from the sera either 
__ by high-speed centrifugation or filtration, whereas it is 
_ impossible to remove the polysaccharides completely. 

Two typen of bacteria were used in these experi- 
_ ments: Salmonella typhosa (kindly supplied by 
Dr. M. Landy) and Escherichia coli, Aliquots of 1 ml. 

__ of serum were mixed with 0-75 x 101, 1-50 x 10% and 
8 x 10 micro-organisms and shaken for 12 hr. at 
4° C. The sera were then centrifuged at 11,000 r.p.m. 

< to remove bacterial cells. Part of the bacteria-free 
supernatant serum was added to the cultures of 
1 mouse cells (strain L cells) and the other part was 
titrated with sensitized sheep red blood cells for 
--gomplement content. The sera treated with the 
largest numbers of bacteria had the least cytocidal 
effect, and complement titrations showed that bac- 
~ teria did produce a certain amount of anticomplemen- 
tary effect, but did not inactivate all the complement. 

< In another series of experiments human sera were 
heated at 56° C. for 30 min. and then treated with 
eat-killed Æ. coli in the same way as in the previous 
‘periments and after centrifugation were added to 
L cell cultures. In addition, each culture 
ved two hemolytic units of human complement 
oo) (Serum from which antibody was adsorbed 
strain L cells). The results, tabulated in "Table 2. 
nonstrate that in spite of the presence of sufficient 
mounts of complement in the cultures, the heated 
sera treated with bacteria had no cytocidal effect 
hereas non-treated heated sera had. These experi- 
nts indicate that at least under certain conditions 
16 cytotoxic antibodies in human serum react with 
terial endotoxic polysaccharides or whole bac- 
. As mentioned previously, these antibodies also 
with strain L cells. Therefore, one must assume 
strain L cells have certain antigens in common 
S. typhosa and E. coli. There are many examples 
nilar situations in which an antibody reacts with 
gens. from various sources. 
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Table 2, ADSORPTION OF NATURAL CYTOTOXIC ANTIMODY ` 
HUMAN SERUM BY HEAT-KILLED BACTERIA (Ẹ. coll) 


No. of strain L cells. per micr 
scopic field after addit 


Serum reagents serum (in Ar à unita 
Untreated serum 42 $ ; 
Heated serum (56° C, for 30 min.) 219 224 186. 
Heated serum treated with bacteria l 

(5 x 1034 ml) 205 238 239 
Serum ircated with strain EL cells + 
{at 4° C., for 12 hr.) 240 248 220 — 


Heated serum + serum treated 
with strain L cells (containing 2 a 8 
hemolytic units of complement) 36 6 ts 

Heated serum treated with bacteria — 
+ serum treated with strain L a 
cells (containing 2 hamolytic units — 
of complement) 17 140 182 


* One cytotoxic unit is equivalent to the amount of serum 
kills 10° strain L cells at 37° C. In 24 hr. 


In the present investigation the antibodies we bos 
found in human sera are active against. mouse cells 
(strain L). The same antibodies, however, also react 
with certain bacteria. There is very little likelihood o 
previous immunization: with mouse cells, but: it is 
possible that these antibodies were produced because 
of previous contact with the bacteria, that- is, hato o o 
they are actually immune antibodies rather than =< 
spontaneously originating natural antibodies. We o 
intend to find out now whether or not. the titre of = 
these antibodies active against mouse cells can be = =o 7 
increased by immunizing animals with certain — 
bacterial antigens. EE 

This work was supported by grants from the A 
Muskoka Hospital Memorial Research Fund: and o ER 
from the Medical Research Council, Canada. = =- 

S. Fenororr o= ooo 
S, d. WEBB ARE 
Departments of Anatomy and Bacteriology, 
University of Saskatchewan, Saskatoon. 
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Spurious ‘Auto-Immune’ Reactions in 
Gel-Diffusion Plates s 


In work on reactions between mouse tissues: and ReneS |e 
heterologous antisera in gol-diffusion plates a faint = 
line of precipitate sometimes appeared between wolls core 
containing normal mouse serum and normal mouse... | 
liver or kidney. In view of the possible significance = 
of this finding for work on auto-immune reactions, 
it was investigated further. $, 

Serum and 50 per cent homogenates of tissue in = 
physiological saline were placed in 2-cm. diameter > ~ 
wells in plates of 1-5 per cent agar. Single precipita- 
tion lines were seen after 2-10 days at 4° C., sometimes 
becoming double or treble later, and optically resemb-. 
ling closely those produced by true antigen-antibody 
reactions (Fig. 1). — 

The reaction was difficult to study as it varied: 
irregularly in intensity and occurrence, suggesting the 
operation of an uncontrolled factor. The development - 
of other precipitation lines was a further complica- — 
tion. For example, a band of precipitate, differing 
from that under study, often developed between sera 
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Fig. 1. Precipitation lines between serum and organs of normal 
rats. Agar made up in 0-05 M phosphate buffer, pH 7:4. Photo- 
graphed after 18 days at 4° C. 


and various tissues (especially from guinea pigs). 
It abutted on the tissue-well. was granular in appear- 
ance and was found to be microcrystalline (see 
stomach-well in Fig. 1). 

Reactions were most marked with rat serum, 
weaker with guinea pig serum and still weaker with 
mouse, rabbit and hamster serum. Serum from 
rhesus monkeys and pigeons also gave reactions, but 
these were not extensively investigated. Rat tissues 
gave the most intense reactions and then, in order 
of intensity, guinea pig, rabbit, mouse and hamster 
tissue. 

In the rat, reactions were given by kidney, liver, 
adrenals, brain, stomach, small gut, spleen, heart, 
lung and skeletal muscle; and were faint or absent 
with washed erythrocytes, thymus, testis, seminal 
vesicle, ovary and uterus. The lines produced by 
different tissues gave a reaction of identity. 

Serum from any individual reacted with its own 
tissues as well as with those from other individuals, 
and serum from one species reacted with tho tissues 
of other species as well as with those of its own. The 
reaction was not dependent on sex, 

The reaction could be carried out with serum diluted 
up to 32-fold and with tissues diluted up to 8-fold. 
It was best effected at 4° C., was weaker at room 
temperature and absent at 37° C. Precipitation lines 
were marked in agar made up in 0-05 M phosphate 
buffer, distilled water or 1 per cent sodium azide, 
were weaker in the presence of 0:14 M sodium chloride 
and absent at concentrations of this salt greater than 
2 per cent. Gels at pH beween 5-5 and 9-8 could be 
used satisfactorily. 


Table 1. STAINING AND EXTRACTION TESTS ON PRECIPITATION LINES 


Method (ref. 4) Result Method Result 

Bromophenol blue Stained Methyl green- 

pyronin Stained red 
Ninhydrin-Schiff Acridine orange Orange 

(ref, 5) fluorescence 
Naphthol yellow S$ 4 Feulgen Gel stained 
Ferric ferricyanide rypsin, 37° 0., 1 hr. Extracted 

for SH groups * Ribonuclease, 37° C., 

Periodic acid-Schiff ., 24 hr. Not extracted 
Alcian blue Unstained Deoxyribonuclense, 


Sudan black B 37° C., 24 hr. * 
Molybdate method for 0-85 per cent sodium 
inorganic phosphate * chloride, 24° C., 1 


week Extracted 
4 per cent sodium 
chloride, 24° C., 5 min. 


N HCl, 60° 0., 3 hr. Notextracted 


Hexamine-silver for 
uric acid os 
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The heat-lability of the substances responsible for 
the reaction varied considerably, but usually the 
serum factor was destroyed after 1 hr. at 56° C. and 
the kidney factor after 4-5 hr. at this temperature. 
The liver factor was more heat-resistant and often 
showed doubling er trebling of the precipitation line 
after heating. Both serum and tissue factors resisted 
freeze-drying, passed Seitz filters and were not 
removed by dialysis against 0-14 or 2 M saline. 
Exposure to a pH of 4 or less, or 12 or more, for 1 hr. 
destroyed the serum factor. The corresponding pH's 
for the kidney factor were 3 and 10. The serum factor 
was precipitated by 50 per cent saturation with 
ammonium sulphate. o 

The reaction thus differs from that reported by 
Korngold et al.', which was not given by undialysed 
serum, and from the reactions of Tomasi, and of 
Metzgar and Grace*, in that their serum factor was 
identifiable as serum albumin. It also differs from 
that between red cell lysates an?l serum, reported by 
Peetoom et al.*, in its occurrence at alkaline pH and 
its abolition by high salt concentration. When the 
tissue-serum reaction described here and the hæmo- 
lysate-serum reaction of Peetoom et al.* were effected 
in the same gel, the respective precipitation lines 
crossed without reaction of identity. 

Staining and extraction tests were carried out on 
the lines of precipitate, with the results shown in 
Table 1. The precipitate appears to contain protein, 
carbohydrate and a nucleic acid, possibly ribonucleic 
acid. The effect of sodium chloride suggests that the 
reaction involved a salt-like combination, perhaps 
between a basic protein and ribonucleic acid. 

These and other findings'-* show that diffusible 
components of normal tissues can react in gels to form 
precipitates superficially resembling those produced 
by true antigen-antibody reactions, a fact to be borne 
in mind in work on the immunology of tissues. 


M. C. BERENBAUM 
GILLIAN M. Krrcs 
W. A. COPE 
Glaxo Laboratories, Ltd., 
Greenford, Middlesex. 
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ANATOMY 


A Morphological Basis for Pre-synaptic 
Inhibition ? 


In the past, several workers have suggested that 
central inhibitory action may occur in the pre-synaptic 
pathway by a block or depression of the pre-synaptic 
impulse. Observations, which could be interpreted in 
this way, were reported by Frank and Fuortes'!, who 
described a diminution in the excitatory post-synaptic 
potential produced in motoneurones by muscle 
afferents, accompanied by no other change in the 
resting potential of the motoneurone. Eccles? and 
others have produced more conclusive evidence for 
pre-synaptic inhibition; for example, it would appear 
that in the spinal cord the afferent axons from annulo- 
spiral endings (Group la) and Golgi tendon organs 
(Group 1b) depolarize (by a chemical transmitter) 
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by bouton (g) 


nearby terminals of the spindle afferents via inter- 
neurones, reducing the size of their pre-synaptic 
impulse and hence the amount of their excitatory 
transmitter substance liberated. 

To account for pre-synaptic inhibition, Eccles? has 
postulated pre-synaptic contacts on synaptic term- 
inals and in this present report apparent axo-axonic 
contacts, observed by electron microscopy, are 
described which might well fulfil these requirements. 
In the past, afferent axons have been described 
synapsing with afferent axon terminals in the vestib- 
ular sensory epithelium’. More recently, Kidd‘ has 
observed synaptic contacts on amacrine cell processes 
of the retina, which in turn are pre-synaptic to other 
cell processes. His is thus the first description of 
such unusual contacts in the central nervous system, 
and Kidd has, in fact, postulated that they might 
represent the configurations suggested by Eccles*. 

In my work, spinal cord from the upper lumbar 
region of the cat has been fixed for electron micro- 
scopy in osmium tetroxide, stained in alcoholic 
phosphotungstic acid and embedded in ‘Araldite’ for 
sectioning’. So far successful fixation of spinal cord 
has only been achieved by slicing it up into minute 
pieces. Unfortunately this results in a loss of orienta- 
tion so that the precise location of the structures 
described here is unknown. It lies away from the 
large-colled region of the ventral horn, however. 

In Fig. 1 a large bouton (b) is shown containing 
numerous synaptic vesicles (sv) and mitochondria (m). 
It is pre-synaptic to two presumably dendritic pro- 
cesses (c) and (d), which have very dense post- 


Fig. 1. Electron micrograph of large bouton (b) in the cat's spinal cord. It ia contacted 
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synaptic thickenings (e) and (f) 
characteristic of type 1 synapses’. 
Two other membrane thickenings 
occur at (x) and (y). These cannot 
be interpreted since they are sec- 
tioned obliquely and so appear as 
dark smudges. Occasionally (as in 
Fig. 1) a bouton (g) containing the 
characteristic vesicles (sv), mito- 
chondria and membrane thickening’ 
(type 2, Gray*) can be observed 
apparently in synaptic contact with 
it. A row of dense bodies occurs 
along the cytoplasmic surface of 
the contact region and sections 
in other planes show that these 
bodies are in fact arranged in a 
roughly hexagonal pattern. These 
densities only occur on the pre- 
synaptic side and will be described 
in detail elsewhere. So far twelve 
of these apparently axo-axonic con- 
tacts have been photographed. 

If it is accepted (a) that in the 
cord vesicle-containing profiles are 
exclusively axonal, (b) that the 
vesicles contain transmitter sub- 
stances and (c) that the membrane 
thickenings are the transmission 
regions between the pairs of 
apposed membranes, then bouton 
(g) could well be responsible for the 
pre-synaptic inhibition of bouton (b). 

I am indebted to Prof. J. Z. 
Young for his support, to Dr. R. W. 
Guillery, who co-operated in fixing 
the material, and to Dr. R. Miledi 
for advice. 





E. G. Gray 
Department of Anatomy, 
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RADIOBIOLOGY 


Effect of Polymerized Deoxyribonucleic 
Acid on the Adrenal Glands of Irradiated Rats 


It has been demonstrated in this Laboratory that 
30-50 per cent of rats when treated with highly 
polymerized nucleic acids survived lethal doses of 
irradiation!-*. A high percentage of animals that had 
been injured by radiation returned quickly to initial 
body-weight and showed an increase in splenic 
nucleic acids. Similar results, although in some 
respect different from ours, have been obtained 
elsewhere*-*, With the object of elucidating the 
mechanisms leading to recovery, an attempt has 
been made to investigate the metabolic functions 
and histology of some of the organs of animals 
treated in this way. In this preliminary communica- 
tion some histological results will be presented. 

4—4-5-month-old adult albino-rats, bred at our 
animal farm, have been used for these experiments. 
The irradiation was performed in the Siemens Réent- 
gen apparatus, with the following physical constants: 
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220 kV., 16 m.amp., 0-5 mm. copper filter, 62 cm. 
distance, with a dose-rate of 50 r./min., 
measured in the air, The total dose was 750 r. 

The animals were divided into three groups: 
normal, irradiated and irradiated but treated with 
liver deoxyribonucleic acid (DNA). The preparation 
and mode of injecting DNA have been described 
After injecting DNA every day for 4 days, animals 
were killed on the fourth and ninth day after irradia- 
tion. Parts of the digestive system (fundus ventriculi, 
small and large intestine, liver, pancreas), spleen, 
bone-marrow, hypothalamus and all endocrine glands, 
were isolated. Parts of all of the foregoing organs 
were fixed with 10 per cent neutral formol (pH 7-2), 
in Bouin and Sera fixative, in 1 per cent isotonic osmic 
acid solution pH 7:25. The sections were stained 
with hwmatoxylin-eosin, according to Azan and 
Florrantin. 

In the course of investigating endocrine glands, 
we observed some effects on the adrenal, which seem 
to be of interest, since it is known that this gland 
ays an important part in the irradiation syndrome. 
far as we know, there is no information on the 
effect of injected DNA on adrenals, or on any other 
organs of either irradiated or non-irradiated reci- 
pients. Data on morphological properties of the 
glands from the irradiated, and irradiated but 
treated, animals will be presented in this short 
communication. 

The investigations carried out up to the present 
time have shown that changes in the adrenals of 
lethally irradiated animals are more noticeable on the 
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1. Adrenal glands of irradiated rats. A, Untreated; B, treated 
th DNA; cortex and medulla are as in a normal rat. x75 
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mån A, Zona glomerulosa and zona fasciculata of the irradiated 

un ted rat. The cells of the zona glomerulosa are hr sl 
and B, Zo and zona fi - 


vacuolated. na glo 
of the rat treated with nee — nearly as in normal adrenals. 
x A 


NATURE 


January 6, 1962 vo. 193 





Fig. 3. Medulla of the irradiated, untreated rat. Hemorrhage 
and destruction of cells are marked; some cells are in the process 
of division, x192 


ninth than on the fourth day after irradiation. These 
changes are manifested by a significant increase 
in the size of the adrenals of most of the lethally 
irradiated animals. Hemorrhage, intercellular edema 
accompanied by @dematous softening of the cortex 
cells (Fig. 14) are expressed more or less in the 
cortex and medulla of the enlarged adrenals. In 
some parts of the cortex there are cystoid regions. 
The zona glomerulosa in the cortex is considerably 
reduced, while the zona fasciculata and zona reticu- 
laris are increased. The cells of the zona intermedia 
are not observed in any of the cases (Fig. 2A). 

In a smaller number of irradiated unenlarged 
adrenals, the degenerative changes are expressed 
in all the zones, particularly in the zona reticularis. 
The cells of the medulle of the adrenals are in various 
degrees of degeneration (Fig. 3). 

The adrenal glands of the treated rats on the other 
hand are nearly normal in size and the relationship 
of each zone is similar to the corresponding zones 
in normal animals (Fig. 1B). However, there are 
changes in the morphological and functional proper- 
ties of the cells in each zone, which should be attributed 
to radiation, but these changes are much less pro- 
nounced than those in the cells of the irradiated 
untreated animals. More intensive changes such as 
hemorrhage, cedematose softening and _ cystoid 
regions are not observed in these adrenals (Fig. 2B). 

A comparative investigation of the changes in the 
adrenals of irradiated untreated and treated animals 
suggests that the late effects of stress reactions seem 
to be considerably less marked in animals treated 
with DNA. In order to understand the observed 
phenomena better, we have been investigating the 
histological structure and the relationship of endo- 
crine glands, paying special attention to the changes 
in the hypothalamus in both groups of animals. 
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Occurrence in Britain of the Fungus 
causing Facial Eczema in Sheep 
Pithomyces chartarum (Berk. and Curt.) M. B. Ellis 
ynonym: Sporidesmium bakeri Sydow) is a sapro- 
phytic mould the toxin of which, sporidesmin, causes 
acial eczema’, a serious disease of sheep in New 
aland?. The fungus is widely distributed in the 
opics and sub-tropics*, but no specimen has hitherto, 
far as we know, been recorded in Europe. 

` Jn connexion with work on respiratory allergy by 
Dr. K. Maunsell, King’s College Hospital, a Hirst® 
spore trap (provided by the Asthma Research 
Council) was used continuously during the summer of 
1958 to estimate spore and pollen concentrations of 
the air beside a small stream at the Imperial College 
Field Station, nea» Ascot, Berks. When we later 
examined deposits from this and another trap nearby, 
wo were surprised to recognize a few of the character- 
-istic spores. of Pithomyces chartarum on the slides for 
_ July 7, 1958. Afterwards a single spore was observed 
by 0. J. Stedman on a slide exposed in a Hirst spore 
oS trap at Rothamsted on September 14, 1960. 
Surface trajectories for the air arriving on these 
_ dates have been supplied by the M oteorological Office. 
_ They suggest that the air was of polar origin, thus 
_ making wind transport of the spores from the tropics 
appear improbable: we therefore looked for a local 
origin, 

o Early i in September 1961, concentrations of ©- 1-17 
_ spores per cubic metre of air were detected with a 
_ portable spore trap in several areas in Surrey and 
_ Berkshire. Finally, on September 18, 1961, after 
recording 420 spores per cubic metre, Pithomyces 
- chartarum was found growing in abundance on debris 
of Holcus lanatus near Virginia Water, Surrey (speci- 
men deposited in the herbarium of the Commonwealth 
_. Mycological Institute, Kew). It is not yet known 
_ whether the strains of the fungus in the British Isles 
| produce sporidesmin. 
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; . Anomalies in Onset of Œstrus after 

_ Progesterone Suppression of Œstrus 

_ Cycles in Ewes, associated with 
Introduction of Rams 


THe onset of cestrus, following suppression of 
‘strous cycles in Merino ewes by administration of 
gesterone for two weeks, is influenced by dose, 
terval of injections, time of day of final injection, 
ad time of yeari. Detection of cestrus is based on 


Table 1. 


Group No, of ewes Progesterone (mgm.) on day 
— ~3 — -jl Q 
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TREATMENT SCHEDULE AND (ESTRUS IN EXPERIMENT A 


No. in 





















sexual behaviour of the ewes in the presence | of 2 
In two separate experiments in May 1961, rams w 
introduced near the end of the treatment: per 
In a proportion of ewes onset of cestrus was up t 
48 hr. earlier than expected; others did not experienc 

cestrus. These anomalies seemed to have been asso 
ciated with introduction of rams. 

Experiment A. One hundred and twenty “Morin 
ewes were injected intramuscularly with 12: § mp 
of progesterone in oi] every second day fo 
(six injections). They were then allotte 
groups and received the treatments ou 
Table 1. Entire rams wearing marking hai 
introduced into the flock on day 1 (one da 
the final injection of progesterone). With the 
of hormones the ewes were expected in ee 
days after cessation of injections. om Ae 

On the night after introduction of the rams and 
during tho next day (day 0) 20 owes were clearly 
marked and hence were presumably in cestrus. In. 
most ewes cestrus was less than 24 hr. in duration. OF 
these 20 ewes 2 conceived, 8 returned to service 2-5. — 
days later, and the remainder were marked 2-3 weeks EE n 
later. Evidently some induced heats were accom- = 
panied by ovulation and others were not. It can be = > 
seen from Table 1 that the unexpected early hoats 
mainly occurred in the ewes given progesterone ab o ž = 
interval of 2 days. The complete results of this 
experiment, which was part of a study on the induc- 
tion of twinning in Merino ewes, will be presented oe 
elsewhere. ane 

Experiment B. Merino ewes were given 15 mgm. of o 
progesterone in oil every two days for 13 days (seven. > 
injections). On the morning of May 7, which was the — 
day of the seventh injection, vasectomized rams were €00" 
placed with the flock for detection of œstrus for 
purpose of artificial insemination. Of a total of 22.000 ~ 
ewes, 5 came into estrus on May 8 and were mated. -> 
to a fertile ram, and 2 conceived. The remaining ow eS ce 
came into cestrus at expected times. a 

These results indicate that during the middle of the 
breeding season, introduction of rams at a critical e 
time near the end of a series of progesterone injections _ 
affected normal return to cestrus. The effect was not... 
confined to hastening of onset of cœstrus since Im. 
some ewes it is possible that cestrus was suppressed = 
(final column, Table 1). The latter effect was not aes 
observed in both experiments. — 

A further experiment was carried out in mided: aly ee 
with the view of examining these phenomena more. sr 
closely. Sixty ewes were given 15 mgm. of proges- 
terone every two days for two weeks. One group of = 
20 (group 1) was run ‘with vasectomized rams through- © 
out. Two vasectomized rams were placed with another = = 
group of 20 (group 2) on the day of the final pro- 
gesterone injection. Rams were placed with the third - 
group (group 3) one day after the final injection. An 
effect due to introduction of the rams was observed, 
but was of a nature different from that observed in >. - 
May-June, being confined to variation in the time of 
onset of estrus. The within-group variance in group 3 
was less than half that observed in the other two 





Ewes showing cestrus on day 0* 


No, returned to No, returned to Ewes not in westrus 


cestrus mstrus cestrus . before day 6 
days 2~5 2-3 weeks 
30 12-5 — 10 — 19 10 3 6 11 
29 12°5 10 19 10 16 3 2 1 4 
30 12-5 — 20 — 20 7 3 3 5 
31 12-5 20 20 20 20 9 0 0 0 
* Day 0 was day of final injection of progesterone; rams introduced day 1. 
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Feia Repacks of Demersal Tropical 
= Fishes off East Africa 


—— ——— little is known of the ecology of 
— — warm-water tropical fisheries and there is, in par- 
. tieular, no body of general knowledge about the 

demersal fishes except, perhaps, for those in and 

`: about coral reefs. Now that a preliminary survey of 

_. the bottom fishes of the North Kenya Banks has been 
= completed, a number of facts have come to light that 

are likely to be of general interest. 

Since my former communication’ there have been 
-o farther cruises and a full report is ready for submis- 

‘sion to the Colonial Office for its series of publica- 

tions on fisheries. Fishes were obtained by handlining 

at the bottom, generally at 20-60 fathoms, in all 
seasons, Naturally this was selective. 

More than sixty species were taken. Of these a 

dozen or so were especially important, but the quantity 

of trash fish was negligible. Catches consisted of the 

è — following groups: Lutianidae (8 spp.), Serranidae 
(14 spp.), Lethrinidae (11 spp.), sharks (more than 

18 spp.) and miscellaneous (14 spp.), in the proportion 

by weight of 8:6:4:2:1 respectively, The fishes 

>o. generally ranged in size from 3 to 20 Ib. Incidentally, 

2 the sharks took the hook legitimately and there was 

10 robbing of the lines by them. 

It must be explained that the sorts of species 

taken (and consequently their proportions in cruise 

satches, as quoted here) depended on what body of 
vater was fished. Certain species inhabit the surface 
ry, the East African Coastal Current, and others 
he Arabian Sea water beneath. The intervening 

mocline lies at very variable depth, 30-70 

ome, and is usually shallow during the north- 

t monsoon and deep during the south-cast 

























ore than half the catch (by weight) taken frora the 
African Coastal Current was made up by three 
es of Lutianus, one of Lethrinus and one of 
phelus. In the Arabian Sea water the most 
portant species were Cheimerius nufar (Denticidae) 
d Pristipomoides spp. No flatfishes or rays took 
hook. 

irtually all the species have been found to be 
neral. predators at the bottom. The — foods 
re fishes, Crustacea and Cephalopoda, all of small 
< Occasionally large plankton, for example, 
onie tunicates, dominated the stomach con- 
-peveral species. Most of the predators 








AAAS VIO 
be th. the seasonal trends in expreasion: 
effect and the influence of dose of pro- 


y the ; y 
e additional: habit of ‘plucking j 
food that lee on the bottom (echinoderms of many. 
types). There seemed to be no species that specialized | 
in grubbing about under the bottom deposits. An- 
important deduction is that these line fishes are 
unlikely to migrate in close pursuit of specially. 
favoured foods. 2 

The bottom topography of the North Kenya Banks. 
is extremely varied, with smooth and rough grounds, - 
hills and valleys in close proximity. Depths can: 
change from 20 to 60 fathoms within a mile. This. 
high relief is important to the distribution of the. 
fishes when taken in conjunction with thé depth of 
the thermocline, for the various regions between the 
30 and 70 fathom contours are bathed in East African 
Coastal Current water on some occasions and in- 
Arabian Sea water on others. This surely causes a- 
concentration of the fishes of the Fast African Coastal 
Current in the north-east monsoon, when the thermo- 
cline is shallow, and a dispersal of the same fishes in’ 
the south-east monsoon when the thermocline is 
deep. 

It seems that most of the bottoms are predomin- 
antly sandy despite the ‘rough’ or ‘folded’ profiles 
recorded by the echo-sounder. Rocks and mud seem 
to be rare, certainly in quantity. Consequently it is 
not surprising that the available species are taken 
almost anywhere on bottoms of appropriate depth, 
although they clearly favour the ‘rough’ or ‘folded’ 
localities. It does seem, though, that the very flat 
regions support a distinctive fish population dominat- 
ed by Lethrinus crocineus Smith, 

The North Kenya Banks are not only a feeding 
ground but also a breeding ground. Gonad inspec- 
tions suggest that most species maintain a low level of 
breeding throughout the year with additional peaks of 
intense activity. There is strong evidence for two 
genera] breeding peaks, one about April and one about 
November—December (that is, at the start of each 
monsoon). There is the possibility of an additional 
peak about August, perhaps for some species only. 

It was a striking feature of catches that they had 
peaks at the turn of the monsoons plus a high generat 
level in the north-east monsoon and a low general” 
level in the south-east monsoon. Undoubtedly, | 
weather conditions influence the catches by being, 
typically, most benign when catches are best and most — 
severe when catches are worst: but weather could. 
not possibly account for all the great differential : 
that was found. 3 

Jt has been mentioned that there are no migrations 
for either feeding or breeding purposes. One notes ` 
that the months of peak catches coincide with (or 
slightly precede) the peaks of general sexual activity. — 
Dissection showed that when a particular species was — 
caught im unusually large numbers the specimens — 
pos: sessed an undul y large proportion of gonads in- 
stages from nearly ripe to spent. at 

It is suggested that the-demersal fishes of the East oe 
Afrean Coastal Current behave, typically, as @ 
diffuse mixture of species spread across the banks to 
the limit set by the depth of the thermocline, but- 
favouring especially the regions of irregular bottom 
topography: there seems to be a low but definite — 
tendency to form loose-knib shoals and in this it is - 
likely that species show preference for shoaling with — 
their own kind: most species tend to avoid the flat, - 
level bottoms which are especially favoured by others. 
This basic pattern is affected by the onset of sexual 
ripeness, which appears to emphasize the tendency of 
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h fish to shoal with other fishes in — and with 
own species in particular. Thus dense shoals of 
es are congregated, usually of several species 
öd together but sometimes almost entirely com- 
ad of one species: the fishes of each species are 
W all in the same stage of sexual activity and, 

deed, include very many which are sexually 
stive. The pattern of shoaling and dispersal is 
sharper or more diffuse. by the rising and falling 
> thermocline, which greatly affects the area of 
ottom over which the fishes may roam for food. 

o not have sufficient data to propose a corre- 

nding hypothesis for the behaviour of fishos of ong 
rabian Sta water. 


J. F. c C. MORGANS 


Fast African Marine Fisheries 
‘Research Organization, 
P.O. Box 668, 
F - Zanzibar. 
S Morgens, J. F, O., Nature, 184, 250 (10959). 


Effects of &Mercaptoethanol and Lipoic 
A Acid on Morphogenesis 


x previous papers, I have shown'* that B-mer- 
‘eaptoethano! (HS—-CH,—-CH,OH) completely inhibits 
‘morphogenesis, at concentrations between M/100 
and 4/300, in biological systems as varied as amphib- 
ian eggs, regenerating Acetabularia, Hydra, planarians 
and tadpoles. 
Regeneration in Hydra and planarians is also 
inhibited by dilute solutions of lipoic acid (5 
pem./ml.)*4, a concentration at which it exerts 
moderate effects on  tail-growth in amphibian 
embryos and on regeneration in Acetabularia’. 
-T wish to report here briefly on new observations 
concerning the biological and biochemical effects of 
‘Yercaptoethanol and lipoic acid on developing 
amphibian eggs and regenerating Acetabularia. 
Biological effects of mercaptoethanol. It has recently 
t been shown by Tufte that mercaptoethanol modifies 
the uptake of water in amphibian gastrule; he has 
concluded that the block in gastrulation movements 
is due to water imbalanco, which modifies the internal 
cavities of the gastrulz. 

I -believe that this explanation can only be 
: partial one, since an analysis of the BE A 
movements in mercaptoethanol-treated amphibian 
(Pleurodeles) gastrule using local staining of whole 
_gastrule and careful study of explants has shown 
hat mercaptoethanol (4/100) exerts less effect on 
invagination movements than on epiboly, extension- 
vergence movements and ingression. 
the same concentration, it inhibits the infolding 
| closure of the explanted neural plate, which may 
ma, ridge, but never a tube, This inhibition of 
rulation movements, however. is never so strong 
it is in whole embryos, probably because of the 
lling of the archenteron cavity as suggested by 
te, It is an interesting fact that, according to my 
rience, the incorporation of precursors for 
ie acid and protein synthesis is also less strongly 
ted in the explanted neural plate than in the 
neurula, 
; known since the work of Ambellan’-* that 
osine triphosphate (ATP) strongly accelerates the 
of the nervous system in amphibian eggs. We 
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herefore studied the effects on neurulation of 
es of ATP (0-1 mgm./ml.) and THERA DEY 7 





















ethanol (47/100), as well as , those of a 20-24 ‘he: 
treatment with mercaptoethanol followed by a pos 
treatment with the ATP-containing solution: In a 
experiments (Pleurodeles, Xenopus, Rana temporaria 
and Rana esculenta) it was found that, provided 
magnesium ions are present in the medium, ATP 
alleviates to an appreciable extent the inhibitory 
effects of mercaptoethanol on gastrulation and 
neurulation movements. The best recovery is 
obtained when late gastrule are treated first with 
mercaptoethanol (47/100), then with ATP (œI 
mgm./ml.). It should be added that no bene 
effect of ATP was observed on the other abnormali 
induced by mercaptoethanol, such as lack of elong 
tion, delay in yolk utilization, absence of pigmen 
tation, etc. ee 

Biochemical effects of mercaptoethanol. Attempts to 
explain the beneficial effects of ATP on mercapto- | 
ethanol-treated eggs by assuming the intervention n 
of a contractile, myosin-like, adenosine triphosphatase = = 
(ATPase) have failed so far: no ecto-ATPase could = 
be detected in amphibian eggs and the total ATPase 
content remains unchanged in the mercaptoethanol- 
and ATP-treated eggs. ae 

However, there is no doubt that mercaptoethanol . 
treatment induces changes in the egg proteins: using 
ethanol labelled with sulphur-35, kindly prepared. == 
by Dr. Winand (Centre de l'Energie nucléaire de o 
Mol), we found a moderate uptake by the eggs; but == 
around 25 per cent of the label remains strongly 
bound to the proteins. In Acetabularia also, 10-15 == 
per cent of the total radioactivity remains in. the Ee 
protein fraction after repeated extractions. EE 

Autoradiography studies of the radioactive opps 
have shown the existence of a gradient in penetration 
(from the exterior to the interior of the egg); the 
greatest radioactivity seems to be localized in the 
pigment granules. Other experiments have shown, > 
in Rana temporaria, distinct modifications of tho- < — 
electrophoretic pattern when intact eggs or homo- 
genates are treated with mereaptoethanol. These $ 
results suggest that mercaptoethanol, among other = — 
things, might form mixed disulphides with some of =~ i 
the egg proteins. 

Biological effects of lipoic acid. Using a higher _ 
concentration of lipoie acid (15-20 ugm./ml.) thanin. o ooo 
the previous experiments, it has now been possible to 
obtain effects on morphogenesis which, by and 
large, resemble those produced by mercaptoethanol. ee 
At this concentration, cleavage of amphibian eggs ss 
proceeds at a perfectly normal rate; but morpho- 
genetic movements, at gastrulation or neurulation, 
are strongly inhibited. Embryos which reach the 
swimming stage and have a completely flat neural = 
plate can be obtained; in contrast with mereapto- = 
ethanol-treated eggs, the pigmentation of these- 
embryos is normal. But, as in the case of the mercap-— 
toethanol experiment, addition of ATP to the lipoic 
acid improves the closure of the neural plate; still 
better results are obtained when the lipoie acid- 
treated embryos are placed in an ATP-magnesium 
containing solution. — 

In Acetabularia, lipoic acid (15-20 pom.fmb) 
completely inhibits cap formation in nucleate and _ 
anucleate fragments. After a few weeks, marked — 
etiolation of the algae becomes visible. Addition of 
ATP (5x10- M) which, according to Kamiya’, 
accelerates the streaming of the cytoplasm in 
Acetabularia had only unfavourable effects. 

It can be concluded that lipoic acid, if used at a 
sufficient concentration, is as efficient as mercapto- 

































game metabolic step or not. 

> of the experiments described in this 
mmunication were performed by Drs. M. Decroly 
and E. McConkey, Mrs. P. Malpoix and the Misses 
ertier and N. Six. 

h to thank the European Office Air Research 
and Development Command, U.S. Air Force, for 
financial help under Contract AF 61(052-356). 
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Sexual Differentiation of the Mullerian 
Ducts of the Chick Embryo 


Worrr!* and others have interpreted in vitro 
evidence to mean that Mullerian ducts of the chick 
embryo undergo involution as a result. of androgen- 

activation of an intracellular proteolytic enzyme 
specific to the ducts. Brachet et al.* have reported for 
the two male and the right female Mullerian ducts 
undergoing involution a marked progressive rise in 
ribonuclease, acid phosphatase, and cathepsin in 
comparison to the left female duct, which is normally 
stable during differentiation. This preliminary com- 
munication is designed to consider such findings in the 
lgnht of the work at present being done on the mechan- 
sm of steroid hormone action and to outline the 
direction of experiments now in progress in my 
< laboratory. 

Brachet ef al. noted, but did not discuss, the impor- 
tance of their findings (interpreted according to de 
Duves lysosome concept) as they seemingly bear on 
Molffs theory. Work in my laboratory on the 
ribonucloatzs of these ducts confirms the findings of 
Brachet et al. qualitatively, although there are some 
quantitative differences (Hamilton, unpublished 
work). In his most recent review, Wolff is of the 
opinion that androgen from embryonic gonads arrives 
at the site of the sensitive Mullerian ducts, and there 
duces necrosis and determines the formation of a 
proteolytic enzvme which causes involution by auto- 
lysis of the ducts. Stabilization of the left female 
Mullerian duct is attributed to the influence of 

cestrogen on that duct. 
-= Jt seems of value to consider the hormonal control 
of the sexual differentiation of these ducts not as a 
special case, but rather as the old one of the enzymes 
and substrates associated with hormone action. For 
the steroid hormones, most in vitro investi gations have 
emphasized (at least for initial responses) the impor- 
tance of oxidative, not proteolytic, enzymes. Evidence 
ow accumulating that different tissues, possessing 
different functions, have evolved different responses 
to comparable hormones (cf. Medawar*). Vilee, 
a erman, Tala'ay, and Wiliams-Ashman*® have 




















Bp ing morp ; genesis; the biochemical : 
jon of the two substances is certainly 
and it remains to be seen whether they act 







of which appear "io ‘be stimulated primarily. ty 
cestrogens. Baron ef al.’ report that the rat prostate 
possesses a pyridine nucleotide transhydrogenase 
which, for oxidation of reduced diphosphopvridine 
nucleotide (DPNH), is activated only by androgen. | 
In contrast, Yielding and Tompkins! describe DPNH. 
oxidases which are inhibited by both androgenic and: 
cestrogenic steroids. However, the tissues studied by. 
the latter workers are not primarily dependent upon 
steroid hormones for normal growth and differen 

tiation. Other investigations, also indicating stim- 
ulatory or inhibitory actions of steroids orf oxidative: 
enzymes, have been summarized by Pincus’. ž 

From these data, the generalization may be deduced 
that some hormone-influenced temporary tissues, or- 
permanent tissues regulated by hormones, have 
pyridine nucleotide transhydrggenase or oxidase: 
systems which respond specifically to the steroids 
associated with the functions of the tissues. Thus, 
varying specificities of these oxidative enzymes may 
be one of the controlling factors in the nature of their 
particular responses to steroid hormones. In ways 
still uncertain, the mechanism of stercid hormone 
action is at present considered either to operate by 
coenzvmatic processes®:*®, or by synthesis of rate- 
limiting enzymes as suggested by Mueller eż al., and 
Tompkins et al." have reported a means whereby 
steroid hormones may change both the kinetic 
properties and the substrato specificity of «a 
dehydrogenase. 

On such a theoretical background, I am now 
testing the possibility that, in the chick embryo, a 
hormone of unknown chemical nature!? reaches the 
Mullerian ducts (that is, the ducts ontogenetically 
destined to die) and inhibits oxidative processes in 
these tissues by preventing oxidation of DPNH or by 
blockage of some other key oxidative step. Since the 
resulting suppression of electron transfer by cyto- 
chromes could conceivably lead to acidosis and auto- 
lysis, the release of proteolytic and hydrolytic enzymes 
(and this may have a connexion with de Duve’s 
lysosome concept) by involuting Mullerian ducts may | 
be a result, not cause, of their degeneration. 

It will be noted that a theory of some genetically 
determined androgen-inhibited and/or cestrogen- 
stimulated oxidative enzyme or other substrate helps 
to explain for Mullerian ducts the well-known in vivo. 
results of modified differentiation due to injected. 
hormones, as well as the problem of the asymmetrical 
nature of the female Mullerian duct system. In the- 
female embryo, the left duct appears to have no 
response, or else an extraordinarily high threshold» 
for atypical response, to the hormone which presum- 
ably causes the involution of the other duet. Recipro-. 
eallv, the right female Mullerian duct, which in viro 
atrophies somewhat even in the presence of large: 
amounts of exogenous cestrogen!*, appears to have a- 
relatively low threshold for response to the hormone. | 
Genetic. factors, operating directly or indirectly for: 
intracellular steroid-sensitive hormone receptors, seem Ë 

responsible for these differentia?! sensitivities, and, for- 
the right Mullerian duct of the female chick embryo,- 
evidence is now available* for genetic control of 
degree of involution. — 

While the theory presented in the preceding 
paragraphs is speculative, it can be tested as an` 
alternative to Wolff’s, and it is hoped that others will- 
consider the problem. Thanks are due to Ernst Mayr, 
F. L. Hisaw, and P. F. Spahr for assistance and- 
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Mechanism of the Protective Action of 
Sugars against Frost Injury in Plant 
Cells — 


Maximov! showed that cabbage cells which could 
: be killed by freezing at — 52° C. could survive 
_ freezing at temperatures as low as — 32° C., if they 
were frozen in a 2 M dextrose solution (6-fold isotonic 
solution). However, in his experiments he did not 
consider whether the frost injury was due to intra- 
_ cellular or extracellular freezing. Using hardy 
< cabbage leaf cells, I also have made a series of experi- 
mente to clarify the mechanism of frost injury. 

In parenchyma cells of the petiole of cabbage leaf 
an winter, the osmotic concentration is about 0-65 M 
and even in water thei ability to prevent intracellular 
freezing is so remarkable that none of the cells ever 
undergoes intracellular freezing even when seeded 
with ice at —13° C, In the present experiments 
the tissue sections were mounted with a suitable 
medium between cover-slip and slide glass. They 
were slowly cooled after an ice seeding at — 5° C. 
. h en the tissue sections were subjected to freezing in 
ter, the cells in the tissue could withstand freezing 
15° C. for 16 hr. However, when these cells 






















y at both — 80° C., and — 70°C. 


er the degree of resultant protective action. 
reover, when they were immersed in liquid nitro- 
‘for a full day after pre-freezing*:* in glucose 
tion at — 30° C. or — 70° C., the percentage 
(in the parenchyma cells was about 70. In 
6 way the grade of ability of various neutral 
to afford. protection against frost injury was 

_ rhamnose, xylose > glucose, fructose, 
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y frozen in hypotonic glucose solution (0-4 M), 
r were able to survive? freezing at least for a full 
: At least within a 
nge of concentration below 1 M, the larger the 
neentration of glucose used as the medium, the - 


> sorbitol, sucrose > lactose. > raffinose, . 


. and their subsequent rehydration on thawing. 
itol. In the experiments to examine whether the 


‘ever, ina cell —— scarcely any ability to withstand — 5 















glucose and various other. neutral solutes are able | i 
penetrate into the cell or not, the cells were immerse: 
in solutions of various concentrations of. solutes 
ranging from 0-2 M to 1-5 M, and then they were 
frozen at — 10° C. for a full day. After thawing, the 
osmotic concentration of these cells was determinec 
by the plasmolytical method, but no increase in 
osmotic concentration was found. The degree o 
protective action of glycerol in cabbage cells is about 
the same as that of glucose at higher temperatu ü: 
than about -— 50° C., but at the lower tempe 
glycerol solution shows no protective effect 
frost injury. Glycerol, too, was found not to penetrate 
into the cells in any of the concentrations mentio ed 
above. 

In order to increase the concentration of i inorgani 
salts in the cells of cabbage leaf, its petiole was pu 
into a hypotonic balanced salt solution (sodium 
chloride/calcium chloride 9: 1) for two days at 
room temperature. After that treatment the osmotic 
concentration of the leaf cells showed considerable 
rise from 0-65 to 1-05 M. The tissue sections fromthe = 
leaf treated in this way could withstand freezing at. 

— 18° C. for 16 hr. in 0-2 M balanced salts solution. | 

On the other hand, when frozen in glucose solution of 

1:0 M under the same conditions, the tissue sections 

could withstand freezing at least at — 30° C. From 

this fact it is considered that the increase of salt: 
concentration in a cell due to freezing cannot bea < 
primary factor in increasing frost injury to cabbage. a 

cells. eee 
The tissue sections were cooled in a small test-tube. era 
(10 em. x 1 cm.) with 0-2 c.c. of 0-4 M glucose 
solution. After having been frozen at - 5° C. by 
seeding with ice crystals, tissue sections were gradually 
cooled down to — 30° C. by transferring the test-tube - 

to a series of alcohol baths of graded temperatures. 

After having been kept at — 30° C. for 10 min., they: = — 
were immersed in liquid nitrogen for 1 hr., and thon 
were thawed rapidly by immersion in a water-bath of = = = < = 
37° C. or thawed slowly in air at 20° C. Regardless _ 

of the speed of the rewarming, about 80 per cent of = A0. 
the cells in the tissue sections were not injured by © 
such treatment. Under the same experimental con- = = <= 
ditions, some tissue sections were frozen at. — 10° C.. - 

in water instead of glucose solution, and then were — 
thawed slowly in the air at 20° C. or thawed rapidlyin = = < 
water at 37° C. As a result of this experiment, the = 
percentage survival was 100 in slow thawing, but = — 
only 20 in the rapid thawing. Difference in rewarming 
velocity seems not to exert any important effect upon —— 

the percentage survival of cells, provided that thoy — 

are frozen and thawed in glucose solution. — 

When the cells were frozen on the slide glass with 
hypotonic glucose solution of a higher concentration = 
than 04 M, most of them underwent concave = a. 
plasmolysis. Accordingly, to cause cells to freeze in = C = 
sugar and other solutions also tends to prevent > = > 
intracellular freezing of the cells. It follows, theres 9° =o 
fore, when the cabbage cells were subjected tò = 
freezing and thawing in media containing sugars, the 
cells were not injured either by intense dehydration - 
due to extracellular freezing or by rapid thawing, _ 
though the cabbage cells were themselves imper- 
meable to sugars. Accordingly, it is reasonable to _ 
consider that the frost injury of hardy cells, such as _ 
the cabbage cells used here, is caused by the bad- 
effects that arise in the surface layer of protoplast of 
cells due to the removal of their water on freesing a Gays 

ow- 
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his hypothesis can be also adopted in 


cells or not, I a that some experiments 
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A Specific Effect of Copper on the 
Respiration of Chlorella vulgaris 


Ox adding heavy metal salts to cells of Chlorella 
= vulgaris shaken in 10-* M phosphate buffer, pH 6-0, 
the endogenous respiration often increased tem- 
porsxrily but, with the exception of silver, high con- 

centrations caused no respiratory inhibition for many 
-= hours. Copper, however, differed from all other metals 
«tested (barium, manganese, nickel and lead inter alia) 
in that its effect on respiration depended on the 
environmental conditions during the period of 
treatment. If the suspensions of Chlorella were 
shaken continuously, 10-1 M copper sulphate was not 
inhibitory for 7-20 hr., but if the shaking was stopped, 
concentrations lower than 103 M rapidly became 
toxic. Experiments were carried out in respirometer 
flasks, using about 3 x 10° cells suspended in 3 ml, of 
buffer. Copper was determined by the method of 
“Abbott and Polhill! Copper sulphate was tipped from 
‘the side-arms, and shortly afterwards one set was 
brought to rest while the remainder was shaken for 

3 hr. Thereafter, caustic soda was added to the 
centre wells of the flasks, which were then shaken 
for a further period during which respiration was 
measured. The toxic effect on unshaken cells increased 

if the treatment was carried out in narrow centrifuge 

; re tubes, 

Ce When the uptake of copper by cells in shaken and 

: - unshaken vessels was compared, somewhat more 
copper was found to be absorbed in a given time by 
the cells in stationary vessels, unless the time was 
short. This was probably due to the more rapid death 
‘of the cells in unshaken tubes, for dead cells absorb 

<<- copper very readily (Table 1). These figures also show 
- that the fall in respiration in unshaken vessels was not 
— closely related to the amount of copper applied or to 










siny Fable 1. RESPIRATION AND COPPER SORPTION OF Chlorella CELLS 
‘AFTER TREATMENT WITH VARYING AMOUNTS oF COPPER SULPHATE 
IN UNSHAKEN TUBES 


Copper giilphate Oxygen uptake 4 hr. ugm, copper/unit weight of cells 


a piod $ for after adding copper Cells scalded 
‘hr. (ma, ofl) (aL ibr.) Unscalded cells = before use 
gp òQ 
£ OM 
22 94 218 
20 64 175 
i h 
4 — 
214 <i <I 


— z . RESPIRATION (3 we.) AND SORBED COPPER (4 HR.) AFTER 
DITION oF COPPER SULPHATE TO CELLS IN BRAKEN OR TEMPOR- 
ARILY UNSHAKEN VESSELS 





ae Applied copper Respiration Sorbed copper 
l ‘Treatment concentration ui. oxygenjbr. pgm. Jum weight 
oa mol/l, cells 
Unshaken for first 0 B8 ~Q 
hr. 7 x 16-4 i 108 
7 x 16 88 77 
3x it 100 193 
2x 10-4 112 195 


such protective ‘solute into a ell tonds 7 l 
it against frost injary. In order to clarify ? 


am the cells. Table 2 ‘show: the 
subsequent res tion of cells treated with copper in 
shaken and stationary. vessels and the corresponding 
amounts of copper sorbed, When the cells had been 
shaken continuously with copper, the respiration 
proceeded at a high level in the presence of much 
larger quantities of sorbed copper than those lethal 
to cells in stationary tubes. 

Preliminary results have shown that lack of 
oxygen is a factor leading to high copper toxicity. 
When copper was shaken with cells in respirometer. 
flasks containing hydrogen instead of air, severe. 
and apparently irreversible inhibition of respiration. 
occurred. While the possibility of a change in. 
the nature of the applied copper under® anaerobic 
conditions cannot be excluded, two other explanations. 
seem more likely. Possibly, internal distribution of 
copper in the absence of air is different from when air 
is present. If so, the eleven other metals tested show. 
no similar dependence on environgnent. Alternatively, 
a respiratory system may exist under anaerobic 
conditions to which copper is a highly specific poison. 
In either case, the effect is of interest in view of the 
practical use of copper compounds in plant protection. 

K. A. Hassan 

Department of Physiological Chemistry, 

The University, Reading. 
1 Abbott, D. €., and Polhill, K. D. A., Analyst, 78, 647 (1954). 









Formation of Phenolic Substances in 
the Ray Parenchyma of Angiosperms 


In the course of an investigation into the origin of 
phenolic substances in ray parenchyma (Wardrop 
and Cronshaw, in preparation), it has been observed 
that some of these substances appeared to originate 
in structure limited by a double membrane, the form | 
and dimensions of which are similar to those of 
amyloplasts, frequently observed in this tissue 
(Cronshaw and Wardrop, in preparation). Fig. 1 
shows a transverse section of a ray cell from: 
Eucalyptus elaeophora after fixation with potassium ` 
permanganate. The pattern of distribution of 
phenolic substances was observed to be the same 
after fixation with the ferrous sulphate-formaldehyde 
fixative for tannins described by Johansen! although | 
the cytoplasmic organelles were destroyed. In 
relatively mature material most of the cells had an 
appearance similar to that in Fig. 1 in which the iron 
staining or phenolic material showed poor fixation — 
and penetration of the embedding medium. In 
younger material from the region adjacent to the- 
cambium it was observed that phenolic substances | 
were present in vesicles enclosed within an organelle ` 
which resembled a chloroplast, the regular structure 
of which had been disrupted. In Fig. 2 three of 
these vesicles can be seen associated with lamellæ 
resembling the grana of normal chloroplasts. Further. 
observations showed that these vesicles arose by the — 
dissolution of starch grains within the modified | 
chloroplast or the amyloplast, and that as the. 
dissolution took place the phenolic substances were 
deposited around the periphery of the vesicle so 
formed (Fig. 3), until the whole vesicle became filled ` 
with the phenolic material (Fig. 4). At an advanced . 
stage of differentiation the amyloplasts, or the modi- 
fied chloroplasts, could be seen to be undergoing 
disintegration and the released phenolic substances — 
wereaggregated in great concentration at the periphery — 
of the vacuole (Figs. 4 and 5). In cells in which the 





Eucalyptus elaeophora. (1) Transverse section of a mature ray parenchyma cell showing phenolic material enclosed within a membrane- 

limited structure as well asin two large vacuoles, (2) Vesicles present within a membrane-limited structure considered to be a modified 

chloroplast with grana (lamella structure) in a partially differentiated ray parenchyma cell. The vesicles apparently arose by the 

dissolution of starch grains (ef. 3). (3) As (1), showing the formation of vesicles by dissolution of starch grains (S) and the deposition 

of phenolic material at the edge of the vesicles, and at ey o via vacuole (V). (4) As (3), showing vesicles filled with 
phenolic materia 


Bucalyptus regnans. (5) Transverse section of a ray parenchyma cell immediatel —— to the cambium, showing a high degree 


of vacuolation and the deposition of phenolic material around the vacuole, (6) As (5), showing the disintegration of a filled vesicle 
with the active cytoplasm confined to one end of the cell 






OPE elles ¥ were. . ediifined to 
r of eytoplasm (Figs. 8 and 8) 
observations are Of interest in providing 














, and the manner of their deposition in the 
öles. They imply some relation, not necessarily 
t, — the dissolution of reserve starch and 
esses leading to the formation of phenolic sub- 
ces which are widely recognized as taking place 
uring the transformation of sapwood to heartwood. 
‘hat the metabolism of carbohydrates and tannins 
is interrelated was suggested by Sperlich®. In parallel 
optical investigations we have observed that both 
starch. and phenolic substances were present in the 
“parenchyma, but cells rich in phenolic substances 
tained few or no starch grains. A high level of 
oxidase activity was observed in all cells external 
the heartwood. The observations are consistent 
h the proposed in situ origin of phenolic substances 
in the parenchyma’. 
=o The observation of chloroplast-like structures in 
the xylem parenchyma are confirmatory to the 
earlier observations of Haberlandt? and of Zaval- 
e ighinas, 
: A. B. WARDROP 
J. CRONSHAW 


i Commonwealth Scientific and 
. Industrial Research Organization, 
~~. Division of Forest Products, 
| South Melbourne. 
TOO. D, A., Plant Mierotechnigue (McGraw-Hill, New York, 


<A Sperlich, A.. “Das tropische parenchym. B. Exkretungewebe”’ 
Linsbauer Handbuch der Pflanzenanatomie, 4, Lief, 38 (1939). . 


‘Hillis, W. E, and Carle, Ann, Bischem. J., 74, 607 (1960), 
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Hill Activity of Isolated Fractions of 
be GS Broken Chloroplasts 
a3 o To reproduce the phenomenon of photosynthesis 
* in the absence of a natural photosynthetic structure, 
~ such as the chloroplast, requires detailed knowledge 
~~ bout the chemical, physical, and structural relation- 
. ships of the component parts of the system. Of par- 
- ticular interest to us are those reactions which involve 
-i et gonversion of photo-energy to electrochemical poten- 
tial. with subsequent release of oxygen. Our first 
approach, reported here, is concerned with the chloro- 
 phyli-containing particle size necessary for full 
tention of photo- -activity in terms of the Hill reac- 
on, which is defined as the light-induced transfer 
of electrons and/or evolution of oxygen in the presence 
an added hydrogen acceptor. 
Most investigators in the field of photosynthesis 
research have been concerned with the activities of 
6 chloroplasts or mixtures of fragments from 
1ogenized leaves. Thomas et al. recognized that 
gments might have differing activities depending 
mn particle size and structural integrity’. They 
nonstrated that very small chlorophyll-containing 
rticles (average volumes of 0-25-13-0 x 10¢ A.) 
ifferentially centrifuged from disintegrated spinach 
ves retained only a fraction of the activity of a 
‘agmment mixture containing particles with an average 
olume of 7 x 10° A.3, 
J -We have been examining fragments estimated from 
sedimentation-rates to be larger than 13 x 10° Å.. 
Our —“ show little loss of activity even after 




















40) hr. of storage. ne 


< to maintain good- To 
j of the origin of phenolic substances within 










. that essentially anaer — — 
Aaike digtinetion . 
between our procedure and that of Thomas's group is. 
that their sonicated mixture contained particles of 

other cell organelles as well as chloroplast fragments, 
whereas we isolated a relatively pure, intact chloro- A 
plast fraction prior to sonication. — 

Whole chloroplasts were obtained from washed 
spinach leaves which were deribbed, minced, and _ 
ground in a Waring blender in 0-4 M sucrose, phos- 
phate-buffered at pH 6-8. The homogenate, filtered 
through cheese-cloth, was centrifuged at 200g to- 
remove cell debris. Chloroplasts were then collected _ 
from the supernatant suspension by centrifuging at 
600g for 12 min. in a refrigerated centrifuge. This 
procedure was repeated once to obtain intact chloro- 
plasts relatively free of other eytoplasmie inclusions. |. 
The resultant sediment of intacf? chloroplasts served . 
as the starting material for fragmentation. 

The chloroplasts were then osmotically shocked by 
suspending them in hypotonic sodium chloride 
(0-015 M) to a measured chlorophyll content of 0-08— 
0-2 mgm./ml. Further fragmentation was obtained . 
by treating the suspension in a ‘Raytheon’ 9-ke./s., 
50-watt magnetostrictor for two 3-min. periods at 
8-12° C. This disintegrated fragment mixture (O Fos) 
was used as the control for Hill activity measurements 
in all experiments, since all particle fractions were 
isolated from it by differential centrifugation. Frac- 
tions obtained from CFos have been designated by 
subscripts which indicate the contrifugal force range 
(g x 10°} used for sedimentation; thus, CF s-i 
refers to a fraction in which chloroplast fragments 
were centrifuged out between 50,000 and 105,000g. 
Specific aetivity measurements are recorded as pmoles 
of electrons transferred per mgm. of chlorophyll per 
hour of illumination. The actual illumination period ` 
was precisely 60 sec. 

All operations were performed in a cold reom at 
5° C. or in an ice bath under dim green light. Chloro- 
phyll was determined by Arnon’s method?. The Hill 
reaction assay, with potassium ferricyanide as the 
oxidant and 800 foot-candles illumination intensity, 
was modified from Jagendorf’s procedure?, 

Reactions were conducted with fragment suspen- 
sions containing 15-30 ugm. of chlorophyll brought to 
26 ml. with 0-015 M saline buffered at pH 68. 
Ferricyanide was added to obtain an oxidant-to- 
chlorophyll molar ratio of 30 : 1 to 60 : 1. The final 
assay volume was 3 ml. No photosynthesis co-factors - 
or other additions were included. Assays were per- - 
formed spectrophotometrically at 510 my in the _ 
Beckman DU spectrophotometer. Experimental _ 
results are recorded in Table 1. | 

The specific activity of the control, CFos, was . 
invariably 2- to 5-times greater than that of the 
chloroplasts from which it was derived. This high- 
activity found upon fragmentation might be explained — 
by the increase in surface area, over that in the intact 





Table 1. HEL REACTION ACTIVITY OF CHLOROPLAST FRAGMENTS . 
Centrifugation F 

Fraction No.of time at speed Average Percentage of 2 
expa. imin.) specific activity control activity ` 

C Foe 7 — 93°} 160 ae 

C Bony 7 10 86-8 98 

CRP ys 2 10 123-0 132 

CF ro-tgs 3 30 73-5 79 

C F i 6s~t45 4 30 753 81 

C'F146s* 1 28-0 80 


* Supernatant solution of the 145 x 10°g fraction treated in the 
dari by e to dryness, then dialysing against cold distilled 
water for 5 i 
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P@oloroplasts, resulting in an increase in the number of 
3adily accessible reaction sites. It can be seen from 
“able 1 that the fraction (OF ,-,,.) containing the larger 
‘agmoents exhibits maximal activity, reflecting an 

paotimal chemical and structural organization. Frac- 
ons sedimenting at forces greater than 50,000g show 

«creased activity. The particles in these fractions 
aay be smaller than some critical size essential for 
«ain the chemical balance or molecular 
meatial relationships responsible for full function. 
uture research will attempt to elucidate the mechan- 
m of the decline in activity. 

We recognize that optimal conditions for large and 
mall fragm@nts may be different. Variations in 
micity, ionic content, or pH. might affect the 
otivity. Investigations bearing on these points are in 
rogrees and will be reported separately. 

Recently, Park and Pon‘ stated that Hill activity 
«mains unchanged in the smallest chloroplast 
‘agments they studied, those which sediment at 
45,000g and are estimated to be 800 A. diameter. 
hese particles are calculated to have a volume of 
-7 x 108 A.*. We find a decline of activity in particles 
ven greater in size. This difference in results cannot 
s yet be reconoiled. The information in this article, 
«owever, fills in the size gap in Thomas’s research 
ith no contradiction. The paucity of investigations 
‘hich attempt to integrate the structural—functional— 

Ehemical relationships of photosynthetic activity 
rakes further work on small photoactive particles 

«sential. Investigations aimod at correlating chemical 
nalysis and functional ability of fractions purified 
ay centrifugation are now under way. 

This investigation is being supported by the 

maecronautical Systems Division, Air Force Systems 
ornmand, U.S. Air Force, under Contract No. AF 


7255. 
Ss asl MILTON J. BECKER 
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ENTOMOLOGY 


Equilibrium Populations of Philaenus 
spumarius L. 


Taw colour varieties of the meadow_spittlebug, 
*hilaenus spumarius (Homoptera) 
concerning the invalid synonym 
2, leucophthalmus, see ref. 1), 
vere originally described as true 
mpecies. However, their varietal 
mature has been known for a long 
“ime. A phenotypic analysis of 
i varieties by Wagner? has 

own that the different colour 
eatterns are produced by two 

roups of colour-inhibiting factors. 
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According to Ossiannusson', the relative frequencies 
of the different colour varieties seem to be the same in 
all parts of Sweden. In Finland, all the varieties have 
been encountered throughout the distribution area of 
the species, with the exception of f. praeusta, which 
is confined to the Aland Isles‘. 

In the summers of 1960 and 1961 samples of rather 
more than a thousand individuals each were taken in 
four localities of south-west Fmland. The samples, 
taken at Pälkäne (Pa), Nurmijarvi (Na, Na) and 
Tvärminne (Ta) all show f. typtca to be by far the 
most common variety among both males and females 
Na and Ne are about 1-6 km. apart, Pa boing about 
90 km. north-north-west and Ta about 108 km. south- 
west of the Nurmijärvi populations. Na and N» are 
well isolated by a dense dry heath forest region, a 
completely alien habitat for the species. 

The pooled data from all the four populations are 
shown in Table 1. Attention is directed to the com- 
plete, or almost complete, absence of five varieties in 
the males, 

In the present short report, a closer analysis 18 
performed only on the lneated series of colour 
varieties, namely, trilsneata, marginella and. lateralts. 
All the other varieties will be referred to as ‘alia’. 

To obtain a measure of the disparity (heterogeneity) 
between populations, x’ values were computed 
between all the four samples taken m the same year 
and between the samples taken at the same locality 
in 1960 and 1961 (the values for the males were 
Xå, those for the females, y*). 

Most of the P values for the disparity between the 
years 1960 and 1961 are far from statistically signifi- 
cant. However, P for N4 females is about 0-10 and 
P for Nx females is between 0-20 and 0-10. 

The P values for the differences between the popu- 
lations are far more variable and, in some cases, very 
different in the two years. This may be illustrated by 
an example. The Tvärminne population was in both 
years characterized by a very low frequency of the 
irilineata and marginella varieties. In 1960, the 
amount of the male irilineata individuals had de- 
creased to such a low number that the P values for 
Na-Ta, Ne-Ta and Pa~-T'a were about 0-001, 0:02 
and 0-10, respectively. From 1960 to 1961, the relative 
frequency of irtisneaia increased at T'a and decreased 
at the three other populations. In 1961, the respective 
P values were about 0-05, 0:30 and 0-80. 

As a control, two samples were taken in 1961 at Na 
with two weeks intervening. Between these samples, 
the P value for the males was a little less than 0-70 
and the P for the females about 0-70. (The second 
Na sample is included in Table 1 but not in 
Table 2.) 
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Fig. 1. The oolour varieties. ft to right): i, typica, trilineata, ginella, 
ig lateralis, aera OO Apa hay Bt te — 


Table 1. POOLED DATA, 1960-61 


populd typica trilineata marginella lateralis isucocephala gquadrimacwlata leucopAthalma Total 

Tales 83 4,776 283 0 0 0 16 6 5,058 
‘eamnates 55 4,080 209 231 841 201 28 151 5,248 
oth saros 88 8,806 442 231 841 201 38 157 10,804 
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Table 2, DATA PRETAINING TO POPULATIONB. UPPER Rows, MALES; 
Lowe Rows, FEMALES. Lart COLUMNS, 1960; Riant COLUMNS, 1061 


trilineata saa - Ieterals ‘alta’ Total 
tlia 


Palkine A 24 21 6 6 6 O 6540 558 664 6578 
16 28 19 18 89 $7 444 488 6518 566 
Nurmijärvi A 88 46 0 0 0 0 60 
20 26 22 85 28 5O 487 592 HIL 708 
Nurmijärvi B 24 26 0 0 0 0 609 534 
19 29 29 89 80 42 601 483 579 593 
Tvärminne A 11 19 0 0 0 0 489 660 600 579 
19 16 18 18 38 37 477 404 6542 585 


On the basis of Table 2 and y? analyses the follow- 
ing conclusions seem possible: the froquencies of the 
varieties trilineata and marginella are lowest at T4, 
low at Pa and high at N« and Nsg. All the populations 
are rather close to equilibrium and may change only 
slightly from year to year. Due to fluctuations in 
different directions, differences between populations 
may vary in succeeding years. The frequency of the 
variety irilineata is in each population about the same 
in the two sexes. 

It may be noted in this connexion that P. spumarius 
is & species with considerable seasonal migrations‘, 
specimens from different larval life sites (edges of 
fields) being gathered together in open fields in the 
copulation period. This factor favours the rapid 
establishment of equilibrium. 

Only guesses are possible as to how many genes are 
responsible for the variation. Balanced polymorphism 
often depends on only a very few genes®. The mini- 
mum. for the Philaenus case would include a colour 
inhibitor for head and anterior pronotum, another 
inhibitor for subcosta and perhaps a third for claval 
suture, together with a small series of genes for dark 
pigment. The differential representation of the 
various colour variations in the two sexes suggests a 
genic background somehow connected with sex 
determiners. As regards the sex chromosomes, the 
female is 22 + XX, the male 22 + XO (ref. 7). 

This work has been aided by granta from the 
Finnish Academy of Seiences and from the State of 
Finland. 


Orit HALEKA 


Institute of Genetics, 
University of Helsinki. . 
Ossiannilsson, F., Opuacula Entomol., 22, 66 (1957), 
‘Wagner, W., Mitt. Hambsara Zool. Mus, Inet., 58, 75 (1955). 
1 Ossiannilsson, F. Senet Insektjauna, 7, 1 (1946). 
t Lindberg, H., Fauna Fennten, 1. 1 (1946). 
+ Evans, F. O., and Lanham, U. N., Setenoe, 131, 1531 (1960). 
t Ford, B. B., Adv. in Genetics, 5, 43 (1958). 
’ Halkka O., Ann, Acad. Soi. Fenn., A, IV, 43, 1 (1959). 


MICROBIOLOGY 


isolation of Cellulose-decomposing Fungi 
from the Soil 


ATTENTION has been directed to the paramount 
importance of studying the substrate relationships 
of soil-inhabiting fungi’. The incorporation of organic 
matter into the soil provides a series of habitats 
which become colonized by the microfauna and micro- 
flora present in the soul. On plant remains, a succes- 
sion of fungi can be traced from the early colonizers, 
the ‘sugar fungi’, to those species able to grow on the 
residual debris'. This residual debris contains a 
large percentage of cellulose’, together with lignin, 
hemicelluloses and other polysaccharides. Tho 
techniques most commonly used for isolating soil 
fungi frequently miss the species responsible for 


breaking down these important residual constituent 
which are more slowly utilized than simple sugars 
and in which, therefore, the active fungal colonizer 
may be growing for a comparatively long time. Th. 
‘sugar fungi’ grow very rapidly on new material an- 
then fade away when their very accessible fraction ¢ 
the substrate has been utilized. Such fast-growing 
heavily sporing species normally dominate the, scen 
in routine investigations of soil fungi, unless method 
selective for particular groups of fungi are used. 

Several methods have been devised for studyin 
micro-organisms associated with the decompositio: 
of cellulose substrates in the soil. Tribe* buried strig 
of ‘Cellophane’ attached to microscope Mides so tha 
microbial activity could be examined in stir 
Sanborn’ used a medium containing precipitate 
cellulose for physiological studies of bacteris 
Anserobic cellulolytic bacteria were isolated b 
Hungate! with ball-milled, aqjd-treated cotton cellv 
lose. He stated that Whatman filter paper may b 
similarly milled. 

To estimate the cellulolytic power of fungal ou 
tures, Hazra & al.” incorporated ball-milled, acic 
treated cellulose into an agar medium, and use 
chloriodide of zinc to detect zones of enzyme activity 

The method to be described utilizes a mediur 
similar to that of Hungate, and of Hazra et al. fc 
routine examination of the soil mycoflora, and is base 
on Warcup’s® technique. This enables an easy cor 
parison of the results with those obtained wit 
normal Warcup plates. Soil crumbs, placed in Pety 
dishes, are covered with the medium in which ver 
finely powdered cellulose provides the major carbo: 
source. When poured into Petri dishes, the mediun 
ia white and opaque and it sets with the collulot 
particles evenly distributed. Growth of cellulolyti 
fungi is obvious by the clearing of the medium 
Clearing is normally apparent after incubation fo 
5-7 days at 25° C. in fairly shallow agar. 

The medium has the following constituents 
ammonium sulphate 0-5 gm.; L-asparagine 0-5 gm. 
potassium dihydrogen phosphate 1-0 gm.; potassiur 
chloride 0:5 gm.; crystalline magnesium sulphat 
0-2 gm.; calcium chloride 0-1 gm.; Difco yeast extrac 
0-5 gm.; ugar 20 gm.; ball-milled cellulose 10 gm 
water to 1 litre. The cellulose is prepared as a 4 pe 
cent suspension in water of Whatman’s standar 
grade cellulose powder for chromatography (derive 
from cotton), ball-milled for 72 hr.*. This suspension 
of ball-milled cellulose is added to_the other consti 
uents of the medium after they have been steamec 
and before autoclaving for 20 min. at 10 lb. pressure 
The final pH of the medium is 6-2. 

Halliwell’ has shown that Myrothectum verrucart 
attacks Whatman cellulose powder at approximatel 
the same rate as native cotton fibres; ball-milling 
however, does increase the susceptibility of nativ 
cotton cellulose to enzyme attack?®. 

Fungi associated with cellulose decompositio: 
such as Chaetomium spp. (which do not commons 
occur on soil isolation plates), have been regularl 
isolated from a variety of soils, while the fast growim 
‘sugar fungi’ are kept in check. Direct comparisons w 
cellulose-decomposing fungi in different types of so 
can quickly be made by examining the species whic 
produce clearing. It is considered that this techniqu 
allows the fungi associated with the decomposition 
of an important fraction of the organic matter in th 
soil to be isolated and identified, thus enabling a mo! 
complete picture of the soil mycoflora to be pre 
duced. © 
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Detailed results will be published elsewhere. 
Thanks are due to Mr. C. G. Jarman, Tropical 
‘roductsa Institate, London, for preparing samples of 
‘all-milled cellulose, and to Mr. J. O. Chimbo, 
Jepartment of Botany, University College, Ibadan, 
aor technical assistance to one of us. 


H. O. W. Eeers* 
Department of Botany, 
University College, 
Ibadan, Nigeria. 
G. J. F. Puan 
Department of Botany, 
University of Nottingham. 
* Present address: Microbiological Research Establishment, Porton, 
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Attempts to show Inhibition of Nitro- 
reductase by Aureomycin in Cell-free 
Extracts and Isolation of an Aureomycin- 
resistant Nocardia V. 


Saz and Marmur' and Baz and Slie* have reported 
hat the nitro-reductase system in a strain of Esch- 
richta cols is sensitive to aureomycin. Baz, Brownell 
nd Slie® isolated a mutant of the organism which 

«vas resistant to the antibiotic and found that the 
mitro-reductase system of the mutant was also re- 
istant to high concentrations of the drug. Now an 
savestigation has been made of the sensitivity to 
uureomycin of the nitro-reductase enzyme system in 
Vocardia V.4. The growth of Nocardia is inhibited 
«y concentrations of aureomycin as low as 1 ugm./ml. 
Khe cell-free nitro-reductase system isolated from the 
erganism was not, however, sensitive to inhibition 
xy aureomycin whether reduced diphosphopyridine 
mucleotide or diphosphopyridine nucleotide plus 
Mehydrogenase substrate was used as hydrogen donor. 
An attempt was also made to isolate a mutant 
ef the organism which would be resistant to high 
oncentrations of aureomycin. The gradient-plate 
echnique, described by Szybalski and Bryson’, was 
msed for this purpose. In the first attempt a gradient- 
late was prepared using ‘BPL’ medium in which 
he aureomycin concentration reached 100 pgm./ml. 
niter downward diffusion of the drug. A suspension 
əf the organism was sprayed on the solidified surface 
f the plates and these were then incubated at 30°. 
After a week a few small colonies of resistant organ- 
«ms appeared on the part of the plate containing 
the lower concentrations of the antibiotic. When 
shese colonics were streaked forward over that 
of the plate with the higher concentration of the 
antibiotic, growth continued on subsequent incuba- 
kion. ‘The resistant colonies were then resuspended 
<n liquid ‘BPL’ medium and streaked on another 
zradient plate in the same manner but using concen- 
rations of the antibiotic between 100 and 1,000 
wem./ml. The mutart organism was able to grow 
at the higher concentration. The resistant organism 
was maintained by subculturing on ‘BPEL medium 
sto which 200 ygm./ml. of aureomycin were added. 


NATURE 


95 


The morphological and cultural characteristics of 
the mutant organism are very similar to those of the 
parent strain‘. 

The resistant organism possesses organic nitro- 
reductase, but the properties of the enzyme system, 
studied in a cell-free condition, do not differ signifi- 
cantly from those of the normal system. 


J. B. VILLANUEVA 


Institute ‘Jaime Ferrán’ de Microbiología, 
Velázquez, 138, 
Madrid 6. 
An and Marmur, J., Proc. Soo, Exp. Biol, and Med., 88, 783 
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GENETICS 


Effect of Photoreactivation on 
Ultra-violet-induced Segregation of 
Heterozygous Diploids 


Ir has recently been reported by Takeichi: that 
the effect of ultra-violet bght in inducing somatic 
segrogation in heterozygous diploids of Aspergillus 
sojae is not altered by subsequent exposure of the 
irradiated conidia to visible light. As with other 
micro-organisms, it was found that the viability of 
the ultra-violet irradiated conidia was significantly 
increased by the visible light treatment, and it was 
therefore concluded that the effect of ultra-violet 
light m inactivating diploid conidia may be distinct 
from that which induces somatic segregation. This 
result is not the same as that found in a similar 
experiment with a heterozygous diploid of Ustilago 
maydis. 

A prototrophic diploid heterozygous for eight 
recessive biochemical markers was synthesized’. It 
had the following genotype: 


a, pan-1_ + 4snos-3 nic-3 
Gy + $= ntc-10 + + 
b, me-156 ad-l + pdzx-3 
b + F lu- + 


where a and b are the loci controlling the mating 
system; pan, nic, inos, me, ad, leu and pdx indicate 
requirement for pantothenic acid, nicotinio acid, 
inositol, methionine, adenine, leucine and pyridoxine. 
The position of the centromere in relation to ntc-10 
is uncertain, and the position of pdz-3 in relation to 
the other markers is unknown. The data concern- ` 
ing the positions of the other markers are presented 
elsewhere’ *, or are unpublished. 

The media and tochniques used were the same as 
previously described*. An aqueous suspension of 
diploid sporidia that had been stored at 3° C. for 
29 days was irradiated with ultra-violet light in an 
open Petri dish, which was continually agitated dur- 
ing the treatment. Samples were withdrawn at 
intervals and the cells plated on complete medium. 
The normal precautions were taken to avoid un- 
wanted photo-reactivation. After the highest dose 
of ultra-violet light, photoreactivation was carried 
out by replacing the lid of the dish and placing it 
3 om. from two 40-W. ‘Daylight’ fluorescent tubes 
2 om. apart. The rise in temperature within the dish 
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Hie. SE Table 1 frequency of segregants among the survivors, th 
light dose light dose Survival Colonies Auxotrophic segregants points fall on a straight lino. Fig. 1 shows this usin 

(min.) (min.) (percent) scored  (No.) (per cent) the data in Table 1. It can be seen that the photo» 

o 0 100 1,895 1 0053 + O017 reactivation does not appear to alter the relationshi 

3 Sat BAERS be interpreted by supposing that the killing ef ah 

2 2 interp y supposing t the killing of th 

A A — ae A eee cell and the induction of mitotic crossing-over ar 

4 30 61 1,085 41 3-96 + 0-61 


was negligible. The colonies which developed on the 
plates of complete medium were scored by replication 
to minimal medium. Late germimating or slow- 
growing colonies less than 0-5 mm. in diameter after 
three days incubation could not be scored by this 
method and were disregarded. The results of the 
experiments are shown in Table 1. 

The visible light treatment increased the viability 
after 4 min. ultra-violet irradiation by about twenty 
times, and significantly reduced the proportion of 
auxotrophic segregants among the survivors (2 x 2y?= 
5-79, P = 0:01-0:02). The requirements of a sample 
of 88 segregants were identified, but the two nio 
markers were not distinguished from each other. 
Eight phenotypes were present, with the following 
frequencies: nto, 47; nic inos, 3; pan, 13; leu, 7; 
ad, 8; ad me, T; me, 2; nic ad me, 1. There 
was no discernible correlation between the appear- 
ance or absence of particular phenotypes and the 
treatment. As with previous experiments on the effect 
of ultra-violet light on the segregation of heterozygous 
diploids, it appears that the segregants are diploids 
homozygous for particular markers, and that they 
arise as a result of induced mitotic crossing-over’. 
Eighty-five of the segregants could have arisen as a 
rosult of a single mitotic exchango, and the me and 
nic ad me segregants as a result of two such exchanges. 
The pdx marker failed to appear among the segregants. 
When brandspores were obtained from the parent 
diploid, and tetrads from these were analysed, it was 
found that ın most cases the pds marker did not 
segregate. A high proportion of the diploid sporidia 
must have become homozygous for the wild-type 
allele of pdx-3, possibly as a result of spontaneous 
mitotic crossing-over during the early growth of the 
diploid strain. 

Both haploid and diploid strains of Ustilago when 
irradiated with ultra-violet light give sigmoidal sur- 
vival curves*. When the log of the surviving fraction 
of heterozygous diploid cells is plotted against the 
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frequency of gegregants among the survivors. @, Control 
and ultra-violet treated; O, photo-reactivated 


due to a common chemical effect produced by ultra. 
violet irradiation, and that this effect is reversed b, 

post-irradiation treatment with visible light. A simila 
conhexion between cell survival and mutation i. 

relation to ultra-violet irradiation and photic 

reactivation was first observed in micro-o iste 
by Novick and Szilard®. More detailed eorroboratio 

— the results presented here will be published else 

where. 

The doses of visible light used by Takeichi gav 
only slight recovery of viability. It may be that.th 
doses were too low to detect any significant reduotiom 
In segregation frequency. “But there is a mor 
interesting possibility. Kafer? has discussed th 
origin and behaviour of aneuploids derived fron 
heterozygous diploids of Aspergillus nidulans. Mos 
of the colonies classified as segregants in A. soja 
behave as if they are unstable aneuploida whick 
revert with high frequency to diploids or haploide 
following non-disjunction of chromatids. It is con 
ceivable that the production of aneuploids by ultra 
violet light is not affected by photoreactivation i 
the same way as is mitotic crossing-over. 


Ron Horumay 
Department of Genetics, 
John Innes Institute, 
Bayfordbury, 
Hertford, Horts. 
1 Takeichi, 0., J. Gen. App. Microbiol, 7, 89 (1961). 
* Holliday, R., Genet. Res., 2, 231 (1961). 
? Holliday, R., Genet, Res., 2, 204 (1961). 
t Landen, E. W., J. Cell Comp. Physiol., 14, 217 (1989). 
EN T and §Ssilard, L., Proc. U.S, Nat. Acad. Soi.. 85, 59 
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VIROLOGY 


Failure of Newcastle Disease to undergo 
Multiplicity Reactivation 


Reornt work has shown that influenza virus i: 
capable of multiplicity reactivation, following in 
activation by ultra-violet irradiation?. This communi 
cation is concerned with the effects of ultra-violes 
irradiation on Newcastle disease virus, anothes 
member of the Myzovirus group. 

The inactivation of Newcastle disease virus infec 
tivity by ultra-violet irradiation is known to be s 
single-hit process**. The rate of inactivation of 
Newcastle disease virus was compared with that of 
influenza, using allantoic fluid preparations of thr 
Newcastle disease virus strain California 11914, anc 
the influenza A strain MEL. Each was diluted 100 
fold in phosphate-buffered saline (pH 7-2) and &-ml. 
samples of each strain were subjected to ultra-violet 
irradiation using a Hanovia bacteriosidal ultra-violet 
lamp, which generates 90 per cent of its output at a 
wave-length of 2537 A. The residual infectivity of 
each preparation was determined hy the method of 
Fazekas de St. Groth and White‘. The results from a 
typical experiment are shown in Fig. 1, from which it 
ig apparent that both viruses are inactivated at the 
same rate. As the action spectrum for influenza virus 
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Fig. 1. A comparison of the ultra-violet Inactivation rate of 


Newcastle disease virus (©) and influenza Sah r w the average 
number of hits received per parti 


infectivity closely parallels the adsorption spectrum 
for nucleic acids**, the simplest interpretation of 
these findings is that each virus contains a similar 
amount of ribonucleic acid. 

An experimental system has been developed for 
influenza in which the relation between input multi- 
plicity of virus and yield can be determined’. When 
the multiplication of active influenza virus is examined 
in this system, response curves of the single-particle 
type are obtained. When the multiplication of ultra- 
violet inactivated influenza virus is examined, higher- 
order curves result, indicating that multiplicity 
reactivation is occ 

Using this system, the multiplication of irradiated 
Newcastle disease virus has been examined. Three 
irradiated virus preparations, which had received on 
the average approximately 3, 5 and 7 hits respectively, 
were used. Fig. 2 shows the experimental points 
obtained for each of these preparations, as well as 
those obtained for an unirradiated preparation. 

The curves which fit the experimental points are 
of the single-particle type. Consequently, these results 
indicate that single infectious units initiate whatever 
multiplication is observed with ultra-violet irradiated 
Newcastle disease virus preparations. 
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Table 1. Loss of NBSWOASTLE DISEASE VIRUS IĦMFEOTIYVITY ox 


ULTRA-VIOLET IRRADIATION 


Ukra-violet dose {a) (b) 
(rec.) Infectivity titration log,, Response curve logi 
0 0 0 

10 —1 25 -1'1 

20 — 2°25 —2-1 

80 — 3-10 — 29 
A comparison of the — of infectivity by — irradiated 
Newcastle disease virus as measured by: (a) Infectivity 
titration; (5) — © feeponne curve in the experimental system. 


This experimental system provides another means 
of titrating the amount of virus capable of multiplying 
which is contained in any preparation. As the control 
and each irradiated preparation contain the same total 
amount of virus, the distance between the response 
curve for the control and that for any irradiated 
preparation measures the loss of active virus incurred 
by irradiation. As is apparent from Table 1, the 
content of infectious units estimated this way is 
similar to the residual fraction of active virus determ- 
med by infectivity titration. 

Consequently, the multiplication observed with 
irradiated Newcastle disease virus preparations 
results only from that fraction of virus which has not 
received an offective ultra-violet hit. This finding 
indicates that ultra-violet irradiated Newoastle 
disease virus does not undergo multiplicity reactiva- 
tion to any appreciable extent in allantoic cells. 

It has not been possible to demonstrate genetio 
recombination with Newcastle disease virus*. The 
failure of Newcastle disease virus to undergo multi- 
plisity reactivation is in keeping with this finding, 
and suggests that any co-operation between infecting 
particles in a multiply infected cell must be a rare 
event. This absence of co-operation could also 
account for the lack of incomplete virus formation by 
Newcastle diseaso virus. 


Virus Laboratory, 
Department of Pathology, 
Tennis Court Road, 
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’ Barry, R. D., Virology, 14, 389 (1961). 
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RICHARD BARRY 


In vitro Inhibition of Infectivity of Polio 
Viruses by Guanidine 


Tae presence of a guanidine moiety in a number 
of antiviral drugs! prompted us to investigate 
whether some simple guanidine derivatives may 
reduce the infectivity of viruses for cultured mam- 
malian cells. The following compounds were exam- 
ined: guanidine hydrochloride, aminoguanidine bi- 
carbonate, creatine hydrate, arginine, uridine, urea, 
thiourea, decyl- and dodecyl-bis-guanidine, N,N’. 
bis(beta-hydroxyethyl)biguanide. The chemicals dis- 
solved. in water were boiled for about 15 min. and 
then added to the culture media. 

Methods and media used for routine cultivation of 
HeLa cells, MS (monkey kidney strain) cells and of 
cells from a primary culture of cattle kidney have 
been. described previously’. They are similar to those 
used by Howes’, Titration of cytopathic units 
was performed by the end-point method as described 
by Schwerdt*. 
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The following viruses were used: type I polio virus 
(Brunhilde) after three passages in HeLa or two 
passages in monkey kidney strain cells; type I 
polio virus (MEF 1) and type III polio virus (Saukett) 
similarly propagated; vacomia virus (obtained from 
the vacoinal lymph of J.8.M., Milano) after two 
passages in HeLa or in monkey kidney strain cells; 
foot and mouth disease virus {strain 058, isolated 
during an epidemio outbreak in Sardinia, and typed 
in the experimental Zooprophylactic Institute of 
Torino) after three passages in primary culture of 
cattle trypsinized kidney cells. 

Experimente instituted to evaluate the direct 
effects of the various drugs on the cultured cells gave 
the results summarized in Table 1. 1 mgm. guanidine/ 
mi. failed either to cause appreciable cellular damage 
or to slow normal rate of growth. 


Table 1. MAXIMAL CONCHNTRATIONS OF GUANIDINE DERIVATIVES 
TOLMRATED BY OULTURED OBLLS 
Cell t Mar mie tolerated 
ype Drug 080 fm. 
of medina) 

Guanidine hydrochloride 1 aa. 
HoLa Guanidine hydrochloride 1 (2 
Primary cattle 

kidney ce Guanidins hydrochloride 2 

MS Aminoguanidine bicarbonate 0-3-0-1 4 
MS Sulphaguanidine 0-25 2 
MS N-acetyl! sulph idine 0-25 £ 
MS Pontamidine hy oride O-1 2 
MS Creatine hydrate 0-5 2 
HS — ne hydrochloride O25 2 
MS Ua 2 8 
MS Urea 5 2 
MS Thiourea 0-25 k 
MS rear ede nide 0 0001 2 
MS E AE — 0:0001 2 
HS NV’ N’-Anh -h 

athyl) biguanide hy hehe 1 (5} 


* Number of experiments performed. 


The maximal concentration of the drugs devoid of 
toxicity for cell cultures were added together with a 
viral inoculum of a known cytopathic effect. Guani- 
dine was the only drug that prevented the cytopathic 
effect of the polio viruses; concentrations of 0°25 and 
1:0 mgm./ml. of this drug completely protected 
tissue cells from the cytopathic effect of 107-105 
minimal cytopathic doses of the three polio viruses 
(Table 2), Furthermore, guanidine inhibited the polo 
virus replication (Table 3). The cytopathic effect of 
the other two viruses, vaccinia virus and foot and 
mouth disease virus, were unaffected by these dose- 
levels of guanidine. 


Table 2. INHIBITION OF THA CYTOPATHIC E¥FROT OF POLIO VIRUBES 
BY MEANS OF GUANIDINE HYDROCHLORIDE 


Concentration Experiments In which 
Viralinosulum of idine guanidine afforded a fall 
Virus (cytopathic inthe medium protection/experiments 
units) (mgm./mL)} performed 
Polio I 10* 1 2/8 
Polio I 10° 0°25 8/12 
Polio I 10 025 11/12 
Polio ï 10 1 3/2 
Polio I 10* 0-25 12/12 
Pollo IT 105 0°25 2/8 
Pollo Tf 104 0-25 sia 
Polio HT 10* 0 25 1/8 
Polo ITI 10 0°25 3'3 
lio 10° 0°25 8/3 


The antipoliovirus activity of guanidine does not 
stem from a direct effect of this drug on the virus 
particles. The virus was pre- -incubated for 6 hr. at 

37° C. ina medium containing guanidine (1 mgm./ml.), 
which was then removed from the medium by 
dialysis. The virus remaining in the pre-incubated 
medium after dialysis maintained the same degree of 
toxicity for cell culture as that not preincubated. 
Furthermore, the-virus replicated in cells preincubated 
for 8 hr. with guanidine (1 mgm./ml.) and then 
washed. 


NATURE 


- 


January 6, 1962 vor 193 


Guanidine oured cells infected with polio viru 
3-6 hr. previously. Thus type I polio virus (10 
minimal cytopathic doses) added to a cell culture ann 
treated 3-6 hr. later with guanidine (1 mgm./ml. 
failed to replicate. This suggeste that guanidin- 
prevents, in some unknown manner, the intracellula 
growth of the polio virus. This view is supported im 
the experiments reported in Tables 3 and 4 showing 
that cytopathic potency of samples taken from ax 
incubation medium containing 0-1 per cent (w/v 
guanidme does not mcrease even after 72 hr. Th: 
results obtained give further ground to the view tha. 
guanidine inhibits polio virus replication. 

INHIBITING BFFECT OF GUANIDINE on POLIO VIRUS 
MULTIPLIOATION in vitro 
Concentration of Cytopathto unite hiss the mediun 
Viral inoculum guanidine in the : 
medium (mgm./ml.) 4 10 18 30 7 
10 107 10 


10* 
oo 10* 107 10° 


Tablo 3 


108 
1 


10 0-25 
Table 4. CURATIVA R¥FECT OF GUANIDIVTR HYDROOHLORIDE IN PoLie 
VIRUS I Iyvecrep MS Cais 


Viral Minutes between Guanidine Oytopathio unit 
inceulum infection and concen- pathic in the mednim 

torio: ene of ig uan tration effect (maximum valor 
pathi (mgam./ml.) after observed) 
Paisi — 72 br. 

104 0 0 +++ 10" (18)* 

10 9 0 ++ 

10% 0 0 +++ 

102 0 0 + + + 

10 0 0 + + 

104 0 O25 r aieia 10° (72) 

104 0 0°25 on om 

104 120 0°26 10° (72) 

10* 180 0-26 p * 

10t 180 025 ~ — 
2.10? 180 O26 10 (48) 

19 860 0°25 ++ = 

104 860 0 25 + 

10" 860 0 25 — 


* Time (hr.) at which the observation was made. 


At present we know nothing about the mechan- 
isra(s) by which guanidine protects cultures from the 
cytopathic activity and inhibits polio viruses replica- 
tion. None of a great numbor of various drugs 
(vitamins, metabolites and so on) so far examined 
was able to antagonize the antiviral activity of 
guanidine’, 

From the point of view of practical application of 
this anti-polio virus activity of guanidine, we have 
observed that blood serum does not interfere with 
the tn vtiro antipolio virus activity of guanidine. 
While we are proceeding with experiments concerning 
the mechanism of this guanidine activity, we are 
searching for more active guanidine derivatives and 
endeavouring to find out whether guanidine displays 
anti-polio virus activity also in in vivo experiments. 

B. Loppo 
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FORTHCOMING EVENTS 


Monday, January 8 
OCIETY OF CHEMICAL INDUSTRY (Joint nat 14 Bel of the T 


«TION and the SURFAOR ACTIVITY pora: at — vo B 
adon, 8.W.1), at 8.80 pa m.—Prof, R. 8.: 
tures of Ion Exchange in Crystals 
— EMNGINWEEING SOCIETY LARDON BERANOH (at “Hope 
*, 45 Great Peter Streot, Westminster, London, 8.W.1), at 
„m—Mr. D. Stevens: “Bluebird Project”. 
ROYAL GEOGRAPHIOAL Bogmer (at 1 Kensington Gore, London? 


men? .7), at 8.80 p.m.—Mr. B. B. F. Roots: “‘Burvey of the Far North”. 


Monday, January 8—Friday, January 12 


— Ol MEUHANIOAL BNGINBKRS; AMRIOAN SOCIETY OF 
Serie pred and the INSTITUTION OF OHEMIOAL ENG- 

in the Lecture Hall, Central Hall, Westminster, London, 

at 1), s 10 Lr ary daily——-Co ——-Conference on “Thtarnational Developments 


Tuesday, January 9 


LANT PuEROTIOS GROUP (aP tlo School of Pharmacy, University 


London, B Square, London, W.0.1 osium on 
Bamnenolic Alkaloids”. }—8ymp 


a NITITUTION OF ELEOTRIOAL ENGINEERS, MHASUREMERNT AND 
VIROL SROTION (at Savoy Place, London, Ww: 0.2), at 6.80 p.m 


. P. 0. F. Wolfendale: “A Linear Transducer of igh Accuracy”. 
NSTITUTION OF AGRIOULTURAL —— Cae 6 een Square, 
adon, ae C. GD). at si p.m.—Mr, E. Lang: ' ig Testing of 


Wednesday, January 10 


p orury FOR APPLIED BACTERIOLOGY (in the Barnes Lecture 
at be — of Medicine, 1 Wimpole Street, London, 
hoa 10.15 a.m.—Paper reading session. 

"215 p.m, (joint meeting with the poe PLOL Oey GROVE of 
pane rea oF CAL INDUSTRY}—Sym on “The HKffect 
he Newer Forms of Packaging on the pens Pee and Storage 

of Various Foods”, 


prrovar BOCIETY OF ARTE at John Adam Street, Adelphi, London, 
«0. gies at 2.80 —Dr Hartley: “Modern British Drugs’ 
“pe Memorial Hal Lantus 
NSTITUTION OF oe EXGIVERES, ELECTRONICS AND COM- 
CATIONS test oe at Savoy Place, London, W. C.2), at ree ad ee 


. G. F. Newell and Mr. W. K. B. Geddes: “Tests of 
Band-width Compression of Television Signals’. 
RITISH [NSTITUTION OF RADIO ENGINERRS, MwpIGAL ELEOTRONIOH 
RADAR GROUPS (at the London School of H n ena Sd 
divine, Keppol Btreet, — 8treot parr ag eee 
cussion on "The Effect of Blectro “Magnetio ving 
sues” opened by Dr. R., —— Mr, L A Me L. Bounds 


PMMOcIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanioal 


gineering De ment, Imperial College of — and Technology 
aron, a: —— — at 4 D. m. Mr. K. Davis: “The Generation an 
<a 0 i 


mM OCKIRTY OF — INDUBTEY, Hoop — (at 14 Belgrave 
tare, London, 8.W.1), at 6.15 p.m— Dr, 8. M. Hereshdoerfer and 
a ‘a. John: “Bt of the position of Pork Meat”, 


SOCIETY OF IXSTRUMENT TKOHNOLOGY, DATA PROGRESSING BECTION 
Hanson House, 26 Portland Place, London, W.1), at 7 p.m— 


. B, M. Grabbe: “A Review of Digital Computer Control AppHoe- 
sas”, 


bei january ij 


— OF HLBOTRICAL ENGINEERS, 
— Piace, London, W.C.2), y 5.30 p.m.— Diseussion on “The 
tion of the tions for the Electrical Equipment of 
g opened by Mr, G. O. Watson. 


ana a oF re Nie Aaa tad taser Tandon, 
o ion, 
0.2), at 7 p.m.—Mr. J. B. Richardson: “Digital Telemetering”. 


Urnoasatiox SEOTION 


Friday, January 12 


at the Royal Institution of Naval 
ve Street, London, 8.W.1), at 5.30 p.m.— 
., Captain B. O, Jones and Captain M. W. M, 
tors for Training in the Use of Marine Radar”. 


WKASTITUYE OF NAVIGATION 
ohitects, 10 Bs r 


potein F. Rina 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the folowing appointments on or 
ore the dates mentioned: 
or Awatowy in the University of Mala 
oretary, Inter-University — for ae 
Woburn Square, London, W.C.1 (Genus 
WCLECTURER In GEOLOGY (Aline — at the Univer- 
-y of New England, Australla~—The — rere tion of Univer- 


bet daication Singapore-—The 
tion Overseas, 
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sities of the British Commonwealth (Branch Office), Marlboro 
House, Pall Mal], London, 5.W.1 Ae cade and London, January 15). 
LEOTURER (medically ‘qualif and with special in 
histopathology) IN PATHOLOGY——The Registrar, Trinity College, 
Dublin, Republic of Ireland (January 15), 
iso —— ER (with qualifications in genetics 
Univershty Colk Collegeof Nerth te Wales, Bangor, Nord Narta Wales (J e TO 
o a anuary 18). 
ASSISTANT LECTURER IN The U 


niversity, 
Manchester 18 January 2 20), 
LEOTTRER ( 


RENIO chemistry or biochemirtry 
S rience n —— and preferably a medical 


extensive 
x — appenaa A OF — for 
6 undoergra — ua teaching, 
supervision of hospital routine work, nate and pos with clinicians an 
research—-Thse Secors , The University, Edmburgh — 20). 
LECTURER IN MIGROBIOLOGY: and an Assistant LECTURER IN 
SOTANY—The Secretary, University Colkege, Gower Street, London, 


W.0.1 (January 22). 

LECTURER IN OAL STATISTIOS at the University of 
Sydney, Australia-—‘The Secretary, Association of Universities of the 
British Commonwealth (Branch. Office), Marlborough House, Pall 
Mall, London, 8.W.1 (Australia and London, January 22). 

IX BACTERIOLOGY, ab at the University 


Suxioe Leert 
gollege, —The Secre Senate Committee on 
e Onsen in pecial Relation, U ty of London, Senate 
House, London, W.C.1 (January 22). 


LEOTURBE or ASYISTAAT LECTURER IN e EET 
Secretary and Registrar, Tho University. Southampton Bat) 

pp BNIOR LROTURER or LROTURER (preferab bly mth a 

in physics, and — experienco in electronics) IN ap Hap akt 
PHYBICS IN THE ARTMENT OF ELBOTRIOAL ENGINARRING-—The 
Secretary, ——— of St. andreas: Queen’s College, Dundee 


(January 27). 

LECTURE (with an honours daroe. in zoo £00 ) IN ZOOLOGY at 

the University of Canterbury, ew Zealand—The 

Secretary, Association of Universities of the he Brite Commonwealth 

(Branch Otte, Marlborough House, Pall Mall, London, 8.W.1 (New 
d and London, Sea: Ae ee 

LECTURER (graduate of tish Commonwealth universi 
eguivalent status, and preferably Corporate Member of the Institution 

Mechanical Engineers IN MECHANICAL EXGINHBRING at the Univer- 
sity of ong Kong-—The Secretary, Association of Universities of 
the British Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, §.W.1 (Hong Kong and London, January $1). 

LECTURER or ASRISTANT LECTURER IN PHYsios—The Prinsipal, 
Bede College, Durbam (January $1). 

LIBRARIAN — with — qualifications and preferably 
& know 80 Secretary, Rothamsted Experimental 
Station, Harpenden, orta a pea $1). 

READER IN Puysics at the University of Western Australia——The 
Searetary, Association of Universities of the British Commonwealth 
(ranah van London, Janim Houses, Pall Mall, London, §.W.1 
Australia and London oon; § BELAY $1). 

LEOTURBER IN 
Registrar aa — 
Newcastie-upon-Tyne 1 

— L 


or of 


EXPERDIENTAL Psy@HoLoagy——The 
King’s College (University of Durham), 
orate 8). 

DEPARTMANT OF —— — 


in olther poyne or 
e Registrar, Royal 
cademical Institution, Belfast, Northern Ireland (February 


re CHENTOAL INDUSTRIES RESRARCH FELLOW IN CHAMISTRY, 
BIOLOGICAL CHEMISTRY, ENGINEERING, f eee ecco PHysics, 
or in a related subject-—The Registrar, The University, Bristol 8 


(February 10). 

LEOrTCRERR (with a degree in physiology, pharmacology or allied 
Bubjects and postgraduate research experience) Im PHYSIOLOGY; 
and a LEOYTURER or ASSISTANT LECTURER IX ORGANIC CHRMISY*RY— 
The Registrar, The University, — ton (February 14). 

TEMPORARY LECTURER or ER (capable of con- 
tribu to the teaching of both the — of knowledge and moral 
phnosop y) = PHILOSOPHY—The Secretary, The University, Belfast 

ebruary 

IMPSRIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS DI BIO- 
OWEMISTRY, CHEMISTRY, ENGINERRING, PHARMACOLOGY, PHYSIOS 
or CHEIRCAL TECHNOLOGY (Chemical eering)— The Beoretary, 


ANO Y Univeral ebruary 16). 
RIAL GHEMIOAL [NDUNPHES E RESEARON FELLOWS mo Bro- 


—— ET, ENGINEERING, PHARMACOLOGY or PHYSICS 
-The Beoretary The ‘Royal Callege "of Solence and Technology, 
— (Maroh b). 
ASSISTANT — OFFICHR (preferably duate In bo 

or zoology, or at least G.C.E., Scottish Lea Certificate or valent, 
with passes in ed subjects at adva or er levels), for the 
analysis of plankton samples in the Continuous Plankton Kecorder 
Survey of the North Atlantio Ocean and the North S8ea—Officer-in- 
Charge. Opaancgraphis Laboratory Scottish Marine Biological Associa- 
tion, 78 Craighall d, Pan rgh 8. 

SENIOR LEOTURER IW ieee at University College, Ibadan, 
Nigerla—The Secretary, Inter-University Council for r Educa- 
tion Overseas, 20 Woburn &quare, London, W.0.1. 

ApatspANe LECTURER Fa BY CHOLOGY , Whose main duties will be 
in the A _— ames 
of Peye Paychology. University of Edinburgh, Old College, o South Doe, 


Soon’ LECTURER — of a British a IN — 
ITEY, entailing particrpation in the planning of a 
for a “Diploma in Technology in Microbiology and Pe E postgraduate 


eoursees—The Clerk to the Governors, Battersea College o 
London, 8.W.11. 
—— OFFICERE (with a recognized or National Diploma 
in agriculture, horti ture or agricul botany) IN THE SEED 


PRODUCTION BRANOH, to specializes on root and vegetable seed cropa-— 
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The Secretary, National Institute of Agricultural Botany, Huntingdon 
Road, Cambridge. ý = 


ZooLoay Ge ae to teach introduc courses i university 
Qua E. D. Eagle, United College, ipeg 2, Manitoba, 


REPORTS and other PUBLICATIONS 


(not included in tha monthly Books Supplement) 


Great Britaln and Ireland 


Philosophical Transactions of the Royal "2, Bok of London. Series 
B: B: Biological Serences. No. 711, Vol 244 of — a cant The 
pmoental History of f Mutela poe) o 
—— Bivalvia). By G. Fryer. Pp. — —— Pope 
paar, OA ) 128. 8d. oe 

Office. — in the — of Delinquency and the 


sine t of 6) Murder, By Evelyn Gibson and 8. Klein, 
Pp. tv +48. London : Oar. Stationery Office, ee ) 4s, net. 2610 
Research sage Boae Conquest Pamphlet No, 14 : Sound Meat. 
Pp. 7. (London : Defence Soetety, 1961.) 8d. 2610 
G ufacturers’ Federation. The Jevelopmoent the Auto- 
matic Men oe m Machine: a Story — some onere, Xo. Edward 
ruary, 1065.) P printed in Glasa T VoL 1, No. 1, Feb- 

Tuary, 19 — G Containers. Pp. iv+-&. ndon: Glass Manu- 
OLIBA Any — Notes e 226 fostober 1 tye 

o 0. T, 
IT — — (Duxford OIBA E), Lid. 


in Mines Research Establishment. ety 
irtty-mnth Annual Report. Pp. 72+4 
plates. (London : HM. alao Office, 1961. NA 5s, net. [2610 
Progross in Sootland assisted by LO, Data Processing, » 6 
(London : International Courpiters an Tabalitacs. Ltd, 1981.) 
Bulletin of the British Museum (Natural History). Entom 
ae ii, naa New penis of STKE eae By Theresa 


Notebooks on Transmutation of Specles—Addenda 
Co ted with Notes by Sir Gavin de Beer and M. J. 
Borboi oars 185-200. 7s. (London: British Museum (Natural 
History), 1961.) 3010 
ee eta of Scientific and Industrial Research ; and Fire Offices’ 
Commities Joint Fire Research tion. United Kingdom 
Fire Statistios aoe Statistical sis of Report of Fires attended 


by Fire Brigaad in the United om during 1960. Pp. 106. 
Office, 1961.) 12s 6d, net. [801 0 

Soottish — Biological Association. Annual Report, 19 1. 
Pp. 81. (MN nburgh: Scottish Marine Biological Associs- 
tion, 1961.) $110 


Department. of Solentific and Industrial Research: National 
—— Laboratory. gd on —— Solenos, No. 26: Measurement 


fre in O. Evans and ©. O, Taylerson. Pp. 
SF +9 p —— de HM. Stationery Office, 1961. nn 
net BC a ea ; A British Achievement. Second 


editi Pp. 64. lighed on the 25th Anniversary of BBC 
Television) ( (Lomion ritish Broadcasting Corporation, varie Serie 
Be aunor Tiai teada, Submissions to the Committes 
on Higher Education. Pp. 10, (G. 184). (London: Association of 
University Teachers, 1961.) (111 
eno of Scientific and Industrial Research. Silicones at Work. 
ei : Department of Scientific and Industrial aia Ton, 
Colonial Office. Fishery tr Mane No. 1p eD 
Lethrinus in the Western Indian Ocea G. Wh 
i+51 +3 plates, don: H.M. — Raua rae a3 80s. 3- nei (TTi 1 
Wee ter Limited. The Common Marke 
: a Guide to the KRuropean Eoononue — and the 
effects on prisen A Membership. Pp. 80. (London: West- 
minster Bank Limited, 1 111 
British Coated Board re er Mills, Ltd. Report of the Directors 
and Statement of Accounts for the year ended 3ist March, 1981. Fe. 
11. (London: British Coated Board and Paper Afilla, hte 1961. y [211 
British Broadoasting Corporation BBC Monograph No. 
39: Twenty-five Years of BBO Television. By Sir Harold Bishop. 
te 41 (14 plates). (London: British Broadcasting Corporation, ir 


[11 
—— Oro Research Institute. Annual Re 1960. Pea 189. 
Rustington, Li pton: Glasshouse Crops Institute, 
$61.) (Zit 
Other Countries 
East Africa H Commission. Hast African 


Research Organization Report, January-December —— 
(Tororo, onia: East African Trypanosomiasis Research 


tl (2310 
Watioul Sen Sefance Foundation. NSF 61-48: Solentiste and pers 
in the Federal Government, October 1958. . vit+dd. (W on, 
D.O.: Government Print Office, 1961.) conta. 10 
Boletim da Universidade do Parana, O o de Pesquisas. Dopart- 
amento de Botanica ¢ Farma da Faculdade de Farmacia. 
Botanica, No, 2: Flora Apicola de Curitiba (Parand—Brasil). Por 
— Braga. Pp. 11. — o. 3: Dlatomácess da Bala do 
uaratuba (Paraná—Braxil) (Chrvsophyta-—~ PEAU ta at hf 
Bos Hermes Bene EURO: Pp. 85+7 plates. oere Universi 
do — 1961.) 


t of the Interior: Geological Survey. 
Builetin fed ant: ~ Manganeso Deposits in the Drum Mountains, Juab 
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ties, Sy By Max D. Crittenden, Jr., John 
. Roberta, . iv+498-544 -+-plates — 


pache T. Wrucke, g ae 

15 cents. Butlottin 1186: Coal — ‘the Uni tates~ 

Report, January 1, 1960 Paul Averitt. Pp. v+1 

(Wash mn, D.O.: Government Printme Office, 1961. {ze 

Inter- ical Tuna on. Annual for + 
ear 1960, . 183, 


Jolla, Calif.: Inter-American Tropical ee 
DDO Stas epee of ee Fish and Wildlife Serv 
0 ; 


Office, 1961. ) centa. 
usfihrung der Verordnung uber die 
bek&amp mit Hochgiftigen Stotfen Zusammengestellt und Be 
— tn Tree Bi Bundesanstalt far Land—und Forstwirtschs 
65. (Berlin und Hamburg: Verlag Paul m 
198 1061.) Shr 0 DM. 


ted States Department of the Interior: Wish and Wildl 

Service. Wildlife Leaflet No. 482: Birds Protected by Federal Ls 

. 4, .O.: ve Office, 1961.) [2¢ 

Brifuterungen sur Vegetationskarte der Schweiz. Von Emil 
te--~Hinglish 


(Resumés Franga Summaries) 52 
phische Kommisaion der Schwelxerlischen Naturforrchend 
haft. Poia sur Geobotanischen Landessufnahme c 
Sehweu, Heft 39.) (Bern: Verlag Hans Huber, 1961.) 7.50 ae 
Smithsonian Contributions to As es. Vol. 4, No.4: Preoish 
Orbits of 418 Pho phic Meteora, Luigi G. aon and Fred 
129. 25 centa, Vol 5, No. 9: Rotation oF 


Whi te a — li + 
sn Pugni along Its Orbit. By Yusuke Hagihara. F 
Barth Satel 30 cen (Washington, D.C.: Government Prints 


Office, 1961. A [26 
Bulletin of the Geological Institutions of the University of U pee 
yo 89, sae 8: Aspects of the Pre-Cambrian Geology of South- 


d, Bweden. By Erik Wiman . Pp. 1-68 +pletes 1-6, pa 


Ate tand Wiksells Boktryckeri AB., 1961. [26 

United States Department of the Tnterior : ogical Survey. Pr 

fessional Paper 308-C : Geology of the Utukok-Corwin n, Aor 
western Alaska. By Robert M. Chapman and Ed G. 

G ration of Naval Petroleum Reserve No. 4 and Adjacent fen 

20 ee wahingt Part 8, Areal Geology.) . iv -44-47-107 

TT "7-20. ashington, D, ö. : Government ting nn Re 


Université de Paris, Institut d'Etude du easly nemen ——— 
et Social, 1961-1962. Pp. 66. (Paris: Univerarté Paris. 1961. oe [ 


India. Council of tific and Industrial Research. uai Repo 
of the National Metall ea — — Loo Pp. iv+ite 
(Jamshedpur: National ry, 1961.) (27 

Some Aspecta of the Hormo anil ore Growth. Prof. ' 


Y (Braileford Robertson Memorial Lecture dell to the Me 
eal Sclences Club of South Australia, Adelaide, 26th October, 1964 
The Australian Journal of Rape and Medical Boien 
Vol. 89, Special Supplement. A as 1961. . 14. (Adelaide : 


University of South —— bu lement to the August 1961 
Blochemical 


Sarcoplasmio eset. f 
of the Journal of , Vol 10, No. 
Part 2.) Pp. vill+226. (New York: Rockefeller tate Prose, 186 
dollars. 80 
a Limnol 


cal Study of a Lako with partie 
Kyensmo. 


—— 
da IP 6712 —— 


N 
yari, 100 o Doa. ee Report No. 5: 
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cal Survey, 1061.) 

es Research Board o Bulletin No. 
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Kodak 
Wratten 


FI | te rS The gecond edition of the book ‘Kodak 





Wratten Filters’, is now available. 
A work of reference for photographers, 
industrial and scientific laboratory 
% technicians and others who require 
‘Ker information concerning the selective 
absorption of light, it gives full in- 
formation on all Wratten and other 
filters manufactured by Kodak Ltd. 

Attractively presented for easy 
reference, ‘Kodak Wratten Filters’ 
includes sections on filters for colour 
photography, black and white 
photography, graphic, arts use, and 
technical and scientific use. Also 
included are chromaticity diagrams, 
spectro photometric absorption 
curves and a density/per cent trans- 
mission table. 

‘Kodak Wratten Filters’ costs 12/6d 
and is obtainable from Kodak Limited, 
Industrial Sales Division. 
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Kodak Limited, Industrial Sales Division, 
Kodak House, Kingsway, 
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The VAI7A Automatic Memory* Calculator retains 
any factor during operation for later use as a 
constant divisor, dividend, multiplier etc. 





















Extreme simplicity of control—-the VAIZA can 
be ‘programmed’ if work has to be delegated. 


Fully automatic In all operations Including nega- 
tive multiplication and division, zero skipping 
and automatic squaring. 


Direct addition in multiplier register enabling 
immediate multiplication of totals—or two 
totals simultaneously. 





Direct calculation of Intermediate answers 
without re-setting-—~a speedy solution to 
difficult problems. 
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EDUCATION AND RESEARCH IN 


HERE can be few better placed than Sir Alex- 

ander Carr-Saunders to describe the development 
of the new universities in the British overseas terri- 
tories since the Asquith Commission outlined its 
proposals in 1946. His recent book * tells a fascinating 
story of developmente, not, it is true, unaccompanied 
by some gptbacks and disappointments, but never- 
theless a story in which the United Kingdom is justly 
entitled to take some pride. The story is still un- 
finished, though most of the territories with which 
Sir Alexander deals have reached, or are about to 
attain, self-government, and indeed the new univer- 
sities have still to render their real service to their 
countries. 

The future of British overseas territories will depend 
in no small measure on the ability of these new and 
young institutions to meet the demands which will 
be made on them to supply the trained man-power 
that is needed: not simply leaders of vision and 
understanding, integrity and courage, as well as 
wisdom, but also the men and women competent to 
meet the manifold needs of a new State for professional 
skills, and not least in education itself. Two chapters, 
in particular, in Sir Alexander’s book are of especial 
significance and importance at the present moment, 
when the Department of Technical Co-operetion is 
framing its plans and programmes to assist the 
emergent and independent territories and when the 
problem, so far as it exists within the Commonwealth, 
is only part of a much wider and desperately urgent 
world problem. 

In the first of these two chapters, Sir Alexander 
mentions the place of research in the new institutions; 
but he does little more than indicate some of the 
opportunities. Nevertheless, this is more than the 
Minister for Science has done, in spite of his recent 
addresses setting out his views on his functions, and 
the way in which he proposes to attempt to work 
with the universities, the other Ministries, the 
nationalized industries and private industries, using 
the Advisory Council for Scientific Policy and the 
several Research Councils; the one research council 
which has not been mentioned is the Overseas 
Research Council. The position of this Council, it is 
true, has not yet been defined in respect to the new 
Department of Technical Co-operation, but the need 
for the Council’s work does not stop while questions 
of administration and responsibility are being 
determined, and even Sir Alexander Carr-Saunders’s 
brief chapter conveys an indication of the openings 
for further resources and facilities and the inade- 
quacy of existing arrangements. 

The structure of overseas research may well prove 
lughly complicated. The building up of sound and 
vigorous schools of research in the new universities 
is likely to be a slow process, but it is an essential 
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UNDER-DEVELOPED TERRITORIES 


condition for a university institution and must be 
undertaken at the earliest possible moment. Apart, 
too, from its bearmg on the training of students and 
the supply to the new territories of Investigators of 
the outlook and qualifications they require, it touches 
closely on the supply of the right quality of teachers 
in the new institutions. Research and teaching must 
go ahead side by side, in spite of the difficulties which 
distance and isolation from fellow-workers can put 
in the way'of building up a research school and 
enabling its members to retain sufficient stimulus 
from contact and exchange of views with their 
follow-workers elsewhere. 

Something is, of course, being done, as Sir Alexander 
notes, by way of research fellowships and student- 
ships both by the British Government, the other 
Commonwealth Governments, the Nuffield Founda- 
tion and other bodies, and more will be done under 
the Commonwealth Scholarship and Fellowship Plan, 
and through the Colombo Plan and other forms of 
providing technical assistance. This, however, is only 
part of the problem. There remains that of the 
research institutes, to which, in the social and 
economic fleld, Sir Alexander refers particularly, and 
there is also the question of research grants. The 
needs of such institutes for social and economic 
research may possibly be met by the re-srrange- 
ments he describes, though it appears to be a matter 
to which, specifically as well as generally, the Overseas 
Research Council could be giving some attention. It 
should not be overlooked, moreover, that these 
research institutes have been placed so as to assist in 
establishing in proximity to university institutions on 
locus of research, and that conditions in Africa and 
elsewhere require that the utmost use should be made 
of such possibilities. The Inter-University Council- 
does well to make special efforts to bring the overseas 
universities and colleges within the family of Common- 
wealth universities, but the research institutes have 
likewise a need of professional fellowship. 

There remains the question of research grants, 
which it appears are less and less likely to be avail- 
able from Colonial Development and Welfare Funds. 
It is not to be expected that the emergent nations 
will always have the resources or the insight to find 
the support for all the claims for research which their 
own research institutions, university or independent, 
may press on them; and some alternative method 
of finance will frequently be desirable, whether it is 
provided under technical assistance or even directly 
through the Overseas Research Council. Further, it 
might be well to look further into the finance of some 
of the work which is already being carried out for 
overseas territories by the other research councils, 
such as the Department of Scientific and Industrial 
Research, and to make sure that arrangements do not 
hinder the undertaking of such ressarch, or the 
acquiring of experience in the new research or 
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university mnstitutions overseas themselves. Anxiety 
has already been expressed in Parliament as to the 
possible effect of charging, under present conditions, 
for research undertaken by a research council for a 
dependent or emergent territory, and Prof. P. M. 8. 
Blackett has pointed out how important it is that 
grants for special researches should be available for 
British subjects seconded to Commonwealth countries 
from permanent posts in Britsin. 

Here, in fact, the question of research almost 
merges with that of staff, and Sir Alexander’s book 
is timely for the admirable way in which he illumines 
this facet of technical assistance and relates it in 
practical terms to the situation in universities in the 
United Kingdom. Free as they are to make such 
appointments as they please, the new universities and 
colleges overseas have taken full advantage of the 
offer of.the Inter-University Council for Higher 
Education Overseas to assist in recruiting staff, and 
despite the large increase in the number of teachers 
in British universities, a surprisingly large number of 
candidates of high standing has been forthcoming 
for vacancies overseas. To the institutions covered 
by Sir Alexander Carr-Saunders’s survey the United 
Kingdom had by 1960 supplied 714 out of a total 
staff of 1,566, compared with 469 locally born and 
181 from the rest of the Commonwealth. In 1960 
the Council advertised 400 academic vacancies and 
finaly recommended more than 300 appointments 
from the 2,000 odd applications received, nearly one- 
half being British and about a quarter locally born. 

Nor is this the only part played by the United 
Kingdom in staffing these new universities and 
colleges, for the British Council also assists and has 
probably placed about a hundred British-born 
academic staff in such posts overseas, while the 
Nuffield Foundation schemes of fellowships include 
also occasional visiting professorships or research 
fellowships. Nevertheless, the Commonwealth Educa- 
tional Conference recognized two years ago that even 
within the Commonwealth much still remains to be 
done to help the developing territories meet all their 
educational needs, and Sir Alexander pute his fmger 
on one weakness that has not yet been overcome, in 
spite of all the efforts of the Inter-University Council. 
In general, it is admitted that efforts to encourage 
secondment have met with disappointing results. The 
Inter-University Council has set aside some £15,000 
for this purpose, and secondment was strongly sup- 
ported at the Commonwealth Educational Conference, 
while valuable arrangements have been made for 
regular secondment from London medical schools to 
the medical schools at Makerere College and Ibadan. 

As Sir Alexander points out, the slight amount of 
success is to be attributed to the natural reluctance 
of a member of the staff of a British university to 
accept secondment without a guarantee that he can 
resume his post without loss of seniority. It is not 
easy for a university to give such a guarantee, because 
unless the person seconded belongs to an expanding 
department, the university will only be able to offer 
a temporary appointment to the substitute and is 
thus unlikely to obtain good candidates. It should 
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be remembered, moreover, that the benefits to the 
receiving institution are limited, since it takes time 
to learn how teaching and administrative duties are 
best performed in a new environment, and when this 
has been acquired the term of secondment may be 
nearing its end. 

This is not to deny that the experience is likely to 
be of real value to those seconded, or that an institu- 
tion may have a particular reason or need for second- 
ment at any particular time, for example, to permit 
the release of some member of its staff to acquire 
experience or undertake special duties or research 
elsewhere. It may, however, explain in part why the 
hopes placed by the Asquith Commission on second- 
ment have been disappointing; though, at the same 
time, it points to the desirability of encouraging 
interchange of staff as much as possible, in spite of 
the fact that in itself it will not’ meet the need of the 
overseas institutions for increasing staff. A sug- 
gestion made by Prof. P. M. S. Blackett appears to 
be much more promising, and seems to meet the 
difficulty of the university which supplies the 
seconded member. 

Prof, Blackett would use the salary saved to make 
one or more temporary appointments at a junior 
level for the teaching and administrative duties of 
the absent eenior member of the staff. If the second- 
ment 1¢ for. say, up to five years, only relatively 
menor administrative charges should be needed in 
the department concerned. no financial burden would 
be imposed on the home university and the operation 
would be flexible, permitting the person concerned to 
return to his readership or chair at the end of five 
years or to resign and accept a permanent appoint- 
ment if the overseas university wished to retain his 
services. The device has already been tried, and the 
Secretary of the Inter-University Council has ex- 
pressed the opinion that adoption of this method in 
British universities would greatly ease the task of 
that Council in finding the best possible candidates 
for the many poste now vacant in the overseas 
universities. At present the Council is attempting to 
fill mere than two hundred academic vacancies in all 
subjects in twelve university institutions, and of 
those nearly forty are chairs. 

Figures quoted by Sir Alexander Carr-Saunders 
suggest that such a move by British universities, 
which, as Prof. Blackett remarks, could be made on 
their own initiative and without special Government 
support, other than that already indicated through 
the Commonwealth Education Conference, could go 
a considerable way to mept the need; and even ifun 
a few years time it were usual for, say, 5 per cent of 
the academic staff of a university in the United 
Kingdom to be seconded overseas, this should not 
involve a more considerable problem of organization 
than is presented by normal sabbatical leave; 
although undoubtedly for small departments some 
extra financial resources to permit the institution of 
supernumerary posts would help. This is one question 
at which the Department of Technical Co-operation 
might well look. The fact that out of the 241 ex- 
patriate members of the staffs of the overseas 
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institutions who have left, 121 returned to univer- 
sities in the United Kingdom, 32 moved to Dominion 
universities, 46 to universities within the purview of 
the Inter-University Council for Higher Education 
Overseas, 15 to other Colonial institutions of higher 
education, and 18 to technical and teacher-training 
colleges in the United Kingdom, demonstrates that 
mobility is practicable, and those who accept second- 
ment overseas need not be pessimistic about the 
prospects on their return. 

While the scale of this effort in research and 
teaching ngeds to be increased, in any event so far 
as teuching is concerned, the existing arrangements 
appear to provide an adequate structure for expan- 
sion if only the possibilities which exist are utilized 
with real determination. Obviously, as Prof. 
Blackett recognizes, the governing bodies and 
senates of the universities must be prepared to work 
out the necessary administrative arrangements for 
secondment, encourage the use of those arrangements 

-and whole-heartedly support the Inter-University 
Council. So, too, a greater readiness is desirable 
among both senior and junior academic staff to 
envisage working overseas for a period of their 
career, for this to a large extent is a matter of per- 
sonal service; but beyond this what is needed is 
largely a matter of a little encouragement, sometimes 
financial, at critical points. 

The University Grants Committee or the Depart- 
ment of Technical Co-operation, for example, could 
well help with provision for supernumerary posts of 
the type that Prof. Blackett has suggested, and the 
latter could appropriately deal with the diffloulty of 
research grants; though there would seem to be a 
strong prima facie case for providing the Overseas 
Research Council with its own funds, in the same 
way as the other research councils. At the least, its 
position requires clarifying as a matter of some 
urgency. The White Paper on Commonwealth 
Educational Co-operation contemplated financial 
provision to encourage teachers to take up key posts 
in universities and university colleges in the overseas 
Commonwealth on the advice of a Sub-Committee of 
the Universities Advisory Committee of the British 
Council, and it is visualized that by 1965 there should 
be some 400 additional United Kingdom teachers 
serving in schools and universities in the Common- 
wealth Overseas on contracts averaging three years 
at a cost of up to £700,000 a year. The scheme 
includes provision for payment of special allowances 
if needed to overcome salary differentials between 
the United Kingdom and overseas. 

The Commonwealth Scholarship and Fellowship 
Plan, it should be remembered, contemplates that 
its scholarships and fellowships should be awarded to 
enable the holders to carry out research; but many 
problems must arise before the arrangements or the 
resources for research can be regarded as adequate. 
It should suffice to suggest that if there is any uncer- 
tainty about responsibility so far as the United 
Kingdom is concerned, its importance to Britain is 
sufficient to warrant energetic intervention by the 
Minister for Science, and probably assumption of 
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responsibility for the Overseas Research Council part 
passu with that for the other research councils. Nor 
should it bo overlooked that, both in research and in 
teaching, part of the problem lies in teaching and 
research in Britain itself, in the provision of courses 
and facilities, not least in technical education. The 
Committee of Technical Education, reporting to the 
Commonwealth Education Conference, recognized the 
importance of the interchange of scientists and 
technologists generally, and that technical education 
should receive a full share of the various kinds of 
additional aid recommended by the Conference. The 
report of the Conference shows how fully the Con- 
ference as a whole recognized the value of seconding 
groups of specialists and experts to work for short 
terms, in well-defined flelds, and of institutions which 
give special attention to the needs of studentas from 
overseas. The Conference was, specifically, prepared 
to support the provision of funds to create super- 
numerary posts or facilitate the interviewing at home 
of candidates from abroad in order to assist in over- 
coming the on of secondment already 
described. 

Some universities are already fully aware of the 
challenge that confronts them. Prof. T. E. Chester, 
in a recent article in The District Bank Review, has 
pointed out that those responsibilities do not end 
with the provision of places for overseas students. 
The students from the under-developed countries are 
frequently quite unsuited for the ordinary courses 
for British students, and it is necessary to assist 
them with social integration and educational segrega- 
tion. With the Extra-Mural Department and the 
Department of Social Administration in Manchester, . 
a new course has been established for overseas 
studente; this is intended to help the creation of a 
body of competent and impartial Civil servants, and 
in doing so to overcome the difficulties and miscon- 
ceptions which have tended to lead so many poten- 
tially first-rate students to seek to remain in Britain, 
or which may discourage or frustrate others and 
tempt them to seek short cuts or drastic solutions. 

There are many reasons why every effort should 
be made to eliminate misconceptions and wasted 
effort in training overseas students in Britain, and to 
ensure that both students and teachers are able to 
use their time to the fullest advantage. But while 
too much care cannot be taken in all these matters, 
for the moat part the overseas territories must look 
to their own university institutions and to their own 
colleges of technology for training the teachers, the 
professional men and women, the administrators and 
the statesmen who will guide their destinies. It is in 
thoge institutions of higher education that the need 
for expansion and for help lies. Whatever else the 
Department of Technical Co-operation may try to 
do, it must seek first and foremost to ensure that the 
needs of these growing institutions are considered 
imaginatively and constructively. Further, however 
belp may be organized and through whatever chan- 
nels, it must be given generously and adequately and 
hindered by neither political prejudice nor adminis- 
trative red tape. 
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Perspectives In Virology 
Vol. 2. Edited by Morris Pollard. Pp. x+220. 
(Minneapolis, Minn.: Burgess Publishing Company, 
1961. Published for the Gustav Stern Foundation 
of New York.) 8 dollars. 


HIS volume contains nineteen papers presented 

at a symposium sponsored by the Gustav Stern 
Foundation and held in New York in February 1960. 
This was the fourth of such symposia and the second 
bearing the title Perspectives in Virology. There 
was special honour paid to Dr. Peyton Rous, to 
celebrate his eightieth birthday and the fiftieth 
anniversary of his first account of the Rous sarcoma. 
There is a most excellent and sympathetic tribute to 
him by Charles Oberling; and six of the subsequent 
papers deal with tumour viruses. 

Other papers, all by acknowledged authorities, 
deal with the kappa particles of Paramecium (Bonne- 
born), mutagenesis tn vitro (Schramm), aspects of 
adenovirus infection (Ginsberg; Schlesinger), of 
poliomyelitis (Darnell; Sabin), search for antiviral 
agents (Waksman), interferon (Isaacs). There are 
more and more of these symposia with proceedings 
published afterwards; and naturally many papers 
tend to contain a re-hash of previously published 
work. Some of the participants do present more 
goneral reviews, as do Robley Williams on “Viruses 
and Virus-like Particles” and Kibrick on “Viral 
Infections of the Festus and Newborn”’. 

Thore is not one of these papers which does not 
contain much information of interest, the facts being 
well documented with tables and some illustrations. 
One naturally asks, however, for whom the book will 
be useful. Not for the research worker who is 
himself in the swim: he can go readily to other more 
detailed sources. Not for the average medical man: 
the work is far too technical. It is rather for the 
teacher or advanced student in microbiology or a 
related fleld who wants to know where the advancing 
edge of research in virology is reaching out. 

The first Perspectives in Virology, published two 
years ago, was in a handy, nicely bound volume 
pleasantly printed on excellent paper. Vol. 2 is 
in a leas handy size (114 x 8}in.) ina rougher binding 
with paper and printing of a far less satisfactory 
character. Perhaps the producers of the book can 
scarcely be blamed; the volume is necessarily one of 
rather ephemeral value, so they may feel it wise to 
keep the price as low as they can. 

CHRISTOPHER ANDREWES 


CHEMISTRY OF FOOD AND 
NUTRITION 


A Chemical Approach to Food and Nutrition 

By Brian A. Fox and Allan G. Cameron. Pp. 326. 
(London: University of London Press, Ltd., 1961.) 
30s. net. 


HE atudy of food and nutrition can be both an 
art and a science, and, as the authors so rightly 
state in their preface, there is a dearth of good 
text-books dealing with these subjects, from a chemi- 
cal point of view, at an elementary level. This book 
makes good the deficiency. 
Although it is assumed that the reader has some 
knowledge of chemistry, two chapters are devoted to 
the nature of atoms and molecules, and to the 
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chemistry of certain substances that are fundamental 
to the study of nutrition. > 

Thence follow chapters on each important nutrient, 
including oils and fats; carbohydrates l, sugars; 
carbohydrates 2, polysaccharides; nitrogen com- 
pounds; water and mineral elements and vitamins. 
The chemical nature of these nutrients is elucidated, 
their digestion and absorption deecribed and their 
role in the body defined. In addition, the effects of a 
deficiency are given and, where known, the human 
requirement of each nutrient. 

Throughout these chapters are given details of 
the manufacture of certain staple foodstuffs, including 
bread and flour, margarine, alcoholic “beverages, 
vinegar and sugar products. 

Chapter 13 gives details of the composition of 
some important foods such as milk, butter, cheese, 
eggs and fish and the effect of cooking. 

The final chapter describes the various methods of 
food preservation, and includes particulars of preserva- 
tion with antibiotics, at present forbidden in Great 
Britain, and sterilization by radiation, a method still 
in its experimental stage. I was pleased to see an 
account of the contamination of food by radioactive 
materials, a subject so very pertinent at the present 
time. 

Reference to the original sources of material in the- 
book are not given as the authors feel that this 
would greatly increase the cost of the book and be 
useful to few readers. However, at the end of each 
chapter is given a list of references for further reading 
and at the end of the book a general reading list of 
relevant books, some of which are more advanced 
than the present one. A list of films that could be 
used in conjunction with this text is a useful addition 
for the teacher. 

As @ basic text-book outlining an enormous field 
I can recommend this book for studenta of elementary 
nutrition, domestic science and catering; but I have 
doubts of ita claim to be of value to the medical 
student. A. M. BROWN 


X-RAY CRYSTALLOGRAPHY 


Direct Methods in Crystallography 

By M. M. Woolfson. (Monographs on the Physics 
and Chemistry of Materials.) Pp. viii+ 144. (Oxford : 
Clarendon Press; London: Oxford University Press, 
1961.) 308. net. 


Rees title of this book is rather misleading, since 
the subject concerns X-ray, not classical, 
crystallography, and, in particular, crystal structure 
analysis from the stage at which a set of structure 
amplitudes has been collected to the location of the 
most probable atomic positions. The problem is, of 
course, to determine the phases or signs of these 
structure amplitudes, and the usual procedure was 
more or less to ‘guess’ these by various indirect 
methods, often involving some specific knowledge 
about the structure. During the past ten years or so it 
has been realized that considerations of a very general 
kind (for example, that the electron density is positive 
or is confined to small similar regions around the 
atomic centres) are of themselves sufficient to impose 
limitations on, or even give relations between, the 
phases (usually signs) and the magnitudes of the 
structure factors. 

This monograph is the first comprehensive account 
to appear of these now developments, and its purpose 
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is not only to describe the general principles of direct 
methods but also, and perhaps more important, 
the techniques for their practical application. The 
book presupposes a sound knowledge of the funda- 
mentals of X-ray crystallography, so that it cannot 
be recommended to a newcomer in the. field. But, 
within its chosen limits, it succeeds admirably, as 
might have been expected from its author, who has 
himself made important contributions to the field. 
Many of the methods are illustrated by the solution 
of an actual structure, and examples (with solutions) 
are provided for the reader to try himself. The 
mathematical requirements are wisely kept to a 
minimum and derivations collected in appendixes. 
In the final chapter the author gives an assessment 
of the power of direct methods and attempts to set 
rough limits to the complexity of crystal structures 
which might be solved by their use. They rival other 
methods in general efficacy and are already a valuable 
addition to the armoury of crystallographers. With 
the increasing general availability of fast electronic 
computers, their importance is almost bound to grow, 
and this book helps to point the way. A. KLUG 


BROADCASTING IN BRITAIN 


British Broadcasting in Transition 

By Dr. Burton Paulu. Pp. vi+ 250. (London: 
Macmillan and Co., Ltd.; Minneapolis: University of 
Minnesota Press, 1961.) 38s. net. 


ROF. PAULU'S new book is described as n 
sequel to his earlier book British Broadcasting: 
Radio and Television in the United Kingdom, published 
in 1956, hut the extent of the repetition from that 
earlier book makes the appropriateness of the term 
‘sequel’ a matter of opinion. It can fairly be desaribed 
as a work complete in itself which surveys fairly 
objectively the present situation of British broad- 
casting and the developments since 1955. He writes 
primarily tointerpret this scene to the American reader, 
but he appraises the achievements both of the British 
Broadcasting Corporation, of which he has un 
admiration, and of the Independent Television 
Authority. He believes that British television has 
been improved by competition, but that competition 
for British broadcasting has been good only becanse 
the Television Act of 1954 set up a system of controlled 
commercial television with conditions favourable to 
the regulating agency. The B.B.C., nevertheless, 
should be maintained and strengthened in its prosent 
basis, and sound broadcasting should continue asa 
B.B.C. monopoly. If funds are available both the 
B.B.C. and the Independent Television Authority 
should be encouraged to introduce additional tele- 
vision servives, and responsibility for any additional 
commercial services should be assigned to the latter 
rather than to a second commercial authority. 
On the technical side, on which Dr. Paulu appends 
ə note on television technical data, he recommends 
that the United Kingdom should adopt the recom- 
mendation of the Television Advisory Committee 
and replace its nt 405-line with a 625-line system, 
at the same time expanding into V.H.F. Band IV 
and V. At a meeting of the Parliamentary and 
Scientific Committee Isst May, Sir Harold Bishop, 
Mr. A. L. Sutherland and Mr. D. W. Heightman 
all supported this recommendation of the Committee, 
and Prof. Paulu’s technical note should be read in 
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the light of that discussion and the evidence already 
submitted to the Pilkington Committee. By and 
large, however, he has given us a more useful as well 
as more up-to-date summary of the situation than is 
contained in his earlier book, and with a comprehensive 
bibliography it brings together in one volume the 
essential information for informed discussion of a 
vital subject. For the British reader in particular it is 
apt to be heavy going but the author’s comments and 
reservations, for example, about the Third Programme 
and educational broadcasting are suggestive, and 
where they do not put the essential questions them- 
selves could well stimulate them. R. BRIGETMAN 


BUSINESS ORGANIZATION AND 
MANAGEMENT 


Studies in Business Organisation 

Edited by Prof. Ronald 8. Edwards and Harry 

Townsend. (A Supplement to “Business Enter- 
”) Pp. xxii+ 160. (London: Macmillan and 

Co., Ltd.; New York: St. Martin’s Press, Inc., 1961.) 

25s. net. 


N this book eight leading busmess men, the 

Administrator of the Royal Opera House, Covent 
Garden, and the Controller of H.M. Stationery Office, 
write about the undertakings in which they are 
actively engaged. Be 

Each of these papers has been presented at one of 
Prof. Edward’s Tuesday evening seminars at the 
London School of Economics, and any of the many 
peop who have attended those seminars will testify, 
to the frankness with which organization problems of 
large concerns have been described and discussed at 
them. 

It is a far cry from the manufacture and sale of 
bolts, nuts and screws to the administration of an - 
opera house or the organization of a Government 

ent, and the variety described in these papers 
is therefore considerable and is fascinatmg. In an 
earlier book, Business Enterprise (1958), the authors 
discussed various features of industrial organization, 
and the present book provides material which ampli- 
fies or qualifies that discussion. 

In an introduction the authors discuss briefly the 
contents of the book, and come to the conclusion 
that there are no universal prescriptions for organiza- 
tion. They point out that to some extent organiza- 
tion grows out of outdated decisions, tends to cope 
with new situations, and, to some extent, it represents 
deliberate adjustment to existing conditions. They 
conclude that as historical and business conditions 
both differ for different firms, the resultant forms of 
organization are bound to differ. 

When looking at the organization of firms and 
institutions, I have often wondered whether the form 
of organization which has developed in them owes 
more to the purpose to be served or to the personality 
and outlook of the principal people concerned. 
Sometimes it seems to me to be one, sometimes 
the other, but my general impression is that the 
strength of character and personality of the ‘boss’ is, 
on the whole, the dominant factor determining the 
type of organization. This seems to be borne out by 
Sir George Dowty’s statement that: “I have found 
that money in any business is not the first requirement 
—good ideas are by far the most important com- 
modity’’. ‘ E. 8. Hrscocxs 
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Conditions of Rational Inquiry 

A Study in the Philosophy of Value. By David Pole. 
Pp. ix+ 229. (London: The Athlone Press, University 
of London, 1961. Distributed by Constable and Co., 
Ltd.) 30s. net. 


ROM his previous book, we have come to regard 

Dr. David Pole as an able commentator on 
Wittgenstein. Now he has produced a larger work, 
having contacts with his earlier theme, but setting 
forth, as it were, a contemporary approach to the 
ever-present problems of value. With one or two 
notable exceptions, Great Britain has not been to the 
fore in discussions of axiology, and this fact makes the 
volume before us all the more welcome. The author 
begins with a critique of intuition, and follows this up 
by considering the concept of decision, the process of 
mquiry, the development of judgment, knowledge of 
principles, theory and conduct, and the form of moral 
concepts. For the scientist of to-day, these matters 
have great significance. Some current philosophy 
tends to take a subjective view in that principles 
depend on personal choice (one might almost say 
upon personal predilections), whereas evaluation is 
essential if we are to reach a position of rational 


inquiry. 

Whether this could come about by using the 
structure of normal language alone is hard to say. 
Leibniz might have doubted it, and so might those 
(and they carry much weight) who see the future of 
ethics bound up with the advance of symbolic logic. 
But the strength of the author’s text lies in its appeal 
to human situations, and the way in which we react 
to them when personal conduct is involved. It is just 
that which makes the last chapter so illuminating: 
both nations and individuals need to learn more than 
ever before how to distinguish specifically between 
honour as something to be upheld as such, and when 
victory can be gained because ‘‘she stoops to conquer”. 

F. I. G. RAWLINS 


Handbook of Thermophysical Propertles of Solld 
Materials. 

By Alexander Goldsmith, Thomas E. Waterman 

and Harry J. Hirschhorn. Vol. 1: Elements (Melting 

Temperature Above 1000° F.). Revised edition. Pp. 

vi+758. (London and New York: Pergamon Press, 

1961.) £33 per set of fve volumes. 


HIS volume comprises nearly eight hundred 

loose-leaf sheets of thermophysical property 
data prepared by the Heat Transfer Section of the 
Fluid Dynamics and Systems Research Division of 
the Armour Research Foundation, covering work 
carried out during 1940-57. Subsequent volumes 
will deal with alloys, ceramics and cermets, inter- 
metallics, polymerics and composites. The object 
of the study is the practical one of providing a readily 
available source of data on materials which may find 
application in the design of propulsion systems, 
nuclear power plants, space-vehicles and so on. The 
volume contains a brief materials index, which is 
really a classification of all the high-temperature 
materials, under eleven headings, followed by tables 
of conversion factors, and then the great bulk of the 
material consists of a number of data sheets sbout 
each of the elements concerned, arranged in alpha- 
betical order. All the different forms in which carbon 
is available, even including lamp black, are all 
classified after carbon, but have different titles, 
according to their actual names. Aluminium, as 
one of the well-studied elements, has, for example 
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18 pages of data, including detailed graphs ofthe 
actual experimental measurements as a function of 
temperature of such properties as specific heat. 
thermal conductivity, spectral and overall emissivity, 
linear thermal expansion, vapour pressure, electric 
resistivity. -There is no doubt that the provision of 
a detailed set of data sheets of this type provides a 
very convenient way of obtaining ready reference to 
& vast mass of data, and the book is undoubtedly 
useful as an encyclopsedic reference document, and 
it can be kept up to date by means of the loose-loaf 
principle. M. W. Tree 


Flora of the Santa Cruz Mountains of California 
A Manual of the Vasoular Plants. By John Hunter 
Thomas. Pp. vi+434. (Stanford, Calif.: Stanford 
University Press; London: Oxford University Press, 
1961.) 68s. net. 


ALIFORNIA has been fortfinate in having over 
the past century a number of resident botaniste 
on whose records at least three authoritative desorip- 
tive Floras of the State have been based. The Santa 
Cruz Mountains in central California, which are of 
course comprehended in the larger regional works, 
form a distinct geographical and phytogeographical 
unit with a rich vascular flora. This natural enclave 
is highly populated, and the vegetation has been 
profoundly altered by man in the course of: three 
centuries so that of the 1,800 recorded species repre- 
sentative of 167 families about 30 per cent have been 
introduced mainly from Eurasian or North African 
sources and only a small fraction (1-5 per cent) are 
endemics. Preliminary discursive chapters deal with 
the geology of the area, its climate and the various 
ecological communities. There is also a discussion 
on the composition of the flora and the distribution of 
its constituents within and beyond the Santa Cruz 
Mountains and a ples is made that the publication of 
this work will encourage conservation measures to 
protect threatened mountains, forests, beaches and 
grasslands. A brief account of the history of botan- 
ical collecting in the region completes the mtroduo- 
tion. 

The treatment of the flora is remarkably compre- 
hensive with excellent keys to the major plant groups, 
families, genera and species. Identification is further 
assisted by a judicious selection of 250 line drawings. 
This well-produced work, most attractive in its 
format and typography, will be a welcome instrument 
to beginners or trained botanists mterested in the 
flora of this attractive part of California. 

Gnoren TAYLOR 


Elements of Solid State Theory 
By Dr. Gregory H. Wannier. Pp. vii+270. (Cam- 
bridge: At the University Press, 1959.) 35s. net. 
T author states in his preface that this book 
was intended to be one which could be read from 
cover to cover by non-specialists wishing to under- 
stand some, but not all, of the main ideas specific to 
solid-state physics. It succeeds admirably, leaving 
relatively few topics of present-day interest un- 
treated—-the most important, perhaps, being dig- 
location theory and superconductivity. Magnetism 
also gets rather less than its due. The book will be 
useful, also, as supplementary reading for final year 
honours students, and as refreshment for specialists. 
There are extremely useful problems after each 
chapter, and good references and suggestions for 
further reading. G. O. JONES 
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THE PRINCE CONSORT AND THE FOUNDING OF THE 
IMPERIAL COLLEGE* 


By Sir PATRICK LINSTEAD, C.B.E., F.R.S. 
Rector of the Impertal College of Sclence and Technology, London 


R.H. ALBERT, the Price Consort, died of 

ə typhoid fever at Windsor on December 14, 
1861. I propose to examine the part which he played 
in bringing the Imperial College of Science and 
Technology into existence, and to show why it is 
that he is regarded as its Founder. 

It seems to me that there are three reasonable 
interpretations of the founding of an institution. 
` First, there are the creative decisions which determine 
that there is a need for an organization with such-and- 
such functions. Secondly, there is the endowment, 
the provision of land or money which enable these 
decisions to be implemented. Finally, there is the 
executive action which brings the institution into 
being a8 a corporate entity. 

The period with which we are concerned lies 
between the two Reform Buills—those of 1832 and 
1867. The first Reform Bill came five years before 
the accession of Queen Victoria and eight years 
before her marriage. The second—Disraeli’s ‘Leap 
in the Dark”—came six years after the death of the 
Prince Consort. The year of the first Bill was that in 
which the first dim stirrings occurred which led to 
the beginnings of the College. It was then that de la 
Beche persuaded the Board of Ordnance to move 
towards the founding of the Ordnance Survey. The 
year of the second Bill coincided with the beginnings 
of the College at Kensington, when the Huxley 
Building began to rise from the ground. The Prince 
Consort’s life in England lasted for twenty-one years 
in the middle of this epoch. 

At the start of the period, in 18382, university educa- 
tion m England was essentially confined to Oxford 
and Cambridge. Three other institutions were being 
founded at about this time, namely, University 
College and King’s College in London and the 
University of Durham. The University of London 
itself was not 8 university as we understand it to-day 
but an examining body without staff, students or 
corporate life. It has been said that it had “no 
concrete existence between the recurrmg throes of 
examinations’. However, the British position was 
to some extent relieved by the Scottish universities 
which were active and of high standard. 

English science was very largely unorganized and 
unsupported. The early impetus towards corporate 
activities given in the seventeenth century by the 
founding of the Royal Society had spent itself. 
Gresham’s College in the City of London had faded 
out. The great scientists of the day—Dalton, Davy, 
Faraday, Joule—hbad no formal education in science. 
There were virtually no university or college labora- 
tories. At the risk of over-simplification, one might 
say that if a young man in 1832 wished to study 
science his choice would have been limited to Cam- 
bridge for the Mathematical Tripos or to Scotland 


* Bubstance of a special lecture —— at the Imperial College 
of Sslence and Technology (Univers! — Londen} on December 
14, to commemorate the centenary the death H.R.H, Prince 
Albert, The Prince Consort. 


or to a medical school. He could of course always go 
abroad. We can get an idea of this by looking at the 
education which had been given to our own founding 
professors—those of the Royal School of Mines and 
Royal College of Chemistry. For our- ‘first eleven’, 
the men who had the greatest influence in the early 
years, I would select de la Beche, Huxley, Playfair, 
Hofmann, Murchison, Ramsay, Warmgton Smyth, 
Percy, Frankland, Stokes and Tyndall. Of them, 
two cams from the army, two from Scotland (one— 
Percy, the great metallurgist—from a medical 
school), two from Germany, two from Cambridge 
and one from a London medical school. The other 
two were educated privately. There was indeed 
nearly a vacuum in formal scientific education. The 
low level of scientifico activity in the two ancient 
English Universities made them a particular target 


for criticiam. It was objected that they were not 


only narrow in the range of subjecte studied but 
were open only to members of the established 
church: and contemporary criticism was not con- 
fined to the old Universities. Tho Royal Society 
was under heavy fire, and was only just starting 
on the reform which, within a century, took it back 
to a premier place among the scientific academies 
of the world. 

Technological education was in an even worse 
plight than scientific. No university touched it. 
The mechanics institutes founded with so much 
enthusiasm in Birmingham, Glasgow, London and 
elsewhere at the beginning of the century were begin- 
ning to decline. They were subject to the difficulties 
which have always attended part-time study by 
those whose school education was insufficient. 

This, of course, presents too black a picture. It 
may well be asked that if British science was as low 
as this, how did it produce a Davy, a Faraday, a 
Darwin? If British technology were so poor, how 
did we contrive to maintain the industrial leadership 
of the world? There is a danger that those con- 
cerned with any sphere of human activity exaggerate 
the importance of that sphere. Thus, politicians 
exaggerate the importance of politics; editors that of 
newspapers and professors that of higher education. 
No system of education, however restricted, can 
eclipse genius, or even, perhaps, talent. Our success in 
technology was bound up with the native genius of 
our engineers, the skill of our craftemen and the 
know-how of our workshops. But the basis of 
industry was beginning the long swing from craft 
to science and the gaps in the British educational 
system began to produce their dire resulta, at first 
unseen but at last in a manner too glaring to be 
overlooked. 

Various remedial measures were started .in the 
1830's and 1840s. The most important in the story 
of the College were the activities of Sir Henry de la 
Beche, who began as an amateur the first geological 
surveys of the country. In 1832 he persuaded the 
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Board of Ordnance to allow him to “affix geological 
colours” to the maps of Devonshire and surrounding 
counties. A few years later he received a Treasury 
grant of £300 a year to help in this work. We can 
look on this tiny grant from the State as the fore- 
runner of the large subventions with which the 
Chancellor of the Exchequer now supports the 
universities and the Department of Scientific and 
Industrial Research. By 1841 deo la Beche with 
great tact and shrewdness had extended his activities 
and the State found itself supporting a Museum of 
Economic Geology, a Mining Records Office and the 
Geological Survey and Museum. 

We should also note in passing the visit to Great 
Britain in 1842 of Julius von Liebig, the German 
chemist. He came at the invitation of the British 
Association for the Advancement of Science, which 
had been doing yeoman work since its founding in 
1831. His purpose was to lecture and advise on the 
application of chemistry to agriculture. His tour was 
supported by Sir Robert Peel, who had just formed 
his second Ministry and who had been “bitten by this 
agricultural revival”. Liebig’s liaison officer was a 
young Scotaman who had worked under him at 
Giessen. His name was Lyon Playfair. 

Prince Albert, the second son of the Duke of 
Saxe-Coburg-Gotha, was born in the same summer 
as Queen Victoria, and brought up in Rosenau, in his 
father’s small Thuringian principality. The house of 
Coburg, although not rich, was of considerable politi- 
cal importance. One of the children of Duke Francis 
of Coburg was Prinoe Albert's father, a second was 
Queen. Victoria’s mother and the third, Leopold, 
became the first King of the Belgians and an assiduous 
adviser of both his niece and nephew. 

In view of the Prince Consort’s subsequent concern 
with education it is interesting for us to glance at his 
own. Up to the age of sixteen he was brought up at 
home under a zealous and exacting tutor. His 
education is likely to have been more methodical 
and solid than that of a young Englishman of com- 
parable standing. At seventeen he went to his 
uncle’s capital of Brussels and there studied under 
Quetelet, the mathematician and statistician. The 
Prince retained a friendship with him and a keen 
interest in statistics all his life. From Brussels he 
went to the University of Bonn in the Rhineland. 
His eighteen months there were propitious. He made 
rapid progress “especially in the natural sciences, in 
political economy and in philosophy” (Martin). His 
education undoubtedly sowed the seeds of the great 
capacity for hard work which characterized him, and 
in his later years drove him to the enormous labours 
which undermined his strength. 

But this was still a long way off. In Bonn he 
enjoyed university life. He was a champion fencer 
{the walis of his old nursery at Rosenau had been 
pierced with rapier holes). He liked hunting, skating, 
swimming and the companionship of his contem- 
poraries. His mind was quick and intelligent, although 
Stockmar, the guide of his youth, says he had the 
habit of “not dwelling long on a subject”. His 
youthful education ended with a tour of Italy devoted 
to languages, music and art. He returned home, 
“the most eligible bachelor in Europe” (in Mr. 
Fulford’s words). In October of the same year 
(1839) he visited Windsor and renewed his acquaint- 
ance with his cousin, who had been Queen of England 
for two years. The following year they were married. 
Both were then twenty years old, and the Prince 
Consort’s life was half over. 
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In the first years of Prince Albert’s life in England 
he had little to do in public affairs. The political 
leaders of the day—Melbourne, Peal, Russell, Palmer- 
ston-—were content to leave him out of the picture. 
But there was a steady crescendo in the reliance 
placed on him by the Queen, until in the last decade 
his judgment, experience and immense powers of 
work brought him into a position of political author- 
ity, so that he was a kind of perpetual Minister and 
member of all cabinets. His basically liberal turn of 
thought was of great advantage to the country, and 
he was one of the main architects of the British con- 
stitutional monarchy. Yet in his esrly twenties it 
was not only that he was squeezed out of politica but 
he wae genuinely indifferent to them. Stockmar and 
his uncle had been most concerned by his lack of 
concern for public affairs; and at one time were 
worried that he never read a newspaper. 

In his early years in England, then, the young 
prince had time on his hands. He found one outlet 
in the management of the royal households, which 
badiy needed re-organization. He found another, 
most congenial to him, in the world of science and the 
arts. He cultivated the society of artista, musicians 
and scientists. For example, he selected the music 
for many of the concerts of the Philharmonic — 
and the Antient Concerts, his taste running to 
Mozart, Beethoven and, later, Mendelssohn. 

He was promptly elected to the Royal Society, being 
admitted three months after his marriage. But he 
scarcely found its atmosphere to his taste. He sent 
one botanical specimen for identification, but it is, 
I think, significant that his accompanying letter 
says “ʻa good deal [of the substance] has been applied 
to the purpose of making waistcoats for poor people”. 
The application of science to useful ends was always 
in the front of his mind. He found one congenial 
organization in the Royal Society of Arts, of which 
he became president in 1848, and which was later to 
provide the first movement towards the Great Exhibi- 
tion. He found another in the British Association. 
He attended several mestings and was president at the 
Aberdeen meeting in 1859. He had also been pre- 
sont, thirteen years before, at the Southampton 
meeting, when the president was that great figure of 
the Geological Survey and the Royal School of 
Mines, Sir Roderick Impey Murchison. Murchison 
writes with characteristic gusto: “It diverted me 
much to see how utterly ignorant the Prince’s 
equerries were of all that they saw and heard, and 
how the Prince examined them. I was struck with his 
mathematic sl knowledge. .. .” 

Let us now turn to the particular circumstances 
which led to the founding of the first unit of the 
College. In 1842 the repeal of the Corn Laws was 
Imminent, and agricultural production was a matter 
of national importance. The publication of Liebig’s 
book and his visit to Britain had directed atten- 
tion to the relation between chemistry and agricul- 
ture. These movements, coupled with the fame of 
Liebig’s laboratory at Giessen and of the chemical 
researches of Davy and Faraday, had brought chemis- 

try (and particularly organic chemistry) into the 
limelight. It joined astronomy, geology and ‘galvan- 
ism’ as a popular and fashionable subject. It had in 
1845 something of the position which nuclear physics 
had a century later and perhaps molecular biology has 
to-day. In 1843 the Rothamsted Experimental 
Station was opened, and in the same year a group of 
public men (which included John Gardner, de la 
Beche and Murchison) was negotiating with the 
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Royal Institution with the idea of atteching a College 
of Practical Chemistry to the celebrated centre in 
Albemarle Street. The professors of the Institution 
—Brande and Faraday—were sympathetic, but space 
was insufficient and the negotiations lapsed. The 
supporters of the new College were not discour 
They urged on the public the importance of chemistry 
for metallurgy, mining and agriculture. (One paper 
circulated was entitled “On the Claims of Chemistry 
on the Benevolent”, a copy of which might perhaps 
usefully be sent at the present stage in the College’s 
history to the University Granta Committee.) Among 
the prime movers was Sir James Clark, the Queen’s 
physician and friend of Prince Albert’s. The project 
prospered, and at a public meeting in St. Martin’s 
Place, Trafalgar Square (July 1845), a Council 
for the College of i was elected, of which 
Prince Albert agreed to be president. He was then 
twenty-six years old. 

It will be observdéd, that the new College was an 
independent creation of a number of men of like 
minds. It had no support from university or Govern- 
ment. Clearly its chances of success depended very 
greatly on influential backing and skilful leadership. 
The Prince, by becoming its first president, had done 
. It a great service. He was to add to this almost at 
once by helping to secure ite first profeasor. The 
story is colourful and must be uniqu» in the history of 
professorial appointments. 

The Council of the Royal College of Chemistry first 
consulted Liebig,.who recommended Will, and after 
him Hofmann and Fresenius. Will declined the 
post. A. W. Hofmann was then Privat Docent at 
the Prince’s old university of Bonn, having studied 
under Liebig. He was attracted, but there was an 
immediate difficulty. The Council only offered a 
definite appointment for two years, but Hofmann 
was understandably reluctant to break his connexion 
with Bonn on these terms. 

By an odd turn of fate a fortnight after the meeting 
of the College Council, the main actors were to 
assemble on the banks of the Rhine. The Prince 
Consort took the Queen to visit his birthplace, and on 
the way to Coburg they stayed with the King of 
Prussia in Brühl between Cologne and Bonn. With 
them were the Foreign Secretary (Lord Aberdeen) 
and Sir James Clark as royal physician. The Rhine- 
land was en féte for the visit, which at Bonn coincided 
with a Beethoven festival. The Queen refers in her 
vigorous and graphic journal to the unveiling of 
Beethoven’s statue “but unfortunately its back was 
turned to us” and to the “wild looking students with 
long hair and a pipe”. On the same day, somewhere 
in the background of the celebrations, Sir James 
Clark met Hofmann for the first time and then intro- 
duced him to the Prince Consort. Their proposals 
to the young scientist were such a model of considera- 
tion and common sense that they are worth quoting. 
“You ask,” said Clark, “that we may procure for 
you from the Prussian Government a leave of absence 
for two years, that you may be enabled, after the 
lapse of this term, to resume the position you now 
hold in case you should not succeed in establishing a 
school of chemistry in London. This we are most 
willing to do, but we believe that we ought to do more 
for you-—-we ought to obtain a promise from the 
Prussian Government that, should you feel disposed 
to return to Germany after two years, you should 
be allowed to join the University of Bonn with such 
promotion as you would in all probability have 
obtained by remaining m Bonn.” Hofmann thought 


No, 481 : 


NATURE 


109 


that he might with luck be an extraordinary professor 
in this time, which led Clark to conclude that the 
Prussian Government must promise to appoint him 
to this rank when he returned. The Chevalier 
Bunsen, who was present, thought that this most 
unusual proposal might only succeed if. the Prince 
were to approach the King of Prussia. In the mean- 
time he would put the case to the appropriate minister. 
(Appointments of this kind in Prussia were made by the 
State.) The scene then shifts to the castle of Brühi 
where the affair was concluded with (as Hofmann 
says) “unheard-of dispatch”. The Prince Consort 
persuaded the King to agree, but the Prussian 
minister raised a procedural difficulty. He oould not 
promise to make an appointment after two years, 
because he did not know if he would then ba still in 
office. However, a solution could be found. He 
could at once appoint Hofmann to an extraordinary 
professorship at Bonn and give him two years leave 
of absence. So it was agreed. 

Anyone reading this rather cbarming story must be 
— by the kindness and co-operation with which 
royalties and ministers alike attended to this small 
academic matter in the middle of a great whirl of 
public evente. The festivities of the day con- 
cluded with a great banquet at Brühl followed by a 
trip down the Rhine to see the fireworks at Cologne. 
The Prince’s secretary writes: “The beauty of the 
scene was 80 fascinating that one quite forgot one was 
getting wet through, with the prospect of a long 
journey before getting home”. It was long past 
midnight before they got back to Brühl. 

Hofmann was a resounding success at the Royal 
College of Chemistry. He stayed in and, not 
for two years, but for twelve. In 1847, when the 
original term had expired, the Prince Consort arranged 
for Hofmann’s appointment as extra-ordinarius at. 
Bonn to be extended for a further three years. He 
wrote to the King of Prussia: ‘“The excellent Professor 
has during the last three years been successful, by 
his skilful management and indefatigable energy, m 
raising the new Institution to a high pitch of useful- 
ness and popularity, and there is every prospect that 
it will continue in the same course’. It was indeed a 
fruitful time. Hofmann did as much as any man to 
open up the science of organic chemistry. His 
researches on the o io bases and on aromatic 
chemistry are classical, and the laboratories of the 
College in George Street and later Oxford Street 
became celebrated throughout the scientific world. 
Hofmann received a Royal and the Copley Medals of 
the Royal Society, and, when he died, the Chemical 
Society of London commemorated him by a memorial 
lecture given not by one man but by four—Lord 
Playfair, his two pupils, Sir Frederick Abel and Sir 
William Perkin, and Prof. H. E. Armstrong. I can 
remember Prof. Armstrong well; so here with one 
intervening link we are joined to our beginnings. 

The Prince Consort continued to support the College 
actively. In December 1845 he obtained the Queen’s 
assent to its bemg named the Royal College of 
Chemistry. The following year he laid the founda- 
tion stone of ita new laboratories in Oxford Street 
and he paid repeated visits to them. Hofmann 
himself on several occasions gave lectures by royal 
command at Windsor Castle. 

The financial basis for the new College rested on 
students’ fees and voluntary subscriptions. Early 
subscribers were of the highest eminence; they 
included the names of Palmerston, Gladstone and 
Faraday. But in time subscriptions fell away, the 
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Government did nothing and the pioneering venture 
would have foundered if Hofmann had not generously 
given up his house and part of his salary. After 
eight years, in 1853, the Royal College of Chemistry 
was united to the Royal School of Mines and became 
in effect its Department of Chemistry. Hofmann 
then took over the chair vacated by Playfair, who had 
embarked on his long career of public service. 

Hofmann did more than carry out classical scientific 
work. The thing which he did and which had never 
been done before in Britain was to found a school of 
research. He laid the pattern for the future which 
was to be followed many decades later by the Caven- 
dish and other famous laboratories. He collected 
around him a large group of ardent young men who 
heard his lectures, learnt his experimental techniques 
and promptly plunged into the almost unknown 
world of research in organic chemistry. This band 
of men was of unique quality. There had been 
nothing like them since Lichig’s heyday st Giessen. 
They included Warren de la Rue, Frederick Abel, 
E. ©. Nicholson, George Merck, Mansfield, William 
Perkin, William Crookes, Griess, Martius, Edward 
Frankland and Henry Bessemer—men who either 
became famous in science or in industry, many in 
both. We may pause for a moment ab the name of 
Sir William Perkin, who made the first synthetic dye 
| at the age of eighteen and went on to found the 
industry. Other pioneers of the fine chemical indus- 
try worked with Hofmann and it is not fanciful to 
look on his laboratory as being one of the springs 
which in time merged into what are now the mighty 
waters of Imperial Chemical Industries. 

Hofmann continued with remarkable scientific 
success to direct the College of Chemistry after ita 
union with the Royal School of Mines. But his 
growing fame increased the pressure put on him to 
return to his own country. In 1863 the Prussian 
Government invited him back to Bonn to organize a 
new chemical department. The Prince Consort had 
died two years before and an epoch in Hofmann’s 
life had come to an end. He accepted, and è year 
later became professor of chemistry at Berlin where he 
remained until his death in his seventy-fifth year. 

Such was the essential and central contribution 
made by the Prince Consort to the founding of the 
first constituent unit of the College. He played a 
similar but smaller part in the setting up of the 
Royal School of Mines, which went forward as a 
parallel effort. 

The Museum of Practical Geology had progressed 
into a Geological Survey and Museum which was made 
independent of the Ordnance Department by trans- 
ference to the Office of Woods, Forests and Works. 
Ita main functions were the geological survey of 
Great Britain and Ireland, and the maintenance of a 
collection of geological specimens. But de la Beche, 
the director, was determined to include a i 
school for geological sciences, to be expanded later 
into @ general school for applied science. He was 
a skilful and tactful nagotiatior who had the ear of the 
Prime Minister, Sir Robert Peel. A fine new site was 
purchased between Jermyn Street and Piccadilly 
(roughly where Messrs. 8impson’s shop stands to-day), 
and a building suitable for both museum and teaching 
purposes was erected. 

On May 12, 1851, in the crowded month which 
marked the opening of the Great Exhibition, the new 
Museum and School was formally opened by the 
Prince Consort. His opening speech, with its charac- 
teristie references to the nseful and practical results 
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to be expected from scientific studies, ended with 
the words: “It will always give me the greatest 
pleasure to hear of and, so far as I am able, to con- 
tribute to the continued success of the Museum of 
Practical Geology’. A few months later the new 
institution started its educational work under the 
name “The Government School of Mines and of 
Science applied to the Arts”. 

The value of a place of education is in the final 
analysis determined by the calibre of its teachers. 
De Ja Beche collected a fine team of founding pro- 
fessors. It included Andrew Ramsay for geology, 
Warington Smyth for mining, Lyon Playfair for 
chemistry and John Peroy for metallurgy. Edward 
Forbes was the first biologist, being succeeded after 
three years by Thomas Henry Huxley. They were a 
loyal and enthusiastic group; Ramsay, Smyth and 
Percy all served the College for more than twenty 
years and Huxley for forty-one. 

The Royal School of Mines, @s it later came to be 
called, from the start acquired renown for itshigh 
academic standard. But ıt has another and more 
general claim to fame. It marks a milestone im 
British educational history because it was a Govern- 
ment School, and in supporting it the Government 
was for the first time investing money direct yan 
higher scientific education. 

The Prince Consort’s views on the future of the 
School were explicitly stated in 1855 when Murchison 
succeeded, to the directorship on the death of de la 
Beche. Two schools of thought were emerging. 
According to the first, the Royal School of Mines 
together with the Royal College of Chemistry should 
be expanded into a great institution of pure and 
applied science or technological university. This 
might be termed the Imperial College policy. The 
second policy was more professional and more 
cautious. It took the view that the School had 
acquired a considerable reputation in a fairly restricted 
field connected with geology, mining and metallurgy 
and it was anxious lest this should be thrown away 
by & too rapid expansion into educational regions 
for which there was little evidence of a demand. 
(It would indeed have been difficult at the time 
to justify a great technological university by a 
demand for its graduates. Employers had only 
the mildest interest in scientists; engineers were 
trained through apprenticeship. It was a closed 
cirole and could only have been broken by a vigorous 
act of faith.) 

The Prince Consort, Lyon Playfair and, later, 
Huxley belonged to the first school; Murchison and 
Percy to the second. In a letter before he had 
accepted the directorship, Murchison writes: “At 
that time my great fear was that geology would be 
submerged in other affairs if a good hammer-man 
was not at the head of the whole. ...I view it simply 
as the School of British Geology and Mmes. The 
affiliated sciences are all subordinate to that funda- 
mental point... .” 

The Prince Consort’s views are clearly set out in 
a memorandum written in Buckingham Palace at the 
same time. He wrote: “It is important that the 
opportunity afforded by the appointment of a new 
Director of the Museum of Practical Geology should 
not be lost for furthering the general scheme for 
bringing science and art to bear on the productive 
industry of the country, as recommended by the 
Commissioners for the Exhibition of 1851, in con- 
nexion with the appropriation of their surplus, and as 
approved by the Government. . . . Whoever is 
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appointed ... should consider himself not in the light 
of a simple geologist, but as the head of a Government 
educational establishment for the diffusion of science 
generally as applied to productive industry”. There 
was clearly a difference of emphasis at the time, and 
it was not the Prince’s view which then prevailed 
for Murchison was appointed and under his vigorous 
leadership the School continued for some time to 
develop primarily along expert professional lines. 
The Prince bore no ill-feeling, for within a week 
of the appointment he received Murchison at the 
Palace. 

We now come to the third way in which the Prince 
Consort perticipated in the founding of the College; 
the widest and most far-reaching. It arose from the 
Great Exhibition of 1851. 

The 1861 Exhibition began in the minds of two 
men, Henry Cole and the Prince Consort. So far as 
can be made out they approached it independently 
and from different pbints of view, but they soon came 
together, and the idea began to take its final shape 
with the formation of an independent Commission. 
Of this the Prince was the president and Cole the 
secretary. Later, Lyon Playfair left the Royal 
School of Mines to jom the executive of the Exhibi- 
tion and become a special commissioner. This was 
the beginning of his long public career. He did not 
return to the College but helped it from outside in 
many ways. The Exhibition, although it was 
supported by Parliament and the Government— 
particularly by Peel and the Free Tradera—never 
became truly ‘official’ and, in the manner of the 
day, its finance was independent. This was 
fortunate. 

The Prince was not only one of the two creators of 
the Exhibition; he was the main driving force behind 
it, and he took the main decisions. Its two themes 
were his—that it should be international and make 
for the intercourse between peoples; and 
that it should show the world the. great material 
progress and the manner in which science, art and 
invention could benefit design, productive industry 
and agriculture. It was the Prince Consort who 
circumvented the opposition of the so-called ‘fashion- 
ables’ and the protectionists. It was he who obtamed 
support from the Continental powers at high level. 
It was he who tried to calm the doubts and fears of 
his royal relations. 

A fortnight before the opening he wrote with 
pleasant irony to the King of Prussia®: “Mathe- 
maticians have calculated that the Crystal Palace 
will blow down in the first strong gale; engineers that 
the galleries would crash in and destroy the visitors; 
political economists have prophesied a scarcity of 
food in London owing to the vast concourse of people; 
doctors that owing to so many races coming into 
contact with each other the Black Death of the 
Middle Ages would make its appearance, as it did 
aftor the Crusades; moralists that England would be 
infected by all the scourges of the civilized and 
uncivilized world; theologians that this second Tower 
of Babel would draw upon it the vengeance of an 
offended God. 

“I can give no guarantee against all these perils, 
nor am I in a position to assume responsibility for the 
possibly menaced lives of your Royal relatives. But 
I can promise that the protection from which Victoria 
and I benefit will be extended to their persons—for 
I presume we also are on the list of victims.” 

The Crystal Palace was erected within a quarter 
of a mile of where the College is to-day, just to the 
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east of the present bowling greens in Hyde Park. 
There, m Thackeray’s words: 


“A blazing arch of lucid glass 
Leaps like a fountain from the grass...” 


The Price would never have prevailed if ıt had 
not been for the enthusiastic and ardent support of 
the Queen. Men have often been powers behind the 


Throne ; in this case the Throne was the power e 


behind the man. 

The Prince Consort planned the Exhibition, and 
Paxton designed the Crystal Palace. It was the 
Queen who made it fashionable. She visited it on 
no less than forty-three days; that is, more than a 
third of those for which it was open. Her diary for 
1851 contains repeated entries such as “with all our 
guests to the Exhibition. ...” “Late as it was 
(9.30 p.m.) we went to the Exhibition. We remained 
two hours....’” On May 3 she wrote to her uncle 
with touching enthusiasm. ‘‘Albert’s dearest name 
is immortalized with this great conception, his own, 
and my own dear country showed she was worthy of 
Ibeere 

She was alone neither in her enthusiasm nor her 
suppori. The people flocked to the Crystal Palaco 
from all parts of the country. It even became the 
cause of the first excursion trains. Six million visitors 
went through the turnstiles. We in this College 
should be grateful to those who paid their shillings, 
for it was this money which bought the land on which 
we work to-day. 

Some modern critics have concluded that the 
Exhibition was a failure. It is true, they say, that in 
1851 it demonstrated British industrial leadership, 
but this did not last. The great international exhibi- 
tions of the next decade showed that she was begin- 
ning to be rivalled or even outstripped in inventive- 
ness by other countries. It is true that it brought 
the nations together in peace, but four years later the 
Crimean War broke out. These seem to me rather 
silly comments. The Great Exhibition must be 
judged as an Exhibition, and as such it was a superb 
success. Almost alone among its kind, it made 
money, a great deal of money, and this money did a 
great deal of good: and the criticism that it did 
not bring an era of peace is childish. Peace is 
made very slowly in the minds of men and not in 
exhibitions. 

But we must not pursue the Exhibition too far. 
Like some exotic migrant bird it was only a summer 
visitor to the Park. Very honourably Parliament 
reached the proper conclusion that it should leave, and 
Disraeli wrote to the Queen: “The Chancellor of the 
Exchequer with his humble duty to your Majesty 
reports that Mr. Heywood’s motion in favour of 
retaining the Crystal Palace, has been negatived by a 
majority of 221 against 103. Lord Palmerston 
misjudged the temper of the House . .. and made the 
mistake of declaring for the motion”. 

The Palace was re-erected in South London. 
Many will probably join me in remembering the glow 
in the sky on the night when it burned down eighty- 
five years later (1936). It is not perhaps entirely too 
fanciful to think that the new buildings devoted to 
Science and Art in South Kensington are rising like 
a phoenix from its ashes. 


On October 15, 1851, Prince Albert presided at. 


the official closing ceremony. Two months earlier 
ha had taken time on holiday at Osborne to write an 
important memorandum. It begins: “It is estimated 
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that, after defraying the expenses of the Exhibition, 
the Royal Commission will be left with a surplus of 
from £150,000 to £200,000. 

“The question arises: What is to be done with this 
surplus’ p’ 

He went on to propose a scheme which I will try 
to summarize: 25-30 acres of ground south of Kensing- 
ton Gore should be purchased. On that should be 
placed four institutions, which should be devoted to 
the furtherance of industrial pursuits by study, 
instruction and practice, and should contain libreries, 
rooms for discussion, study and exhibition. The 
branches should include raw materials (metallurgy, 
chemistry and physiology), machinery (embracing 
the whole range of polytechnic sciences), manu- 
factures (design, chemical manufactiwe) and plastic 
art. He proposed that the scientific societies and 
the Society of Civil Engineers, then separated and 
struggling for existence, should be brought together 
on the new site. The Prince’s views were later 
developed in a good deal of detail. In the Royal 
Archives at Windsor there is a memorandum by him 
dated August 20, 1853, in which he sete out “a general 
plan for the buildmgs it is proposed to erect on the 
newly purchased ground at Kensington”. This 
includes four large buildings described as “Museums 
or Schools of Science and Industry’’. There is also a 
large area reserved for “Learned Societies’. 

The Prince referred to all this as “a very crude 
scheme”. But Disracli, with his liking for something 
large and imaginative, wrote to him prophetically: 

. . when realised, the creation of your Royal 
Highness will form an epoch in the esthetic and 
scientific education of the people of England... .” 
This prophecy has come true. The scheme contained 
in it the germ of the South Kensington Museums, the 
Royal College of Art and the Imperial College of 
Science and Technology. 

It is interesting to note the main differences between 
the Prince’s scheme and the facts of to-day: 

(1) The museum or exhibition side has in the course 
of time become separated (administratively but not 
geographically) from the educational side. 

(2) Most of the learned societies have not come to 
South Kensington nor has the comprehensive science 
centre which the Prince advocated been set up for 
them anywhere else. 

(3) The Prince’s idea that the institution should be 
international so as to carry further this aspect of the 
Great Exhibition has not been realized as such. 
Under present conditions a link with a national 
system of education is essential both for academic 
and financial reasons. Yet the fact that the Imperial 
College welcomes every yeat more than five hundred 
students from overseas would, I believe, give pleasure 
to our founder. 

The scheme immediately attracted both support 
and detraction. Playfair became an ardent advocate. 
He favoured the development of a central college at 
South Kensington based on the existing Royal School 
of Mines and connected with provincial colleges 
through a common examination system; and there 
was much contemporary advocacy of a technical 
university on the South Kensington estate. There 
was also much opposition. The scientific societies 
disliked the idea of being swallowed up in a large 
scheme, and there were strong contemporary objec- 
tions to the development of higher educstion in 
institutions without religious affiliations. In the 
event, as so often happens, there was a big initial 
stride forward after which progress became fitful 
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and uncertain. The stride forward was along the 
lines proposed by the Prince. 

The Exhibition finally realized a profit of £186,43€ 
and Parliament voted a further £150,000. With thie 
the Commissioners purchased not one but three 
adjoining estates—-the Gore House Estate of 21 acres 
to the north of the site, the Villars estate of 48 acres 
running south to Cromwell Road and 17 acres of the 
Harrington estate running along Brompton Road. 
We can think of these three as radiating around 
what are now the Beit Quadrangle (Gcre estate), 
the Royal College of Science building (Villars estate) 
and the Victoria and Albert Museum (Harrington 
estate). To-day the academic buildings of the 
Imperial College stand nearly entirely on the land oi 
tbe Commissioners for the 1851 Exhibition. 

The other immediate step forward was that, with 
the encouragement of the Prince, the Government in 
March 1853 founded the Science and Art Department. 
This took control, among other things, of the Museum 
of Practical Geology and the associated School of 
Mines and Royal College of Chemistry. Later, the 
Royal College of Science and Royal College of Art 
were established under the Department, the Royal 
College of Science taking over the old Royal College 
of Chemistry and the other pure science sections of 
the Royal School of Mines. In the Department, 
Henry Cole became secretary for art, and Playfair, 
who had become a member of the Prinoe’s household. 
the secretary for science. The Department, first 
placed under the Board of Trade, was very early 
transferred to the Privy Council. The educational 
work of the Council came under a Minister called the 
vice-president of the Council, an office to which 
Playfair was appointed by Gladstone in 18865. 
Fourteen years later the Department of Science and 
Art was replaced by the Board (later Ministry) of 
Education. Our further history—the founding 
of the City and Guilds College in 1884 and the feder- 
ation of the constituent colleges into the Imperial 
College in 1907, are outside the scope of this 
address. 

Let me now attempt to pull the threads together. 
The Prince Consort had a strong and passionate faith 
in the importance of the application of science to the 
industrial welfare of the country and in the importance 
of scientific education to make this possible. In the 
courso of his fairly short, crowded and arduous life 
he did many things to further these aims. He may 
be regarded as having founded the first two con- 
stituent Colleges of Imperial College from his involve- 
ment in their actual beginnings. But it seems to me 
that in another and deeper sense he is to be regarded 
as the Founder of the Imperial College itself. He led 
the Great Exhibition from its begi to its success- 
ful conclusion, and by his efforts left the College with 
the land which it now uses, and he had the vision 
of the uso of this land for technological education in 
the broad sense. 

Reading over the records of those days, I have come 
more and more to believe that one of the main claims 
to fame of the Prince Consort (and he has many) 
is that he saw clearly the link between scientific 
education and the well-being of industry and the 
nation. In this he was fifty years ahead of his time. 
If he had not died prematurely, at the age of forty- 
two, British scientific education might have had a 
happier history. 

The forming of a fair and balanced judgment has 
been too long delayed, and he has been the victim of 
prolonged prejudice. He worked incessantly and 























complete loyalty to Great Britain, but. in a 
he remained a stranger in a strange land. To 
i\e average working man he was a ‘foreign prince; 
nd the aristocracy never regarded him as one of 
mselves. He was shy and reserved and made 
Ww friends. Those whom he did make were referred 
> by Lord Lonsdale on one occasion as “these 
amn’d scientific blackguards”’. : 
He suffered, particularly after his death, from the 
amoderate praise of his admirers. The dedication 
> “The Idylls of the King” will seem fulsome to 
any tastes and the “white flower of a. blameless life”’ 
perhaps more likely to lead to respect than to 
pularity. | te ates, Js 

Te later suffered at the hands of the detractors of 
Victorian age. A campaign of snigger was easily 
onducted against someone high-minded, academic 
| basically serious. Young men of to-day may too 
idly identify him with the Albert Memorial and 





of a statue to commemorate the Great Exhibition. 
o B would disturb my quiet rides in Rotten Row”, 
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as “the high-minded Prince”; Murchiso 
sensible and gifted man”; Playfair says of him 


o not know that he had himself rejected the idea — 

























he wrote, “to see my own face staring at me, and i 
(as is very likely) it became an artistic monstrosity 
like most of our monuments, it would upset. ny 
equanimity to be permanently ridiculed and laugh 
at in effigy 1. w 

If we forget both the rather excessive adulation an 
the rather mean denigration and consult the recor 
of events, we must, I think, end by agreeing with th 
unanimous verdict of praise from the shrewd -arn 
experienced men whe knew the Prince. De Toeque 
ville said: “I have rarely met so distinguished a 
His secretary, Sir Charles Phipps, wrote to F 
after the Prince’s death: “I ean safely say no 
I never met so good and so truly great. 
I may perhaps add as an epilogue the words 
past members of the College: Hofmann refer 


was singularly affable and lovable”. ees 

1 Letters of the Prince Consort, Jagow, 115 (John Murray, 1988). 
2 Letters of the Prince Consort, Tagow, 176 (John Murray, GBB: 
3 Royal Archines 1851. Ext, Vol. F.25, ec 


By A. GILCHRIST 


Scientific Senior Officer, Meteorological Office 


 (C\N November 1 the Ministry of Works formally 
— handed over to the Air Ministry the new Meteoro- 
_ logical Office Headquarters building at Bracknell, 
_ Berkshire. To mark the occasion, there was a short 
_eeremony in the building at which Mr. R. H. M 
_ Thompson, Parliamentary Secretary to the Ministry 
of Works, presented an inscribed key to Sir Maurice 
Dean, Permanent Under-Secretary to the Air Ministry. 
Built at a cost of £600,000, the new building occu- 
pies a site of 3-5 acres near the centre of Bracknell 
_ New Town. It consists of three connected blocks 
-~ with a total floor area of 143,000 sq. ft., forming three 
_ sides of a square which is open to the south. The 
central block, rising to eight storeys and at its 
highest point to 107 ft. above entrance floor-level, is 
a significant landmark in the district. The blocks 
flanking the central structure are of three and five 
oreys. The total number of people employed at the 
w headquarters is about 850. 
The three sections commemorate leading British 
eteorologists of the past. The central building has 
n named after Sir Napier Shaw, probably the most 
stable meteorologist Great Britain has produced, 
hile the other blocks carry the names of Admiral 
itzRoy, who in 1855 became the first superintendent 
"a State meteorological service in Britain, and of 
. H. Dines, whose research work on instruments 
etween 1887 and 1920constitutes one of Britain’s out- 
ding contributions to the science of meteorology. 
The Napier Shaw Building houses a variety of 
ntific activity. Behind its impressive top floor 
ture’ windows the work of the Central Forecast 
fico, from which the guidance for all official weather 
casts in Britain originates, goes on ceaselessly. 
mediately underneath is the communications 
tre, where weather observations and other meteoro- 
cal information are received continuously in the 





























form of individual coded reports or facsimile charts. 
This is also one of the main teleprinter and radio 
transmitting stations for weather information in 
Western Europe. On a single day, the total number =- — 
of 5-figure code groups in messages received and 
dispatched is almost one million. The Ferranti 
Mercury electronic computer Meteor is on the fifth < 
floor. This machine has been used principally by the 
Dynamical Research Branch for experiments im- 
numerical forecasting, to the extent that the way to 
the introduction of electronic computers into the  — 
routine weather forecasting service now seems clear =< = — 
(though a larger and faster machine than Meteor will č —— 
be needed for this). E e 

At lower levels of the building are to be found thi 
High Atmosphere Research Branch and the Climato 
logical Research Branch. The former, which 4 
relatively new in the Meteorological Office, has bee 
formed to take advantage of the developments. in 
rocket and satellite techniques to extend atmospheri 
investigations above the levels accessible to balloons 
At present, work is concentrated on the developmen 
of the necessary instruments—primarily a rocket- 
sonde to extend measurements of temperature and. 
winds to the upper levels of the stratosphere and. 
instruments to measure ozone from both rockets and: 
satellites. An ultra-violet spectroscope for ozone: 
investigations has been designed and made by the. 
Office for the second Scout satellite, which is expected 
to be launched by the United States in 1963. 

The main task of the Climatological Research 
Branch is perhaps the most difficult facing meteorolo- 
gists at the present time. It is to explain the longer © C5 

time-scale changes in the atmospheric circulation, mo 
“the hope that this may lead to reliable long-range = = 
forecasts. The economic value of such forecasts . 
would, of course, be immense, and many meteorologi- | 
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cal services are now devoting considerable effort to 
them. Major large-scale weather patterns, which may 
affect particular parts of the world for 2-3 weeks or 
even longer, are produced by persistent states of 
the general circulation and the processes of change 
from one state to another are being examined. 
Other investigations are proceeding on the effects 
of weather on agriculture and horticulture, and on 
the development of forecasting techniques. The 
Daily Weather Report and the Daily Aerological 
Report are printed by a section of H.M. Stationery 
Office within the building. 

The Dines Wing of the new building is devoted 
mainly to instruments and instrument research. 
There are 14 laboratories, each with a range of 
facilities which include piped compressed air and 
vacuum supplies and electrical power points for 
415 V. 3-phase, 115 V. 400 cycles (for aircraft 
instruments), 6 V. d.c: and 24 V. d.c. Two wind 
tunnels, the larger capable of wind speeds in excess 
of 80 m.p.h.. are used for designing and testing 
anemometers and for a variety of experiments 
involving detailed knowledge of the air flow. There 
are two cold chambers where steady temperatures 


of — 10° C. and — 40° C. can be maintained, thus 
simulating temperature conditions in the upper 
atmosphere or in polar climates, and another 


chamber in which the conditions encountered by a 
radio-sonde in its flight to high levels of the atmo- 
sphere can be reproduced. A new radio-sonde to 
replace the Kew model which has been in use since 
the end of the War, and a new radar wind-finder 
to replace obsolescent ex-army equipment have high 
priority in instrument development. Work on auto- 
matic weather stations and on producing an automatic 
frost-point hygrometer for use on aircraft (where 
very high standards of construction are essential) is 
proceeding. Adequate drawing office and workshop 
facilities are provided so that all stages in the produc- 
tion of instruments can be carried out within the 
building. Other current research work is concerned 
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General view of the new Meteorological Office headquarters, taken from the south-west. 
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with the problems of atmospheric turbulence and 


diffusion, and the continuous recording of the 
distribution of energy in the solar spectrum. The 


Dines Wing houses in addition the Meteorological] 
Office Data Centre, which contains 30 million punched 
cards of weather observations and machines for deal- 
ing with them. 

The FitzRoy Wing contains the administrative 
centre of the Meteorological Office, with sections wnich 
deal with the organization of its outstations and 
voluntary observing stations, the collection and 
utilization of ships’ weather reports, and the military 
and public requirements for weather information. 
The Climatological Services Section here answers 
many requests for information each year, some of 
them readily dealt with but others involving a con- 
siderable amount of investigation. Speciel investiga- 
tions are being made into atmospheric pollution, 
including the effects of the general circulation of the 
Karth’s atmosphere on the distribution of radio- 
active debris from atomic bombs, and the climatology 
of air routes to help in the planning of new air 
services. On the entrance floor of the FitzRoy Wing, 
available for general use, is the national library for 
meteorology and certain other branches of geo- 
physics, including terrestrial magnetism. The main 
shelves are 2,500 ft. in extent with a further 6,000 ft. 
in a 6-deck tower at the end of the library. There are 
82,000 books and periodicals, 23,000 pamphlets, a 
collection of photographs and films of meteorological 
interest, and, in addition, a large amount of meteoro- 
logical information in the form of synoptic weather 
charts (including foreign daily weather reports) 
extending back for many years. 

In addition to the main building, the Meteorological 
Office will have two other sites near Bracknell. The 
first of these, within walking distance of the main 
building, will have a floor-space of 67,000 sq. ft. and 
will be used mainly for storage, though the routine 
calibration of radio-sondes—about 20,000 are cali- 
brated each year—will also be carried out there. As 
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well as normal meteorological stores, it will house the 
Meteorological Office archives, consisting largely of 
instrumental records and charts. An experimental 
site of about 30 acres in Easthampstead Park will be 
used for a variety of field experiments primarily, in 
the first instance at least, concerned with atmospheric 
turbulence, remote instrumentation and the testing 
of prototype instruments. It will also be the site 
of the master station in the network of stations which 
locate thunderstorms by radio direction-finding. 
The new buildings, designed by Mr. H. A. Snow, 
superintending architect in the Ministry of Works, 


No. 4811 


NATURE 


115 


bring together again the headquarters units of the 
Meteorological Office which, since the beginning of the 
War, have been scattered. The Central Forecasting 
Office and forecasting research branches have moved 
to Bracknell from Dunstable, Bedfordshire, the 
library, instrument and climatological branches from 
Harrow. Middlesex, and the administrative and 
physical research branches from London. The new 
concentrated grouping is expected to lead to a more 
efficient service, and the improved facilities which it 
provides to a quickened pace of meteorological 
research. 


FOLD INTERFERENCE PATTERNS IN MODEL EXPERIMENTS 
. By E. S. O'DRISCOLL 


Department of Mines, South Australia 


HAVE recently undertaken experimental work on 

the shapes of surfaces resulting from the inter- 
ference of two intersecting systems of similar folds 
in an attempt to relate such shapes to geological field 
observations in South Australia. The experiments 
have been carried out by means of three-dimensional 
models in which folds trending in one direction can 
be superimposed on those trending in another. The 
mutual interference of the two systems is found to 
produce a whole assembly of shapes and attitudes 
familiar to structural geologists. 

The basic model consists essentially of a pack of 
vertical cards which has one set of folds cut trans- 
versely across its upper surface. The bottom of the 
pack is then pressed into a longitudinal fold template 
which, by differential vertical movement of the 
cards, imposes the second set of intersecting folds on 
the first set. Fig. 1 shows such a model in which 
the first set of folds, cut transversely into the cards, 
has its axial trend in the direction F-A, and the 
second set, moulded by the template 7’, its axial 
trend along F—B. The resulting interference surface 
is produced at the top of the pack. Since the sequence 
of fold imposition is arbitrary, and since the first 
folds cut into the pack are as if produced by differ- 
ential movement on a conjugate transverse card 
direction FA, the interference surface is such as 
would be produced by simultaneous differential 
movement on two co-existing intersecting card sur- 
faces, or ‘axial planes’, in the pack. In Fig 1, these 
planes are vertical, intersecting slightly obliquely, 
and the differential movement is vertically in the 
direction of the intersection. The two component 
fold profiles are simple sine curves, and the inter- 
ference surface is a sinusoidal surface showing & 
checker-board pattern of ‘domes’ and ‘basins’ arranged 
in echelon formation and representing the spatial 
relationship between centres of maximum and mini- 
mum interference. 

Fig. 2 shows a plan view of an interference surface 
where the wave-length of the one set of folds has been 
varied, Small quantities of mercury have been 
poured into the basins in order to show the axial 
and echelon directions which appear to be progres- 
sively ‘rotated’ by the successive variations in wave- 
length. Fig. 3 shows the same surface with the depth 
of mercury increased to reveal the attendant change 
in basin boundaries from elliptical to rhombic form. 
If the wave-length of the second set of folds is also 





Fig. 1. En echelon folds produced by the interference of two 
systems of similar folds with axes trending in directions F-A and 
F-B, respectively 


successively varied, the echelon pattern produces 
elliptical or sigmoidal ares linking the two linear 
trends of the component folds. Since the slope of 
the sinusoidal interference surface varies directly 





Sigmoidal echelon of interference folds due to variations 


Fig. 2. 
in wave-length, Mercury has been poured into the basins to 
show the elongation directions and elliptical shapes 





Fig. 3. The same surface as Fig. 2, with extra mercury added to 
illustrate the development of — basin outlines with increased 
p 


with shear differential, the differential coefficient of 
the surface yields the pattern of shear intensity and 
distribution. Tho en echelon relationship is thus 
found to extend typically to shear networks. 

Card models have been made in which each card 
not only has the first fold-profile cut into its edge, but 
also has printed on it a succession of similar profiles 
representing successive surfaces of the one fold- 
system in depth. These cards have then been 
mounted on a profile representing the second fold- 
system (see left front of Fig. 4), thus producing the 
interference surface of domes and basins not only on 
the top of the pack, but also repeated internally 
within the pack for each successive surface. The pack 
has then been cut in various selected planes to expose 
the traces of the interference surfaces. The pattern 
appearing on the planed top of the pack in Fig. 4 is 
seen to consist of the checker-board arrangement of 
domal and basin traces disposed in a combination of 
cyclic, quadrantal and meridional symmetry. Similar 
symmetry can be seen on the planed bottom of the 
same pack (Fig. 5), where the two axial planes are 
perpendicular to one another and to the plane of 
section. 

The card models can demonstrate that when the 
relief of the interference surface is gradually increased 
by the simultaneous growth of the component fold 
amplitudes, all features that are inscribed or embedded 





4. Card pack reproducing succession of strata by printed 
files folded in two directions. The pack has been planed at 
right to expose trace of interference surface seen in complete 

form at front left 
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in the surface are rotated differentially according to 
their relative positions and attitudes with respect 
to individual domes and basins. Where the mutually 
interfering basic fold-profiles are imposed simul- 
taneously on a succession of overlapping but divergent 
surfaces, the successive dome culminations trans- 
mitted to these surfaces do not coincide in depth, but 
are variously offset (‘migrated’) up-slope respectively 
on each particular surface. Where such slope is 
steep, the interference surface is commonly subdued 
in profile and highly asymmetric in section. An 
analogy is drawn not only to the off-setting in depth 
of structural closures in basin wedges, byt also, in 
the case of a steeply dipping surface, to the conjugate 
en echelon trends of ore shoots in vein deposits. 
Assorted models have been constructed to demon- 
strate the interference surfaces produced by various 
combinations of rotational stresses. Packs of trans- 
parent lamine have been internally inscribed to 
allow the three-dimensional study of the effects of 
shear movement on intersecting surfaces and shapes. 


— 
SN FF 


— 


—A 





Fig. 5. The planed undersurface of the card pack in Fig. 4. The 

traces of the folded surfaces appear as a pattern of domes and 

basins with both quadrantal and meridional symmetry. One 

stratum has been oighr. — show the two shear plane 
rections 


Progressive models and diagrams have been prepared 
to show the gradual rotation of sedimentary features 
that are successively established pari passu with the 
simultaneous increase in fold amplitudes along the 
two intersecting axial plane (card) directions. Where 
these planes are inclined, the asymmetrical disposition 
of the gravity vector produces an erosional and 
sedimentary bias resulting in such features as folded 
unconformities beneath en echelon hinge faults, and 
normal faults rotated to appear as reverse faults. 
Rotation by increasing fold amplitude results in 
migration, in plan and section, of facies boundaries, 
domal crests, basin troughs and axial trends, and is 
also capable of reversing the conventional spatial 
relationships whereby we establish chronology and 
sequence, 

If the meridional and equatorial field trends in 
South Australia are equated to the two shear planes 
in the experimental models, a number of seemingly 
unrelated tectonic elements are found to fall into 
place in a checker-board pattern of ‘mega-domes’, 
and ‘micro-domes’ and their corresponding basins 
and troughs, interconnected by linear and arcuate 
trends of the kind that typify harmonic interference 
as determined in the experiments. 
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A hypothesis is being examined in which an 
analogy is drawn between the two shear planes and 
the isotropic sections of strain ellipsoids produced by 
rotational stresses. When this 1s expanded to global 
application with the assumption of harmonic vibra- 
tion in a rigid crust and a spiral rotational strain- 
pattern, as expressed by the eccentricity of the 
geomagnetic axis, an interference pattern can be 
developed which not only shows conformity with some 
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major global tectonics, but also suggests arcuate 
‘swirls’ at each end of a Borneo—Caribbean axis, and 
rift shears at the ends of a conjugate Central Pacific— 
South African axis. Transparent spherical models 
are being used to study these coincidences, but no 
global conclusions are yet drawn. A full presentation 
of the application of interference fold principles to 
South Australian stratigraphy awaits the completion 
of precise photography of three-dimensional models. 


r OBITUARIES 


Dr. J. Kenyon, F.R.S. 


Wrrn the death of Dr. Joseph Kenyon on 
November 12, chemistry lost one of its most beloved 
personalities, who was respected and esteemed 
throughout the world. To all those who had the honour 
of his personal acquaintance he was a very dear 
friend. 

The son of Lawrence Kenyon, he was born at 
Blackburn on April 8, 1885, and, after obtaining en 
honours degree of the University of London, he 
became, in 1907, a lecturer at Blackburn Technical 
College and began research work with Dr. R. H. 
(later Sir Robert) Pickard. Although his first 
scientific publication, “Compounds of Tertiary Phos- 
phine Oxides with Acids and Salts’, appeared in 
1906, the direction in which his future interests were 
to be concentrated was first signposted by his papers 
on “The Resolution of Racemic Alcohols” and “The 
Dependence of Rotatory Power on Chemical Constitu- 
tion”, published in 1909 and 1911. 

The First World War caused a much greater 
disturbance of academic pursuits than did the 
Second, so it is not surprising to find that during this 
period Dr. Kenyon was engaged in research work on 
then vital problems. During 1915 and 1916, at the 
University of Leeds, he was exploring methods for 
the production of chloramine-7’, and during 1916-20, 
at the University of Oxford, he was associated with 
the British Dyestuffs Corporation group. These 
investigations brought him into contact and personal 
friendship with J. B. Cohen and W. H. Perkin, 
jun., associations which he cherished very dearly 
later in life. 

In 1920 Dr. Kenyon was appointed head of the 
Chemistry Department at Battersea Polytechnic, 
and under his great inspiration and wise guidance it 
developed into one of the foremost schools of chemis- 
try in Britain, both for undergraduate education 
and postgraduate studies. This was achieved in 
spite of the fact that the funds and facilities then 
available for both teaching and research work were 
extremely limited. 

On arriving at Battersea he took up again his 
interest in optical rotation as a tool in the study o 
chemical problems. In this work he was ably assisted 
over a number of years by H. Phillips, F. Bell, M. P. 
Balfe, C. L. Arcus, and many others now well known 
in various fields of chemistry. His name will always 
be perpetuated through his share in the establish- 
ment of the co-axial structure of diphenyl, for his 
investigations of the configurational changes occurring 
during the Walden inversion, and for his elucidation 
of the conditions under which the hydrolysis of an 
ester may be expected to take place through acyl- 
oxygen fission or through allkyl-oxygen fission. As 
is evidenced by his large range of publications, 


principally in the Journal of the Chemical Soctety, 
however, these were only three of the many flelds in 
which his investigations led to results of lasting 
ımportance, and he was remarkable for a clear insight 
into a wide range of chemical problems. 

A quiet, modest man, Dr. Kenyon believed firmly 
that a good director of research work must himself 
enjoy working at the bench. He had the flair and 
intuition of the first-class experimenter, and his 
working technique was an example and inspiration 
to all his co-workers. He spurned the use of elaborate 
gadgets, his simple polarimeter and refractometer, 
— laboratory glassware, serving all his 
n ; 

The Second World War saw Dr. Kenyon. acting as 
senior gas adviser for the London area, aud his 
discretion and confidence did much to unify a section 
of Civil Defence which, fortunately, was never called 
into active service. 

In 1950 Dr. Kenyon retired from his post at Batter- 
sea, Polytechnic, but he by no means retired from 
chemistry. Rather than take a well-earned rest he 
spent the winters of 1950-651 and 1951~—52 as a visiting 
professor at the University of Alexandria, while 
during the seasion 1954-655 he acted as professor in the 
University of Kansas. In the intervals, and until very 
shortly before his death, he continued to supervise 
the work of research students at Battersea, maintain- 
ing an undiminished zest for his subject to the end. 

With his kindly persuasive manner, Dr. Kenyon 
did much to foster the intereste of chemistry and of 
education in the wider fields outside of Battersea 
Polytechnic. He was an extremely valuable member 
of the Board of Studies in Chemistry of the University 
of London, and also served actively on the Boards of 
Examiners for both internal and external degrees. 
For a period he was a member of the Senate of the 
University. 

Throughout his scientific career he was a Fellow 
of the Chemical Society, and he served for various 
periods as a member of its Council and as one of its 
vice-presidents. He became an Associate of the 
Royal Institute of Chemistry in 1908 and a Fellow 
in 1911, and he acted as an examiner for that body 
during 1937-44. Acting on its behalf, he also did 
& great deal in assisting the National Certificate 
scheme by acting as assessor in organic chemistry 
for both the Ordinary and Higher National Certifi- 
cates. His wisdom, together with his wide know- 
ledge of his subject, caused him to be called on 
frequently, not only by the University of London 
but also by other universities, to act as an examiner 
for both first and higher degrees. He was elected 
a Fellow of the Royal Society in 1936. 

A scholar in the widest sense of the term, Dr. 
Kenyon had a keen appreciation of the arte and a 
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profound knowledge of the classics. His garden, 
which furnished the rosebuds or sprigs of honeysuckle 
which he was wont to sport in his buttonhole, gave 
him much joy. For many years, too, he looked 
forward to his weekly round of golf. Happily he 
enjoyed good health until late in 1960, when, much 
to his regret, illness prevented his attendance at a 
gathering of former members of his Department, 
who had come from all over the country to do him 
honour. 

Dr. Kenyon was married in 1917, and he is survived 
by his wife and only daughter. By his former 
un uate students he will be remembered as a 
careful and lucid lecturer, with a clear understanding 
of the problems which beset a student, but intolerant 
of slackness and slovenliness. His research studente 
will recall his kindly and inspirmg supervision of their 
work. Those who had the pleasure of serving on his 
staff will appreciate the encouragement he gave them 
in their research work, irrespective of the topics in 
which they were interested, and the manner in which he 
consulted them on all vital matters. All who knew 
him mourn the loss of a great chemist, of a great 
scholar, and, above all, of a great gentleman. 

J. W. Sacre 


Prof. F. G. Gregory, F.R.S. 


WrrE the death on November 27 of F. G. Gregory, 
plant science has lost one of ita most dynamio 
twentieth-century personalities. Gregory was born 
on December 22, 1893, and attended the Dame Alice 
Owen School. From the time he left school until his 
retirement in 1958—a period of forty-six years—he 
was associated with the Imperial College of Science 
and Technology (University of London). After 
graduating with first-class honours in botany, he 
joined the staff of the Research Institute of Plant 
Physiology, which was directed by Prof. V. H. 
Blackman. Later, he became assistant director of 
the Institute and eventually succeeded Blackman 
both as director and as professor of plant physiology 
in the Imperial College. He was elected a Fellow of 
the Royal Society in 1940, and a foreign member of 
the U.S. National Academy of Sciences in 1956. In 
1957 he was awarded a Royal Medal of the Royal 
Society. 

This, the bare outline of a highly successful academic 
career, gives little idea of the lifetime of high adven- 
tures of the mind which characterized 1t. Gregory 
had an unusual equipment in chemistry, physica and 
mathematics and as well an insatiable scientific 
curiosity. He brought his great breadth of knowledge 
to bear on a wide range of topics and illuminated 
them all. He began his researches at the time that 
the potential contribution of plant physiology to 
agriculture had been recognized by the establishment 
of the Research Institute under the auspices of the 
Ministry of Agriculture. Soon there began to appear 
in the Annals of Botany the series of papers which. 
form a corner stone in the foundations of modern 
quantitative physiology. His name is especially 
linked with studies of methods of growth analysis, 
mineral nutrition and vernalization of cereals, and 
with important advisory work on cotton-growing 
in the Sudan. When the Agricultural Research 
Council took over responsibility for the Institute, 
Gregory served on many of its committees, but his 
primary interest remained always the daily events of 
the laboratory with which he never lost contact. 
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His published work records only part of his con 
tribution to science; he will be remembered as much 
for his unique capacity to fire others with his owm 
passion for inquiry. No one worked under Gregory, 
they worked with him; he was at their service tc 
consider every notion with acumen and enthusiasm 
and to elicit from each one better than his best. His 
complex character with its often exaggerated response 
to events was capable as well of providing continuous 
encouragement and sympathy, and those who 
experienced his many kindnesses know how much 
time and trouble were spent in the consideration of 
their welfare, It was a source of deep satisfaction to 
him at the dinner given in his honour or retirement 
to see assembled so many of his former students and’ 
colleagues now themselves directing research. 

His relaxations, pursued with equal fervour, were 
music (he was both a composer and an accomplished 
pianist) and philosophy. He was a voracious reader 
and had a considerable collectitn of books which he 
bequeathed to the Imperial College. He was un- 
married. Henen K. PORTER 


Prof. C. H. O'Donoghue 


Vivip memories of zoology classes will have been 
recalled to many former students by the news of the 
death on November 28 of C. H. O’Donoghue, professor 
emeritus in the University of Reading, at the age of 
seventy-six. As a teacher he had the gift of presenting 
his material in a way made memorable by humour 
and of matching his subject with illuminating wit. 
To the many students who passed through his classes, 
either on the way to more advanced zoological 
studies or to medical or other scientific work, these 
are one of the more enduring memories of their under- 
graduate days. Though he often masked his serious 
purpose with a deliberately informal manner, 
O’ Donoghue expected a high standard of work from 
his students and taught them to appreciate the impor- 
tance of the great general principles of zoology. 
These were usually in relation to comparative 
anatomy, which he clearly regarded as the most 
important ingredient of zoology as an educational 
subject. This does not mean, however, that he was 
not interested in other branches of the science, for 
he had a far-reaching knowledge of both marine and 
freshwater zoology, and an extraordinarily wide 
knowledge of animals of all sorts. He learned his 
zoology before the modern application of physics and 
chemistry to the study of animals and, though he 
appreciated the findings of this newer work, was never 
really at home in it. 

As e research worker O’ Donoghue made his reputa- 
tion first as an anatomist, and the series of papers on 
the vascular system of Sphenodon, Troptdonotus and 
Squalus are standard accounts. To this series also 
belongs the paper on abnormalities in the anuran 
vascular system which earned him the Neil Medal of 
the Royal Society of Edinburgh in 1982. In addition 
to this anatomical work on vertebrates, O'Donoghue 
also carried out taxonomic work on nudibranch 
molluscs and bryozoans and is perhaps better known 
to more people as & specialist in one or other of theso 
groups. It was mainly in Bryozoa that he had latterly 
interested himself, and he was still at work on 
collections of these animals up to the time of his 
death. 

Charles Henry O’Donoghue was born in Bedford- 
shire in 1885. He went to King’s College, London, as 
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a student and in 1913 became an assistant in J. P. 
Hill’s Department at University College, London. 
He left this in 1920 for the char of zoology in the 
University of Manitoba, Winnipeg, returning to Great 
Britain on appointment to the Department of Natural 
History, University of Edinburgh, as lecturer in 
zoology and later reader and director of studies. 
He was appointed to the professorship of zoology in 
the University of Reading in 1939 and retired in 
1952, when tho title of emeritus professor was awarded, 
to him. O’Donoghue had been particularly active in 
university affairs at Reading and in the years 1950-52 
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Contributlons to Nature, 1961 


Doura the first year of the publication of Nature 
(November 1869-November 1870), the number of 
original communications (mainly “Letters to the 
Editor”, together with some special articles, though 
not the general ones) was 378. These came from 
17 different countries. In certain selected years after- 
wards, the number of original communications were 
as follows (number of such countries in parentheses): 
1910, 285 (19); 1920, 422 (17); 1980, 568 (27); 
1937, 648 (81); 1949, 1,066 (35); 1958, 2,362 (59). 
During the past year (1961) the number of such 
communications (“Letters to the Editors” only) was 
2,469, and these were submitted from 65 different 
countries. These were distributed as follows: 


Argentina 4 Italy 54 
Australia 150 Japan 87 
6 Kenya 8 
Belgium 27 Lebanon 1 
rexil 10 Malaya 9 
Brittsh Borneo 1 Mauritius 1 
British Hast Africa 1 New Guinga 3 
British G 2 New Zealand 84 
British Hond 1 Nigeria 8 
Britiah West Africa 1 Norway 17 
British West Indies 8 Pakistan 5 
Ceylon i Sart ae 35 
lon (e) 
Chile 8 Portugal 1 
Co 4 Rico 8 
Genchosldvakia 48 Roumania 5 
Denmark 21 Sarawak 2 
Eire 12 Sierra Leono 2 
Heys a F South Africa _ 
France 80 Budan 8 
French Central Africa 1 Sweden 37 
French West Africa 1 Switzerland 9 
— 30 T 7 
ermany 
Ghana 4 United Kingdom 794 
Greece ib Univer States oe 
Holland ruguay 
Hong Kong 1 U.8.8.B. (Russia) 5 
H 82 Venexuela 2 
Teeland 2 Yugoslavia 12 
Tran 2 — 
tre 1 Total No. ofcountries 66 
In 104 Total No. of communi- 
Tarael 25 cations 2,469 


These figures do not include research and other special 
articles, which have increased considerably over the 
past two years. 


Zoology at Oxford : 
Prof. J. W. S. Pringle, M.B.E., F.R.S. 


Trw appointment of Dr. J. W. S. Pringle, reader in 
experimental cytology in the University of Cambridge, 
to the Linacre professorship of zoology in the Univer- 
sity of Oxford is important for the development of 
biology generally in Great Britain at the present time. 
Dr. Pringle’s researches have been well known ever 
since his brilliant analysis of proprioception in insects; 
and psrticularly through his demonstration of the 
‘gyroscopic’ action of the halteres in Diptera, and 


NATURE 119 


served as deputy vice-chancellor. He was invited to 
serve as first president of the Science Technologists’ 
Association when it was formed in 1948 as a result of 
the great interest he had always shown in the welfare 
of laboratory technicians. He had acted as one of 
the secretaries of the Royal Society of Edinburgh 
(1937-39), president of the Royal Physical Society 
of Edinburgh (1933-36) and served on the Counoil 
of the Zoological Society of London. 

He leaves a widow and son to whom every sympathy 
will be extended in their bereavement. 

ALASTAIR GRAHAM 
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the manner in which the necessary informetion for 
the control of flight could be gained by these flies 
through the ‘strain-gauge’ campaniform sensilla. He 
has also made major contributions to the comparative 
physiology of muscle, particularly by the brilliant 
interpretation of the mechanics of rapidly oscillating 
insect muscles which are used for flight or for the 
development of ‘song’ in the Cicadas. 

Prof. Pringle’s scientific interests have, however, 
not been restricted to these particular problems. He 
has made important contributions to our knowledge 
of the evolution of physiological systems in living 
organisms generally, and he has drawn important 
parallels between the development of behaviour in 
animals and their evolutionary history. He has also 
meade contributions to the problems of the evolution 
of living systems from inanimate matter. While he 
was at Cambridge he not only undertook a very 
active programme in the teaching of undergraduates, 
particularly in the fields of cell biology and com- 
parative physiology, but also showed that he was a 
skilful man of affairs both in the administration of 
the Department of Zoology and while he held the 
office of bursar of his College (Peterhouse). He played 
a prominent part on the General Board of the Univer- 
sity which directs policy. He finds in Oxford a school 
with many able workers, some of whom have interdsts 
closely related to his own, particularly Dr. John 
Baker. Biologists both here and overseas will wish 
him and the Department all success. an 

For a time, Sir Alister Hardy, until recently 
Linacre professor, will retain his title of professor and 
continue as head of the Department of Zoological 
Field Studies. 


Chelsea College of Science and Technology: 
Dr. R. D. Purchon 
Pror. R. D. PURCHON, at present professor of 
zoology in the University of Ghana, has been 
appointed head of the Department of Botany and 
Zoology in the Chelsea College of Science and Tech- 
nology in succession to Mr. C. C. Hentschel, who has 
become vice-principal of the College. Prof. Purchon 
is a graduate of the University of Bristol and recently 
received the degree of D.8c. of that University. 
After teaching service in the University College of 
South Wales and Monmouthshire, Prof. Purchon 
became the first Raffles professor of zoology in the 
University of Malaya, Singapore, in 1950. He was 
appointed professor of zoology in the University 
College of Chona in January 1961. Prof. Purchon 
has done original zoological work in a number of 
fields, but he is chiefly known for his work on the 
anatomy and classification of marine Mollusca. 


el 


120 NATURE 


Soclété Royale des Sciences Naturelles du Laos 


Tam Société Royale des Sciences Naturelles du 
Laos was recently founded at That-Luang as a private 
and non-political society of leading Laotian scientists. 
The objects of the society are to initiate and encour- 
age scientific research in Laos, to promote the 
development of scientific ways of thought particularly 
among the young, and to strengthen the links between 
the scientific and commercial communities of Laos. 
To these ends it will organize private meetings and 
public conferences on scientiflo matters; it will 
arrange for the publication of Laotian scientific 
activities in its own bulletin, and it will contribute 
to the creation and development of a library and a 
museum. The Society is at present based on the 
laboratories of the Ministry of Agriculture at Vien- 
tiane. The president is Mr. Khamphay Abhay, and 
the general secretary is Mr. Oroth Choulamountry, 
Ministére de la Culture, Vientiane. 


The Decimal System and British Colnage 


Ox December 19 Lord Mills announced in the House 
of Lords that the Government, after considering the 
question of decimal coinage, in the light of public 
interest following the joint report of the Committee 
of the British Association and the Association of 
British Chambers of Commerce, thought real advan- 
tage would follow from adopting a decimal currency. 
In view of the widespread use of accounting and 
other monetary machinery, the transitional cost 
would be substantial, but could be limited by choice 
of the size of the new units and careful timing of the 
change-over. The Government considered, therefore, 
that a full-scale investigation into the best form of 
decimal currency, the steps by which the change 
could be effected and the cost of the change-over to 
the economy as a whole, was desirable and had 
decided to set up a Committee of Inquiry, with Lord 
Halsbury as chairman, to advise on these three points. 
Lord Mills added that the Government was very 
conscious of the importance of reaching firm decisions 
ag soon as possible and would disouss with the chair- 
man ways and means by which the Committee, the 
membership of which would be announced early in 
1962, could be enabled to make rapid progress. 
The other Commonwealth Governments had been 
informed of these proposals. In reply to further 
questions, Lord Mills estimated that 12-18 months 
might be required for the Committee to form its 
conclusions and advise the Government. He did not 
think that the Government could hold itself com- 
mitted to ehanging over at this stage. A similar 
statement was made at Question Time in the House 
of Commons on the same day by the Chancellor of 
the Exchequer, who emphasized that the Committee 
was bemg asked to consider methods and not whether 
the change should be made. 


Development Contracts and. the Department of 
Scientific and Industrial Research 


Snos the Council for Scientific and Industrial 
Research announced in May 19659 its intention of 
supporting science-based development in industry by 
a contract system, the Department, in consultation 
with the National Research and Development Cor- 
poration, has been examining a number of poten- 
tially valuable ideas. It was clear from the beginning 
that the choice of suitable projects would be difficult, 
for the Department is only concerned with projects 
which show a reasonable probability of achieving an 
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important technical advance. They might, for 
example, introduce a major departure in basio design 
principles; or introduce into industrial practice the 
results of advanced research; or link in a single 
design developments in different technological fields 
which have not previously found practical application 
in industry. While projects must be judged on their 
technical merits, they must not, of course, be of such 
a nature that their ultimate commercial success is 
very improbable. The fact that a project has origin- 
ated in a particular firm will obviously be a strong 
reason for placing the eventual further development 
work with that firm; but the Department would 
have to satisfy itself of the firm’s general®*ability to 
carry out the work as well as the competence of its 
research, design and development team. In all cases, 
the Department of Scientific and Industrial Research 
is likely to require the selected firm to make a sub- - 
stantial contribution to the of the project; in 
addition, the Department will seek a return on ite 
own contribution if the project is successful. 

The first development contract under this scheme 
has been made with Craven Brothers (Manchester), 
Ltd. of Stockport, for the development of a large 
gear-grinding machine. Craven Brothers will con- 
tribute towards the development costs and also pro- 
vide the special capital equipment necessary for the 
manufacture of the machine. The Admiralty is also 
interested in this project, which is based on earlier 
resgearoh work sponsored by it to meet its particular 
requirements. The whole development, for which 
Craven Brothers will considerably expand their 
design and development team, is expected to be 
complete in 3—4 years. Support from the Department 
of Scientific and Industrial Research will cease when 
the prototype ıs successfully demonstrated. 


British Programme for Nuclear Propulsion of 


Shipping 

In replying for the Government in an adjournment 
debate on the nuclear propulsion of shipping in the 
House of Commons on December 15, the Parlia- 
mentary Secretary for Science, Mr. Denzil Freeth, 
said that within three weeks of the Minister of 
Transport’s announcement on November 28 of the 
decision to undertake a research programme, under 
the guidance of a working group with the Permanent 
Secretary to the Ministry of Transport as chairman 
and including Sir William Cook, Sir Victor Shepheard 
and Prof. Diamond, the group had approved the 
general lines of a programme of research submitted 
by the Atomic Energy Authority which will carry 
the main responsibility for the programme. The 
programme will involve expenditure of about £3 
million over about three years and the organization 
will be comprised of a branch dealing with research 
into reactor design and experimental engineering; a 
second body concerned with research in nuclear 
physics; and a team to investigate the problems of the 
design of nuclear ships, construction and application, 
to which staff will be seconded from the British 
Shipbuilding Research Association. The two chief 
difficulties will be to design a reactor sufficiently 
robust for operation under violent motion, and to 
construct relatively small reactors with sufficiently 
low capital and running costs to be more attractive 
propulsion units than those driven by conventional 
fuels after allowing for further developments in the 
efficiency of such methods. It is, at present, intended 
to study four reactor systems: a modified version of 
the pressurized water reactor; the steam-cooled 
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heavy-water reactor; a steam generating heavy- 
water system already being developed at Risley; a 
high-temperature reactor system which might be 
developed from the Dragon reactor. Much work is 
going into the use of plutonium as a reactor fuel, but 
its commercial use is still distant. Mr. Freeth stressed 
the need to keep the whole research programme 
flexible and to be ready to take advantage of any 
reactor systems developed elsewhere which might 
appear promising. The pressurized water reactor 
used in the American merchant vessel Savannah was 
unlikely to provide an economical system. 
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NatlionaleScience Foundation International Science 
Activities Office 


An Office of International Science Activities, 
headed by Dr. Arthur Roe, has been established by 
the U.S. National Science Foundation. Dr. Roe has 
been head of the Foundation’s Planning Group for 
Educational and International Activities, the duties 
of which are now assigned to other Foundation 
offices. The main duties of the new Office will be: 
to provide staff and policy guidance on the inter- 
national aspects of supporting research, science 
education, exchange of scientific information, and 
other, related matters; to co-ordinate the Founda- 
tion’s activities involving new programmes or policies 
of international scope or significance; to administer 
Foundation staffs in Tokyo and Paris; and to develop 
experimental pro in international science 
co-operation. In addition, the new Office will aid 
the Department of State in planning, developing and 
administering U.8. foreign policy in science and 
acience education. 


Radioactivity in Water Supplies 


ReGULAR measuremente of radiostrontium and 
radiocesium in twenty water supplies derived from 
reservoirs, rivers and wells are made by the Health 
Physies and Chemistry Division of the Atomic 
Energy Research Establishment. The results of tests 
made from 1957 to the end of 1960 (A.E.RE. 
Research Group Rep. R 3552) show that the activity 
in both reservoir and river supplies increased in 1959 
when the activity in rain increased, but that the 
subsequent rate of fall of activity due to strontium 
was not so rapid as in rain. It appears that, par- 
ticularly for reservoir supplies, this is due to gradual 
leaching of strontium-90 previously adsorbed by the 
ground. The part played by adsorption in determming 
the concentration of radioactive substances in water 
ig also shown in a preliminary survey of the effect of 
radioactive effluent discharged to the Thames from 
Harwell (A.E.R.E. Res. Group Rep. F 3555). The 
principal radioactive constituent of this effluent is 
cesium-137, and the amount of this element adsorbed 
on the river bed is sufficient to reduce significantly 
the amount of radiocesium which would otherwise be 
present in drinking-water derived from the riv2r. In 
contrast to the behaviour of strontium, the adsorption 
of radiocssium appears to be almost Irreversible. 


The National Research Development Corporation 
of India 


THe seventh annual report and statement of 
accounts of the National Research Development 
Corporation of India cover the year ended March 31, 
1961, in which 31 inventions were reported for 
development by 14 research institutes, including 2 
from foreign countries, making a total of 584, of 
which 350 are effectively in hand (Pp. 31. New Delhi: 
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National Research Development Corporation of India, 
1961). Thirteen new patent applications were filed 
end 15 Indian patents obtained; 39 processes are 
licensed and in production and 78 licensed but not 
in production, while 94 have been released to industry, 
free of royalties, or technical details have been pub- 
lished; 234 processes have been dropped or with- 
drawn. New projects initiated during the year 
included prototype plants for “Hycol X’ activated 
carbon and the integrated processing of oil seeds; a 
Corporation unit for aromatic chemicals and Costus 
root oil at the National Chemical Laboratory, Poona, 
and a pilot plant for p- and m-cymene., Production 
of carboxymethylcellulose at Bilimora wasinaugurated 
m January 1961, of pine oil at Hoshiarpur in July 1960, 
and of the Amul baby-food plant at Anand in October 
1960. Pulot-plant work on the de-ionization of cane- 
sugar juice continued, the semi-commercial fluidized- 
bed unit for textile processing has been erected, 
installation of the pilot plant for phthalic anhydride 
completed, and optimum conditions have been 
determined for first sintering limestone, feldspar and 
gypsum from Rajasthan in the pilot white-cement kiln. 


Fire Notes 


THe Joint Fire Researoh Organization has com- 
menoed publication of a series of Fire Notes providing 
guidance to architects and others who are faced with 
the problem of producing buildings to meet the fire 
regulations without using uneconomic methods of 
construction. The first of these has recently been 
issued (Fire Note No. 1: Ftre-resistance of Floors and 
Ceilings. By G. I. Bird. Pp. +14. London: 
H.M.8.0., 1961. 2s. net). The fire-resistance of a 
floor is assessed in terms of the time for penetration 
from below by a standard fire, as laid down in 
British Standard 476: Part 1: 1953. Methods of 
increasing the fire-resistance of wood floors to 
specified extents by the addition of ceilmgs of 
various types are described. The higher resistances 
of typical re-inforced and pre-streased concrete floor 
structures are quoted, with a note on the repair of 
such floors after exposure to fire. Finally, advice is 
given regarding the restriction of extent and pro- 
tection of openings in fire-resistant ceilings required 
for light fittings, ventilation ducts and other services. 


Science as an Ald to Understanding 


Ix his Thomas Cawthron Memorial Lecture, 
“Science as an Aid to Un ing’, and now 
published as a booklet (Pp. 19. Nelson: Cawthron 
Institute, 1961), Viscount Cobham, Governor-General 
of New Zealand, questioned as too sweeping the 
assertion that those of the traditional culture failed 
to understand the scientific revolution of the 
twentieth century which is creating an industrial 
society of electronica, atomic energy and automation. 
He thought that the present system of education did 
not tend to produce all-rounders, and that the tend- 
ency towards greater specialization made it more and 
more difficult for the schools to provide the balanced 
training that was needed—well-disciplmed scholars 


in the liberal tradition who had also received a - 


reasonably good scientific training. Emphasizmg 
that the average pupil needed discipline if he were to 
become a good and responsible citizen, Viscount 
Cobham thought it was sheer waste of first-class 
material to hold the most gifted back to the pace of 
the average, but he pointed out that few of the world’s 
great problems were capable of solution through the 
intellect alone: the element of intuition or imagination 
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entered and there was also a moral element. Our 
failures to-day were due not to the teaching of science 
but to the materialism, cynicism and disillusionment 
which had followed the two World Wars; and science 
must increasingly play ita part in broadening and 
deepening human understanding rather than merely 
improving techniques: a combination of the liberal 
arts and science would point the way to new flelds of 
wisdom. 


Darwin’s Notebooks 


Somm addenda and corrigenda have now been 
added to the series of articles published to throw fresh 
light on Darwin’s Notebooks on Transmutation of 
the Species (Bulletin of the British Museum (Natural 
History). Historical Series. Vol. 2, No. 6. Pp. 185- 
200. London: British Museum (Natural History), 
1961. 73.). The addenda and corrigenda have been 
edited by Sir Gavin de Beer and M. J. Rowlands, the 
addenda dealing with 28 pages which have been 
recovered from those excised by Darwin from his 
notebooks. The reasons which led Darwin to adopt 
the method of cutting pages out of his notebooks are 
obscure. His entries of “All useful pages cut out”, 
made in December 1856, show that he wanted to use 
them for his large work on species on which he was 
then engaged. It may not be legitimate to draw 
conclusions from the relatively small number of 
excised pages that have been found, but it is difficult 
to avoid asking the question why these particular 
pages should have been considered by Darwin to be 
more “useful” than many of those which he did not 
excise. One of the pages (105, from the Second Note- 
book) contains material about the similarity of nest- 
building instincts in different species of thrushes in 
the Old and New Worlds, which can be traced right 
through to the Origin of Spectes. Another page (160, 
from the Second Notebook) on woodcocks in Madeira 
having lost their migratory instinct appears in the 
Essays of 1844. The corrigenda have emerged as a 
result of re-examination of the text, comparison of 
the text of the First Notebook with that published 
by Prof. Paul H. Barrett, of Michigan State Univer- 
sity, and a series of corrections supplied by Dr. 
Sydney Smith. The majority of these has been 
accepted, and the list of corrigenda has been drawn 
up to make the printed text of Darwin’s Notebooks 
as accurate as possible. 


Beryliium—the New Light Metal 


CONSOLIDATED Buryiiiom, Lrp., has recently 
issued a booklet entitled BeryWium-—the New Light 
Metal, which gives an informative account of the 
extraction, properties and uses of beryllium (Pp. 16 
London: Consolidated Beryllium, Ltd., 1961). Beryl- 
lum has a low density, low neutron absorption, 
high thermal conductivity, high specific heat, and 
high elastic modulus, and is used in nuclear reactors, 
missiles and precision instruments. Research on its 
use as an aircraft structural material is in progress. 
Consolidated Beryllium, Ltd., associated with Con- 
solidated Zinc Corporation, Ltd., operate metal 
reduction and alloy plants at Avonmouth, and & beryl- 
lium oxide preparation and ceramic ware factory at 
Milford Haven. 


Measuring and Recording Humidity 

Lisr 70/1 of the Cambridge Instrument Company 
is a new 16-page illustrated leaflet in which is described. 
the Company’s range of hygroscopic and wet-and-dry- 
bulb humidity indicators, recorders and controllers. 
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Instruments utilizing the hygroscopic method of 
measurement use & sensitive element—two specially 
selected and treated strips of membrane—that 
varies in length with the relative humidity of the 
atmosphere. Wet-and-dry-bulb instruments use 
either meroury-in-steel systems or electrical resistance 
thermometers. The choice between the two types of 
instruments for a particular application is determined 
mainly by the conditions in which the instrument is 
to be used. Generally the wet-and-dry-bulb instru- 
ment is more suitable for industrial use; it is robust, 
is not affected by a contaminated atmosphere and 
may be used at a considerable distance from the 
recorder. The principal advantage of the hygroscopic 
instrument is that it gives a direct measurement 
of relative humidity. The instruments described in 
the leafiet include a hygroscopic indicator for the 
measurement of the moisture content of paper and 
similar materials, mechanical and electrical wet-and- 
dry-bulb recorders, combined temperature and 
humidity recorders and various types of controllers 
including a multi-point electronic recorder/controller. 
In the short bibliography at the end of the leaflet 
reference is made to the National Physical Laboratory 
and, British Standards publications of humidity, and 
to various humidity tables and charts suitable for use 
with the Cambridge instruments. 


Recent Archzology In Asia Minor 


A RECENT issue of Die Umechau in Wissenschaft 
und Technik (61; October 15, 1961) contains a short 
article by Dr. F. K. Dorner on his recent excavations 
at Arsameia in Kommagene, eastern Anatolia. The 
lands of Kommagene extended along the upper 
reaches of the Euphrates, and are first noted in the 
Annals of the Assyrian Kings as Kummubi, when 
they lay within the territory of the Assyrian empire, 
sending cedarwood as tribute to Sargon IT in the late 
eighth century 8.0. Dörner is attempting to recover 
so far as possible the historical development of Kom- 
magene, and here he describes an important rock-cut 
inscription at Arsameia on the Eski Kale (or Old 
Fortress) near Eski Kahta. This monument describes 
the dedication of Arsameia on the Nymph to King 
Antiochos and his father Mithridates Kallinikos by 
the enrichment with statues and reliefs of the ancient 
site during the first century B.o. A complex series of 
subterranean chambers and passages, one of which 
leads to the summit, has also been investigated by 
Dorner, as well as architectural remains of later 
periods. He describes the fortress of Arsameia- 
Kâhta, a stronghold built on two levels in the Middle 
Ages, Eski Kale containing the arsenal, storerooms 
and barracks, Yeni Kale, the royal residence, with a 
passage under the Nymph connecting the two well- 
defended levels. An inscription in the tower of Yeni 
Kale records the building of this fortress in the 
thirteenth century A.D. by Sultan Kala’un to control 
the surrounding territory. Previous work in Komme- 
gene was reported in Die Umsechau in 1940 and 1953, 
and a definitive report will appear in Vol. 22 of the 
Istanbuler Forschungen. 


Research Fellowship Exchanges between Britain 
and Sweden 


Ten Wellcome Trust and the Medical Research 
Council of Sweden have arranged for the establish- 
ment of a system of exchange fellowships, which will 
commence at the beginning of the academic year 
1962-63. Under this system, one British research 
worker or research trainee in any branch of human 
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or animal medicine will be sent to a research centre 
in Sweden for one year, while one Swedish research 
worker in the same range of disciplines will be sup- 
ported at a research centre in the United Kingdom. 
Further information can be obtained from the Well- 
come Trust, 62 Queen Anne Street, London, W.1. 


Postgraduate Course in Nutrition 


THE latest development in the rapidly developing 
Department of Nutrition at Queen Elizabeth College, 
Campden Hill Road, London, W.8, is the introduction 
of a course leading to the University of London 
academic postgraduate diploma in nutrition. This 
one-year course, directed by Prof. John Yudkin, of 
Queen Elizabeth College, is meant chiefly for gradu- 
ates in medicine, agriculture or veterinary science. 
It will give a comprehensive training in the various 
aspects of nutrition; it will deal not only with the 
physiology and biodhemistry of nutrition, but also 
with the social and anthropological factors concerned 
with food habite, with the effects on nutritional 
value of modern methods in food producing and food 
processing, and with the economic and demographic 
aspects of food distribution. This course follows the 
introduction a few years ago, also at Queen Elizabeth 
College, of courses leading to the degree of B.Sc. 
(Nutrition). People with this degree are now doing 
research in nutrition—some in industry and some in 
academic institutions—or teaching nutrition, or 
working in the developing countries. The new post- 
graduate course will provide a formal training for 
those medical men and others who, after graduating, 
find that they wish to make a career in the field of 
nutrition, in which there is important work waiting 
to be done both at home and overseas. 


University News: Birmingham 


A. A. WALTERS, senior lecturer in the Department 
of Econometrics and Social Statistics in the Univer- 
sity of Birmingham, has been appointed to the newly 
established chair of econometrics and social statistics 
from January 1. Titles of reader have been conferred 
as follows: Dr. J. C. Bevmgton (chemistry of poly- 
mers); Dr. G. A. Gilbert (biophysical chemistry); 
Dr. J. Sheridan (physical chemistry). Appomtments 
to lectureships are as follows: Dr. A. H. M. Hoare 
(pure mathematics); ‘Dr. J. Lowe (nuclear physics); 
R. J. Sury (engineering production). J. P. Barton 
has been appointed to be Nuffield Research Fellow 
in the Department of Physics. Other Research 
Fellowships are: Dr. Luichie G. Kno-Petravic 
(nuclear physics); E. J. Hughes (physical metallurgy). 


Bristol 


Mr. J. R. Huan SUMNER has presented £50,000 to 
the University. This generous gift is intended to be 
applied specifically for the better equipment, im- 
provement and maintenance of the new Rheumatism 
Wing of the Clinical Research Annexe to the Queen 
Elizabeth Hospital where the research work of the 
clinical departments of the University is carried out. 


London 


Dr. C. W. Jonges, reader in applied mathematics 
in the Imperial College of Science and Technology, 
has been appointed to the chair of mathematica 
applied to engineering tenable at that College. 

The title of professor of mathematics has been 
conferred on Dr. W. B. Bonnor in respect of his post 
at Queen Elizabeth College. 
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The title of reader in chemical pathology has been 


conferred on Dr. P. G. Walker in respect of his post- 


at the Institute of Orthopsdics. 


The Night Sky in January 


New moon occurred on Jan. 6d. 12h. 36m. v.t. and 
full moon on Jan. 20d. 18h. 17m. The followmg 
conjunctions with the Moon take place: Jan. 16d. 
17h.,, Aldebaran 0-6° §.; Jan. 23d. 04hb., Regulus 
0-6° 8. In addition to these conjunctions with the 
Moon, Mercury is in conjunction with Jupiter on 
Jan. 16d. 17h., Mercury being 0-4° 8. Mercury is an 
evening star, visible later in the month low in the 
south-west after sunset. Venus, Mars, Jupiter and 
Saturn are all too close to the Sun for easy observa- 
tion. Occultations of stars brighter than mag- 
nitude 6 are as follows, observations being made at 
Greenwich: Jan. 16d. 15h. 33-0m., « Tau. (D); Jan. 
16d. 16h. 16-6m., « Tau. (R); Jan. 17d. 03h. 14:3m., 
318B. Tau. (D); Jan. 17d. 17b. 317m., 120 Tau. 
(D); Jan. 28d. 04h. 11-5m., a Leo. (D); Jan. 23d. 
05h. 18-7m., a Leo. (R); Jan. 30d. 04h. 37-9m., y Lib. 
(D); Jan. 80d. 05h. 43-7m., y Lib. (R); D and R 
refer to disappearance and reappearance, reapectively. 
The Quadrantid meteors were active during January 
3—4, conditions being fairly favourable; the radiant 
is near R.A. 15h. 28m., Dec. + 50°. The Earth was 
at perihelion on January 2, its distance from the Sun 
being 91-3 million miles. 


Announcements 


Mr. W. K. Braseur, secretary of the Institution 
of Electrical Engineers, has been elected a corre- 
sponding member of Den Norske Ingeniorforening 
(the Norwegian Institution of Engineers). 

Mxzsseas. W. H. Freeman ann Co., Lro., Hyde 
House, West Central Street, London, W.C.1, announce 
that they hold reprints of articles appearing in The 
Scientific American. They can now supply from their 
London office more than 250 different articles (price 
ls. 6d. each) which have appeared in that journal 
during the past ten years or so. A complete list of 
these reprints will be sent on request. 

Taw Plastics and Polymer Group of the Society of 
Chemical Industry has instituted an annual award of 
£50 for & paper on any aspect of the science of syn- 
thetic macromolecules. Further information can be 
obtained from the Plastics and Polymer Group 
Award, c/o Society of Chemical Industry, 14 Belgrave 
Square, London, 8.W.1. 


A Pruss course, organized by the Reactor School 
of the Atomic Energy Research. Establishment, 
Harwell, is to be held at the School during February 
7—8. Further information can be obtained from J. N. 
Hull, Reactor School, Atomic Energy Research 
Establishment, Harwell, Didcot, Berks. 


A 808001 of theoretical chemistry, organized by 
the Department of Physical Chemistry, Hebrew 
University of Jerusalem, is to be held in the Depart- 
ment during April 2-14. Further information can be 
obtained from the Department of Physical Chemistry, 
the Hebrew University of Jerusalem, Israel. 


A COURSE of eight lectures on “The Application of 

Computers to Engineering Problems’ has been 

by the Borough Polytechnic, London. The 

lectures will be delivered on Wednesday evenings, 

beginning on January 17. Further information can 

be obtained from the Secretary, Borough Polytechnic, 
Borough Road, London, 8.E.1. 
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CHEMICAL ENGINEERING IN THE IMPERIAL COLLEGE OF 
SCIENCE, LONDON 


HE endowment of the Courtauld chair of chemi- 

cal engineering in the Imperial College of Science 
and Technology (University of London) in 1945 
was & generous recognition by industry of the pioneer- 
ing efforts of the College in establishing chemical 
engineering as a distinctive academic discipline. The 
first holder of the chair, Prof. D. M. Newitt, bas 
recently retired having reached the age limit. Prof. 
Newitt had a long association with the College. 
After a period of training in the chemical industry, he 
graduated in chemi at the Royal College of 
Science in 1921 and later studied under J. W. Hinchley 
in the Department of Chemical Technology. 

Under Newitt’s leadership the teaching of chemical 
engineering in the College developed rapidly in the 
post-war years ; his constant purposs was to rationalize 
this teaching by emphasizing ita fundamental rela- 
tionship with the physical sciences. Of his former 
students and colleagues some twelve now hold chairs 
in other universities in Great Britain and overseas 
and many are now leaders in various branches of 
industry. He wes a founder member of the Institu- 
tion of Ohemical Engineers and was its president in 
1949 and 1950. 

A second chair of chemical engineering science was 
instituted in the College in 1957 and has been held in 
turn by P. Danckwerts and K. G. Denbigh. 

Since its inception under Bone and Hinchley in 
1912, the Department of Chemical Engineering and 
Chemical Technology has been noted for strong and 
active research groups in various branches of pure and 
applied physics, chemistry and chemical engineering. 
Prof. Newitt has given continued support to this 


tradition by his insistence on the value of original 
work as an essential and not merely an optional 
component in the education and traming of tech- 
nologiste, and by his leadership in the field of research 
at high pressures. Newitt was elected a fellow of the 
Royal Society in 1942; an honorary doctorate was 
conferred on him by the University of Toulouse in 
1961. He will continue to be a valued member of the 
Department as Senior Research Fellow of Imperial 
College and as emeritus professor in the University 
of London. 

The new holder of the Courtayld chair, Prof. K. G. 
Denbigh, is already well known to the College and 
University for his work since 1959 as professor of 
chemical science in the De ent. He 
graduated in the University of Leeds in 1982 and 
received the Ph.D. degree in 1934. After four years 
service with Imperial Chemical Industries at Billing. 
bam he was lecturer in chemistry in the University of 
Southampton during 1938-41. During the War years 
from 1941 until 1945 he was chief chemist at the Royal 
Ordnance Factory, Bridgwater, and he returned tc 
Imperial Chemical Industries in 1945 as head of the 
Physical Chemistry Department of the Akers Labora- 
tory at Welwyn. He went to the University of 
Cambridge in 1948 as lecturer in chemical engineering 
and in 1955 became professor of chemical technology 
in the University of Edinburgh. 

Prof. Denbigh’s varied 3xperience of industria 
and university activities in chemical engineering anc 
chemical technology should prove of continued value 
and fruitfulmess in his new post as Courtauld 
professor. A. R. UBBELOHDE 


THE UNIVERSITY OF LIVERPOOL: THE NEW BUILDING IN THE 
FACULTY OF VETERINARY SCIENCE 


HE Faculty of Veterinary Science in the Univer- 

sity of Liverpool had an open day for its new 
building on October 27 and 28. This building (Fig. 1), 
which houses the Departments of Veterinary Anatomy 
and Veterinary Pathology and Bacteriology, had been 
mning of the year. 

The new building, which is part of the University’s 
development plan, lies on the north side of the science 
precinct, facing into what will be an open space also 
bounded by Chemistry, Physics and Mathematics 
buildings. The Veterinary Building has an area of 
46,130 sq. ft. and cost approximately £250,000, 
90 per cent of which was provided by a grant through 
the University Grants Committee. The architect is 
Mr. E. Maxwell Fry. It comprises a main building of 
three floors, flanked on each side by single-storey 
wings built around open yards. The ground-floor 
contains the Faculty offices, staff library and students’ 
reading room, the Department of Veterinary Anatomy 
staff laboratories, and a photographic unit for the 
Department of Veterinary Pathology and Bacterio- 
logy. The first-floor accommodation is grouped 
around a central museum, which is shared by both 
Departments, and extends from one side of the 


building to the other. Each Department also has its 
own practical classroom with bench accommodation 
for forty students. 

The second, floor is occupied by the Department oi 
Veterinary Pathology and Bacteriology. Accom. 
modation includes staff laboratories, a unit for 
virological work and service rooms for the washing 
and sterilization of glassware, preparation of media, 
tissue processing and a museum workshop. There is 
also a laboratory for postgraduate practical classes 
with bench space for sixteen studente. 

The Anatomy wing includes a large dissecting room 
with cold store and X-ray facilities for anatomica 
studies; a tank room and preparation rooms are 
adjacent. Around the open yard are large anima 
loose-boxes, accommodation for laboratory animal: 
and experimental rooms. The teaching accommoda. 
tion comprises a lecture theatre and a tutorial room. 

The Pathology wing also has a large open yard 
bounded on its southern end by the Veterinary 
Investigation Centre of the Ministry of Agriculture, 
Fisheries and Food. Opening into this yard are 
loose-boxes for farm animals and a unit for the 
breeding and maintenance of stocks of laboratory 
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Fig. 1 


animals. At the north end of the enclosure are post- 
mortem rooms, a cold store, a gas cremator and a 
diagnosis laboratory. The wing is completed by a 
large lecture theatre with seating for more than one 
hundred people. 

The Department of Veterinary Anatomy is respon- 
sible for the teaching of gross and topographical 
anatomy, histology and embryology. Recently 
installed equipment includes X-ray apparatus suit- 
able for work with farm animals, including ciné 
radiography with a 9-in. image intensifier. There is 
also a completely equipped experimental operating 
theatre. Research projects in hand include studies 
on growth-rate of tissues, the hormonal control of 
lactation, the transport and fate of gametes, and 
structure and function in the hip joint. 

The chair of veterinary anatomy has been re- 
established and Dr. A. S. King, of the University of 
Bristol, will be taking up the appointment in January. 

The Department of Veterinary Pathology and 
Bacteriology undertakes the teaching of gross morbid 
anatomy, histopathology and microbiology including 
virology. The Department is also responsible for 
instruction in applied pathology, including the 
principles of food hygiene with particular reference 
to food of animal origin. ‘The equipment of the 
Department now comprises all the more modern 


apparatus necessary for microbiological and histo- 
pathological studies, including a cold laboratory 
operating at 4° C. and a unit able to provide all the 
photographic requirements of the Department. 

Research work on the microbiological side of the 
Department consists of a series of projects designed 
to elucidate the pathogenesis of enteric infections, 
using fowl typhoid, coli-bacillosis in calves, and bowel 
cedema in pigs as models. The role of hypersensitivity 
in producing the lesions associated with these infec- 
tions is of particular interest. Another problem in a 
somewhat similar field are the ante-mortem factors 
which may govern the post-mortem invasion of the 
carcass. This problem has a particular relevance to 
meat hygiene. 

Research in histopathology in concerned with 
demyelination in the central nervous system, especi- 
ally in swayback in sheep, and the histopathological 
changes in the reproductive system in certain forms 
of vitamin A deficiency. 

Apart from teaching and research responsibilities, 
the Department undertakes a considerable volume of 
routine diagnostic investigations for the clinical 
Departments of the Veterinary School, and some 
work for veterinary surgeons in practice. In 1960 
this amounted to 663 post-mortem examinations and 
1,186 other diagnostic tests. D. L. HUGHES 


PIGMENT CELLS IN ANIMALS 


HE fifth International Pigment Cell Conference, 

in a series initiated by the late Myron Gordon, 
was held in New York during October 11-14 under 
the auspices of the New York Academy of Sciences 
and was organized jointly by them and by Dr. Vernon 
Riley, of the Sloan-Kettering Institute for Cancer 
Research, Rye, New York, and Dr. Joseph G. Fortner, 


of the Memorial Sloan-Kettering Cancer Center, New 
York. As in previous conferences, contributions 
ranged from the fields of medical statistics and 
dermatology to those of genetics and cell chemistry. 
The generosity of the New York Academy of Sciences 
and the Damon Runyon Fund for Cancer Research 
enabled contributors from many lands to attend. 













ite the very large number of contributions (about 
‘papers were read during each morning, after- 


ns followed almost all of them. It is hoped that, 
th the previous conferences, this discussion will 
-published fairly fully in the Proceedings. 
The opening session was concerned primarily with 
® occurrence, diagnosis and treatment of pig- 
entary disorders and malignant melanoma. The 
presentation in this session was an elegant time- 
apse cinematographic study by G. G. Rose of the 
ecretion of melanin granules by the Golgi apparatus 
‘melanotic melanoma cells in tissue culture. Two 
ases of secretion were shown which correlated well 
th later papers based on electron microscopy. 
The second session was again primarily medical 
cand concerned. with the treatment of malignant 
“melanoma. Natural resistance, radiation and selective 
perfusion were considered. Doubt was cast on the 




















validity of results from gross inspection of intra- 
dermal nevi; little correlation was found with 
exhaustive microscopical analysis. There appeared to 
be differences in the methods used for the treatment 

of melanoma on the two sides of the Atlantic. 

o Contributions to the third and fourth sessions were 
primarily concerned with the ‘natural history’ of the 
pigment cell system in man and animals and it was 
pleasing to find Prof. R. D. Passey and Prof. S. 
Rothman as the chairmen for these respective 
sessions. A paper by A. S. Breathnack, M. 8. C. 
Birbeck and J. D. Everall on the Langerhans cell 

was presented by Breathnack; these cells have 
variously been considered as effete melanocytes, 
effete Schwann cells, macrophages and non-pigmented 
dendritic cells which may be ‘infectively transformed’ 
into melanocytes, New evidence of their structure 
from electron microscopy of human skin in various 
normal, pathological and experimental conditions 
strongly supports the view that this cell form repre- 
sents an alternative choice available to the melano- 
blast, which may be irrevocable. 

R. G. Staricco has been able to demonstrate the 

g existence of non-pigmented cells of the pigment cell 

j system, normally indistinguishable from Malpighian 
layer cells in the unpigmented human hair follicle 
wall. These cells when mvolved in re-colonization of 
the surface after dermabrasion become or produce 
normal melanocytes. 

H. Pinkus and Y. Mishima proposed, as a result of 
histological and cytological analyses of various 
normal and abnormal pigmentary conditions in man, 
that ‘nevus cells’ appear as a separate population 
(‘nevoblasts’) during development and are not 

= modified adult melanocytes. 
6G. Szabo presented an elegant experimental series; 
by sequential, topical application of certain carcino- 
gens, pigmented (dermal) macule are caused to 
ppear in mouse skin. The epidermal pigment cell 
stem produces melanocytes which may possibly 
ade the dermis, but in all probability the greatest 















ntribution is from pigment cells of the hair follicles, 
ound which the maculæ appear and enlarge. 

H. Rappaport and P. Shubik reported induction 
of pigmented (benign) tumours by a single application 
-of carcinogen to the skin of Syrian hamsters, further 
evidence that a competent melanoblast system occurs 
in this skin. R. E. Billingham and W. K. Silvers, 
ombining immunogenetie and transplantation tech- 
niques, have demonstrated finally that the phen- 
omenon of ‘pigment spread’ in spotted guinea pigs is 
due to pigment cell migration, at least in the black- 

















- to-white spread. 


and, on one day, evening session), lively dis- - 


point of view. 





< Work on hormonal effects of — 
radiation-induced tanning of skin was reported by 
W. C. Quevedo and J. A. Smith: correlation between 
certain genetic backgrounds and extent of effect was 
striking and may throw light on the complexities of 
sun-tanning and normal pigmentation processes. 

H. B. Chase, W. E. Straile and C. Arsenault con- 
sider, as a result of irradiation of mouse hair follicle © 
with various ions (which penetrate to known depths) 
and with electron beams, that the depigmentary 
effect of the irrediation is indirect; the vascular 
system is not considered a likely mediator, but sus- 
picion falls on the epidermal cells of the upper 
follicle, which will contribute to the néxt germ. 
Further evidence for the indirect action of irradiation 
(X-rays) in de-pigmentation was presented by J. 
Cohen; he showed that a competent pigment cell 
system was still present in irradiated, and therefore 
white, guinea pig ear skin and Brown Leghorn neck- 
feather areas. Such tissues produced many melano- 
cytes in culture and supported pigmentation of 
implanted vibrisse or feather papilla. He presented 
evidence that the effect is indeed mediated by the 
ectoderm concerned. 

Although the stromal pigment cells of different 
mammalian species vary considerably in the location 
and morphology of the granules, A. J. Tousimis showed 
that the iris pigment epithelium is remarkably con- 
stant; this may correlate with the different cell origins. 

The fifth session involved a long-established 
schism among those interested in pigment. cells—the 
origin of the melanin granule. M. Seiji, T. B. Fitz- 
patrick and K. Shimao maintained, as a result of 
electron microscopy and cell particle fractionation 
procedures, that the ‘melanosome’ is a distinct entity 
which may be shown to have origin in tiny (ribo- 
somal ?) granules which come into relation to the 
Golgi zone of the cell. H. du Buy and M. Woods, 
D. Burk and J. Hunter, on the other hand, con- 
sidered the mitochondrion as a close relative of the 
melanin granule, based mainly, it appears, on mixed 
particulate studies and a common affinity for Janus 
green. M.S. C. Birbeck and 8. R. Wellings and B. V, 
Siegel supported the melanosome theory, as did F. H. 
Moyer in an elegant correlation of genetic determ- 
ination of pigment type and granular fine structure. 
V. Mishima and A. V. Loud complemented this latter 
study with similar observations on progressive pig- 
ment granule development in xanthic goldfish scales, 
induced to melanise in vitro. 

Consideration of the melanocyte-stimulating hor- 
mones, both from the clinical and biochemical points 
of view, formed the basis of the sixth session. W. 
Chavin has explored the pigmentation processes of 
the goldfish from an endocrinological and biochemical 
G. T. Ross and W. D. Odell have 
experimentally verified that the melanophore index 
of frogs, the duration of response to melanocyte- 
stimulating hormones and the time taken to respond 
vary inversely with temperature; they may there- 
fore be used to study temperature kinetics of hormone 
action, A. C. J. Burgers demonstrated, by electro- 
phoresis, the presence of various melanocyte-stimu- 
lating hormones in mammals and lower vertebrates. 

Included in the seventh session, concerned with 
melanocyte genetics, were papers of exceptional 
interest. M. Foster, in an elegant correlation of 
genotype in the mouse (especially the B locus) with 
the biochemical situation which leads to the various 
coat colours, has brought us much nearer to a clear. 
conception of the mode of gene action. 
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K. H. Kim, T. T. Tchen and F. Hu showed that 
when skin of xanthic goldfish produces melanocytes 
s cell division is involved; presumably the melano- 
blasts do not become melanocytes, but produce them. 

G. Cleffmann presented a very impressive study of 
the mode of action of genes at the agouti locus in the 
mouse. He showed that yellow or black pigment 
production is not the result of intrinsic differences in 
the pigment cell system, but that ıt is determined by 
the environment of the melanocytes; there is consider- 
able evidence of the importance of sulphydryl groups. 

Vernon Riley has evidence from very many tumour 
lines, in mice, of the existence of a serially trans- 
missible Yirus-like factor, which is associated with 
high lactic dehydrogenase-levels in the body fluids. 
“Virus-free’ tumours newly induced by methyl- 
cholanthrene increased their capacity for anaerobic 
glycolysis five-fold after infection with the tumour; 
and blood lactic dehydrogenase-level rose 200-fold. 
Such results from the serially propagated lines 1s now, 
therefore, suspect. 

Work on the mechanism of induction of melanoma 
in Drosophila and on the ‘induced genetic change’ 
resulting appeared, at presentation, to suffer from 
almost total absence of control experiments. Any 
generalizations from these results may well be 
premature. A paper by H. W. Lewis, in great con- 
trast to the previous Drosophila papers, correlated 
genetic change with tyrosmase activity and lability, 
& specific tyrosinase activator (protein) and dialysable 
and non-dialysable inhibitors of the activated enzyme. 

The eighth and ninth (final) sessions were devoted 
to ‘Molecular and Macromolecular Aspects of 
Melanogenesis” and included a paper by A. 8. Fox 
and J. B. Burnett which dealt with a system from 
Neurospora which was substantially similar to 
Lewis’s Drosophila system. These sessions also in- 
cluded discussions of such diverse topics as the 
importance of pterins in the pigmentation of fish and 
amphibians (T. Hama), the biochemical role of mito- 
chondria (K. Giger), and the use of chromatography 
to detect the presence of melanin in the urine of a 
patient with metastatic melanoma (E. Ghisland). 
The beautiful experimental work using “C-DOPA 
described by 8. 8. Greenberg and M. J. Kopac has 
given more information about the pigment cell 
system, normal and abnormal, in xiphophorin fishes. 

A number of phenolic intermediates in the forma- 
tion of melanin from tyrosine are potentially cyto- 
toxic agents, and the way in which these act was 
described by P. Hochstein end G. Cohen. The toxic 
effects of hydrogen peroxide (formed through the 
autoxidation of 3,4-dihydroxyphenylalanme) in 
melanomas are prevented through the action of the 
glutathione peroxidase pathway. 

On the more purely chemical side, C. R. Dawson 
and W. B. Tarpley produced new evidence of the 
formation of o-benzoquinone, J] ,2,4-trihydroxybenzene 
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and hydroxyquinone as intermediates in the tyro- 
sinase-catalysed oxidation of catechol, which results 
in the formation of a dark, polymeric pigment. The 
apparently increased stability of o-benzoquinone in 
i systems is explained in terms of catechol 
reformation and re-oxidation. H. J. Bright, B. J. B. 
Wood and L. L. Ingraham speculated on the role of 
copper in tyrosinase-catalysed reactions, but more 
experimental support for their theory is required. 
G. A. Swan summarized recent work on the chemical 
structure of melanins, smphasizing that not all black, 
insoluble, naturally occurring or synthetic polymeric 
pigments were identical, and presented evidence of 
the retention of intact methylene groups from the 
side-chains of 3,4-dihydroxyphenethylamine or 3,4- 
dihydroxyphenylalanine in melanins formed from 
these compounds under some conditions. He also 
indicated that 2,4,5-trihydroxyphenethylamine and 
2,4,5-trihydroxyphenylalanine were unlikely to be 
major intermediates in the formation of melanims 
from the corresponding 3,4-dihydroxy-compounds, 
although B. Witkop expressed the view that some 
hydroxylation of 3,4-dihydroxyphenethylamine was 
likely to occur, even if only to a minor extent. 

The last paper of the conference was by P. Brunet 
and discussed the metabolism of tyrosine in insects, 
leading to the formation of integumental pigments 
and to the formation of quinones, which are con- 
cerned in the ‘tanning’ of protem. This was followed 
by a brief, concluding speech by Dr. M. J. Kopac. 

Emphasis in the biological papers seemed to be on 
two aspects of pigment cell biology. First, attention 
was directed to the melanoblast and melanocyte in 
their tissue relationships, responding both to local 
and to endocrine factors by a change of metabolic 
pathways; secondly, correlations between genetic 
and biochemical phenomena showed promise of great 
impacts on both subjects in the near future. On the 
chemical side, our very meagre knowledge of the 
processes lesding to pigmentation was only too 
apparent. The conference can certainly be expected 
to stimulate increased and renewed effort on the 
medical, biological and chemical aspects of cellular 
pigmentation. 

It was obvious from the excellent arrangements 
made for the conference that Drs. Riley and Fortner 
had devoted an enormous amount of time and 
energy to the organization of the conference. Its 
success may be judged from the fact that people were 
already looking forward to the possibility of a sixth. 

At the conclusion of the conference, those visiting 
foreign participants who were able to stay were most 
generously entertained by Mr. Claude-Arpels at his 
Westchester summer home and later made a short 
visit to the new Walker Laboratory of the Sloan- 
Kettering Institute at Rye. 

J. COHEN 
G. A. Swan 


TECHNICAL CO-OPERATION UNDER THE COLOMBO PLAN 


HE report for 1960-61 of the Council for Tech- 

nical Co-operation in South and South-East Asia, 
while mainly providing @ readable account of tech- 
nical co-operation under the Colombo Plan during 
the year, giving besides figures numerous examples 
of such co-operation m economic development and in 
the development of social services, includes a chapter 


which surveys briefly ten years of technical co-opera- 
tion under that Plan*. Of the present nineteen 
full members of the plan, nine are members of 
the Commonwealth, and during the year 4,417 new 

* Department of Technical Co-operation. Technical Co-operation 
under the Colombo Plan: Report for 1960-61 of the Council for 


Techmeal Co-operation in South and South-East Asin, Colombo, 
October 1961. Pp 68, (London: H.ALS.0., 1961.) 4s. 6d. net. 
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trainees brought the total for the decade to 19,583, 
while provision of 786 new experts brought the total 
provided under the Plan for longer or shorter periods 
to 3,155. Besides this contribution to the building 
up of skilled technical and administrative man-power 
in the region, @ considerable contribution has also 
been made by the operations of other multilateral 
and bilateral technical assistance programmes of 
Governments and of private foundations and by the 
activity of firms and individuals who make their own 
arrangements for education and ing abroad. 
Expenditure under the Plan amounted to £20,197,240, 
compared with £16,846,586 in 1959-60, bringing the 
total to more than £86 million; of these totals 
£5,670,310, £2,966,221 and £15,185,582, respectively, 
were on technical equipment; £8,673,059, £8,600,517 
and £29,965,729 were nded on erts; and 
£5,828,308, £5,253,266 and £21,392,142, respectively, 
on, trainees. 

In spite of this substantial progress, the report 
emphasizes that the population of tho region is 
probably now at least 750 million, compared with 
603-4 million in 1960, and accordingly the provision 
of food, houses, schools, medical services and jobs 
for this increasing population has become more 
urgent. Still greater investment in the human 
resources of South and South-East Asia is needed, 
and stress is laid on the human probleme of economic 
development which demand wisdom and perseverance 
as well as money for their solution. 

Of the British contribution, the report shows that 
the United Kingdom provided 623 new training 
places during the year, bringing the total under the 
Plan to 3,880, as compared with 7,112 by the United 
States, 8,530 by Australia, 1,617 by Canada, and 
1,545 by India during the decade. The United 
Kingdom provided 42 new experte during the year, 
making a total of 446 for the decade, compared with 
1,333 provided by the United States, 441 by Aus- 
tralia, 347 by Japan, 259 by Canada, 169 by India 
and 156 by New Zealand. The United Kingdom 
provided £235,988 worth of equipment during the 
year, making & total of £2,009,788 out of a total 
expenditure on technical co-operation under the Plan 
of £7,051,433. 

The report also quotes totals of 8,267 experts and 
6,023 Fellows supplied during the period by the 
United Nations and its specialized agencies. Of the 
experts supplied under the Plan itself, 475 have been 
in. education, 507 in medicine and health, 494 in food, 
agriculture and forestry, 426 in engineering, 346 in 
transport and communications, and 155 in adminis- 
tration. Reviewing the year 1960—81 itself, the report 
notes considerable increases in the number of students 
selected for courses in general education and an 
increase in the number selected under the heading 
industry and trade. Trainees from Ceylon, Pakistan 
and especially the Philippines increased considerably 
in numbers as against large decreases in those from 
Cambodia and Laos. Provision of training places by 
each country remamed fairly constant, the increased 
total being due mainly to a rise from 63 to 305 in the 
number of places provided by Japan, and from 70 
to 158 in the number provided by New Zealand. The 
trend noted in the previous report towards rather 
longer courses of training continued, but the figures 
for training withm the area are disappointing, the 
total of new training places declining from 309 to 286. 

Requests for equipment serviced during the year 
included the supply of library books, audio-visual 
aids, workshop and laboratory equipment (including 
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radio-isotope equipment) to schools, universities, 
artisan training centres and trade schools; transistor 
radio-sets to village schools; animal vaccine pro- 
duction equipment, large doses of B.C.G. vaccine 
and tuberculin, and horses for production of anti- 
venine serum to livestock and health departmonts ; 
and films for health education work, equipment for 
tuberculosis control projects, and heart/lung and 
X-ray equipment for cardiographic work. 

Some specific examples of co-operation provided 
by the United Kingdom during the year cited in the 
report cluded a one-year course of training in the 
technology of stored products, entomology, and con- 
trol of rodents for two trainees from the Pifflippines; 
training in the United Kingdom for the manager 
of the Bihar State Department of Agriculture and 
Animal Husbandry’s poultry farm; equipment for 
the Forest Products Research Institute in Cambodia 
and extension of the services of an expert already 
serving there to supervise its i tion; presenta- 
tion to Nepal of three Diesel power-plants and a 
consultant on electrical distribution to advise on a 
reticulation system for Kathmandu; an adviser on 
electrical power planning for Burma; technical 
assistance in the development of three underground 
mines in the Ranchi area, and training in the manu- 
facture, erection and testing of high-tension switch- 
gear for an executive engmeer from Orissa and in 
electrical power systems for the supermtending 
engineer of the Bihar State Electricity Board to 
enable him to train technical subordinates. Advanced 
training has also been provided for an officer of the 
Madras Electricity Board and an engineer of the 
Electricity Directorate of East Pakistan. 

An expert in fuel technology was provided for the 
Central Fuel Research, Dhanbad, to advise on low- 
and medium-temperature carbonization of coal and 
for the production of domestic coke, and training 


. provided for a research officer of the Birbal Sahni 


Institute of Palwobotany. A consortium from the 
United Kingdom is participating with India in the 
Rs. 1,670 million Durgapur joint venture for the 
production of iron and steel, and the spinning master 
of the only flax weaving mill in India received training 
in the manufacture of linen thread and towels in 
Northern Ireland. Pakistan was provided with a 
lecturer in spinning and with equipment and books 
for the Institute of Textile Technology at Lyallipur, 
while another expert was supplied to advise on the 
maintenance of textile machinery. Trainees from 
Kast Pakistan came to study the jute industry, one 
from Ceylon to study advanced chemistry of cement, 
others from India, the fire-fighting at asrodromes and 
meteorological instruments, the building of marine 
works such as breakwaters and deep-sea berths. 
and the productive efficiency of railway workshops. 

A. loan of £3 million to Pakistan was made for 
the purchase of railway wagons, and £2-5 million to 
Ceylon to improve the Greater Colombo telephone 
system. A team of experts was supplied to Ceylon 
to assist the Ceylon Transport Board, and three 
officers of the Board and a regional manager of the 
West Pakistan Transport Board received training in 
the United Kingdom, while two trainees came from 
India for special studies in highway engineering. 

A. medical officer from Pakistan and three from 
Burma came to the United Kingdom for advanced 
training in obstetrics and gynecology; for pediatrics 
trainees came from Thailand, India, Nepal and 
Ceylon. The London School of Hygiene and Tropical 
Medicine accepted, among others, a deputy assistant 
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director of health services from West Bengal, and a 
deputy municipal health officer from Kuala Lumpur, 
Malaya, while a deputy principal health officer from 
Burma, took a course at the Royal Institute of Publio 
Health and Hygiene, and the professor of dental 
surgery, Madras Medical College, a three-year course 
at the Institute of Basic Medical Sciences, Royal 
College of Surgeons. A physicist of the Cancer 
Research Institute, Madras, is doing postgraduate 
research at the Institute of Cancer Research, London. 

A lecturer in veterinary science was provided for 
the University of Rangoon, equipment provided to 
improve the teaching facilities in the Departments of 
Chemistr} and Engineering, University of Malaya in 
Kuala Lumpur, and lecturers in physics from the 
University of Dacca were trained in radiation physics 
and electron microscopy. Four professors and a work- 
shop superintendent were provided for the College of 
Engineering an pee cages New Delhi; ten more 


professors and are to be provided, as well as 
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training for members of the College staff. »-Thə pro- 
fessor of agricultural chemistry from the only 
agricultural institute of degree-level in Assam is 
receiving higher training at the University of Leeds, 
and advanced training was provided for a lecturer 
in mechanical engineering and an assistant professor 
of civil engineering from the College of Engineering 

and Technology as well as for the professor of plant 
ecology of the University of the Panjab. The Institute 
of Education, University of London, runs an annual 
nine-months course for community officers which was 
attended by officers from Indonesia, Laos, Thailand 
and Vietnam. Trainees from Burma, Malaya, Indo- 
nesia, the Philippines and Thailand attended a course 
in, public administration at the University of Man- 
chester, while others from Burma, Ceylon, Malaya, 
India; the Philippines and Thailand attended a 
similar course at the London School of Economics, 
and a student from Ceylon a course at the Adminis- 
tration Staff College, Henley-on-Thames. 


PHYCOLOGY IN BRITAIN 


HE recently published number of the Brittsh 
Phycological Bulletin (2, No. 2; 1961) provides 
ample evidence of a lively interest in the study of 
algae in Britain. Among the varied articles and 
reports, special mention should be made of the 


presidential address ° by Dr. Mary Parke. This ’ 


address deals mainly with recent studies of the 
morphology, taxonomy and life-histories of the 
Chrysophyceae. It is clear from the account that 
the electron microscope has been of t value in 
taxonomic studies, by revealing details of the struc- 
ture of the flagella, and of the structure of the scales 
in the scale-bearing forms. It is of interest that, 
even in the small number of forms so far examined, 
the scales show as wide a range of structure as that 
found in diatom frustules. 

The recent work on the life-histories of representa- 
tives of the Chrysophyceae, especially by Dr. Parke 
herself, emphasizes the difficulties and exciting work 
awaiting the student of this algal class. Investigations 
in culture have demonstrated that, as in other groups 
of algae, genera originally thought to be distinct are 
actually different phases of the same life-history. 
Thus, in clonal cultures of three different coccolitho- 
phorids from the Plymouth collection, Syracosphaera 
carterae, Syracosphaera sp. (not yet named) and 
Pleurochrysts æcherſfelii, non-motile stages could be 
matched with forms of Chrysophyceae such as 
Chrysosphaera marina, Aptstonema sp. and A. 
pyrenigerum from the Baltic, and A. cartert, Chry- 
sonema litoralis, Thallochrysis litoralis, OChrysotila 
stipita and C. lamellosa from the chrysophycean zone 
on the chalk cliffs near Westgate. Equivalent stages 
are also found in the chrysophycean zone on the 
chalky sandstone cliffs of St. Andrews Bay, Scotland. 

In addition to the coccolithophorid life-history with 
an Apistonema , Dr. Parke mentions two other 
types of life-history: the Coccolithus cus type 
with a motile Crystallolithus phase and the Ochro- 
ephaera neapolitana type, in which the motile cells 
are probably of different structure. These varied 
life-histories suggest that the present system of 
classifying the coccolithophorids on the morphology 
of their coccoliths will prove unsatisfactory in future 
and that eventually the classification may have to be 


based on the type of life-history. Thus, while one 
group of coccolithophorids may produce a benthic 
filamentous phase, perhaps growing best on a chalky 
substratum on the shore, another series, like Cocco- 
lithus pelagicus, may have a non-motile cyst stage 
from which the motile phase is again released when 
conditions are suitable. Yet another series may have 
its non-motile phase endophytic in the wall strata of 
another alga or symbiotic in some animal. It is also 
suggested that the external control of the phases is 
a possibility and may be of considerable nnportance 
from the fisheries sngle, particularly in the production 
of food for the culture and rearing of shellfish larva. 
Dr. Parke concludes that time and patience will be 
required, to relate the many described motile phases 
to their non-motile stages, as well as to clear up the 
many nomenclatural problems that will be mvolved. 

Other articles deal with freshwater algae. Dr. J. H. 
Belcher and E. M. F. Swale describe some new end 


_ uncommon British Volvocales, including a species of 


a new genus Myochloris. In a contribution on 
Astertonella formosa Hass. var. acarotdes Lemm., “a 

phycological enigma”, Dr. J. W. G. Lund refers i 
the fact that although millions of cells of Asterionella 
have been observed, no one has yet seen auxospores 
in this genus. It was thought possible that var. 
acarotdes might be the auxospore stage of A. formosa; 
but after exammation of the available evidence it 


- was concluded that the nature of this variety is still 


uncertain. 

Returning to marme algae, Dr. Peter S. Dixon and 
Dr. Máirín de Valera, after a critical survey of 
evidence for the occurrence of Gelidium torulosum 
Ktitz and G. melanoideum Schousb. ex Born: in 
Britain and Ireland, conclude that both species must 
be removed from the list of indigenous species, the 
existing records being based entirely on misidentifica- 
tions. Dr. Joanna M. Kain contributes some useful 
records of sub-littoral algae, sampled by use of an 
aqualung, both from Alderney and from two regions 
off the west coast of Scotland. 

Shorter accounts include the identification of 
Oompsopogon coeruleus, from the Reddish Canal near 
Manchester; the occurrence of resting zygotes in the 
Chlorophyceae, with special reference to Carteria 


me 
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eugametos Mitra; the cytology of colonial Volvocales 
of south-eastern England; the unusual nature of the 
Dinophycean nucleus; the taxonomy of the Crypto- 
phyceae; ete. 

It is clear from this Bulletin that notwithstanding, 
or perhaps even as a result of, the recent emphasis 


THE INSTITUTE FOR SCIENTIFIC 


Seve Institut pour la Recherche Scientifique en 
Afrique Centrale, founded in 1947, has five main 
centres in the Congo at Lwiro, Uvira, Astrida, Mabah 
and Elizabethville, and a number of sub-stations for 
fiold studies at Tshibati, Irangi, Uwinka (Ruanda), 
Bugesera and Mutara. 

The twelfth annual report of the Institute*, written 
in French, is an impressive document of 253 pages 
illustrated by an appreciable number of photographs. 
It is divided into three sections dealing respectively 
with administration, including the report of the direc- 
tor-general, Prof. L. Van den Borghe, on the work of 
the Institute; review articles on the work of the 
Institute in certain broad fields, and abstracts of 
scientific papers written by the staff or those who 
have beon In gome way associated with it, and 
published in 1959. 

The first part of the report gives, in addition to the 
report of the diroctor-general, details of the constitu- 
tion of the Institute, membecship and activities of 
the various scientific committees connected with its 
work, and a financial statement. The report of the 
clirector-general includes not only details of the 
scientific activities but also lista of vimtors to the 
Institute during the course of the year and detaus of 
construction work carried out to extend and improve 
the various centres. One feels that much of the 
information given in the first forty pages of this 
administrative section of the report would be more 
appropriately situated in an appendix, thus leaving 
the report to deal primarily with the scientific work 
carried out. The same is true of the financial report, 
which is placed between the account of research 
activities and the section of the report devoted to 
review articles. 

The range of scientific work covered by the Inst- 
tute 1s vast. The report of the director-general gives 
détails of work being carried out in the following 
fields: experimental zoology, including the capture, 
study and breeding of wild animals such as buffalo, 
chimpanzees and mountain gorilla; entomology; 


* Institut pour la Recherche end 
Bruxelles Douzleme Rapport Annuel, 1959. Pp. 253. ruxelles : 
Tnstitut pour Ja Recherche Scientifique en Afrique Centrale, 1961.) 
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on other aspects of phycology, work on the morpho- 
logy and life-histories of the algae is being pursued 
with undiminished enthusiasm, and there can be no 
doubt that many stimulating problems in this field 
will still arouse the mterest of future students of the 
algae. A. ALLSOPP 


RESEARCH IN CENTRAL AFRICA 


parasitology, with particular reference to trypano- 
somiasis; human pathology including k®ashiorkor, 
the offacts of vitamin A and the role of different 
classes of lipids in human nutrition; anthropology, 
sociology and languages; archeology; hydrobiology 
and hydrology; plant geography, ecology and physio- 
logy; seismology and vulcanolo An. observatory 
was under construction on Mount Tumbwe. 

The four review articles which constitute the second 
part of the report are concerned with the part played 
by the Institute in the study of feeding and nutri- 
tional problems; hydrobiological research on Lake 
Tanganyika; physical sciences including seismology, 
vulcanology, solar-terrestrial phenomena and astro- 
physics; human sciences includmg cultural and 
physical anthropology, economics, African languages, 
prehistory and history. The list of scientific papers 
written by the staff and associates of the Institute 
during 1959, which 1s given in the final section of the 
report, covers the whole range of the work of the 
Institute. Abstracts of varying length are given 
for more than half the 103 papers listed. 

Two main impressions are gained from reading 
these reviews and abstracts, and indeed from the report 
as a whole. First, that the Institute was attempting 
to cover too wide a screntifio field for all aspects of ita 
work to be really effective. Secondly, that it is not 
& pure research institute but is very much applied 
in its approach. The lattor would seem to be very 
desirable in an institute working in an under- 
developed country where not only are tho basic facts 
about the terrain and habits of the people largely 
unknown, but where also the applied work can only 
be carried out in the territory itself. 

It is unfortunate that the Institute for Scientific 
Research in Central Africa, with the present difficul- 
ties in the Congo, appears to have moro or less ceased 
operations. It will be a considerable loss both to 
the Congo and to all underdeveloped territorios if 
1t does not continue, and it is to be hoped that the 
efforts being made at present by-the authorities in 
the Congo to carry on the type of work started by 
the Institute will prove successful. 

S. 8. BAMPTON 


HORTICULTURAL RESEARCH 


ORTICULTURE, e:rther as an art or industry, 

is far more concerned with the behaviour of 
individual plants than its more extensive congener 
agriculture. It is an ideal setting for research on 
applied botany, and almost all agrmcultural problems 
must first be investigated on a horticultural scale. 
The garden itself poses urgent problems for scientific 
solution and they can be investigated effectively 
with either ecological directness or with the full 


majesty of basic science. There ıs, moreover, an 
immediate outlet for practical results, and the 
stringent, unsubsidized economics of the industry 
impose a rather more searching test of significance 
than even those of the mathematician. Horticulture 
in fact lies, in the research sense, at the aross-roads 
of many sciences—crop protection, plant physiology. 
genetics, and taxonomy—in addition to forestry and 
agriculture. It is rather surprising that there have 
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been relatively few journals in which scientific results 
of such wide application could be published. 

The appearance of the first issue of Horticultural 
Research* is therefore a most welcome addition to 
the channels for publication of original results. There 
has, indeed, been an increase over recent years in the 
number of research institutes concerned with the 
investigation of horticultural subjects and there is a 
long waiting period in all relevant journals. The 
original urge to establish the new journal arose from 
the Scottish Horticultural Research Institute, Mylne- 
field, Dundee, and Dr. C. A. Wood, one of the joint 
editors, is from that Institute. The other, Prof. 
W. W. FiBtcher, is head of the Botany Department 
of the West of Scotland Agricultural College, Glasgow. 
Both can be relied on to persuade would-be con- 
tributors to produce scholarly papers of high stan- 
dard without restricting the force of new conceptions. 
The new publication is designed for world-wide appeal 
and contribution. ffs this, however, a little offset 
by the stipulation that all papers must be written in 
English? It is the only shade of criticism and a 
contributor may, indeed, include a second summary 
in his own language. 

Papers in the first number are all from Mylnefield 
and this is explained, rather apologetically, by the 
need to follow the original announcement quickly 
by an actual publication. C. A. Wood, M. M. Ander- 
son and G. H. Freeman write about planting distances 
and the winter tipping of raspberry canes. A factorial 
experiment was made over 7 years on three varieties 
with width of row varying from 5-5 to 8-5 ft., and 
spaces between stools from 2 to 3 ft. were combined 
with winter tipping heights of 4, 4-5 and 5 ft. While 
individual plant yields were higher with the greater 
plant spaces, the yield of fruit per acre was greater 
with the closer spacings. Increase of tipping height 
produced large increases in yield. 


* Horticultural Research, 1, No. 1; November 1961. Pp. 64. Pub- 
lished in May and November. burgh and London. Oliver and 
Boyd, Ltd., 1961.) Annual subscription, 25s, or 4 dollars. Single 
issues, 15a. or 2.50 dollars, 
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J. P. Sutherland gives the results of trials with 
twenty-one treatments of the raspberry crop for 
chemical weed control. Only three—2 lb. ‘Simazine’, 
4 lb. ‘Monuron’ and a mixture of 3 gal. phenols with 
4-05 ‘Fenuron’ (all per acre)—gave adequate weed 
control for six months without apparent crop injury. 
There is no indication as to which material might be 
most economical for a grower to use, and indeed 
consideration of economic factors is not usual in 
scientific papers. Such factors nevertheless provide 
@ scientific parameter to ensure that @ given result 
is achieved by the expenditure of a lower total of 
human resources than is saved as human food supply 
—a most important matter when dealing with a 
practical subject like horticulture. Again on the 
question of chemical control of plant growth, maleic 
hydrazide offers considerable possibilities when it 18 
required that growth should be inhibited, as in the 
formation of strawberry runners. Tlis-use for this 
purpose has, however, not been uniformly effective, 
but P. A. Thompson finds that if the material is 
applied to stolons which have emerged but not formed 
roota they are inhibited along with those which emerge 
within two weeks of treatment. 

Variety tnals of brussels sprouts (C. North, L. H. 
Frith and H. Taylor) showed Irish Elegance to be 
most suitable for the fresh market, Sanda for quick- 
freezing, and both these varieties with Cambridge 
Special and Marché de Berne for private gerdens. 
The trials included assessments of colour, firmness, 
and proneness to external rotting and internal 
browning. 

“Raspberry Viruses and Virus Diseases in Britain’, 
by C. H. Cadman, is a scholarly stocktaking of a 
wide subject—a drawing together of existing know- 
ledge to find a pattern. A review should, how- 
ever, lead to a consultation of the journal itself, 
and Dr. Cadman’s paper provides a most suitable 


urge. 
AN will wish this new Scottish venture the success 
it so richly deserves. J. GRAINGER 


BIOLOGY IN BRITAIN: THE CASE FOR BOTANY 


By Pror. R. D. PRESTON, F.R.S. 
Botany Department, University of Leeds 


HE steady increase in our knowledge of the world 

around us brings in ite wake the need for a steadily 
changing attitude to the methods whereby the noxt 
generation may best be fitted both to take advantage 
of the new developments and to continue the advance. 
While this is true both of the physical and of the 
biological sciences, the problems involved are more 
severe in biology since biologists are finding it more 
and more necessary to make use of the principles, 
the techniques and the discoveries of physics and 
chemistry, and to make ever-increasing use of mathe- 
matical approaches. 

Dr, H. V. Wyatt, of the Bacteriology Department 
of the University of Leeds, clearly under the influence 
of the spectacular advances made in ‘molecular 
biology’ since the end of the Second World.War, has 
commented adversely on the present attitude to 
modern. biology of university de ents in Britain. 
in an article! which has stumulated Prof. H. E. 
Street of the Botany Department at Swansea to a 


spirited defence of Botany Departments at least* 
It is Wyatt’s thesis that ‘molecular biology’ has at 
last created an atmosphere ın which there may for 
the first time be a subject which can be called biology. 
He contends that departments of biology in Britain 
are failing to meet this situation as well as are the 
corresponding institutions in the United States, 
and conveys the impression that this is in part because 
British departments are staffed by narrow specialists. 
In his opinion ‘‘only the complete biologist can hope 
to map the new territories”, and clearly by ‘‘com- 
plete” he means one who has been taught “biology as 
& unified discipline” ranging from ‘“‘the latest findings 
in biochemistry and biophysics” to ‘‘a love and under- 
standing of living plants and animals’. He suggests, 
moreover, that by training such complete biologists 
“we can shed some of the crafts which now occupy 
so much time in school and university”. It is Street’s 
major contention that Wyatt shows himself in all this 
to be out of touch with the atmosphere of biology 


mais 
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teaching in university departments, and he quotes 
quite properly, in evidence of the serious attention 
being paid by universities to the needs of modern 
biology, a meeting held in March this year of all 
professors of botany in Britain—leading to the 
presentation of a memorandum to the Royal 
Society—which could not, however, have been known 
to Wyatt. Though myself a ‘molecular botanist’ 
who feels some sympathy with the spirit of Wyatt’s 
article, I cannot subscribe either m this capacity or as 
& university teacher of ‘classical’ and ‘modern’ 
botany who jointly administers a Botany Depart- 
ment to Wyatt's particular diagnosis or to his 
remedies any more than Street can. Both Street and 
Wyatt are, howover, in their different ways perfectly 
clear how research in biology is tending and to this 
extent are in agreement; the difference between them 
is largely that Street, as a practising botanist, has a 
much better opportunity than has Wyatt to know 
what the subject and ite students need. He 18, 
moreover, very well aware both of the steady changes 
which have long beon in process and of the further 
developments which are envisaged. Nevertheless, 
Wyatt has directed attention to a problem which is 
of fundamental importance to biologists, and it is 
both in my dual role in botany and as convenor of 
the meeting—and largely the composer of the result- 
ing document—to which Street refers that I feel it 
incumbent on me to comment further on this topic. 
I can write only for botany—in so far as that can be 
done—though I have reason to believe that the 
replacement of the ‘botany’ by ‘zoology’ throughout 
would invalidate few of the statements. 

Most botany departments in Britain have not had 
to wait for the post-war advances to see the need for 
broadly based teaching either for the more-able or 
for the less-able student. It has, in the first place, 
been realized for some considerable time that biologi- 
coal sciences, separated for so long because of accom- 
modation problems in out-dated buildings, must be 
either housed in one building or at least in closely 
neighbouring buildings, and to the examples of 
Birmingham and Swansea quoted by Street may be 
added the plans for Leeds (and no doubt other 
universities) which will be outlined later in another 
context. Few departments have looked with any 
satisfaction on the fusion of botany with zoology 
mto biology dopartments favoured by Wyatt. 
There are, of course, political, historical and no doubt 
emotional reasons for this, but the real opposition 
lies in the nature of the subjects themselves. While 
it is difficult to see how Wyatt, who must be aware 
that part of the problem faced by research biologists 
lies in the variability of the material, can imply that 
in studying a ocell property it is immaterial which 
cell one chooses, it is certainly true that what has 
come to be called ‘cell biology’, that is, the physics and 
chemistry of individual cells. can be investigated 
and taught without regard for the boundaries between. 
the plant and the animal kingdoms. At a higher 
level, however, namely, with tissues and whole 
organisms, botany and zoology are at least as different 
as physics and chemistry, and an attempt to teach 
them in one single department would, m the opinion 
of every biologist I know, constitute a step with 
inevitably disastrous consequences. In the second 
place, as long ago as my memory serves me in these 
matters—and it goes back more than thirty yeare— 
botany departments, under the increasing impact of 
chemistry on botanical thought, have mostly included 
a good deal of chemistry in their curriculum. Wyatt 
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appears to ignore the fact, for example, that botanists 
in his own university must, by regulation, take at 
the university at least one year of physics or mathe- 
matics and three years of chemistry. This is because 
otherwise they find themselves bewildered by the 
specialized modern biophysics and biochemistry 
which are presented to them in their botany claases. 
The same conditions also obtain in many other 
British universities. Moreover, there are few botany 
departments in Britain which have not on their 
staffs two physiologists (one with biochemical 
inclinations), a cytologist, a geneticist, a mycologist 
(who may be & microbiologist) and an ecologist in 
addition to the ‘classical’ anatomists, aBrologiste. 
paleontologists, otc., a range of interests which 
compares favourably with that in most American 
universities. Indeed, many departments can boast 
one member of staff who began life as a chemist and, 
while my own Department was, thirty years ago, 
almost unique in having also a physicist (dus to the 
quite remarkable foresight of the late Prof. J. H. 
Priestley), I know personally at least five other 


~ departments (and there are certainly more) with a 


hysicist on the staff. Moreover, most students of 
tany have for years past taken, as part of the 
regular curriculum, courses in biochemistry, plant 
pathology and statistics presented to them by special. 
ists in other departments. 

This is not the first era of spectacular advances in 
‘biology’. We may recall, for example, the demon- 
stration of the B-1,4-glucosidic bond in celhilose by 
Haworth and the elucidation of the long-chain 
structure of cellulose and other naturally occurring 
high polymers by Meyer and Mark, among others. 
These new progressive discoveries about compounds 
of real biological importance, made by chemists and 
physicists who incidentally made no attempt to call 
themse ves biologists, ‘molecular’ or otherwise, have 
always become inevitably assimilated into biology 
with a resulting change in the content of what Wyatt 
calis ‘classical’ biology, and in the breadth of training 
given by universities. We should be careful, in 
assessing the standing of the resulting products of 
university education, to distinguish between the good 
students who will proceed to research and the more 
numerous, still able, students who are either not 
fitted for, or not interested in, research and who will 
find a career elsewhere than in universities andresearch 
institutions. With the former, far from “‘the Ameri- 
can graduate and Ph.D.” being now “ .. . better 
equipped to read the journals, better equipped to do 
and direct research’? as Wyatt concludes, the British 
species has always held his own against his counter- 
part in any other country in the world, even in these 

years of spectacular advances. 

British biologists, both ‘molecular’ and ‘classical’, 
have demonstrably made throughout a contribution 
which is, at the very least, significant. The authors 
of the recent brilliant discoveries in the flelds of 
protein and nucleic acid structure would not wish, 
I am sure, any more than their predecessors, to call 
themselves ‘biologists’ and would be the first to 
admit that their findings reach their only true 
expression when integrated into the body of ‘classical’ 
scholarship of biologists proper. They themselves 
undoubtedly see the danger, to which Street directs 
attention, if ‘molecular biology’, “instead of being 
visualized as a major and active field of discovery, is 
put forward as already synonymous with the whole 
of biology’’. Certainly few ‘classical’ biologists of 
any nationality have, and probably can ever have, the 
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particular technique, the unique skill, the specialized 
mathematical ability, to compute the structures on 
the basis only of which can their own problems reach 
rational solutions. Neither, however, can a mathe- 
matical orystallographer contribute to biology until 
a problem has been posed for him, nor can he take his 
findings and so fit them into biology as to give detailed 
solutions of fundamental biological problems. That 
is the province of the only man who could do it— 
the biologist. There is, however, little wrong with 
our national position in world biology when our 
biologists, of whatever flavour, play such a prominent 
part. It js in the future maintenance of this promin- 
ence thet our problems lie. 

Few departments look on the present situation with 
any complacency. The problems facing them fall 
mainly into two categories. First, only those students 
who enter biology departments and who are ‘good’ 
at chemistry, and physics or mathematics—and have 
therefore usually achieved a good standard at 
Advanced Level in the General Certificate of Educa- 
tion—can take full advantage of the range of courses 
available at a university. Such students are unfor- 
tunately few, and this leads to a situation m which, 
although in most departments teaching is kept up to 
date with the most recent developments, students in 
general are not sufficiently well equipped to enter on 
research involving the modern physical and chemical 
approaches to our problems. 

It was, indeed, the theme of the memorandum 
presented to the Royal Society that schools should be 
induced to give more (though not necessarily all) 
biologists a thorough grounding in chemistry and in 
physics or mathematics. Even if such students come 
to us in numbers and even if physics and chemistry 
departments become more co-operative in giving 
biology students the specialized training they 
urgently need, the second category of problems still 
faces us. Spectacular though the advances in ‘mole- 
cular biology’ have been over the past few years they 
are not the only, or even to some the most important, 
advances. Most of these advances, however, share 
two things in common—a dependence on skill in 
chemistry, physics or mathematics, and a firm 
basis on work by ‘classical biologists’ over many 
generations of investigators. The search for answers 
has led biologists to the study of smaller and smaller 
parte of organisms and finally to the giant molecules 
with which only specialized physicists and chemists 
are able to deal. The results, inspiring though they 
may in principle be, are sterile until they are ploughed 
back into the biological studies of cells, tissues and 
organisms, as they must now be. The problem is how 
the investigators of the future are to be prepared for 
this challenge. 

‘Molecular biology’ will certainly continue as a 
major exciting adventure. The ‘classical’ régimes in 
botany must, however, be maintained and even 
strengthened not only for themselves alone, though 
that would be reason enough, but both because it is 
within them that the problems needing solution are 
to be found and because without them serious mis- 
interpretations may follow. It is salutary to recall 
that mistakes have in the past occurred through 
ignorance of a simple biological fact. and I may quote 
the eminent colloid chemist who once claimed to 
have demonstrated that the true biological function 
of chlorophyll is to protect the young cell wall against 
destruction by ultra-violet light, unaware that 
chlorophyll occurs inside cells. Yet it is scarcely 
to be expected that one mind should have the power 
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to contain even the outline of. for example, the 
anatomy, cytology, genetics and physiology of 
flowering plants, ferns, mosses, liverworts, algae 
and fungi and still develop the mathematical skill 
to deal with the problems involved in the way 
demanded by these modern approaches. Even if 
this were possible, the mere accumulation of such a 
vast body of information would require far longer than 
the three or four years a student remains at a 
university. 

I think myself that specialization of some kind is 
now inevitable, not within ‘classical’ biology but 
rather between ‘classical’ and ‘molecular’ biology. 
I suggest that each group of biological problems which 
are expected to reach solution by the application 
of the findings of ‘extreme’ molecular biologists 
will be solved only by what may be termed ‘teams’ 
of workers, though the imdividuals need not be 
associated together either geographically or in any 
other way save only by their common interest. At 
one end of the chain may stand the ‘molecular 
biologist’ with high mathematical, physical and 
chemical skill but with limited biological experience. 
At the other is the ‘classical botanist’ with a wide 
acquaintance with plante and plant behaviour and 
with, in addition, specialized knowledge of one group 
of plants, or one property of plants and a reasonable 
background in the physical sciences. The biologist 
would then usually in principle pose the problem, 
and be generally responsible for the biological side 
of the work. The physicist would feed back informa- 
tion and perhaps pose other problems; he could, 
however, not pose the original problem nor could he 
alone set his findings in their full biological context 
any more than the biologist could directly apply his 
findings. These two do not speak the same language. 
There must, therefore, be ‘middlemen’, half-biologist, 
half-physicist, two-way interpreters, and it is these 
we need to train, biologists who can nevertheless read 
with understanding the pages of, for example, the 
Journal of Moleoular Brology, and physicists and 
chemists with a subsequent wide training in biology 
who can read the Journal of Experimental Botany. 
Each of these will contribute his share to the general 
good through his own individual researches, through 
discussions in conferences and elsewhere with the 
other members of the ‘chain’ and through his teach- 
ing. My own experience as a ‘middie-man’ has so 
convinced me thet this is a link vital to the future 
development of biology that we propose to institute 
in Leeds a new Department of Biophysics. This is 
eventually to be situated in a building which holds 
also the Departments of Botany and Zoology, and 
incidentally in close proximity to all other depart- 
ments with biological leanings. While the major 
contribution of this Department will le in ite 
researches it is proposed that its members will 
engage in such teaching both of botany and zoology 
undergraduates as seems desirable, and eventually 
in the working out of programmes whereby biologists 
can acquire specialized physical and chemical 
knowledge and physicists and chemists sufficient 
appreciation of biological concepts—probably in 
each case by postgraduate courses in the first instance 
—that they may fill this middle role. There is no 
doubt in my mind that these are the men who in 
the future will set the pace of our advance. 

Finally, there remains the classical biologists, good 
scientists who have no need for, or cannot cope 
with, extensive knowledge of the physical sciences, 
who will take no overt part in these developments 
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but who are, ‘nevertheless, supremely necessary. 
There oan be no doubt in the minds of any professional 
botanist, of whatever persuasion, that taxonomists, 
anatomists and morphologists are equally mportant 
with physiologists, geneticists, biochemists and bio- 
physicists if only because their work forms the firm 
foundation on which. all the rest stands. The store of 


knowledge which they have must be maintained, 


increased and disseminated to future generations and 
our teaching must be sufficiently flexible to give them 
the fullest measure of support and encouragement. 
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Without them the ivory cgstles of ‘molecular biology’ 
will fall and the places which they fill in schools, 
universities and even in industry will leave a gap for 
which we shall all inevitably suffer. It is the task of 
universities to seo to it that these flourish equally 
with the molecularly oriented biologists. 

This seems to me the major problem facing us; 
to hold our present ground, to advance our salients 
and yet to keep our hnes of communication open. 


i Wyatt, H. Y., Nature, 191, 960 (1961). 
? Street, H. E., Nature, 192, 416 (1961). 
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ESTIMATION OF DEOXYRIBONUCLEIC ACID SYNTHETIC PERIOD 
FOR MYELOCYTES IN DOG BONE MARROW 


By MARY A. MALONEY, HARVEY M. PATT and CHARLOTTE L. WEBER 
Division of Biological and Medical Research, Argonne National Laboratory, Argonne, Illinois 


SINGLE injection of tritiated thymidine can be 

thought of as a flash labelling, and the imitial 
labelling index (per cent pbdsitive) will be approxi- 
mately proportional to the percentage of cells ın 
synthesis of deoxyribonucleic acid (DNA). If the cell 
population in question is homogeneous, the duration 
of the period of DNA synthesis relative to the total 
generation cycle will be given by the labelling index. 
It is not known whether the DNA synthesis time is 
constant for proliferating cells in the various tissues. 
If this were so, the labelling index per se, with 
appropriate correction for cell heterogeneity, would 
provide a measure of relative turn- 
over or growth. Synthesis times of 


several rapidly growing cell systems 
that have been studied'. This 
article is concerned with the time of 
synthesis of DNA of the myelocyte 
in the dog. 

About 20 per cent of myelocytes 
are labelled within 30 min. after 
thymidine injection (0 1 me./kgm. 
of a 360 mc./mM solution IV). In 
previous work’, we estimated a 
DNA synthesis time of some 6 hr. 
from the early time-course of 
labelled mitoses in bone marrow 
Since, however, 
only about half myelocyte mitoses 
were labelled during the first several 
hours after injection of thymidine, 
the DNA, synthetic period has been 
evaluated in another way ın recent 
experiments. When tritiated thym- 10 
idine is infused at a constant rate 
for a period longer than the DNA o 
synthesis time, the degree of incor- 
poration should attan a maximum. 30 
Cells in synthesis at the beginning 
of the infusion will incorporate * 
tritiated thymidine for a variable 
period. However, a cell that has 


No. of myelocytes 


throughout ite synthetic period. o 610 
Such a cell should label maximally 
and all cells entering synthesis after 


the infusion has begun should reach a similar maxi- 
mum. The duration of the synthetic period should 
correspond to the time when labelling reaches the 
maximum value. A similar analysis has been used in 
surviving marrow cultures (Lajtha, L. G., personal 
communication). 

Five beagles were infused intravenously at a 
constant rate with tritiated thymidine in 5 per cent 
glucose. One dog was infused with 12 mo. (360 
mo./mM) over a 12-hr. period. The remaining four 
dogs were divided into two pairs: one of each pair 
received tritiated thymidine with a specific activity 






lo Hour 


4!/2 Hour 





_ & Hour 


hhh 


530 60 Ot CO IO 20 30 40 
Groin concentration 


“es, 2 fs -* 
50 60 60+ 


Fig. 1. Distribution of myeloovte grain coants during Infusion of tritiated thymidine 
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Fig. 2. Ohanges in the pran count of myelooytes during infusion 
of tritiated thymidine 


of 360 mc./mM, the other with a specific activity of 
36 mo./mM. All four dogs received a total dose of 
10 me. of tritiated thymidine over a 6-64 hr. 
period. Bone marrow samples were aspirated at 
frequent intervals during the infusion. Autoradio- 
graphs were prepared? and grain counts were 
made on one thousand myelocytea ın each marrow 
sample. 

The degree of labelling from cell to cell as revealed 
by grain count indicates the relative amount of DNA 
synthesized, assuming uniform geometry and avail- 
ability of precursor. Geometry is an important 
variable because the average range of tritium $B- 
particles is only about lp, which is less than the 
differences in cell thickness in smear or section. 
Owing to the relatively high specific activity of 
tritiated thymidine, only small amounts of the pre- 
cursor are ordinarily admuustered and, as & result, 
labelling may also be affected by intra- and extra- 
cellular thymidine pools. These factors, however, 
should not influence appreciably the overall trend of 
changes in grain concentration durmg infusion of 
thymidine, since differences due to geometry and 
availabilty would be random for any given cell. 
Such differences would, of course, contribute to the 
variance. The importance of thymidine availability 
ig perhaps borne out by comparison of the mitial 
(30 min.) grain count distributions with the 36 and 
360 mo./mM preparations. The coefficient of varia- 
tion was 46 per cent for the former and 62 per cent 
for the latter; this difference is highly significant 
(P < 0-001). 


NATURE 


135 


The degree of labelling from time to time also 
indicates the relative amount of DNA. synthesized; 
but, in this case, it is necessary to consider that cells 
are continually entering synthesis and mitosis during 
the infusion. Cells entering synthesis will be added to 
the labelled population, but the added cells will be 
minimally labelled at the outset. The picture is com- 
plicated further by mitosis. Some of the labelled 
cells will complete division during the course of 
thymidine infusion*. The progeny of minimally 
labelled cells will be lost from the population because 
of dilution of label by mitosis. However, other cells 
will be added to the population as the more heavily 
labelled myelocytes complete mitosis. Thus, marrow 
pocorn will include cells that are being labelled 

uring the entire period between successive sempling 
as well as cells that have initiated or completed syn- 
thesis in this interval. Later, marrow samples will also 
include the progeny of cells labelled earlier; it 18 
conceivable that some of these may also be in syn- 
thesis, but relabelling would not seem to be an impor- 
tant factor dming a 6-12 hr. infusion. 

These factors, in the aggregate, would tend to 
decrease the mean or median grain count. Accord- 
ingly, attention has been fooused on representative 
myelocytes the relative position of which in respect to 
grain count distribution is constant throughout the 
infusion period. This was done by following the nth 
most heavily labelled cell as determined by the posi- 
tion of the median cell initially; this analysis com- 
pensates for changes in the number of labelled cells 
as the infusion progresses. A cell that represents this 
position in the grain count distribution for one of the 
dogs is designated by an arrow in Fig. 1. The changes 
in grain concentration of such representative cells in 
the five dogs is shown in Fig. 2; the curve was determ- 
ined by calculation of the moving average of the 
grain counts for 2 adjacent points with each stated 
interval + 15-30 min. Grain counts increase to a 
maximum which is reached after about 4-8-5 hr. 
infusion. This estimate of the DNA synthetic period 
for myelocytes in dog bone marrow confirms our 
previous approximation based on analysis of labelled 
mitoses. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 
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EFFECT OF ALLOXAN ON OBESE HYPERGLYCAMIC MICE 


By JOLANE SOLOMON and Paor. JEAN MAYER 


Department of Nutrition, Harvard School of Public Health, Boston, Mass. 


E wish to record an unexpected effect of alloxan 

on the blood glucose-level and pancreatic islet 
tissue of mice with the hereditary obese hyper- 
glycemic syndrome. 

These mice are characterized, among a number of 
endocrine, metabolic and behavioural idiosyncras- 
1681-5, by hyperplasia of the isleta of Langerhans, and 
increased pancreatic insulin content, and degranula- 


tion of the islet beta celis*. Despite a consistent 
hyperglyesmia, assay of the blood insulin-level 
indicates hypersecretion of insulin’. 

The pathogenesis of this syndrome has not yet been 
competely elucidated. At 2-4 months of age, the 
blood sugar values of fed, untreated obese mice range 
from 120 to 400 mgm. per cent, with an average of 
280 mgm. per cent. Examination of pancreatic 
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Table 1, LONG-TERM EFFEO? OF ALLOXAN ON BLOOD BUGAR AND Bopy-WHIGHT OF OBESE AND LBAN MIOE 
r Pre-treatment Days post-treatment with alloxan 
lloxan 
8 days 17 days 28 days 50 days 58 days 56 days 
Average Average Average Average Average Average Average AY Ə 
“weight blood sugar blood suga1 blood sugar ylood sugar blood sugar blood sugar — t 
- Em.) (mgm, per (mgm, per (mgm. per (mgm. per (mgm, per (mgm, per gm. 
cant cent cent) cent) cent) cent) 
No. obese mice 
10 461 + 4°65 338 + 691 158 + 722 231 + 89*1 288-8 + 71-2 187 + 721 257 + 68:9 696 + 5&3 
Control 
No. obese mice 
5 4814 4-1 854 + 23°3 878 + 44 816 + 39 361 + 861 B31 + át 808 + 80 61 + 25 
Pre-treatment Days post-treatment with alloxan 
Alloxan 
8 days 17 days 28 daya 68 days 58 days 
AV 8 Average Average Average Average Average eAv 
Boag weight blood sugar lood sugar blood sugar blood sugar blood sugar bod redant 
(gm.) (mgm. por (mgm. por (mgm. per (mgm, per (mgm. * 
cent cent cent eont cent 
No. lean mice 
10 25-2 + 2-1 169 + 20:1 462 + 108 441 + 74 465 + 65 3 455 + 81 4 24-6 + 2-6 
Control 
No. lean mios 
5 25 + 2-1 165 + 15-5 116 + 269 154 4+ 12-9 180+ 184 27-6 + 4:4 
Figures following + are standard deviations, > 
Table 2. SHORT-TERM EFFECT OF ALLOXAN ON BLOOD SUGAR AND BopDyY-\VHIGHT OF OBESR AND LEAN MIOL 
A — a Days post-treatment yan alloxan n i 
ve verage v e vorago verage verage 
body-weight blood sugar ae be t blood sugar pode erelabe blood sugar body-welght blood sugar 
(mgm. per gm.) (mgm. per Agm.) (mgm. per (qm. (mgm, par 
cent) cont cant) cent) 
Alloxan One day Two days Three days 
54 368 528 206 78 57 107 
No. obese 6 2 2 2 
Control 
55.5 888 50 241 — 426 58 370 
No. obese 7 2 2 3 
Alloxan 
$0 160 80 64 28 82 27 801 
No. lean 2 2 2 2 
Control 
29 145 28 120 30 160 29 138 
No. lean 6 2 2 2 


tissue obtained from theese mice shows that the degree 
of beta cell granulation may be predicted from the 
blood sugar-levels. When the blood sugar value is 
more than 280 mgm. per cent, the islet beta cells are 
sparsely granulated; conversely, the beta cell granula- 
tion is near normal when the blood sugar is less than 
150 mgm. per cent. In older obese mice (5-6 months 
of age) the blood sugar-levels are generally higher 
(250-450 mgm. per cent) with an average of 350 
mgm. per cent, and the islet beta-cell granulation is 
almost always considerably less than that of their lean 
litter-mate controls. 

In the present experiments, we examined the long- 
term and immediate effect of alloxan on the blood 
glucose-levels and islet histology of 5-6-month-old 
mice and their lean litter mates. 

In the long-term investigation, a blood glucose 
determination taken before the administration of 
alloxan showed that, during ad lib. feeding, 15 obese 
mice averaged 347 mgm. per cent, whereas the average 
blood sugar-level obtained from. 15 of their lean litter 
mates was 150 mgm. per cent. All 30 mice were 
subjected to a 48-hr. fast, following which a single 
injection of 4-2 mgm. of alloxan was administered 
intraperitoneally to 10 lean and 10 obese mice. This 
dose was based on 17 mgm. alloxan per 100 gm. 
body-weight, with the average prefasted body-weight 
of the lean mice equal to 25 gm. The obese mice 
were given the same dose as the lean mice since it has 
been. shown that their lean body mass and total water 

is similar to that of their lean litter mates*?. 
Five obese and 5 lean mice served as uninjected 


controls. Blood samples of 20 lambda were obtained 
from the tail vein at 3, 17, 28, 50 and 56 days after 
treatment with alloxan. Blood sugar determinations 
were carried out in duplicate by the Somogyi—Nelson 
micromethod’. Fifty-six days after the administra- 
tion of alloxan, the animals were killed by decapita- 
tion, and the pancreas placed in Bouin’s solution, and 
later stained with Gomori’s aldehyde fuchsin”! after 
oxidation with acidified te, and counter- 
stained with Halmi’s method'*. The blood sugar 
values and body-weights of treated and control lean 
and obese mice are shown in Table 1. It may be 
seen that the average blood sugar of treated obese mice 
was considerably decreased three days after the 
administration of alloxan, whereas the blood glucose- 
levels of the treated lean mice had then reached 
diabetic values. The average blood sugar values of 
alloxan-treated obese mice continued to remain 
lower than obese control levels for 56 days; yet the 
alloxan-treated and control obese mice gained an 
average of 13 gm. during this period. 

Examination of pancreatic tissue showed that, as in 
younger obese mice, the degree of beta cell granula- 
tion is in inverse proportion to the blood sugar-level. 
In treated and control obese mice with high blood 
sugar-levels, the beta cells were vacuolated and 
contained few aldehyde-fuchsin staining granules. 
In treated obese mice the blood sugars of which had 
been depressed to, and remained less than, 150 mgm. 
per cent for 56 days, the beta cells were rich m alde- 
hyde-fuchsin staining granules. The islets of alloxan- 
treated lean mice were degranulated., 
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In a short-term experiment, the pancreatic tissue 
and, blood glucose-levels of 5—6-month old obese and 
lean mice killed 20, 48 and 72 hr. after intraperitoneal 
administration of 4:2 mgm. alloxan were compared 
with obese and lean controls. All groups were sub- 
jected to a 48-hr. fast before the treated mice were 
given alloxan. After alloxan administration, all 
groups were allowed ad lsb. access to food. The body- 
weights and blood glucose-levels are shown in Table 2. 

Results obtained from uninjected contro] obese 
mice showed that ad lsb. feeding for 24 hr. did not 
return the blood sugar to pre-fastmg levels and that 
the -beta cells were considerably more granulated 
than th8se of control obese mice killed at 48 and 
72 hr., when the blood glucose had reached pre-fasting 
levels. At 48 and 72 hr. after the fast, the beta cells 
were vacuolated and sparsely granulated. Fasting 
alone causes an increage in bete cell granulation and a 
decrease in blood -levels. 

Twenty, 48 and 72 hr. after the administration of 
alloxan, the islets of alloxan-treated obese mice were 
strikingly more granulated than the control mice 
killed 20 hr. after the fast. The beta cella appear 
healthy; the granules vary from fine to coarse and are 
evenly dispersed. 

In the lean mouse, alloxan caused some swelling 
and vacuolation of the beta cells at 24 hr. and by 
72 hr. most of the beta cells were either degranulated 
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or contained dense granules and pyonotic nuclei. 
In the obese hyperglycssmic mouse, alloxan causes 
an immediate and long-lasting decrease- in blood 
glucose-levels and an increase in bete cell granulation. 
Further work is obviously necessary to elucidate this 
paradoxical effect of alloxan on the hereditary obese 
mouse. At this point, we have no explanation for this 
highly unexpected finding. 

This work was supported in part by grant No. 
A2911, National Institutes of Health, U.S. Publio ° 
Health Service, and the Fund for Research and 
Teaching, Nutrition Department, Harvard School of 
Public Health. We are grateful for the technical 
assistance of Ruth Lord. 
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EFFECT OF RESERPINE ON NORADRENALINE CONTENT OF 
INNERVATED AND DENERVATED BROWN 
ADIPOSE TISSUE OF THE RAT 


By Dr. N. WEINER* 
Department of Pharmacology 
AND 


Miss M. PERKINS and Dr. R. L. SIDMAN 
Laboratory of Cellular Neuropathology, Harvard Medical School, Boston, 15, Mass. 


ESERPINE depletes catecholamines both from 

the adrenal medulla and from sympathetically 
innervated tissues'. The role of nervous influence 
on this varies. Depletion of the adrenal medulla 
appears to be in part dependent on the intact innerva- 
tion of the gland*?, although the relative importance 
of the central and peripheral actions of reserpine 
seems to vary with the species of animal studied‘. 
The depleting effect of reserpme on sympathetically 
innervated tissues appears to be mainly peripheral’, 
although ganglionic blocking agents partially antagon- 
izo this action$. 

Several morphological and metabolic properties of 
brown adipose tissues are regulated by the peripheral 
nervous system’. Interscapular brown fat bodies in 
rodents are symmetrically located and 
separate nerve supplies, presumably sympathetic 
in origin’. One brown fat body may be easily 
denervated while the contralateral body serves as 
the intact control. These fat bodies possess levels of 
noradrenaline comparable with those present in other 
sympathetically innervated tissues. In mice, nor- 
adrenaline disappears from brown adipose tissue 
within 24 hr. after denervation, although at the end 
of 6 hr., when morphological changes secondary to 


* Present address: Department of Chemical Pathology, St. Mary’s 
Hospital Medical Sohool, London, W.2. 


denervation are already marked, the noradrenaline 
content is near normal’. Because of their separate, 
easily accessible nerve supplies, these fat bodies 
seemed very suitable for examining the effect of 
denervation on the acute catecholamine-depleting ` 
action of reserpine. 

Male white Sprague-Dawley rats, weighing 200- 
250 gm., were anesthetized with ether. The inter- 
scapular brown fat bodies and their nerves were 
exposed, and the nerves on the right side were 
transected’. In order to determine the rate of disg- 
appearance of catecholamines from the denervated 
adipose tissue, brown fat bodies were removed at 
various time-intervals after denervation. In some 
experiments, sham operations were also performed 
(Table 1). In the studies on the action of reserpine, 
the rats were given reserpine phosphate, 5 mgm./kgm., 
10 min. after denervation. At either 24 or 34 hr. 
after reserpine, the rats were again anwsthetized with 
ether and the brown fat bodies were excised. The 
tissues were homogenized in cold 0-8 N perchloric acid 
and centrifuged, and the sediment was extracted twice 
with cold 0-4 N perchloric acid. The combined super- 
natents were analysed for noradrenaline spectrophoto- 
flunorometrically by a modification of the trihydroxy- 
indole procedure of Lund’. Tissues from left or right 
sides of 3—6 rats were combined for each analysis. 
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The noradrenaline content of denervated brown 
adipose tissue is not different from that of the intact 
tissue until more than 8 hr. after denervation. 
24 hr. after denervation, the denervated body is 
severely depleted (Table 1). These results indicate 
a time course similar to that of the depletion of 
denervated adipose tissue in mice*. There is consider- 
able variation in the noradrenaline content of brown 
fat bodies among different groups of rats, but the 
variation between right and left bodies within a 
single group of rats is much smaller (Table 1). 

3 hr. after the administration of reserpine, nor- 
adrenaline has almost completely disappeared from 
brown adipose tissue. Denervation fails to block 
this depleting action of reserpine. At 34 hr., both 
intact and denervated brown fat bodies are essentially 
devoid of noradrenaline. At 24 hr., the denervated 
side contains more noradrenaline than the intact 
body, which suggests that either the central effects 
of reserpine, or the normal tonic nerve impulses to 
the intact tissue, accelerate the rate at which the 


Table 1, NORADRENALINE CONTENT OF INNERVATED AND DENER- 
VATED BROWN ADIPOSE TISSUE IX THE RAT 
Time Noradrenaline * 
Surgical between (gm. } wet 

procedure mee and w } 

kı ) ft Right 

Unoperated — 0308 0-515 

0-692 0-588 

0 850 0-484 

Right side t 0'526 0-464 

L 0'686 0 587 

å 0879 0 457 

0 905 0-977 

8 0370 0-445 

0-428 0 588 

0:366 9247 

24 0-844 0-000 

1:310 0-062 

S15 0-022 

Sham operated 4 0905 1-208 

8 9171 0-280 

0-278 0-880 

24 1 062 0:825 

6-206 0-204 


* Each number represents analysis of tissue from 3-6 rata, 
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Table 2. EFFECT OF RESERPINE* ON THA CATECHOLAMINE CONTENT 
OF INNBRVATED AND DENBRVATED BROWN ADIPOSE TISSUB IN THE 


Noradrenalina + 
Procedure (ug. / wet —— 
Unoperated 0-917 —— 
Uno ted. Reserpine 2$ 
. before 0-060 0:057 
Right side denervated. Reserpine 106 
24 hr. before kill 0-000 0°108 


Right side denervated. Reserpine 0 000 
$4 hr. before kil 


; 6 000 0-000 
Right side denervated. Saline 0 672 0-632 
~ $ hr, before kill 8:327 0-405 


. — hosphate, 5 mgm./kyrm. 
amber represents analysis of tissue from 3-6 rate. 


amine disappears (Table 2). This is in agreement 
with the studies on other organs by Kärki et al. 
using ganglionic blocking agents. The complete 
disappearance of noradrenaline from the denervated 
brown fat body at 34 hr. shows, however, that this 
depletion. can be effected by an ee peripheral 
mechanism. 

This work was supported in. — by grants No. 
A-2881, B-2947, H-3674 and H-2205 from the 
National Institutes of Health, U.S. Public Health 
Service, and in part by the U.S. Air Force contract 
AF aa 497. 
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SUCCINATE/AMINO-ACID INTERRELATIONS IN RAT BRAIN 
CORTEX IN VITRO 


By Dr. O. GONDA and Pror. J. H. QUASTEL, F.R.S. 
McGill-Montreal General Hospital Research institute, 3619 University Street, Montreal 


HEN radioactive succinate (succinate-2,3-14C) 

is incubated aerobically with rat brain cortex 
slices, it 13 converted partly to radioactive aspartate 
and, to a lesser extent, to radioactive carbon dioxide. 
The addition of unlabelled glucose to the labelled 
succinate greatly affects the yields of radioactive 
amino-acids and carbon dioxide, the formation of 
radioactive glutamine in particular being greatly 
accelerated. Condensation of oxalacetate with acetyl- 
CoA appears to be a rate-regulating step in the 
formation of amino-acids from succinate. 

The method of investigation was that adopted 
by Kim and Quastel', the Warburg manometric 
apparatus being used for the aerobic meubation 
of rat brain cortex slices at 37°. Brain cortex 
shees, from adult hooded rats of about 150 gm. 
body-weight, were placed in an ice-cold saline 
phosphate medium of the following composition: 
(m.mole/l.) NaCl 128; KCl 6; CaCl, 3-6; MgSO, 1-3; 
Na,HPO, 10; (brought to pH 7-4 with N HCl). The 


slices were prepared with a Stadie—Riggs microtome, 
care being taken that the slices were not more than 
0-3 mm. thick, nor not so thin that they disintograted 
when shaken in a Warburg manometric apparatus. 
The slices (average wet weight 80-90 mgm.) were 
weighed at once on & torsion balance and suspended 
in the incubation medium in a chilled manometric 
veasel. 100 mgm. wet weight slices prepared under 
these conditions approximated to 16 mgm. dry weight 
The final volume of medium in the manometer flask 
was 1 ml. Each flask contained 5 mM glucose, 
uniformly labelled with carbon-14, or 10 mM sue- 
cinate-2,3-4C, or mixtures of labelled glucose and 
unlabelled succinate or vice versa. 

In experiments in which the effects of potassium 
ions on ammo-acid formation were investigated, an 
appropriate quantity of M KCl was added to the inoub- 
ation medium at the commencement of the experiment. 

The mam compartment of the Warburg vessel 
contamed the incubation medium. In the centre well 
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were placed 0-2 ml. of a 20 per cont KOH solution and 
a small cylinder of filter paper. The vessels were 
attached to the manometers, gassed with oxygen for 
2 min. and immersed in the Warburg bath maintained 
at 37°. A pre-incubation time of 5 mim. was allowed 
in all experiments before beginning the measurements 
of oxygen uptake. 

Radioactive carbon dioxide was estimated in the 
following manner: after incubation for 1 hr. the 
manometer vessels were detached from the mano- 
meters and the rolls of filter paper were transferred to 
centrifuge tubes. The centre wells were washed four 
times with distilled water and the washings trans- 
ferred qtantitatively to the corresponding centrifuge 
tubes, which were allowed to stand overnight. The 
filter papers were removed, washed twice with water 
and the washings were added to the appropriate 
centrifuge tubes. Two drops of 2N NH,CI and 0-5 ml. 
saturated BaCl, were then added to each tube. The 
precipitated BaCO, was centrifuged, washed twice 
with water, once with acetone and finally suspended 
in 1-5 ml. acetone. The suspension was plated on 
weighed aluminium planchets, which were dried 
under an infra-red lamp, weighed and the radio- 
activity measured with a “Tracerlab’ counter with a 
mica window 28-mm. diameter and a thickness of 
1-5-1-8 mgm./om.?. Al radicactivities were corrected 
for background and self-absorption of BaCQs. 

The method used for the separation of labelled 
amino-acids formed from glucose-U-"C was based on 
a procedure previously described’. After incubation 
for 1 hr. at 37°, the flasks were chilled in crushed ice, 
the slices removed, rinsed with a little K.ebs—Ringer 
phosphate medium, suspended in 5 ml. 80 per cent 
ethanol and homogenized in a Potter-Elvehjem homo- 
genizer. The homogenate was transferred to a centri- 
fuge tube and the homogenizer was washed thrice 
with 1 ml. of 80 per cent ethanol and the washings 
were added to the original homogenate. The homo- 
genate was allowed to stand at 5° for 2 hr., then 
centrifuged, the alcoholic extract collected, and the 
insoluble residue washed twice with 1-5 ml. aliquots of 
80 per cent ethanol and finally with 1 ml. of distilled 
water. The pooled ethanolic extract was evaporated 
to dryness at room temperature in a current of air, 
and the dried extract was dissolved in a small amount 
of 80 per cent ethanol and spotted, by means of a 
micro-pipette, on Whatman No. 1 filter paper sheets 
for two-dimensional chromatography. The solvents 
used for chromatography were: phase I (sec. butanol/ 
90 per cent formic acid/water (70 : 11 : 17 v/v/v));. 
phase II (90 per cent phenol/water/ammonia (sp. 
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gr. 0-88) (960 : 110 : 3 v/v/v)). The incorporation of “O 
into amino-acids from glucose-u-M4C or succinate-2,3- 
“MC was caloulated as myatoms of carbon (from glu- 
cose or succinate) incorporated into amino-acids per 
100 mgm. wet tissue. The radioactivity of the 
individual amino-acids on the filter paper was correc- 
ted by a factor due to the decrease in the counting 
efficiency on the paper. This factor was determined by 
measuring the radioactivity (R,) of an aliquot (100 ul.) 
of the alcoholic tissue extract on an aluminium ° 
planchet and that (FR) of another aliquot (100 yl.) 
after spotting on filter paper. The quantity of each 
labelled amino-acid on the filter paper (measured as 
counts per min.) was multiplied by the ratio of 
HR, The ratio of R,/R, was ‘about 3-4-3-6 and 
was determined after each experiment. 

The corrected values of counts per min. of amino- 
acids were transformed to myatoms of carbon 
(derived from glucose or succinate) by multiplying by 
a factor (F) given as follows: 


muatoms of glucose carbon in the incubation 
medium x 6 (or 2 with succinate) 


Radioactivity of glucose or succinate in the 
incubation medium (6.p.m.) 


For example, when the amount of glucose was 5,000 
myumoles (30,000 mpatoms) and the radioactivity was 
200,000 c.p.m. the value of F was 0-15. Finally, the 
measure of the mypatoms of carbon derived from 
glucose or succinate was corrected for the weight of 
the tissue and expressed per 100 mgm. wet weight 
tissue. 

Preli experiments show that under aerobic 
conditions, when brain cortex slices are iring 
normally in a glucose medium, the leakage of labelled 
amino-acids from tbe slices is small, not exceeding 
10 per cent of the amount present in the slices, with 
the exception of alanine where a leak of 21 per cent 
occurs. Under anaerobic conditions, the leakage of © 
amino-acids from the slices into the incubating 
medium increases considerably. 

Typical results given in Table 1 show the rates of 
formation of labelled amino-acids and carbon dioxide 
from glucoge-u-4O and succinate-2,3-"!O expressed 
as myatoms of carbon (derived from glucose or suc- 
oinate) incorporated into the amino-acids and carbon 
dioxide per 100 mgm. wet weight brain tissue per hr. 
The experumental variation does not exceed + 5 per 
cent. The results have not been corrected for the small 
amount of leakage of amino-acids into the medium. 

The results show that, with labelled succinate, the 
yield of aspartate from succinate far exceeds that of 


F = 





Table 1, RATES oy FORMATION OF RADIOACTIVH CO, AND AMINO-AOIDS FROM RADIOACTIVE GLUOOSS AND SUOGINATE BY SLICES oF 
BRAT BRAIN CORTEX 
Amounts expressed a8 muatoms carbon, derlved.from glucose or sucamate, incorporated per hr. per 100 mgm. wet wt. tlasue 
{ 
: hd 14 
i 5 mM Glucose-0-4C 10 mM Succinate-2,3-1!0 San T —— 10 — ioe As — © 
I 
| | 6 maf KC) |105 mM KCl} 5 mM KCl 105 mM KOI| 6 maf KCI |105 mM KO) 6 mM KCl | 106 mar KCl 
CO, 240 2. ned 8,580 744 785 
Glutamate 81 902 
Glutamine < 10 one 809 9 
y-Aminobutyrate 45 178 825 
| te 550 210 232 
| 6 80 140 181 
i Fraction of radioactive 
| cose or suoma te 
converted to radiosctive 
amino-acids (per cent) 85 5:0 6-8 
Fraction of oactive 
glucose or succinate 
converted to 4CO, (per 
cent) 12 8-9 11-9 
Qo, 7:0 104 12-8 
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glutamate, alanine or y-ammobutyric acid. No 
glutamine is formed (within the experimental error). 
Moreover, the yield of aspartate is at least double 
that of carbon dioxide from the labelled succinate. 
In presence of an increased concentration of potassium 
ions (100 m.equiv./l.) the yields of carbon dioxide and 
amino-acids are unaffected. It is well known? that 
the respiration of brain cortex slices in presence of 
succinate as sole added substrate is unaffected by an 
increased potassium ion concentration in the incuba- 
tion medium. 

When unlabelled glucose is added to the labelled 
succinate the followmg changes in succinate metab- 
olism take place: (1) The fraction of succinate 
converted to carbon dioxide is increased three-fold; 
(2) the fraction of succinate converted to amino-acids 
is increased by 33 per cent; (3) the yield of labelled 
aspartate falls, while the yields of glutamate, gluta- 
mine, y-aminobutyric acid and alanine markedly 
increase. The largest percentage increases ooour with 
glutamine and glutamate. 

The relatively high yield of aspartate from succinate 
is clearly due to oxidation of the latter molecule to 
oxalacetate with subsequent transamination (by 
amino-acids in the brain cells) to aspartate. Little 
conversion of oxalacetate to «a-ketoglutarate, by 
operation of the citric acid cycle, occurs owing to 
lack of acetyl-CoA. In presence of glucose, however, 
when acetyl-CoA becomes more freely available, 
there is an increased rate of formation of a-keto- 
glutarate (and hence, by transamination, of gluta- 
mate) and an increased rate of turnover of the citric 
acid cycle with an increased rate of carbon dioxide 
formation. The extra energy available (in the form of 
adenosine triphosphate) increases the yield of glut- 
amine. On this view, the condensation of oxalacetato 
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with acetyl-CoA is the rate-limiting step in the oxida- 
tion of succinate by rat brain cortex slices, and, in 
the absence of glucose, succinate oxidation is sup- 
pressed by the formation of oxalacetate, well known 
as an inhibitor of succinic dehydrogenase. Supply of 
acetyl-CoA, by the addition of glucose to the respiring 
brain, is sufficient to enable succinate oxidation to 
proceed optimally. Stimulation of glucose oxidation, 
by addition of 100 m.equiv./l. of potassium ions, occurs 
in the presence or absence of succinate but does not 
further increase the rate of succinate oxidation 
obtained on the addition of glucose. 

The addition of unlabelled succinate to labelled 
glucose has but little effect on the convérsion of 
glucose to amino-acids and carbon dioxide, as shown 
in Table 1. This is the case whether potassium stimu- 
lation of glucose metabolism is taking place or not. 
The increased rates of formation of CO,, or of 
radioactive glutamine, or y-aminobutyrate, known 
to occur when potassium ions “are added to the 
medium bathing brain cortex slices’, are scarcely 
affected by the addition of succinate. The lack of 
effect of succinate is presumably due to its relatively 
small rate of influx into the brain cells and its conse- 
quent relatively feeble rate of metabolism. It is of 
interest to note, in this respect, that malonate pene- 
trates the brain cortex cells sufficiently well to bring 
about large falls in the yield of radioactive amino- 
acids and carbon dioxide from radioactive glucose, 
indicating the dependence of these on the operation 
of the citric acid cycle!. 

We acknowledge with gratitude financial assistance 
from the Nationa! Research Council of Canada that 
made this work possible. 

1 Kini, M. M., and Quastel, J. H , Nature, 184, 252 (1959). 
* Ghosh, J. J., and Quastel, J. H., Nature, 174, 28 (1964). 


INCREASED LEVEL OF DIHYDROFOLIC REDUCTASE IN LEUCOCYTES 
OF PATIENTS TREATED WITH AMETHOPTERIN 


By J. R. BERTINO*, D. R. DONOHUE, B. W. GABRIO, R. SILBER}, A. ALENTY, 
M. MEYER and Pror. F. M. HUENNEKENS 


Departments of Medicine and Biochemistry, University of Washington, 
and King County Central Blood Bank, Seattle, Washington 


THY DROFOLIC 
reaction (1): 


reductase, which catalyses 


dihydrofolate + reduced triphosphopyridme 
nucleotide (TPNH) + H+ = tetrahydrofolate +- 
TPN+ (1) 


and to a smaller extent the reduction of folic acid to 
dihydrofolic acid, has been detected in leucocytes 
from patients with acute leukemia and chronic 
myelogenous leukemiat. Under the assay conditions 
used, the enzyme cannot be detected in normal 
leucocytes or in chronic lymphatic leukemic cells. 
In addition to providing a means for the continuous 
synthesis of the folic acid coenzyme (tetrahydro- 
folate), essential in one-carbon metabolism’, dihydro- 

toral Fellow of the National Cancer Institute, United 
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folic reductase has also been umplicated as a com- 
ponent in the system responsible for the reductive 
synthesis of the thymine methyl group?. Thus, this 
enzyme plays a major, and possibly multiple, part in 
nucleic acid synthesis and cell replication. 

Dihydrofolic reductase from acute leukemic 
leucocytes!, and from other tissues‘, is inhibited 
irreversibly by very low levels (about 10-* M) of 
the folic acid antagonists, aminopterin, amethopterin, 
and dichloroamethopterm. Since other folic saoid- 
dependent enzyme systems in leucocytes® are not 
inhibited by these antagonists, except at concentra- 
tions several orders of magnitude higher, dihydrofolic 
reductase must be considered as at least one of the 
primary target sites in the chemotherapy of leukæmia 
with the anti-folic compounds. 

Our investigations with leucocyte dihydrofolic 
reductase, therefore, provided an opportunity to 
investigate at the enzymatic level the development of 
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resistance in patients undergomg treatment with 
amethopterin. The level of dihydrofolic reductase 
has been followed ın a number of patients during the 
course of treatment with amethopterin’. Typical 
results for a patient with acute myeloblastic leukemia 
are shown in Fig. 1. Before the work reported here, 
the patient had experienced a partial remission, 
lasting for about four months, on being treated with 
6-mercaptopurine. In addition to white cell count, 
therapy and reductase-level, values are also shown 
for the level of formate-activating enzyme, another 
folic acid-dependent system. 

Following an initial course of amethopterin, the 
white count dropped rapidly to a level of 3,000 and 
was maintained for about three weeks with additional 
chemotherapy. Gastro-intestinal toxicity, as indi- 
cated by vertical arrows on the chart, necessitated 
the interruption of therapy. During this period of 
partial remission, there was a decrease in blast forms 
from 95 per cent to 20 per cent and a rise in the 
hematocrit and in platelet count. Concomitantly, a 
six-fold increase was observed in the level of dihydro- 


Table 1. CHANGES IN DINYDROFOLIO REDUOTASE LEVEL IN PATIENTE 
OHEMOTHERAP 


TREATED WITH AMWETHOPTBRIN AND OTHER BUTIC 
AGENTS 
Dihydrofollo reductase 
aotivity 
(wmoles/mL /hr./mgm., 
Chemotherapy protein) 
Before Aftor 
freatment treatment 
x 10-* x 10-* 
Part d 
Acute lymphocytic* Amethoptern 9:0 23 
Acute lymphooytic* ‘a — 23 
Acute myelogenous * iy 3t 25 
Acute myelogenous a 81 26 
Acute myelogenous ě ne 33 60 
Aonute monocytic ee &-7 37 
Part B 
Chromo myelogenons Myleran tB Ot 
Asante lymphooytic* Prednisone 47 486 
Acute myelogenous Mercaptopurine 3-7 2-6 
Acute monotytic Mercaptopurine 
and pre one 81 1:9 


* Denotes child. 
+ Hematological values returned to normal followmg treatment, 
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fohe reductase calculated per 
mgm. of soluble protein in the 
cells, Essentially the same result 
is obtained if the levels are calcu- 
lated per 10° cells. In contrast, 
the values for the formate-activat- 
ing enzyme remained relatively 
constant. 

At this point the white count 
again increased, despite adminis- 
tration of additional amethopterin 
in small amounts. Increasing the 
amount of drug then resulted in a 
transient drop in the white count, 
but without any corresponding 
improvement in function of bone 
marrow. Associated with these 
events, the reductase-level rose to 
a maximum value which was 
approximately sixteen times 
greater than the pre-treatment 
value. 

The failure of the final course of 
amethopterin to produce any 
appreciable effect indicated that 
the leucocytes of the patient had 
become resistant to this folic 
acid antagonist. Due to the 
complex therapeutic regimen, in- 
cluding 6-mercaptopurine, steroids, intravenous di- 
chloroamethopterin, and antibiotics, during the 
patient’s terminal phase, the accompanying changes 
in reductagse-level are difficult to interpret. 

Similar observations on the increase in reductase- 
level following amethopterin therapy have been 
made with other patients (Table 1, part A). In all 
cases, the enzyme-level increased steadily during the 
course of treatment, and the figures shown indicate 
the maximum value attained in contrast with the 
pre-trestment base-line. Other tetrahydrofolate- 
requiring enzymes, such as formate-activating 
enzyme, did not increase appreciably under the 
same conditions. 

In contrast to these findings, treatment of leukemic 
patients with chemotherapeutic agents other than 
the folic acid antagonists, for example, 6-mercapto- 
purine, prednisone and myleran, resulted in little 
change, or even a slight decrease, in the level of 
dihydrofolic reductase. These results are shown as 
part B in Table 1. 

The observed increase in dihydrofolic reductase 
level could not be attributed to alterations in the 
kinetic properties of the enzyme. Using the pro- 
cedures described in ref. 1, the enzyme was partially 
purified from the loucocytes of a patient resistant to 
amethopterin, and the properties of this enzyme were 
contrasted with the corresponding values obtained 
previously from cells of the same patient before 
treatment Since no differences were found in the 
Michaelis constants for TPNH or dihydrofolate, in 
the optimum pH, or in the inhibition constant for the 
interaction of the enzyme with amethopterin, the 
present results aro best interpreted as an increase in 
the level of dihydrofolic reductase. 

The development of increased dihydrofolic reduct- 
ase activity as a result of treatment with the anti- 
folics has been observed previously by Fischer’ 
working with mouse leukemia cells in tissue culture, 
by Nichol and his colleagues? with cultured sarcoma 
180 cells, and by Misra et al.” with 01210 leukemic 
mice. The present work is the first instance where 
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MEMBRANE CONDUCTANCE DURING DEPOLARIZING POSTSYNAPTIC 
POTENTIALS OF CRAYFISH MUSCLE FIBRES’ 


By Dr. JOHN P. REUBEN* and Dr. HAROLD GAINER} 


Department of Neurology, College of Physicians and Surgeons, 
Columbla University, New York 


peran conductance of the excited synaptic 
membrane is commonly regarded as the mechan- 
ism of synaptic electrogenesis’-*. However, a 
decrease in conductance is observed during activa- 
tion of excitatory synapses of crayfish muscle fibres 
bathed in a calcium-rich medium‘, This apparently 
anomalous behaviour results from non-linearity in 
the voltage-current relation of 
the electrically excitable mem- 
brane of crayfish muscle fibres’. 
The non-linearity (which does 
not occur in electrically inexcit- 
able membranes‘) is evident even 
when the fibres are in the normal 
crayfish Ringer’s medium (Fig. 
1), but in high concentrations of 
calcium ions it is enhanced, with 
the curve seemingly rotated 
about the origin’. 

The nature of these non- 
linearities of ‘the electrically 
excitable membrane need not be 
considered here. However, their 
occurrence is reflected in effects 
on the time course of the excita- 
tory post-synaptic potentials 
(e.p.s.p.). When the latter were 
evoked during depolarization of 
the fibre (inset records, left upper 
quadrant of Fig. 1) their ampli- 
tudes decreased as is expected of 
responses of electrically inexcit- 
able membranes*. Their dura- 
tions, primarily reflecting the 
passive decay of the potential 
during the falling phase, were 
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essentially unchanged. When ® 


the excitatory post-synaptic e 
potentials were evoked against 
a background of considerable 
hyperpolarization (right, lower 
quadrant) their durations de- 

* Postdoctoral fellow, National Science 


Foundation. and hyperpolarization of tee 
Post-doctoral fellow, National Insti- explanation in tex 
utes of ITealth, 


Hyperpolarizing 
I-O 


1, Changes produced by 
eer avian en e cede ee Ap. P au — 


creased, although the amplitudes increased. Both 
changes were predicted from the voltage-current 
curve. 

In the case of non-linear voltage-current curves, 
determination of the resistance by pulse heights may 
give different values depending on the sign of the 
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woak applied pulses of either sign, or the small 
(< 1 mV.) excitatory post-synaptic potentials evoked 
by stimulating a ‘alow’ axon reproduce exactly the 
slope of the voltage-current curve. With larger pulses, 
or with larger excitatory post-synaptic potentials 
evoked by stimulating a ‘fast’ axon, the measurement 
changes the operating pointe on the voltage-current 
curve. The disproportionate imerease in the ampli- 
tudes of the excitatory post-synaptic potentials in 
the hyperpolarized fibre (Fig. 1) was due to this 
factor. 

The upward concavity for the weakly depolarized 
membrane was more marked in the muscle fibre of 
Fig. 2. Accordingly, a small testing hyperpolarizing 
pulse, seen in isolation on the lowest trace of the 
inset records in the right lower quadrant, increased 
markedly in amplitude when the muscle fibre was 
depolarized, either by an applied current (middle 
voltage trace) or by the summated train of excited 
post-synaptic potentials (upper voltage record). 
The inset graph (left upper quadrant) shows two 
series of dynamic resistance measurements on this 
fibre, made with a constant testing current pulse 
which produced 8 mV. hyperpolarization from the 
resting potential. 

The voltage of the test pulse increased as the fibre 
was progressively depolarized by applied currents 
(circles) or by trains of excitatory post-synaptic poten- 
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tials at increasing frequencies 
(dots). However, the two curves 
diverged for depolarizations 
greater than about 10 mV. Dur- 
ing applied depolarizing currents, 
the amplitude of the test pulse 


r continued to rise until the fibre 


was depolarized by about 15 mV. 
With higher depolarizations, the 
amplitudes of the test pulses de- 
creased rapidly, the reversed slope 
reflecting the lower dynamic re- 
sistance which is also described by 
the flattened voltage-current line 
of the main graph. 

The negative slope which devel- 
oped during depolarizations by ex- 
citatory post-synaptic potentials 
is due to a different cause. These 
depolarizations were produced 
by summation of excitatory post- 
synaptic potentials at progres- 
sively higher frequencies. Thus, 
the total duration of the active 
phases of the synaptic electro- 
genesis, during which conductance 
is expected to be high, rose with 
increasing synaptic depolariza- 
tion. The average resistance of 
the muscle fibre membrane there- 
fore decreased although the resist- 
ance of the electrically excitable 
membrane continued, to increase. 

On the basis of the analysis in 
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uring depolarizations terms of dynamic properties‘, or 
tage-ourent relation of the transient onses? presented 
and by repatitive above, it may be concluded that 
on the depolarizing electrogenesis of 

test pulse excitatory synapses of crayfish 


muscle fibres origmates, as it 
does in other synaptic systems, 
from an increase in conductance 
of the synaptic membrane. 
The enomalous decrease in crayfish muscle fibres is 
ascribable to the effecta of the synaptic depolariza- 
tions on the non-synaptic, electrically excitable 
membrane. The anomaly is one of many which result 
from the interaction of two membrane components 
with different properties***. Other apparently 
anomalous properties of crustacean synaptic activity” 
should be re-examined in the light of the foregoing 
findings. 

This work was supported, in part, by funds from 
Muscular Dystrophy Associations of America, Inec., 
National Institute of Neurological Diseases and 
Blindness, National Science Foundation and United 
Cerebral Palsy Research and Educational Foundation, 
in grants to Dr. H. Grundfest. 
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MUTATION AS INITIATOR OF NEOPLASMS, AND THEIR 
SECONDARY EVOLUTION 


By Dr. RESA WAKONIG-VAARTAJA 
Zoology Department, University of Adelaide, South Australia 


N healthy mammalian tissues, perpetuation of cells 

having chromosome abnormalities is inhibited by 
unknown controlling mechanisms!-*, For example, 
the incidence of aneuploidy (abnormal chromosome 
number) always remains lees than 2 per cent, usually 
much legs. On the other hand, both in tissue cultures 
and neoplasms aneuploidy is much more frequent. 
This is explained? as evolution in cell population that 
had become autonomous either because of their 
removal from the body (tissue culture) or through 
the initial neoplastic change in the cells themselves 
(neoplasia). 

Chromosome abnormalities are a cellular property 
which may demonstrate somatic evolution and can 
be directly observed; any other property would 
require progeny analysis. Data have accumulated*~7 
and been reviewed recently? indicating such evolu- 
tion in many neoplasms. It has also been suggested 
that appearance of aneuploidy is not a secondary 
evolution but the very change that makes a cell 
neoplastic. This suggestion has been challenged by 
recent findings of diploid neoplasma* ‘. 

In an attempt to extend the challenge to neoplasms 
in general, chromosome numbers in otiologically 
different neoplasms were studied. One case was 
especially interesting. A/Jaxz mice 5 days old were 
injected subcutaneously with 0-02 ml. of urethane 
(a well-known carcinogen*). When 5-8 months old, 
three mice became leukemic. Malignancy was 
proved by successful transplantations. Most of the 
other 37 mice developed lung tumours. Chromosomes 
were studied following the usual modern techniques’. 

As shown by Table 1, aneuploid cells were very few 
in four of the six leukemic sites of mouse No. 1 
(thymus 3, axillary node 5, mesenteric node 6, 
inguinal node 7 per cent). Another mouse also had 
predominantly diploid leukemic sites. The occur- 
rence of such diploid malignant sites shows that thig 
type of leukemia is not caused by aneuploidy. On 
the other hand, many cells in leukemic cervical 
nodes (32 per cent) and kidney (23 per cent) were 
aneuploid indicating somatic evolution; differences 
between each of these and the other sites were signifi- 
cant at P < 0-01 (x? tests). 

Table 1 also shows the high incidence of a meta- 
centric marker chromosome (Fig. 1) in the sampled 


Table 1. OCCURRRBNOK OF ANRUPLOIDY AND THE MARKER* CHROMO- 
BOMH INBIXLRVXMMIO SITES OF AN A/Jax MOUSE TREATED WITH 
URPYHANE 

TInoldence of 
No.of Percentage of cells with marker * 

celis diffe chromosome per cont m 

analysed umbers di- aneu- 

40t 41 42 >42 ploids ploids 
Thymus 84 07 8 = — 9i — 
node 120 95 3 1 1 85 — 
Mesenterio node 62 94 2 4 — 94 — 
node 40 98 7 — — 92 — 
Kidney 58 77 11 6 6 85 — 
Cervical node 186 68 18 8 6 91 61 


* A metacentric chromosome present; see Fig, 1. 
t The normal chromosome number 2# = 40. 
t Not calculated because of the low number of ansuploids. 
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Fig. 1. Metaphase with 40 ohromosomes from leukeanio spleen of 

a mouse treated with urethane. The arrow shows a metacentnec 

In healthy — a the 40 chromosomes are 
centric 


cells at all six neoplastic sites of mouse No. 1. Con- 
ceivably such abnormal cells could have originated 
as clonal descendants of (1) one mutated cell, or (2) 
of several cells with independent but almost simul- 
taneous chromosome mutations. ‘The second alterna- 
tive would be a very unlikely coincidence because 
such mutations are rare and because a metacentric 
chromosome is not usually produced by chemicals in 
general or by urethane. This appears true on the 
basis of date in literature® ‘ and the following observa- 
tions. Various chromosome abnormalities were found 
in the normal mouse tissues 12, 24, 48 hr. and 7 days 
after the urethane treatment, but they disappeared 
later. No metacentric chromosome was found in 
300 cells from 32 treated mice with lung tumours 
and in 4 leuksamic sites, and in 500 cells from 45 
healthy sites. 

The more likely alternative (1), of one clone, 
necessitates the following conclusions: (a) neoplasia 
begins in a few or, more likely, in one cell, at least in 
certain. types of neoplasia; (b) autonomous tendencies 
can be inherited from a cell to its descendante; 
(c) leukesmia, even with almost simultaneous symp- 
toms in several tissues, may originate at one site; 
from this it may spread through metastasis; (d) the 
majority of the cells in certain neoplasms are 
changed irreversibly, and not temporarily due to 
stimulation from other cells (physiological theories) ; 
otherwise the proportions of marked cells belonging 
to one clone would have been smaller; (e) the varymg 
incidence of aneuploidy in the different sites, in spite 
of the same clonal origin of their cells, demonstrates 
genetic plasticity and random somatic evolution in 
neoplasms; this is in contrast to the rigid control in 
healthy tissues. 

Because of this demonstration of somatic evolution, 
the great likelihood of various incidental changes in 
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histology and physiology of neoplasms should also 
be recognized. Such changes should not be confused 
with the necessary properties of neoplasms. Difficulty 
in cancer chemotherapy may result from the genetic 
plasticity. Neoplastic cells likely evolve to tolerate the 
chemotherapeutant while normal cells scarcely do so. 

Conolusions (a), (6) and (d) are evidence for the 
theory that mutation initiates’ neoplasia. This does 
not necessarily mean that the initiation of neoplasia 
is a mutation in nuclear genes. For example, irre- 
versible changes in plasmagenes, provirusea” or in 
tems!!! would also be in accordance with the above 
data. Certain other types of tumours obviously are 
caused By infectious agents and normally start in 
several loci (Rous sarcoma!?; seo also discussion in 
ref. 3). In such neoplasms the concepts of infection 
and mutation overlap”. 

The conclusions (a-d) are felt to be true by many 
investigators but are extremely difficult to prove’. 
— reason for the difficulty is the unsolved problem of 

izing an individual neoplastic cell and dis- 
bina dieing it from healthy ones. Only by lucky 
coincidence was such recognition possible, with great 
likelihood, in this work. Therefore these unique 
results, based chiefly on cells of one animal, deserve 
more attention than otherwise. 

A. premise for the conclusions are the observations 
that a metacentric chromosome is not very readily 
created and cells with it are not readily per- 
petuated. In general the progeny of mutated somatic 
cells with any grossly abnormal chromosomes are 
never found dominant in normal mammalian tissue. 
Mammalian cells retain chromosome abnormalities 
only if these are present before birth, usually already 
in germinal cells (in Klinefelter’s syndrome and 
mongoloids, for example"). No data were found on 
chromosome abnormalities in somatic mosaics and 
chimeras of healthy mammals}, 

Although reported in tumours**, marker chromo- 
somes may not have been established in primary 
neoplasms with such dominance and constancy as 
here. In several Yoshida sarcomas of rat various 
V-shaped chromosomes have been found to occur 
and become dominant in transplantations*:7>, 
Similarly to the above reasoning, this was explained 
as secondary evolution after the first neoplastic 
change’. In repeated transplantations of such 
sarcomas, their cells often later attained also J-shaped 
chromosomes. The V-shaped markers were found in 
both spontaneous neoplasms and in those induced 
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by azo compounds. Levani’ has reported “a high 
incidence” of a ring-shaped chromosome in a human 
tumour. Various dicentric chromosomes have been 
found, in 68-5 per cent of the cells in a primary rat 
tumour induced by nitrogen mustard}*. In subsequent 
transplantations the incidence was somewhat lower. 

It is likely that the metacentric chromosome was 
a, result of the disturbing action of urethane on mito- 
sis; less likely is it that it was created spontaneously. 
The cellular clone with this marker was able to 
survive and increase because, after another change, 
it was neoplastic and thus escaped the body’s control. 
The marker may have been born either a little before, 
after, or simultaneously with the neoplastic change 
in the clone. Otherwise these mutated cells could 
not have escaped the body’s control and become 
dominant. Possibly both the appearance of the 
metacentric chromosome and the initial neoplastic 
change occurred in the same cell. Even if this were 
true, these two changes should not be considered as 
direct manifestation of the same event. In other 
words, the marker was not the cause of neoplasia. 
This is so because such abnormalities do not ocour 
in very many early primary neoplasms and it appears 
improbable that neoplasia would be initiated by such 
an abnormality in one case and by a different cause 
in another case. 

This work was carried out in the Saskatchewan 
Research Unit of the National Cancer Institute of 
Canada, University of Saskatchewan, Saskatoon, 
Saskatchewan, Canada. 
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OVARIAN TUMOURS DUE TO A FUNCTIONAL IMBALANCE OF 
THE HYPOPHYSIS 


By Pror, A. LIPSCHUTZ and Dr. H. CERISOLA 


Institute of Experimental Medicine, National Health Service, Santiago de Chile 


HEN, ın the guinea pig, one ovary is removed 

and the other is grafted mto the spleen, 
hemorrhagic follicles make their appearance in most 
of the grafts in the course of 1~2 months'. The 
conclusion seemed, justified that, under these experi- 
mental conditions, the ovarian steroid hormones, 
passing first through the liver, undergo a c in 
the latter and thus fail to control the gonadotrophic 
function of the hypophysis; an ovarian-hypophyseal 


hormonal imbalance is established. Hemorrhagic 
follicles appear also when both ovanes are grafted 
into the spleen; but they do not appear in the intra- 
splenic graft when the second ovary has been grafted 
into the kidney*, that is, when ovarian hormones 
are allowed to reach the general circulation without 
previously passing through the liver. 

All these findings are of considerable interest 
because luteomata and granulosa cell tumours 


146 


Average 
11 months 


Largest 
12 months 


A 





Intrasplenic L 1 5 


4 


D 


Intrarenal < 0°33 
cords lutein cells 





g a 
` Da, mixed tam tumour luteoma 


ed tumour cell n provalling; 
fal index of lene these OF mm, 
were not classified as luteoma 


originate in the intrasplenic graft, in the absence 
of the second ovary tn situ, in rats’, micet, guinea 
pigs?* and rabbits’, It was then assumed that 
ovarian tumours were due to an ovarian-hypophyseal 
imbalance. 

In previous experiments of long duration in guinea 
pigs, heamorrhagic follicles also appeared, though 
rarely, in intrarenal grafts’; once a tumour was even 
found in an intrarenal graft in the guinea pig’. 
More recently it has been shown that intrarenal 
ovarian grafts may become tumorous in rats*. It 
was the same with intratesticular’, intrahepatic, 
intrarenal and subcutaneous grafts in mice!18, 
From all these findings the conclusion was that 
ovarian tumorigenesis is not dependent on hypo- 
physeal hormonal imbalance, as formerly thought; 
in other words, that these tumours originate under 
conditions in which there is a ‘normal flow of hypo- 
physeal gonadotrophins’13, 

This conclusion is not warranted by the statement 
already mentioned that in experiments of short 
duration in guinea pigs the intrarenal graft inhibits 
the appearance of hmmorrhagic follicles in the simul- 
taneously present intrasplenic graft*®; and neither is 
the above conclusion warranted by the statement 
that, in the rat, ovarian tumours fail to appear in 
intrasplenic grafte when the second ovary has been 
left in stiui*. The question of the dependency of 
ovarian tumorigenesis on hypophyseal hormonal 
imbalance has been re-examined in this laboratory 
in the course of the past years in two ways: (a) 
comparing the structure and size of intrasplenic, 
intrahepatic and intrarenal ovarian in two 
`~ strains of mice (BALB and O57bl); (b) combining 
intrasplenic and intrarenal, or intrasplenic and 
intrehepatic, grafte in the same animal. The results 
due to the firat method were as follows: (i) luteomata 
appear also in intrarenal and intrahepatic ovarian 
grafts; (ii) the sequence of the evolutional tumori- 
genio events in intrarenal and intrahepatic grafts is 
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fully coincident with that in intrasplenic grafte; 
(ui) the timing and quantitative aspects of the intra- 
renal and intrahepatic tumorigenesis are very 
different from those of the intrasplenic tumorigene- 
sis. To take an example, in a group of 21 successful 
intrarenal grafts in BALB females, the largest 
luteoma reached at 15 months a tumour index 
(surface of the largest section) of 3 mm.*, and the 
average was of a ximately 1 mm.?; in a compara- 
tive group of 14 intrasplenic grafts the corresponding 
figures were between about 60 and 20 mm.*. Similar 
results were obtained, both in BALB and O657bl 
(48 experimental animals), when comparing intra- 
hepatic with intrasplenic grafts. Tumorouf growth 
in most of the intrarenal grafts reached, at 15 months, 
an evolutional tumorigenic phase corresponding 
only to the fourth or sixth month of tumorous 
growth in the intrasplenic graft in these strains of 
mice4#18, Tumours in intrahepatic grafts were 
structurally more advanced than in intrarenal grafts. 
There were also tiny granulosa cell tumours, especially 
in the liver and rarely in the kidney; but compared 
with what takes place in the spleen, only micro- 
tumours belated in their neoplastic growth are to be 
found in intrarenal and intrahepatic grafts. 

How can the difference between intrasplenic grafts, 
on one hand, intrarenal and intrahepatic grafts, on 
the other, be explained ? A differential degree 
of miscontrol of the hypophyseal gonadotrophic 
function would seem the most plausible explanation. 
This applies also to the structural differences between 
intrarenal and intrahepatic tumours. That this 
assumption is fully justified is evidenced by our 
results in (6) (combined grafts): (i) Tumorous growth 
takes place both in the intrasplenic ənd the simul- 
taneously present intrarenal graft; (ii) the tumours 
in the intrarenal graft are of the usual size of micro- 
tumours; (ili) the tumours in the intrasplenic graft 
are no longer of the usual large size—they are now 
also microtumours. Among 29 animals in which the 
intrarenal graft was present at microscopical examina- 
tion, there was not a single animal in which the 
intrasplenic tumour index would have surpassed the 
maximum of single intrarenal tumours. In other words, 
when an ovarian graft is present in the kidney of an 
animal with an ovarian graft in the spleen, the tumour 
develops in the latter in a way similar to intrarenal 
tumours (Fig. 1); the intrasplenic tumour is, similarly 
to ita intrarenal companion, no more than a micro- 
tumour belated in its neoplastic growth, though 
often larger and structurally somewhat more advanced 
than the corresponding graft in the kidney. 

In experiments with combined intrasplenic and 
intrarenal the graft in the kidney takes the 
leading role. This result allows only for one explana- 
tion-——the neoplastic evolution of the intrasplenic 
ovarian graft is dependent on an abnormal factor 
acting from outside the spleen. There is every reason 
to assume that this extrasplenic factor is the abnormal 
flow of hypophyseal hormones. With combined 
grafts this abnormal fow is controlled, though indeed 
only up to a certain degree, by castrogen produced in 
the intrarenal ovarian graft and allowed to reach 
freely the general circulation. 

Certainly, experimental interferences with the 
ovary itself also play an important part in ovarian 
tumorigenesis: radiation!’, sub-total castration!-14, 
vasoligation®, carcinogens!™ 30 (first step). One may 
be inclined to presume that a “change of cellular 
competence”?! takes place in the ovary due to the 
experimental interference with the ovary itself. 
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But this is by no means probable. On the contrary, 
there is the fact that an ovarian-hypophyseal hor- 
monal imbalance is the immediate sequence (second 
step) of experimental interferences with the ovary 
as evidenced by the appearance of hemorrhagic 
follicles and luteic cysts, in any event in sub-total 
castration}? and in transplantation!.’. Later, a 
fundamental local ovarian event sui generis (an 
unmistakable change of cellular competence) takes 
place: ‘the ovarian stroma is no longer able to become 
luteinized*!# and the granulosa cell tumour appears 
(third step)**. 

It is ẹ matter of speculation whether changes of 
cellular competence are related to the loss of follicles 
and to a consecutive overthrow of the balance between 
the cellular componente of the ovarian graft itee 
On the other hand, since the hypophyseal imbalance 
is an immediate result of interferences with the 
ovary, it is reasongble to assume that the neoplastic 
events in the ovarian graft culminating in the granu- 
losa cell tumour (which in reality is a stroma cell 
tumour!*%3,%4) are the outcome of a kind of biological 
‘chain-reaction’ on the ovarian-hypophyseal-hypo- 
thalamic level. Experimentally established primary 
ovarian changes are causative of a secondary ovarian- 
hypophyseal hormonal imbalance from which, in the 
course of time, a new neoplastic ovarian condition 
arises, & neoplastic initiation™, or a mutation on the 
level of somatic cells. 

Single grefts were made by Dr. E. Mardones, Miss 
Alicia Alvarez and Dr. H. Cerisola; combined grafts 
were made by Dr. H. Cerisola. 
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MECHANISM OF KERATIN FORMATION 


By J. DEBERSAQUES* and Pror. S. ROTHMAN 
- Argonne Cancer Research Hospitalt, and Section of Dermatology, University of Chicago, Chicago, 3 


T has been suggested that in keratinizing structures 

cellular proteins are hydrolysed to free amino-acids 
with subsequent de novo formation of keratins in the 
keratogenous zone!, This h esis was based on 
the finding that keratinized structures contain large 
amounts and @ great variety of free amino-acids but 
no methionine, cysteine or cystine?*, The absence 
of sulphur-containing amino-acids in aqueous hair 
extracts fitted the assumption that all available 
sulphur-containing amino-acids are incorporated 
into the new protein as cystine, hair having & high 
cystine content, while the other available amino-acids 
are only partially utilized in synthesis, the rest 
remaining in the cell or in the cellular debris in the 
form of free amino-acids. 

In recent years several authors have demonstrated 
the uptake of sulphur-containing labelled amino-acids 
into the keratogenous zone of hair by autoradio- 
graphy**. However, the uptake of other amino- 
acids was not tested in a similar fashion. Thus it has 
remained problematic whether in keratinization there 
is a simultaneous uptake of different amino-acids at 
the same site ing de novo synthesis or whether 
there is an apposition of sulphur-contaiing material to 


*Tuternational P storai Research Fellow of the National 
Tnstitutes of Health; h; Aspirant oft of the National Foundation for Scienti- 
fle address: Department of Dermatology 


Research, 
— of Ghent. 

t+ Operated by the University of Chicago for the U.8. Atomic Energy 
Comm ission. 


pre-formed fibrous proteins (‘tonofibrils’) in the 
final phase of keratin formation. This was assumed 
mainly on the basis of electronmicroscopic findings’. 
Nevertheless, even the electronmicroscopic pictures 
permit the interpretation of “a more or less complete 
breaking up or dissolving of the tonofibrils’’® before 
keratinization occurs. 

Harkness and Bern’, on the basis of autoradio- 
graphic findings in mice with protein hydrolysates 
and carbonates both labelled with carbon-14, came 
to the tentative conclusion that keratin is synthesized 
de novo in the keratogenous zone of hair. Fleischer, 
Vidaver and Haurovitz! came to a similar conclusion 
after studying the ratio of uptake of carbon-14 and 
sulphur-35 into hair of rate from double-labelled 

teins. A recent contribution by Downes"! on 
uptake of sulphur-35 by the wool of sheep strongly 
suggests that there is an intermediate metabolic 
pool between the free cystine in blood plasma and the 
cystine in wool. He also concludes that cystine is 
incorporated into hair as a free amino-acid. 

We hoped to obtain more direct information by 

ing several labelled amino-acids and by 
studying the time-sequence of their uptake by hair 
and their incorporation into hair keratins. 

Hairs on the backs of 300-500 gm. female guinea 
pigs were plucked to induce the anagen or growing 
phase of the hair cycle. Fourteen days later radio- 
active labelled amino-acids were given mtraperitone- 
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ally. At different intervals after injection the growing 
hairs were plucked and the specific radioactivity was 
estimated with a liquid scintillation counter: (1) in 
the total hair; (2) in its water-soluble fraction; 
(3) in its water-insoluble fraction. Experiments 
with each amino-acid were repeated on at least three 
different animals. The uptake of leucine was estim- 
ated in seven experiments. The results were uniform 
throughout. 

With tritiated alanine, leucme and lysine, and with 
serine labelled with carbon-14, the resulta were 
‘similar. The specific activity of the total hair rapidly 
rose to reach a maximum between 1 and 2 hr. after 
injection followed by a gradual decrease. During 
this early phase all radioactive material was present 
in the water-soluble fraction. It was not precipitable 
with trichloroacetic acid and was dialysable, indi- 
cating small molecular moieties. 

The specific radioactivity in the water-insoluble 
fraction of hair showed a very gradual and slow rise 
reaching a maxımum after 1-3 days. At the same 
time, the radioactive material started to disappear 
from the water-soluble fraction at about the same 
rate as it was taken up by keratins (Fig. 1). 

The incorporation of cysteine labelled with sulphur- 
35 (six experiments) showed the same time pattern 
of incorporation as did that of the non-sulphur- 
containing amino-acids. Uptake into the water- 
insoluble fraction reached its maximum at the end 
of the second day. The increment of uptake of 
cysteine as related to its concentration in the water- 
soluble fraction, however, was much higher than 
in the case of the other amino-acids. In other words, 
cysteine was taken up with greater avidity. 
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When methionine labeled with sulphur-35 was 
injected (eight experiments) the uptake of sulphur-35 
into keratins was prolonged up to 5-6 days. It could 
be shown that this prolongation of uptake is due to a 
slow conversion of methionine into cysteine, prior 
to its incorporation into hair. That the conversion 
is slow was shown by analysis of liver tissue for 
methionine and cysteine in animals injected with 
methionine labelled with sulphur-365. 

When tritium-labelled methionine was injected 
(seven experiments) the tritium appeared in the 
water-soluble fraction of hair, as was the case with the 
other amino-acids. Uptake of radioactivity into hair 
keratins, however, was minimal or absent, indicating 
that only the sulphur atom of methionine is incor- 
porated into hair keratins. 

The uptake of labelled amino-acids into keratins 
had two suggestive features. 

First, the incorporation of all amino-acids injected 
(except methionme) occurred uniformly in time. This 
suggesta that keratins are formed at once de novo 
from free amino-acids and that there is no super- 
imposed cystine incorporation into pre-formed pro- 
teins or tonofibrils. 

Secondly, in all experiments disappearance of the 
radioactive material from the water-soluble fraction 
and its — by keratins were complementary 
(gee Fig. 1). This behaviour suggests that it is the 
—— small-molecular material (present prob- 
ably in the non-keratinized lower portion of hair) 
from which keratin is built. This water-soluble 
meterial in hair may well represent Downes’s ‘inter- 
mediate pool’, the existence of which he deducted 
from the shape of his curves of uptake of sulphur-365. 

We assume that physiologically of this amino- 
acid pool originates from the breakdown of proteins 
in matrix cells occurring prior to keratinization in 
the keratogenous zone. 

We are indebted to Dr. Herbert 8. Anker, Depart- 
ment of Biochemistry, for his valuable advice. 
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MELANIN FORMATION IN HUMAN SKIN INDUCED BY LONG-WAVE 
ULTRA-VIOLET AND VISIBLE LIGHT 


By Dr. M. A. PATHAK, Dr. F. J. RILEY, Pror. T. B. FITZPATRICK and Dr. W. L. CURWEN 
Department of Dermatology, Harvard Medical Schoo] at the Massachusetts General Hospital, Boston 14 


XPOSURE to solar radiation or to ultra-violet 
light from artificial sources causes pigmentation 
of human skin. This grossly observable change is 
known to involve two separate photobiological 
processes. The first, so-called ‘primary melanization’, 


is brought about by the erythemal spectrum (wave- 
lengths shorter than 320 mu, with peaks at 250 and 
297 my). It consists of an erythemal response, 
followed by the formation of new pigment and 
migration of melanm granules. The second process, 
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‘pigment-darkening’, is evoked by wave-lengths 
longer than those which induce sunburnt, the 
reported range being from about 300-420 my, with 
maximal effect at 340 mu. The two processes differ 
m several ways. Pigment-darkening is known to 
begin immediately after exposure to ultra-violet 
light without any latent period. It appears to be an 
oxygen-dependent photochemical reaction and is 
believed to be due to the oxidation of reduced, 
colourless or light-coloured melanin to the dark 
oxidized form’? ’. 

It is generally believed that new melanin can be 
formed only after irradiation with ultra-violet light 
of the*so-called: ‘erythemal spectrum’ (that is, by 
wave-lengths less than 320 mu with peaks at 250 
and 297 mu) and that wave-lengths greater than 320 
mp can induce darkening of the pre-formed melanin 
only and cannot induce the formation of new 
moelanin*>*?, 

We wish to report: (a) that contrary to general 
belief, long-wave ultra-violet and visible light can 
initiate the formation of new melanin as well as 
immediate pigment-darkening; (b) that the action 
spectrum of immediate pigment-darkening does not 
terminate at 4300 A. as previously suggested by 
Henschke and Schulze?, but extends from 3000 to 
6000 A. 

While investigating the effects of long-wave ultra- 
violet and visible light on pigmented human skin, 
we have found that immediate pigment-darkening 
is followed by fading and disappearance of the 
immediately darkened pigment within 1-3 hr. after 
the end of irradiation, and reappearance of pigmenta- 
tion at the same site 48-72 hr. after irradiation.. 
This that besides immediate pigment- 
darkening, the formation of new melanin can be 
induced by these wave-lengths. 

Six fair-skinned and six dark-skinned (Japanese, 
Bast Indian and Negro) subjects were irradiated with 
long-wave ultra-violet light (wave-lengths 360, 400, 
440 and 460 my) on the inner aspect of the forearm for 
between 20 and 30 min. and received approximately 
150 x 107 ergs at each wave-length. The light used 
in this work was obtained from a high-intensity 
monochromator constructed in this laboratory. This 
monochromator is an {/0-5 instrument in which two 
5 x 5 in. diffraction gratings disperse the incident 
light. At the site of irradiation at the 6-mm. slit, the 
light band at various wave-lengths was approximately 
75-100 A. wide. 4-mm. punch biopsies were taken 
from three fair-skinned subjects after exposure to 
3600, 4000 and 4400 A. In one subject, biopsies 
were obtained prior to irradiation and at 24, 48, 72, 
96 and 120 hr. after irradiation; in two other subjects, 
biopsies were taken before irradiation and 120 hr. 
following irradiation. The tyrosinase activity of the 
various biopsies was studied with a histochemical 
rmethod?®. 

The action spectrum of immediate pigment-darken- 
ing was investigeted on four dark-skinned subjecta 
with a constant energy delivery of 45-0 x 10” ergs 
at each wave-length used. This amount of energy is 
equivalent to that received during about 37 min. of 
exposure to the total radiation of the Sun, or during 
about 78 min. of exposure to solar radiation of wave- 
longths of 290-700 my. (ref. 11). In the experiments 
reported here, © were made at intervals of 
200 A. between 3200 and 6600 A. Intensity of 
pigmentation at each site of irradiation wes graded 
by three observers on a visual scale of 0, +1, +2, +3 
and +4. Degree of response was recorded immediately 
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following irradiation, every 5 min. thereafter for 
30 min., 1, 2, 18, 24, 48 and 72 hr. and 7, 10, 30 and 
60 days after the end of exposure. Within 10 min. 
after irradiation, the pigment-darkening response to 


different weave-lengths was also measured on a 
reflectance spesctrophotometer (Bausch and Lomb, 


Spectronic No. 505) which had been modified for this 


> Immediate pigment-darkening occurred only in 
subjects with dark complexions. ‘The fair-skinned 
subjects manifested the ‘blue-greyish hypermmia’ 
without immediate pigmentation recently described 
by Rottier!*, In dark-skinned subjecte, the darkening 
of the skin was observed immediately following 
irradiation, the intensity seeming to be maximal at 
this time. In several areas exposed to 45-9 x 10’ 
ergs at different wave-lengths, the immediate pigment: 
darkening faded to ‘barely visible’ within 1 hr., 
and after 2-3 hr. the irradiated area could no longer 
be differentiated from normal skin. After 72 hr., 
re-pigmentation made the irradiated areas again 
visually discernible. This re-pigmentation seemed 
to be due to the formation of new melanin, because it 
i for more than three months in the subjeots 
studied. In the fair-skinned individuals, re-pigments- 
tion was also evident after about 48-72 hr... This new 
pigmentation has also lasted for more than three 
months. The observed action spectrum of immediate 
pigment-darkening extends to 6000 A., with an 
apparent maximum between 4200 and 4600 A. 

The fair-skinned subjects also developed an erythe- 
mal response immediately after irradiation with 
long-wave ultra-violet light, as detected visually 
and. by reflectance spectrophotometry. This erythe- 
mal response disappeared within an hour or two and 
reappeared after 12-18 hr. The erythema was not 
due to infra-red radiation, heat or wave-lengths in 
the sunburn spectrum. 

To prove that pigmentation resulted from newly - 
formed melanin, the skin of fair-skinned subjects 
was studied for the presence of tyrosinase activity 
with a histochemical method. In the three subjects, 
biopsies from sites which had been exposed to 860, 
400 and 440 my radiation exhibited tyrosinase 
activity. Biopsies from these areas, when incubated. 
in tyrosine~phosphate buffer (pH 6-8; tyrosine 0-005 
M), contained melanocytes in which brown and dark 
brown granules of melanin were evident within the 
cytoplasm of the cell body and dendritic processes. 
Biopsy specimens from un‘rradiated sites mcubated 
in tyrosine-phosphate buffer contained no tyrosinase 
activity, little or no pre-formed melanin in the basal 
cells and no dendritic melanocytes exhibiting tyrosin- 
ase activity at the epidermal—dermal junction. In 
control sections incubated in phosphate -buffer alone, 
the basal cells contained pre-formed melanin, but 
there were no dendritic melanocytes containing 
tyrosinase activity at the epidermal—dermal junc- 
tion, 

Melanin formation following exposure to long-wave 
ultra-violet and visible light requires more energy than 
following exposure to wave-lengths less than 320 
mp. It seems likely, in view of these findings, that 
the melanin formation which follows exposure to 
sunlight is the result of exposure not only to wave- 
lengths shorter than 320 mu, but also to long-wave 
ultra-violet and visible light. Sunlight contains a 
high percentage of ultra-violet and visible energy 
in the range between 320 and 700 mu. 

This work was supported’ by a grant from the U.S. 
Public Health Service (National Institutes of Health), 
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No. CY-&003 (O—-I). The monochromator used was 
built with funds generously provided by Dr. and 
Mrs. John Alden of San Francisco, California. We 
would like to thank Dr. I. A. Magnus, St. John’s 
Hospital for Diseases of the Skin, London, for his 


valuable suggestions about the design and oon- 
struction of the monochromator. 
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TITRATION OF VACCINIA VIRUS AND ITS NEUTRALIZING 
ANTIBODY BY THE PLAQUE TECHNIQUE 


By Dr. MOSHE NISHMI* and Dr. ROBERT KELLER 
Department of Microbiology, Michael Reesa Hospital and Medical Center, Chicago 


CC. methods for the plaque titration of 
vaccinia virus use primary cell cultures from 
monkey kidney! and chick embryo** tissues, 
Recently, a continuous cell line, Harle’s L strain’, has 
been suggested for this purpose. In this system, 
however, plaque titres became comparable to titres 
obtained from pock counts on the chorioallantoio 
membrane of embryonate eggs only after a prolonged 
adaptation period. In the course of an investigation 
on the interaction of vaccinia virus and HeLa cells®, 
we devised a simplified plaque assay utilizing this 
system. The present communication presents the 
details of this assay, as well as of its application to 
the evaluation of neutralizing titres of sera. 

Stock cultures of HeLa cella were grown in a 
medium consisting of 9 parts by volume of a solution 
of 0-5 per cent lactalbumin hydrolysate, 0-1 per cent 
yeast extract and 0'5 per cent glucose in Earle’s 
balanced salt solution (LH YX), and 1 part of pooled 
human serum. The cells were versenated, sedimented 
and re-suspended to a concentration of 2 x 10% per 
ml. in Eagle’s basal medium supplemented with 
0-5 per cent glucose and 10 per cent calf serum. 
2 ml. aliquots of the suspension were inoculated into 
short Leighton tubes (16 x 80 mm.) (Bellco Glass 
Co., Vineland, New Jersey) with increased flat surface 
dimensions (11 x 55 mm.), The tubes were then 
incubated. in 36 tube racks (Bellco Glass Co., Vine- 
land, New Jersey) especially designed for them, and 
the racks placed on perfectly horizontal shelves to 
ensure even cell distribution. After 48 hr. incubation 
the medium was replenished. The next day the 
cultures were ready for inoculation with virus. 
With an increase in the inoculum to 1 x 10* cells 
per tube, cultures suitable for viral assay were 
obtained in 24 hr. In each case, plaques were most 
clearly defined when cultures which had just formed 
confluent monolayers were inoculated. Plaques 
produced in dense or multi-layered cell sheets were 
leas well defined. Virus dilutions were prepared in 
phosphate-buffered saline or in the same containing 
5 per cent chicken serum. The medium was removed 
from the cultures, which were then washed with 
phosphate-buffered saline and inoculated with 0-2 ml. 
of the appropriate virus dilution. Virus waa allowed 
to adsorb for 4 hr. at 37° C. with occasional tilting of 
the racks containing the culture tubes to promote 


* Present address: Viro Division, Department of Pathology, 
Mount Binal Medical Foundation, 2765 West 15th Sinot 
go 8, 


even distribution of virus and wetting of cells. After 
adsorption, the cultures were washed with phosphate- 
buffered saline and replenished with 2:5 ml. of the 
maintenance medium (pH 7-8-8-0), consisting of 
90 per cont LHYX and 10 per cent horse, chicken, 
or calf serum. After 40-48 hr. at 37° C., plaques, 
about 1 mm. in diameter, were plainly visible. Cell 
sheets were stained by adding 0-5 ml. of a 0:2 per 
cent solution of neutral red to each tube and incubat- 
ing for 15-30 min. at 37° C. The fluid was then 
aspirated from the tubes and the plaques counted 
against a white illuminated background. The use 
of a Quebec colony counter facilitated this procedure; 
about 150 plaques could be counted per tube without 
difficulty. Plaque counts were in direct proportion 
to virus concentration, and there was little variation 
in counts of replicate cultures inoculated with the 
same virus dilution. 

The substitution of a liquid medium for an agar 
overlay in the method outlined is based on our 
observations on the spread of vaccinia virus in HeLa 
cell monolayers, to be described in detail elsewhere. 
In brief, we have found that the presence of antiserum 
in the medium does not prevent the formation of 
foci of infection in cultures that had adsorbed virus 
prior to its addition. Moreover, concurrent assays 
of medium, intact cells, and disrupted cells at various 
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Fig. 1, Plaques produced in HeLa cell monolayers two days 
after the mooilation of three serial 0-5 log dilntions of a pipra f 
virus preparation (magnification x 0-6) 
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Table 1. COMPARATIVE TITRATIONS OF THEE STRAINS OF VACOIKIA 
Vimus amp Two STRAINS oF CowrPox VIRUS IN HELA Onli MONO- 
LAYHRS AND EMBEYONATP HGgsg* 


No. 4811 


HeLa CAM 
Btrain PFU t/ml. POFU tim. 
Derma] vaccinia 1-2 x 107 16 x 10° 
IHD 8-1 «x 10’ 4:0 x 10? 
Minnesota 2-2 x 10’ 12 x 10° 
Cowpex free variant) 2-0 x 107 28 x 10° 
Cowpox (white pook variant) 2°8 x 107 3-2 x I0* 


~ * All straing tested after six consecutive passages In HeLa cell 


monolayers. 
9 a forming unite, 2—3 tubes used per 0-5 log dilution. 

A et a 6-8-, 12- or 18-day-old eggs used per 0-5 log 
a 


Table 2. COMPARATIVE TITRATIONS OF VARIOUS PassaGh LEVELS OF 
A ——— O¥ VAOOINIA VIRUS STRAIN NO. 472) D1 
CALL MONOLAYERS AND HunnyowatTa Kaas 
H CAR 
Material tested PFU */mL POFU */mL 
VYacoine Lot No. 6058 11 x 10" 18 x 10° 
K? 2-4 x 107 2-5 x 10? 
E2-H3 6-0 x 10° 2-2 x 107 
E2-H9 5-5 x 107 28 x 107 
E2~-H81+} ® 7-6 x 107 2-8 x 160° 
* Bee Table 1. 


After two passages In embryonate eggs and thirty-one passages 
tn HeLa cell cultures, 


Table 3. COMPARATIVE ony he TITRATIONS OF A VAOGINH STRAIN 
OF VAOCOrN1A VERUS (LAPINE No, 472)* IN EVE DIFFERENT 
CELL LINES 

Cell line PFU t/ml. 
HeLa 11 x 10? 
H.Ep. No. 2 1-6 x 10° 
Monkoy heart, Salk 14 x 108 
Porcine kidney, adult 1-1 x 10° 
WISH (human amnion) 8-8 x 10? 


* Tested after three consecutive passages in embryonate eggs. 
t Bee Table 1. 


times after infection have shown that the virus spreads 
primarily from cell to cell in the early stages of the 
infection. Virus released into the medium leter 
gives rise to secondary plaques which begin to appear 
only three days after infection, and therefore does not 
affeot the results read 40-48 hr. pest-infection. 

Fig. 1 shows the appearance of plaques in Leighton 
tubes inoeulated with 3 serial 0-6 log dilutions of a 
vaccinia virus preparation. The results of compara- 
tive titrations of three strains of vaccinia virus and 
two strains of cowpox virus in HeLa cell cultures and 
embryonate eggs are summarized in Table 1. It will 
be seen that titres are about the same by both 
methods of assay except in the case of the white pock 
variant of cowpox, where the plaque titre is about 


ten times the pock titre. Table 2 gives results of 


comparative titrations, tn vitro and in ovo, of a vaccine 
strain of vaccinia virus in its calf lymph form, and 
after various in embryonate eggs and HeLa 
cell cultures. It shows that initially the titres are 
about equal, but after a few passages in HeLa celis 
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the plaque titre is slightly higher than the pock titre 
and remains so to the thirty-first passage. Several 
other cell lines tested for the titration of vaccinia virus 
by the same technique were found to be equally 
sensitive, as shown in Table 3. 

The pock inhibition technique”? and more recently 
the plaque inhibition technique using primary 
monkey kidney cell cultures? have been stressed as 
sensitive tools for the determination of neutralizing 
antibody titres in sera subsequent to vaccination 
against, or infection with, smallpox. The following 
procedure, utilizing the simplified plaque technique, 
was found satisfactory for the assay of vaccinia virus 
neutralizing antibody. Stock virus was diluted in 
phosphate-buffered saline containing 5 per cent 
chicken serum to contain 500~-1,000 plaque-forming 
units ml. Mixtures of equal volumes of this 
suspension and of serial dilutions of the sera to be 
tested prepared in the same diluent were incubated 
in a water bath at 37° C. for 2 br., and shaken at 
¢-hr. intervals. Following overnight refrigeration, 
0-2 ml. aliquots of each mixture were inoculated into 
cultures, and the amount of neutralized virus determ- 
ined by the plaque technique. Titres of 13 human 
sera chosen at random, expressed as the highest 
dilution producing 50 per cent reduction in plaque 
count when compared with appropriate controls, 
ranged from 1:2to 1:64. Sera from two hyperim- 
munized rabbita titred 1 : 8,000 and 1 : 16,000. 

The method outlined has been found to be economi- 
cal of time, space, labour and material, and may 
find further application in the study of other viruses 
forming small plaques as, for example, the arbor 
viruses. It is suggested as a useful tool in the study 
of virus—cell relationships, as well as for the screening 
of sera in the determination of neutralizing antibody- 
levels in epidemiological surveys. 

The strains of vaccinia and cowpox viruses were 
obtained through the courtesy of Dr. Leonard Mika 
of Fort Detrick, Frederick, Maryland. The skilled 
assistance of Miss Evelyn Carmon is gratefully 
acknowledged. This investigation was supported 
by a grant from the Merton Davis Memorial Founda- 
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ANTIGENIC CROSS-REACTION BETWEEN HOST AND PARASITE AS 
A POSSIBLE CAUSE OF PATHOGENICITY 


By Pror. D. ROWLEY and Dr. C. R. JENKIN 
Department of Microbiology, University of Adelaide . 


HE apecificity of the host parasite relationship 

is au intriguing and complex problem. We 
would like to consider this aspect with regard to a 
particular group of mammalian parasites, pathogenic 
bacteria, and advance a hypothesis with some support- 
ing experimental evidence that might help to explain 
the unique susceptibility of some hosts. 


In order that bacteria may give rise to an infective 
disease process they must multiply in the host environ- 
ment, an environment which may be divided into 
intracellular and extracellular phases. With regard 
to this environmental division, pathogenic bacteria 
fall into two groups—those that are phagocytosed 
but survive and multiply within cells, and those which, 
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Fig. 1. Phagocytosis by, and survival within, rat and mouse perl- 

toneal macrophages of Salmonella typhimurium C5 after treatment 

with either normal mouse serum or normal rat serum. Phago- 

cytosis and survival determined after 60 min. contact between 
d bacteria in flasks 


cells an 
Black, Percentage phagooytosis, hatched, percentage survival 


due to their peculiar cellular composition, are able to 
resist phagocytosis and multiply extracellularly, but 
which if ingested are destroyed. 

One might imagine at first thought that the 
mechanisms leading to resistance to these two groups 
of pathogens would be fundamentally different. Thus, 
with the intracellular parasites, resistance of any host 
to these might appear to depend on the possession 
by the host of effective intracellular bactericidal 
mechanisms, while in the other group resistance to 
infection would be correlated with the production 
of certain serum factors leading to enhanced phago- 
cytosis. Experimental evidence already in the litera- 
ture seems to us to be ambiguous but could suggest 
that the mechanisms of resistance to these two groups 
of pathogens are similar and may be correlated with 
the presence of serum factors (opsonins)!-8, which lead 
not only to enhanced phagocytosis but possibly affect 
the fate of the ingested bacterie’. Thus it would 
follow that a host resistant to a particular pathogen 
possesses serum factors which arelacking in susceptible 
animals. 

Further supporting evidence for this may be found 
in the following experiments. Most laboratory strains 
of mice are highly susceptible to Salmonella typhimur- 
tum, while rata in general are resistant. The phago- 
cytosis by, and survival of, these bacteria within 
mouse and rat peritoneal macrophages was studied 
in vitro after the bacteria had been treated with 
either normal mouse serum or normal rat serum. The 
technique used has been described elsewhere*®. It is 
apparent from the histogram (Fig. 1) that both rat 
and mouse peritoneal macrophages have a similar 
bactericidal potential, the rate of phagocytosis and 
the ultimate fate of the bacteria depending on the 
serum used for opsonization. It should be stressed 
that under the conditions of opsonization, carried out 
at 4° C., rat serum did not affect the viability of the 
bacteria, nor did it cause any apparent agglutination. 
These results support earlier in vivo experiments in 
which it was shown that S. typhimurium O85 is less 
virulent for the mouse after treatment with rat 
serum’. 


NATURE 


January 13, 1962 VoL 193 


If we accept the relationship between host resist- 
ance to a potential pathogen and the possession of 
certain serum factors which are important pre- 
requisites for effective operation of the cellular 
defences, we are led to consider reasons why the 
susceptible host is unable to produce these opsonins. 

During embryonic development of the immune 
response there is presumed to be suppression and 
possible elimination of cells producing antibodies 
directed against self-components’. A similar suppres- 
sion of normal antibody response to foreign antigens 
may be obtained by injecting the antigen into the 
foetus or neonatal animal inducing the state known 
as immunological tolerance*. Might it not Be possible, 
therefore, that the inability of the susceptible host to 
produce factors in its normal serum protein pool, 

j i certain antigens of the parasite, 
lies in the relationship of the parasite antigens to 
host self-antigens ? 

The experimental evidence to’ be reported, though 
by no means conclusive at this stage, supports such an 
idea. 

As an experimental model we have studied the 
phagocytosis of a virulent strain of S. typhimurium 
(5 in & susceptible strain of mice. It has been pre- 
viously shown that sera obtained from different 
species of animals vary in their ability to protect 
mice against infection with this pathogen. Pig 
serum was found to be very effective and providing a 
suitable challenge dose of bacteria (which had previ- 
ously been treated with pig serum) was chosen, the 
majority of the experimental mice survived, whereas 
the controls challenged with bacteria pretreated with 
normal mouse serum succumbed to the infection’. 
Bacteria treated with pig serum are cleared rapidly 
from the blood stream by the phagocytic elements of 
the liver and spleen (Fig. 2). The technique used for 
measuring the clearance of bacteria from the circula- 
tion has been described in detail elsewhere. The 
phagocytic index K, which is a measure of the rate of 
clearance, may be calculated from the slope of the 
curve’. 

While investigating the chemical nature of these 
opsonic factors in pig serum it was found that intra- 
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. 2, Clearance of Salmonelia typhimurium C5 by the retioulo— 
endothelial system of the no mouse, before and after treat- 
ment with pig serum 

1, Opsonized normal mouse serum, K = 0-018: 2, opsonized 

serum diluted 1/16, K = 0-04; 8, opsonized pig serum dilu 

1/8, K = 0009; 4 nized pig serum diluted 1/4, K = 0-10; 
5,0 pig serum diluted 1/2, K =» 0-20 
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venous injection of 0-3 ml. of pig serum into the mouse 
produced all the signs of anaphylaxis and the mice 
died in bronchospasm. Examination of pig serum for 
hemagglutinating antibodies against the mouse red 
cell revealed a very high titre of these substances. 
Fractionation of pig serum on DEAE cellulose columns 
has shown that the mouse hemagglutinating antibody 
ig present only in the fraction showing opsonic 
activity. This active material while still impure is 
distinct from the y-globulin. Preliminary studies 
suggest that the activity is ın a 8-globulin fraction. 

The close association between mouse hemagglutin- 
ating actiyity and opsonic properties of this fraction 
would suggest that S. typhimurium C5 shares a 
common antigenic component with the mouse red 
blood cell. If such were the case. then the pathogeni- 
aty of S. typhimurium from the mouse might be 
explicable in terms of umraune tolerance, the forma- 
tion of serum factorg essential for phagocytosis being 
suppressed due to some relationship between host and 
parasite antigens. If this were so an antiserum pre- 
pared in rabbits against mouse tissues should enhance 
the clearance of S. typhimurium C5 from the circula- 
tion of the susceptible host strain of mice. 

An antiserum to homogenized mouse liver and 
spleen was prepared in rabbits. Isotopically labelled 
S. typhimurium O5 was opsonized with this antiserum 
and the clearance of the labelled bacteria from the 
blood stream of the susceptible host followed. The 
results of this experiment are presented in Fig. 3 and 
it is apparent that rabbit antimouse serum preatly 
enhances the clearance of C5 from the circulation. 
Absorption of the rabbit antimouse serum with mouse 
red blood cells while removing most of the hæm- 
agglutinating activity also reduced its opsonic 
properties (Table 1). 


Table 1. PHAGOCYTIC INDEX K AND MOUSE Rep CELL Hex 

AGGLUTINATING ACTIVITY OF RABBIT ANTIWMOUSB SERUM AND Pia 

SERUM FRACTION BEFORE AND AFTER ABSORPTION WITH 
Salmonella typhimurium C5 ok Mouse RED BLOOD OHLAS 


Rabbit antimouse Pig serum 
Treatment of serum sorum fraction 
nee — auns 
agglu Ing aggiu 
K activity activity 
Before absorption 0-23 1,024 units 0:07 128 units 
After absorption of 
1 ml. with 7 mgm. 
dry wt. of 05 0 04 512 units 0-08 16 units 
After absorption of 
1 ml, with 1 mL of 
cked mouse red 
lood cells 612 16 units ND ND 
ND., not done. 


Ib is interesting to note that absorption with S. 
typhimurium O5. of erther rabbit antimouse serum or 
the partially purified opsonic fraction from pig serum, 
not only reduced the phagocytic index but simultane- 
ously lowered the titre of mouse hemagglutinating 
antibody. In order to avoid the possibility that the 
bacteria were merely functioning as inert carriers for 
antibodies directed against mouse serum protes, 
and one was thus measuring the clearance of these 
antigen antibody complexes absorbed to the bacterial 
cell surface, normal mouse serum was used as the 
diluting medium. 

One might grade S. typhimurium strains from those 
which are highly virulent for the mouse with DD,,’s of 
10-100 organisms to those at the other end of the 
scale that are relatively avirulent with LD,,’s of 10 
or greater. The varying degrees of virulence may be 
reflexion of the amount of postulated shared antigen, 
which for simplicity we shall call V. As avirulent 
strains of S. typhimurium are ingested readily by the 
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Pig. 8. Clearance of Salmonella typhununum Cb by the reticulo— 
othelial system of the n mouse before and after opson- 
ization with a rabbit antiserum to mouse tissues 
1, Opsonized with normal mouse serum, K = 0 022; 2, opsonized 
with serum from rabbits before immunization, K = 0 022; 
8, opsomzed with serum fiom rabbits after immunization, 


K = 0l4 


phagocytic cells of the mouse, this would ımply that 
the mouse possesses serum factors directed against 
antigen(s) of the avirulent strain. It seems likely 
that this antigen(s), which we could designate 4, is 
also shared to some extent by the virulent strain, 
since these are also ingested by mouse phagocytic 
cells though very poorly’. The relative proportions 
of V and A in strains of S. typhimurium could con- 
ceivably predetermine their virulence for the mouse 
and for other hosts in proporcion to their antigenic 
similarity to the mouse. Evidence for the existence 
of these two components will be presented elsewhere. 

Some evidence in support of this hypothesis of host 
susceptibility may be found in the literature. Many 
strains of bacteria have been shown to possoss cell 
surface antigens related to certain blood-group 
antigens!®-!*, Antibody formation to these bacterial 
antigens would be suppressed in individuals possessing 
a blood-group antigen related to an antigen on the 
bacterial surface. One would expect that such indi- 
viduals would be more susceptible to infection by 
these strains, compared with other individuals with 
unrelated blood-group antigens. The most direct 
experimental evidence has been presented by Simon- 
sen and Harris! and more recently by Markowitz et 
al.. The former workers found that turkeys 
normally resistant to the Rous 1 virus could be made 
susceptible to this organism if they were injected 
during embryonic life with blood cells of the chicken. 
the susceptible host of the virus. Foulds!* has shown 
that there are antigenic similarities between tho 
Rous 1 virus and chicken cells. Markowitz et al.14 
demonstrated an antigenic sumilarity between the 
glomerulus of the rat and group A type 12 Strepio- 
cocct. an organism which gives rise to glomerular 
nephritis in this animal. An antiserum prepared in 
rabbits against the Streptococcus when injected into 
the rat caused glomerular damage, suggesting an 
antigenic relationship between these cells and the 
particular Streptococcus used in their experiments. 

Kempe et al.+* have also shown that certain patients 
who develop malignant necrotizing progressive vac- 
omnia may have normal y-globulin-levels and a normal 
immune response to other antigens?*. It 1s possible 
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that the failure of these individuals to give a specific 
immune response to the viral antigens lies in the 
similarity of the antigenic structure of the virus to 
host antigens. Since antibodies to such cross-reacting 
pathogens will also be auto-antibodies, we need to 
know whether there is a level of such auto-cross- 
reacting antibody which will be beneficial to the host 
in promoting resistance to infection by that pathogen 
while yet being unable to cause the host tissue damage 
which at present we believe auto-antibodies may cause. 

This work was supported by grant No. #3226 
from the Institute of Allergy and Infectious Diseases 
of the U.S. Public Health Service. 
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CO-ORDINATE SYSTEM OF CLASSIFICATION OF BIOLOGICAL 
POPULATIONS 


By ANTONY SANTIAGO 
Department of Botany, University of Malaya, Kuala Lumpur 


GOOD system of classification of biological 

populations is one which will permit the analysis 
and synthesis of views on the nature of variation in 
one or more characteristics which are common to a 
population. Such a system of classification can be 
designed by adopting ideas and techniques from 
mathematics. 


The system of variation in any one characteristic 
which is common to a biological population may be 
represented on paper by a graduated straight line 
with each suitable portion of it representing a 
limited range of variation, and the whole graduated 
line representing the complete range of variation in 
the characteristic. 


Table 1. Thre NISB PRIMARY OLASSES oF Oitrua SHOWING THE RELATIONSHIP OF THY BOTANIGALLY IDENTIFIBD Ctirus SPECIES AND 
THE BOTANICALLY UNIDEWTIVIED MALAYAN Ctirus TYPES IN THE CO-ORDINATE SYSTEM OF CLASSIFICATION 


ae Hypooltrus 
Characteristics of steed tiole 
of leaves from mature * 


trees ing between 0 mm. and 3 mm. 


Bordered 
span below 


ed petiole; wing 
mm. 


mon Linn. 
Teo typ types ———— 


goons No representatives found in 


Medium winged petiole; 
8 mm. Malaya 


span ranging betwee 
and 20 mm. 


winged petiole; 


Large wing 
span wider than 25 mm, 


“Table la. TH» NINE SECONDARY CLASSES OF THE CITRUS SPROIBS 
AND THE UNIDENTIFIED Clirws TYPES CONTADVED IN CLASS 1 OF THE 
PRIMARY TABLE 1 


Poolability Golour of cotyledons 
of mnd of 
fruit White 

Peslable resentatiives found in 

1 17 
8trippable No roepresentaſtaves found in | O, sinensis Linn 

18 
Unpeelable ves found in | C. limon Linn, 
— 





parent —— — length vary- — Eyi lenght varying be 


8 aurantium Linn. 





Proposed Oitrus sub-genera which are based on tho characteristics of germination of seedlings 


Heterocitrus Epicttrus 


te between extreme | True epigeal Wee of of — 
hypo- hypoooty 4 onger — 


E 
ie at a loop —— uring ge 


12 mm.; atey 


— forming a loop during 
germination 


Two types unidentified 


No representatives found in Malaya 


4 


No representatives found in Malaya | O, macroptera Mont. 


C. kystriz D.O. 
6 9 


Should two characteristics of a population be con- 
sidered at a time, then the two characteristics and 
their ranges of variation could be represented, by two 
suitable graduated lmes. These two graduated lines 
could be set perpendicular to one another to function 
in the same way as the axes in co-ordinate geometry. 
The individual variant, or a group of variants, of the 
population can then be defined with reference to the 
appropriate portions of the axes. This system of 
definition can never be as accurate as the definition 
of a point in co-ordinate geometry. However, it is 
satisfactory, on an empirical basis, for the classifica- 
tion of the position or relationship of a variant ora 
group of variants in terms of one another and of all 
the variants in the two characteristics in the biological 
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aR i 2. SIMILAR BREBDING-SYSTEMS NAVE DEVELOPED IN THR 
The term “Reproductive —— any eae — from 
endosperm and 
Propagation by 
Seed only Cereals: 
Rice, wheat 
seeds: 
eas, gram 
Other seeds: 
Areca, coffee 


Both seed and vegetative means | Cocoa 


Vegetative means only Pepper 


— 


population concerned. These ideas are the essentials 
of the co-ordinate system of classification 

Let us now consider the practical aspecta and the 
usefulness of such a co-ordinate system of classifica- 
tion. We have considered the system of classifying 
a variant, or a group of variants, with reference to the 
complete range of variation m two characteristics in 
a biological population. On the same basio principles 
a group of variants may be sub-classified and each 
sub-class be further sub-classified. 

In this way it is ultimately possible to get one 
specific variant or a group of closely related variants 
of & population into one sub-class, This sub-class of 
variants can then be defined with reference to a series 
of pairs of characteristics and to suitable graduated 
portions of each axis representing each characteristic. 

The number of classes and sub-classes of variants 
will be determined by the way the axes are graduated. 
It is, however, that for practical purposes 
each of the axes should always be divided into three 
suitable portions. ‘This will enable one to classify a 
population into three categories every time with 
reference to one characteristic as, for example: 
(a) Duration: annual; any other category; perennial. 
(b) Stem: woody; any other category; herbaceous. 
(c) Leaves: simple; any other category; compound. 
(d) Inflorescences: terminal; any other category; 
axillary. (e) Flowers: unisexual; any other category ; 
bisexual. (f) Ovary: inferior; any other category; 
superior. (g) Petals: free; any other category; fused. 
Any other category is often an intermediate condition 
between extremes and is therefore placed in the 
centre. 

On the basis of considering three such categories of 
& characteristic empirically, and considering two 
characteristics at a time in the co-ordinate system, it is 
easy to group a population into nine classes and each 
of the nine classes may be sub-grouped into multiples 
of nine sub-classes with reference to suitable pairs of 
characteristics. A taxon, therefore, in the co-ordinate 
system can be sub-grouped into 9 primary sub-taxa, 
81 secondary sub-taxa and 729 tertiary sub-taxa. 
It is certain that some of these theoretically possible 
sub-taxa will be unrepresented in the population; 
absence may suggest ible explanations, which 
may be worth further investigation. 
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ON OF PLANT SPECIES IN BACH OF TEE N 


Se ey a Tas Seon T a Sodas 
wer orescence but g ox 
ternal parta of seed p á 


Balection pressure on: 
Reproductive tissue 


Vegetative tisene 


The ‘decimal system of classification’ used in 
libraries could be adapted to numbering the sub-classes 
which will always be in multiples of nine in the pro- 
posed co-ordinate system of classification. A constant 
system for numbering the sub-classes in the rows 


-and the columns in each of the multiples of nine 


sub-clasees, irrespective of the presence or absence of 
variants in some of the sub-classes, will make it 
possible to show the relationships between the sub- 
classes by numbers. Numbers that become too long 
could be shortened by using suitable letters of the 
alphabet or even names. A sub-taxon with the 
designation, say, Ottrus 678 will mean that the sub- 
taxon belongs to sub-taxon 6 in the primary sub-taxa, 
the sub-taxon 7 in the secondary sub-taxa and the 
sub-taxon 8 in the tertiary sub-taxa in the taxon 
Crue. 

The ‘clip card’ and ‘punch card’ systems of keeping 
records could also be adapted in the proposed co- 
ordinate system of classification as the consistent 
consideration of three categories in a characteristic 
and of nine classes with reference to two characteristics 
makes mechanical operations simple and practicable. 
In such a system of classification all manner of vari- 
ante including hybrids and sterile clones of known or 
doubtful origin will find a definite place in relation to 
all the possible variante in the population. 

This technique of the co-ordinate system of classi- 
fication has thrown considerable light on the relation- 
ships of the sub-taxa in the taxon, the genus Oürus, 
Tables 1 and la. The system has also been useful 
in the investigation of the nature of controlled evolu- 
tion of breeding systems? in cultivated plante (Table 2). 

In all these investigations it has been found that 
the proper and judicious choice of characteristics for 
the axes is essential in making the co-ordinate system 
of classification yield information that leads to an 
expression of real relationships, or at least in develop- 
ing a convenient system of classification of biological 
populations. 

I thank Prof. J. B. S. Haldane, Dr. R. E. Holtum, 
Prof. M. E. D. Poore, and many other helpful 
scientista who have, by discussion and advice, enabled 
me to express my ideas on the subject with increased 
clarity. 

1 Bantlago, A., Proc, Cant. Bicant. Oong. Biot. Singapore, 326 (1958). 
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LETTERS TO THE EDITORS 


PHYSICS 


A Microwave Plasma Discharge 


A REMARKABLE striated radio frequency discharge 
in argon has been produced by high-power, continu- 
ous-wave, 3:4 om. wave-length radiation focused into 
the central region of a discharge vessel. 

An X-band multi-cavity klystron capable of de- 
livering a C.W. output of more than 2 EW. feeds 
& large parabolic mirror (aperture, 44 in.) so as to 
produce a parallel beam of radiation. This beam of 
radiation 18 then focused to a small volume using 
a microwave lens (focal length, 165 cm. at 3-5 cm. 
wave-length). 

In initial experiments the spinning dipole technique 
has been. used to plot the electric field contours near 
the focus of the lens. The 10-db. contour is roughly 
a prolate spheroid of major axis 60 cm. and minor 
axis 10 cm. A spherical glass discharge vessel, 
diameter 12 in., with provision for evacuating and 
filling with argon, is placed so that its centre is at the 
focus of the lens. With a source power of about 
2 kW., uf the argon pressure is gradually increased, 
the discharge starts at 0-5 mm. mercury. At this 
pressure two hazy clouds of plasma are produced near 
to the front and back faces of the sphere (the front 
face being defined as the ono nearest the source). 
If the pressure is increased, the power remaining 
constant, the discharge nearer to the lens increases 
in diameter in the transverse plane but becomes 
thinner in the axial direction and approaches the 
wall very closely, whereas the discharge farther away 
becomes smaller and breaks up into several small 
blobs. At about 40 mm. mercury, striation starts at 
the edges of the front discharge and at 100 mm. 
mercury, the whole sheet breaks up into thin strim of 
plasma (see Fig. 1). The direction of the striae is 
roughly parallel to the polarization of the incident E 
field. They are about 1-2 mm. wide, 10-15 cm. long 
and at a distance of about +-+ em. from each other. 





Fig. 1. 
sphere and from ologo to the axts. (100 mm. mercury, 2 kW. 
3-4-cm, wave-length) 


Photograph of discharge, taken from the back of the 


à 


As the pressure is further ıncressed the discharge 
starts to shrink; at about 200 mm., the front dis- 
charge goes out and at 400 mm., the back disoharge 
is extinguished. 

If the power is decreased, the pressure remaining 
constant at, say, 100 mm. mercury, then at small 
power-levels the front discharge is extinguished and 
a striation pattern can be observed at the back of 
the sphere. Here the striæ are shorter, vefy distinct 
but only a few in number. Just before the discharge 
igs extinguished it appears as one distinct stria the 
length of which decreases from a few centimetres 
until it is finally extinguished. If the power is not 
reduced sufficiently to extinguish the back discharge 
but is increased once more, th striations become 
unstable, then form a cloud and eventually the dis- 
charge spreads towards the front of the vessel. 
Striations only occur in the back discharge at low 
power-levels and have never been observed at high 
power-levels even with greatly increased pressure. 

There is very little increase in the temperature of 
the chamber with no discharge, as has been predicted. 
from previous theoretical caloulations. At pressures 
over 15 mm. mercury, considerable heating is ob- 
served in the glass in contact with the plasma. 

A theoretical and experimental study of the 
phenomenon is continuing. 

We are indebted to Messrs. Ferranti, Ltd., Wythen- 
shewe, for providing the 2-kW. source which has 
made the experiments possible, and to the Committee 
for the Co-ordination of Valve Development for 


financial support. J. — 


A. L. CULLEN 
A. ZÁVODY 


Department of Electrical Engineering, 
University of Sheffield. 
1Hamilton, C. W., Nature, 188, 1098 (1960). 


Rotational Structure of the 4925 A. Band 
System of the XeN Molecule 


Emission spectra of heteronuclear molecules 
containing one rare gas atom and one oxygen or 
nitrogen atom have been investigated recently using 
high-dispersion spectrographs. These spectra have 
been known for a long time'-*. The vibrational 
structure was observed using low-dispersion spectro- 
graphs. Due to the low intensity, for a long time 
it was not possible to investigate the rotational 
structure of these spectra. Recently, Cooper et al.‘ 
have succeeded in photographing the rotational 
structure of a number of XeO and KrO bands. 

In the present communication we outline some 
preliminary results for the rotational structure of the 
44925 band system of XeN. The after-glow of this 
system has recently been described’. At low dis- 
persion it appears as a single band shaded to the 
violet from the head located at 14925. The spectra 
we obtamed at higher dispersion give a partial 
S of the fine structure. e ion of 
3 A./mm. used is far too small to allow an adequate 
rotational analysis. 

The experimental procedure has already been 
described. Xenon was obtained in break-seal flasks 
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Fig. 1. Misrodensitometer tracing of a portion of the 44025 A. 
band system of MeN showing the rotational structure 


from Liquid Air Co., and nitrogen from sodium 
nitride. The gas mixture was excited in the positive 
column of a d.c. discharge. The spectrum was 
photographed with ea Harrison-type spectrograph 
having two crossed reflexion gratings. In the hi 
orders (30-60) used, the dispersion was about 3 A./ 
mm. The exposure time was about 1 hr. We could, 
of course, have used longer exposure times. However, 
because of the high pressure of xenon (20 mm. 
mercury) used in our experiments, the continuous 
emission spectrum limited the exposure times. 

The microdensitometer tracing in Fig. 1 shows a 
portion, of the rotational structure, between 4800 and 
4760 A. Small groups of lines appear periodically. 
Each of the seta of line is likely to belong to a different 
band. Other sets of lines of this kind are observed 
in different parts of this 

Since each of the observed sets of rotational lines 
is limited to a few lines, ıb is quite difficult to pick out 
individual branches. No marked band heads are 
visible just as on small dispersion spectra. It is not 
even possible to be sure of the shading of the branches. 
The band system as a whole resembles that of the 
XeO or KrO, and it is likely that the shading is to 
the red. This may bə inferred also from the general 
trend of the band system. Indeed, the very sharp 
long wave-lengths limit shows clearly that the 
dissociation energy of the upper electronic level is 
definitely smaller than that of the lower level; this 
implies the shading towards the red of the main 
branches. 

We are not giving the wave-lengths of the observed 
rotational lines since their classification is difficult 
at the present time. The observed lines which are 
likely to be complex have a quite regular spacing 
between 4760 A. and 4890 A. The magnitude of the 
line spacing varies from 1:8 to 2:2 om.-*. Short 
sets of lines are prominent at intervals from 10 
to 16 cm.-!. Between these well-marked line series, 
the rotational structure seems to disappear very 
likely due to overlapping of different branches. 

It is possible to speculate on the electronic structure 
of the molecules built-up by the association of a 
Xe (48,) atom and a N(2.D°) or N(4S*) atom. Table 1 
shows the type of electronic states and electronic 
transitions obtained. 


Table 1, MOLEOULAR STATES OF XHAN OBTAINHD FROM X23X}8,), 


N(@D*) asp N(*S*) ATOMS 


Atomis states Hund’s a and b coupling Molecular transitions 
SoC Bo} + NCES) yt RTT wm At 
XS) + NOD) tx, AT, tA ag m Nt 
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Both the transitions, although allowed by the 
AA = 0, + 1 selection rule, are forbidden by the 
multiplicity selection rule. As is well known, the 
transition *2 — ‘x should have a quite simple 
rotational structure. On the contrary, the UI — 42+ 
rotational structure is much more complicated and 


- needs a much higher dispersion for a complete analysis. 


The excitation process formerly suggested which 
was based on the transfer of energy from an excited 
non-metastable xenon atom to the N,(X1X,+) mole- 
cule cannot be retained any more. Indeed, in that 
case, we used a much too small value for the dissocia- 
tion energy of the N,(12,+) molecule. On the other 
hand, the afterglow duration of this band is appreci- 
ably longer than that of the permitted Xel lines. The 
latter seems to indicate that the origin of the two 
emissions is different and that the coincidence in 
wave-lengths of the head of the 24925 A. band and 
that of the XeI 14923-15 A. (ls, —3p,) line is fortw- 
tous. 

This work was supported in part by the Geophysics 
Research Directorate of the Air Force Cambridge 
Research Laboratories, Air Force Research Division. 
through its European Office. 


L. HERMAN 
R. HERMAN 


Observatoire de Paris, 
Meudon. 


1 Konty, C., Aicher, J. O., Noal, E. B., Poritsky, A., and Paoltne, V., 
Phys. kev., 69, 36 (1946). 

t Herman, R., C.R. Acad. Set., Paris, 228, 492 (1948). 

* Herman, R., J. Phys. et Radium, 11, 69 (1950). 


4 Oooper, ©. D., Cobb, G. C., and Tolnas, E. L., J. Mol. Spectroscopy, 
, 228 (1981). 
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Irradiation Control of Oxidation State 
in Fluorite Crystals containing Samarium 


In connexion with attempts to incorporate more 
divalent (rather than trivalent) samarium into 
calcium fluoride single crystals, and thereby make 
them more efficient optical maser materials!, we-have 
observed changes in the electron spin resonance and 
optical absorption bands of X-irradiated samarium- 
doped fluorite crystals, which dicate that by 
ionizing radiation the valency of the samarium may 
be adjusted in a favourable manner after the samarium 
has been incorporated in the crystal. 

In the case of the electron paramagnotic resonance 
observations, samples of CaF, : Sm (0-05 per cent 
nominal) were mounted in the bottom of a half- 
wave-length X-band resonant cavity. Electron para- 
magnetic resonance spectra were observed at 300° K. 
before and after irradiation using a 25-c./s. spectro- 
meter built by Noble. An X-ray beam from a 140 
kVp., 4 m.amp. tungsten target X-ray tube was 
allowed to fall on the sample 10 cm. distant for 
30 min. Examination of the changes in the electron 
paramagnetic resonance spectrum showed that the 
concentration of Sm*+ was decreased. 

Similar crystals were irradiated with X-rays at 
300° K. and 78° K. and comparison of their optical 
absorption spectra before and after X-irradiation 
showed that absorption bands due to Sm™ built up 
at the expense of the 8m**+ absorption bands (Fig. 1). 
A 30-min. X-irradiation at 77° K. is sufficient to 
double the concentration of Sm*+ over its initial 
concentration. Similar optical observations at room 
temperature in crystals containing S5m*+ were made 
independently by O’Connor and Bostick of the 
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4500 
Angstroms 


ne. 1. Optical — — of samarium-doped calcium finoride before and 


X-irradiation 


7°K. The upper part of the 
paramagnetic resonance 


Lincoln Laboratory, Massachusetts Institute of 
Technology. ` 

It is possible, by using strictly reducing conditions 
and paying much attention to the prevention of 
hydrolysis in the calcium fluoride melt, to enhance 
the production of Sm*+ rather than Sm*+. However, 
this is rather difficult; much of the samarium will 
remain in the trivalent state?. The ability to convert 
Sm* photochemically into Sm** is thus an important 
technical aid in the present stage of research on 
optical masers. It suggests that a standard part of 
the preparation of crystals containing samarium is 
the irradiation of such orystals (using electrons, 
y-rays or X-rays) to increase the concentration of the 
reduced form of this ion. 


J. KONITZER 


J. LONGO 
B. JARKA 
H. N. HERSH 
Zenith Radio Corporation, 
Chicago 39, 
Tlinois. 


3 Sorokina Pes and Stevenson, M. J., IBM J, Research and Develop., 5, 
Guggenheim, H., J. App. Phys., 32, 1887 (1061). 


GEOPHYSICS 


The System Mg,SiO.,—NinGeO, at 600° C. 
and 0-90 Kilobars 


Tue transformation of Mg,8iO, from the olivine 
to the spinel structure is probably of considerable 
im ce in LEarth’s mantle!-?, Laboratory 
synthesis of Mg,SiO, spinel has not yet been achieved, 
owing to the extreme pressure apparently required. 
Accordingly it has been necessary to use indirect 
methods in order to infer the properties of the 
spinel!:3«. One of us (A. E.R.) has previously 
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investigated the solid solubility of 
Mg,S8iO, in the spinel Ni,GeO, as a 
function of temperature and pres- 
sure and has used the data to 
estimate the pressure required for 
the olivine-spinel transition in 
Mg,SiO, and the density change 
associated with the transition? *. 

In one of these investigations? 
some preliminary determimations 
were made of the solid solubility of 
Meg,Si0, in Ni,GeO, as a function of 
pressure at 600° C. These determ- 
inations were made in experiments 
carried out at three compositions 
intermediate between Mg,SiO, and 
Ni,GeO,. The compositions of 
spinel solid solutions were estim- 
ated from their lattice parameters, 
making the &xplicit assumption 
that the lattice parameters obeyed 
Vegard’s rule. Wehave now made 
a more complete investigation of 
equilibria in this system, using a 
much larger number of ing com- 
positions. We have observed that 
the spinel lattice parameters dis- 
play large deviations from Vegard’s 
rule. Consequently the composi- 
tion of a spinel in this system cannot 
be uniquely inferred from ita lattice 
parameter. Some of the previous results have there- 
fore required substantial modification. However, the 
principal conclusions from the preliminary investiga- 
tion have been confirmed in the present detailed 
study. 

Experimental mixtures corresponding to desired 
ratios of Ni,GeO, to Mg,8iO, were prepared by 
grinding Ni(OH),, Mg(OH),, hydrous germania and 
hydrous silica together in the correct proportions. 
The hydrous silica and germania were prepared by 
hydrolysis of the respective tetrachlorides. Intimate 
mixing of these componenta by extended grinding 
both dry and under acetone was found to be essential 
to the attainment of equilibrium in the high-pressure 
apparatus. 

Charges so prepared were placed in a uniaxial 
pressure device (squeezer)> and maintained at 
600 + 10° C. under various desired pressures ranging 
up to 90 kilobars. Mean uniaxial pressure over piston 
faces was known within + 3 per cent. Individual 
runs lasted 1 hr., after which the charge was quenched 
and removed. The charge was then crushed and the 
phases present were determined by X-ray diffraction. 
Results of these experiments are set out in Fig. 1. 

The system is pseudo-binary!, and the principal 
phases observed are olivine and spinel solid solutions. 
Solubility of Ni,GeO, in the spinel phase increases 
from 27 mol. per cent at zero pressure up to 70 mol. 
per cent at 90 kilobars. The corresponding solubility 
of Ni,GeQ, in the olivine phase decreases from 12 to 
less than 5 mol. per cent over the same pressure-range. 
A linear extrapolation of the experimental phase 
boundaries indicates that a pressure of 155 kilobars 
would be required to produce an olivine-spinel transi- 
tion in pure Mg,8iO, at 600° O. It is possible that the 
high-pressure phase boundaries may be concave down- 
wards, so that the transition pressure may be some- 
what smaller than this value. However, there appears 
to be little doubt that it will considerably exceed 
100 kilobars. 


36K gauss 


shows the electron 
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Table 1. Larrioz PASE A. oF Ni,Ge0, oe —— (MB) Son SOLUTIONS FROM THE SINGLE-PHASH SPINEL FIELD oF Fic. 1. 





FROM X-RAY LINE BROADENING 


NGB | NGaMBys | NGaMSe | NGo M81, 


ICATRD RANGES 
PIOBEOTO | NGieo | NGuMBis | NGyMSss | NGuMSa | NGaMSa | NOMS. 
2 22750002) 622 OOL, OE t—<—~sti‘i‘“O™OSOSCS — —— 
10 f6-221 +) 8218+000% 822 +001 | B21 +001 
8-217 + 0-002| 8-22 + 0-01 | 8198 +0-005| 8-22 +0-01 
30 8218 + 0-002 8-204 + 0-002} 8-204 + 0-005) 8-201 + 0-005; 8-218 +0 005 
40 8-208 + 0-002] 8-208 + 0-00 8-196 + 0-006) 8-101 + 0-005} 8:206+ 0-005) 8 200 + 0-005 
60 (8-221 + | 8200+ 0-002! 81 
0 002 ` 


8:162 + 0:01 





Lattice parameters of homogeneous spinel solid 
solutions are set out in Table 1. Their behaviour 
is observed to be most complex. The date appear 
to warrant the following conclusions: (a) Lattice 
parameters of solid solutions exhibit a general de- 
crease as the amount of Mg,8i0, in solid solution 
increases. The is from 8221 A. for pure 
Ni,GeO, down to 8-152 A. for a spinel containing 
70 mol. per cent of Mg,8iO,. (b) There is a general 
trend towards position deviation from Vegard’s rule. 
(c) For any homogeneous solid solution of constant 
composition, the lattice parameter generally decreases 

with increasing pressure. (d) The deviation from 
Vegard’s rule becomes smaller as pressure inoreases. 
(e) Lattice distortion, as shown by X-ray line broaden- 
ing, generally decreases with increasing pressure 
(f) Some exceptions to these general trends occur. 

This complex behaviour appears to be caused by 
a pressure controlled order—disorder equilibrium 
involving the partition of magnesium and germanium 
ions between normal and inverse positions in the 
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spinel lattice. Tha pseudo-binary system Ni,GeO,— 
Mg,SiO, should be considered in terms of the com- 
ponents Ni,GeO,—Ni, SiO, —_-Mg,8iO,—_Mg,Ge0,. The 
first three of these spinels are probably normal"), 
whereas Mg,GeO, is inverse. Accordingly magnesium 
and germanium ions at intermediate Ni,GeO,— 
Mg,SiO, compositions may become disordered, taking 
inverse positions, although the end members are 
normal. This may be responsible for the large devia- 
tion from Vegerd’s rule. Such deviations commonly 
occur in solid solutions of normal and inverse spinels’. 
Conclusions (c), (d) and (f) above indicate that the 
order—disorder equilibrium is influenced by pressure 
and quenching conditions. Conclusions (d) and (e) 
suggest that high pressure is leading towards the 
formation of essentially ordered (normal) spinels 
which obey Vegard’s rule. 

Because of this complex behaviour it is not possible 
to extrapolate the solid solution lattice paramoters 
linearly in order to obtain the lattice parameter of 
Mg,Si0, spinel. However, the general trend of the. 
date, in association with the interpretation offered 
above, strongly suggests that the lattice parameter 
of Mg,SiO, spinel will not exceed 8-12 A. This implies 
a minimum density difference between olivine and 
spinel modifications of 9 per cent, which agrees well 
with the changes in density observed in the olivine- 
spinel transitions displayed by Fe,8i0, (12 per cent)’, 
Ni,8i0, (9 per cont)’ and Mz,GeO, (8°3 per cent)‘. 

A full account of this investigation will be published 
elsewhere. 

A. E. Riyewoop 
MERREN SEABROOK 
Department of Geophysics, í 
Australian National University, Canberra. 
1 Ringwood, A, E., Geockim. et Cosmochim. Acia, 18, 308 (1958). 
* Ringwood, A. E., Gæookim. st Cosmochim. Acta, 15, 18 (1958). 
* Ringwood, A. E., Geochim. et Cosmochim, Acta, 15, 196 (1958), 
1 Dachflle, F., and Roy, B, Amer. J. Sci., 258, 225 (1960). 
s Griggs, D. T., and Keunedy, G. O., Amer. J. Soi., 354, 722 (1956). 
* Ringwood, A. B., Nature, 187, 1019 (1960). 
*Romeljn, F. O., Philips Res. Rep., 8, 804 (1958). 


CHEMISTRY 


Adsorption Isotherms and Linear Gas-Solid 
Chromatography 

Unpme the title “Partition Isotherms and Gase 
Liquid Chromatography,” Freeguard and Stock’ 
have reported that for all the systems studied by 
them, symmetrical elution peaks would be expected 
under normal gas-chromatographic conditions. Par- 
tition isotherms, however, when determmed over 
partial pressures greater than those normally used in 
gas-chromatography, were found to be convex to the 
pressure axis. 

The purpose of this communication is to direct 
attention to the similarity between this partition 
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isotherm behaviour and the adsorption isotherm 
behaviour characterizing the linear elution of hydro- 
carbons from gas-solid columns at temperatures 
below the boiling point of the hydrocarbons. 

Isotherms convex to the pressure axis are well 
established for adsorption systems as type III of the 
Braunauer, Emmett and Teller classification, and are 
generally attributed to heats of adsorption being 
numerically less than the latent heat of vaporization 
of the adsorbate. Recent work (in preparation for 
publication) on the modification of active alumina 
with sodium hydroxide has shown that symmetrical 
elution of hydrocarbons at column temperatures 
below their boiling point is characterized by adsor- 
bent—adsorbate interactions with heats of adsorption 
of approximately the same numerical magnitude as 
their heats of vaporization. In the case of cyclo- 
hexane, tho adsorption’ heats are slightly lower 
and injection of extremely large samples results in 
elution peaks having sloping fronts and sharp rears. 
It has been deduced that such behaviour occurs when 
the original alumina surface has been covered with the 
modifier. 

There appears to be little doubt that tho modifica- 
tion of alumina to produce linear isotherms and 
symmetrical elution peaks (under the conditions of 
temperature stated) over the partial pressures 
normally used in gas chromatography results im 
changing the isotherm type from II or IV towards 
type III; it is of interest to note that a similar iso- 
therm change was reported by Gregg and Stock? 
for the system cyclohexane -calcium carbonate when 
the calcium carbonate was allowed to sorb sufficient 
water to form a complete monolayer on its surface. 

C. G. Scorr 
Lobitos Oilfields, Ltd., 
The Refinery. 
Ellesmere Port. 
Wirral, Cheshire. 
1 Freeguard, G. F., and Stock, R., Nature, 188, 257 (1061). 


Bice J., and Btock, R., Gas Chromatography 1960, 90 edit. by 
ty, D. H. (Butterworths, London, 1960). 


Second Virial Coefficient of Krypton at 
Low Temperatures 


THe second virial coefficient of krypton was determ- 
ined for temperatures ranging from 109-95° K. to 
270-3° K. The experimental technique has been 
described}:?; one measures the difference between the 
volume expansions at the same pressure and tem- 
perature of krypton and hydrogen chosen as a stan- 
dard of reference. The advantage of this method 18 
that one can neglect the virial coefficients of higher 
order than the second. Commercial ‘pure grade’ 
krypton gas, supplied by Air Liquide S.A. Paris, 
was purified by distillation at low temperatures. 

The triple point temperature and pressure of our 
sample were: 116:0 + 04° K. and 547-48 + 0-04 
mm. of mercury. These values are in good agree- 

Table 1 


Aleasured differences Deduced values 
between the second for the second 


‘Tempore virial coefficient of coefficient of Quantum 
krypton and hydrogen ton correction 
Berypton — Baydrogen (c.c,/mole) (a.0,/mole) 
(o.c./mole) 
109-95 — 360 6 ~ 358-4 + 0°96 
184 1 — 280-2 — 255-2 +051 
— 2611 - 256-1 
1744 —161 4 ~ 151-8 +0 25 
— 161-0 ~~ 1617 
285-1 —101:0 ~ 88-5 +O 
—1007 ~~ 88 2 
270 3 — 80-8 - 87-2 + 0-09 
—789 — 85 3 
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Fig. 1. x, Results from Whalley and Schneider (ref. 6), 
©, our results 


ment with those obtained in ref. 3, namely, 115-97° K. 
and 547-5 mm. mercury. Hydrogen was ‘research 
grade’ gas of 99-99 per cent purity. This method 
gives only the difference between the virial coefficient 
of the two gases. 

The second virial coefficient of hydrogen has been 
evaluated from Keyee’s relation’. The intermolecular 
potential parameter e* jk and o (ref. 5) for krypton 
were determined by means of our experimental data, 
also taking into account the results in ref. 6 at higher 
temperatures; the method used was that described 
in ref. 9. The values which give the best fit with the 
experimental data are: 

e” /k = 168-6° K. and o = 3-67 A. 


They should be compared with those deduced from 
second virial measurements at higher temperatures by 
other authors: 


Ref. 6 Ref. 7 Ref. 8 
ax °K. 1867 171 158 
g $70 3°60 §8 7 


Values of the second virial coefficient of krypton 
are listed in Table 1. In Fig. 1 the reduced values of 
our experiments are plotted with some results from 
ref. 6 given as comparison. The full line is the Lennard 
Jones 6-12 theoretical curve. The agreement between 
our results, those in ref. 6 and the theoretical curve is 
excellent. From Fig. 1 it is clear that the 6-12 
potential is a quite adequate representation of the 
krypton—krypton interaction in the gaseous state. 

This work was supported by the Institut Inter- 
universitaire des Sciences Nucleaires, Brussels. 

G. THOMAES 
R. VAN STEENWINERL 
Faculty of Sciences, 
Free University, 
Brussels. 
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Catastrophic Failure of High-stressed 
Nylon by Concentrated Hydrochloric 
Acid and of ‘Plexiglas’ by Allyibromide 


Tas communication summarizes an examination 
of the instantaneous fracture of nylon and ‘Plexiglas’ 
plates, by the actions of concentrated hydrochloric 
acid and allylbromide respectively, when specimens 
have been subjected to a critical bending stress and 
indicates that the phenomena of the rapid failure of 
these materials appears analogous to that observed 
in the case of metals via the action of liquid metals?. 

Nylon lates (t x 1 x 3 in.) cut from standard 
t-in. stad were bent in & vice, rough surface upper- 
most. A drop of concentrated hydrochloric acid was 
placed at the point of greatest tension and, depending 
on the initial angle, one of two things would occur. 
In 30 plates examined whenever the angle exceeded a 
value of approximately 43°, a drop of concentrated 
hydrochloric acid would cause a violent reaction and 
once & nylon member was blown a distance of 13 ft. 
from the vice. 

Among 20 other plates tested, it was found that if 
the angle were below 30° that, generally, the drop 
would appear to freeze, that is, become a colourless, 
sticky liquid which when stirred or drawn would turn 
into a white opaque material similarly described by 
Reyerson and Peterson? in 1956. 

When. the nylon sample was bent between 30° and 
40° with the smooth face up results were scattered 
and inconclusive as a result of delayed failure. 

The hydrochloric acid was often ineffective, and a 
drop has been observed to remain intact for several 
hours. However, if several drops of a freshly prepared 
50-50 (by vol.) mixture of the acid with alcohol is 
placed on the surface and then followed by a minute 
pinch of zinc dust, catastrophic failure generally 
occurred within 6 min. (Eyes must be protected.) 

The following solvents listed in order of decreasing 
efficiency induced audible cracking within 16 seo. in 
‘Plexiglas’ plates (} x 14 x 8 in.) when bent between 
10° and 20° in a ‘© clamp: allylbromide, ethyl 
acetoacetate, methyl-ethyl ketone, glacial acetic acid, 
peracetic acid, hydrobromic acid in acetic acid, benzyl 
chloride and hydrogen iodide. Although the results are 
preliminary, allylbromide induced complete failure 
with explosive violence anywhere within 80 min. 
However, evaporation of these solvents is a problem. 

Johansen and Reyerson® have recently shown that 
the breakdown of the structure of nylon (previously 
treated with hydrochloric acid gas) by water may be 
attributed to its extreme solubility in concentrated 
hydrochloric acid and not to the hydrolysis of peptide 
bonds. 

When the severed members of these polymers are 
examined, it appears as though at least two-thirds of 
the way through the material in its plane of highest 
tension (tensile strain) were cut with a sharp knife. 
The bottom third of the material (which is under com- 
pressional strain) appears simply to be torn apart as 
is to be expected. It is therefore concluded that the 
cohesive forces in the plane of greatest tensile strain 
have collapsed via the action of wetting and adsorp- 
tion processes. 

The system is of particular interest when considered 
from the point of view of Le Chatelier’s Principle. If 
we review for a moment the physical chemistry of 
solids, Weyl‘ has introduced among others the 
following concept. (1) Lattice energy as a variable in 
solid-state-chemistry. (2) The application of Le Oha- 
telier’s Principle to the lattioe energy, where it is 
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expressed in the generalized form: “A system in 
equilibrium which is subjected to a constraint un- 
dergoes a change of equilibrium if possible, in the 
direction that the constraint is partially annull 

Further, that the introduction of an impurity 
produces a constraint in a crystal and in order to 
minimize this constraint, the lattice can either force 
the impurity ion to assume the same charge as the 
normal ones (observed during the heating of zirconium 
silicate with a minor addition of vanadium pentoxide) 
or it can compensate for the difference by changing the 
charges of some of its normal ions in the vicinity of 
the impurity (as in the case when a mixture of titan- 
ium oxide is heated with a minor addition of niobium 
pentoxide). 

The above was used by Weyl to explain the 
unusual oxidation states as evidence by colour or 
electronic properties of either host or impurity atoms 
and often only observed in the solid state. 

Concerning the somewhat universal applications 
of Le Chatelier’s Principle, Moore’ has stated: ‘“This 
is a principle of broad and general utility, and it can 
be applied not only to chemical equilibria but to 
equilbrium states in any physical system. It is 
indeed, possible that it can be applied also with good 
success in the psychological, economic and socio- 
logical fields”, 

Returning to the system nylon—hydrochloric acid, 
the spontaneous rupture of the bonds on the nylon 
surface in the region of constraint may be considered 
another reflexion of the famous Principle even 
though experimentally the constraint pre-existed in 
the isolated nylon component. Also the mechanically 
induced constraint has supplied the necessary acti- 
vation energy for th: rapid physico-chemical 
processes. 

In this respect the catastrophic failure of rubbers, 
metals and plastica appear to behave in a similar 
manner and the phenomena may be universal and of 
paramount interest. 


Movas Ewsanran * 


School of Mineral Engineering, 
University of Washington, 
Seattle 5, Washington. 


* Present address: Physics Department, Research Center, Burroughs 
Corporation, Paoli, Pennsylvania. 
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lonization Potentials of 
Perfluorocycloaikanes 


THE peaks in the mass spectra of aliphatic satur- 
ated fluorocarbons corresponding to the apai 
ions have been described as v small}. 
Under normal conditions of electron pombardinent 
leas than 0-1 per cent of the total ion current is due 
to the molecule-ion so that determinations of the 
ionization potentials of these compounds by the 
electron impact method is not possible. It was shown 
recently in & mass spectrometric examination of 
cyclic fluorocarbons* that the molecule-ions of the 
perfluorocycloalkanes were at least ten times as 
abundant as those of the corresponding perfiuoro- 
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alkanes, and it has thus been found possible by working 
at high pressures in the 10n source (1 x 10-5 mm.) 
to determine the ionization potentials of perfluoro- 
cyclopentane and perfluorocyclohexane. The pre- 
cision of the determination of the ionization potential 
of an ion of low abundance is less than that which 
is normally claimed for the electron impact method 
and is probably of the order of + 0-3 eV. 

The determinations were made using an A.E.I. 
M.S. 2 mass spectrometer fitted with an electro- 
statically variable slit at the collector. The ionization 
potentials were evaluated by the method described 
previously by Majer, Patrick and Robb’ in which the 
logarithm of the 1on current 1s plotted against the 
electron accelerating voltage and the voltage scale 
calibrated using rare gases of known ionization 
potential (argon, krypton). When the pressures of the 
gases were adjusted so as to give approximately 
equal ion currents for the molecule-ion of both the 
rere gas and the fiuorocarbons at 70 eV., all the 
graphs obtamed were parallel straight lines. The 


values so determined must be considered as upper, 


limits for the ionization potentials of these compounds 
and are lower than any previously suggested for this 


type of compound. 


Name Formula Tonization potential 
pel suorocy clepentans CLF, 11-7 eV. 
Perflucrocyclohexane P 182 eV 


The very low abundance of the moleoule-ion of 
perfluorcalkanes has prevented a systematic study 
of their ionization potentials by the electron impact 
method‘, but a value of 18-6 eV. has been reported 
for the ionization potential of carbon tetrafluoride’. 
The mass spectrum of carbon tetrafluoride quoted in 


the A.P.I. Tables does not exhibit a peak due to the’ 


molecule-ion so this value must be considered suspect. 
However, a similar value has been estimated on the 
basis of correlations between the electronic spectra of 
fluoromethanes and it is certain that the ionization 
potential of carbon tetrafluoride exceeds that of 
trifluoromethane (13:8 eV.)*. 

The ionization potentiels of fluorocarbons have been 
of some interest in discussions of the thermodynamic 
behaviour of mixtures of perfluorocarbons with other 
substances. It is commonly assumed in theoretical 
treatments of mixtures that the energy of interaction 
between a pair of unlike molecules is the geometric 
mean of the energies cf interaction between each of 
the relevant pairs of like molecules. This type of 
relationship is, for example, the basis of the Hilde- 
brand-—Scatchard treatment of regular solutions’. 
Any combining rule for the interaction energies 
between like and unlike molecules must take account 
of the form of the expression for the London attrac- 
tive forces between molecules. The geometric mean 
rule can be justified as an acceptable approximation 
only if the Van der Waals radii of the molecules are 
nearly equal, and if the characteristic energies of the 
electron clouds in the molecules, generally identified 
with the ionization potentials of the molecules, do not 
differ greatly. It has been suggested that the extreme 
non-ideality of liquid mixtures of both acyclic and 
cyclic aliphatic fluorocarbons* with hydrocarbons, and, 
in particular, the failure of the properties of mixtures 
containing fluorocarbons to conform to relationships 
that are applicable to other systems, is due to the 
inapplicability of the geometric mean combining 
rule*!, The failure of this combining rule is attri- 
buted to the large differences between the ionization 
potentials of fluorocarbons and hydrocarbons. Using 
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this assumption, Reed? and Munn” have shown that 
the ionization potentials of hydrocarbons would need 
to be a little more than half those of fluorocarbons. 
This requires that the ionization potentials of aliphatic 
fluorocarbons should be about 17 eV., which is sur- 
prisingly close to that of the fluorine atom (17:4 eV.)#2, 
This hypothesis appears to be invalidated by our 
results. 

J. R. Maser 

C. R. PATRIOK 


Chemistry Department, 
University of Birmingham. 
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Location of the Hydrogen Atoms in 
Tetramethylbenzene 


Tue intensity measurements for tetramethyl- 
benzene (durene) were obtained by Robertson’; 
from the double Fourier syntheses along the three 
principal zones the fifteen independent parameters 
of the carbon atoms were noted. The work reported 
here was undertaken to determine if the early 
intensity measurements could be used to locate the 
hydrogen atoms. 

The difference synthesis for the 6 projection is 
shown in Fig. 1. The positions of the three hydrogen 
atoms attached to Cg may be observed and also that 
of one of the hydrogen atoms, H, attached to Cy. 

In the difference synthesis for the ¢ projection the 
carbon atoms C4 and Cg project very close together 
and the six methyl hydrogen atoms are unresolved. 
The single hydrogen atom H, may be clearly dis- 
tinguished. 

in the a projection also, H,, and H, are resolved. 
The z co-ordinates for H, and H, and H, may be 





Fig. 1. Difference synthesis for the b projection. Contours are 
at intervals 0-2s A.-*. The zero density line 1a dotted. Proposed 
H atoms positions are mdicated by crosses 
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Fig 2%. Sho how the carbon atoms (O) have been lettered 
and the hydrogen atoms ( x ) have been numbered 


confirmed, from this projection ond the y co-ordinates 
of these atoms may be determined. 

Thus co-ordinates may be assigned to the five 
hydrogen atoms as set out in Table 1. At the present 
stage of refinement it was not possible to assign 
reliable co-ordinates to the other two hydrogen 
atoms H, and H,. 


Table 1 
Atom sÅ, y A. zÀ, 
H, -2 22 —2 02 141 
H, -20 -2 41 0 94 
H, —1 01 — 1°77 211 
; 270 185 258 


From these co-ordinates we find the length Cc—H, 
is 1-13 A. and the angles Cp-Cc-H, is 115° and Cs—Cc- 
H. is 130°. 

_ Taking average values for ‘the hydrogen atoms 

within the methyl groups the bond length C-H is 
0-97 + 0-06 A. The angle C-C-E is 112° + 7° and 
the angle H-C-H is 111° + 8°. 

My thanks are due to Prof. H. 8. Lipson for suggest- 
ing this problem to me. 

B. Rirey 

Municipal ‘Technical College, 

Portland Street, 
Rochdale Road, Oldham. 
+ Robertson, J. M., Proc. Roy. Soc., A. 141, 594 (1988). 
* Robertson, J. BL, Proc. Roy. Soc., A, 142, 659 (1983), 


BIOCHEMISTRY 


Hydrolysis of Glycerides of C-I6 and 
C-I8 Fatty Acids by Post-Heparin Plasma 


SEVERAL investigators have demonstrated that 
intravenous injection of heparin releases into the 
plasma of man and several other species a lipase 
(clearing factor lipase, lipoprotein lipase) which 
hydrolyses the glyceride moieties of some lipo- 
proteins?. It has also been reported that various 
triglyceride emulsions, for example, coconut and 
olive oils, are substrates for the enzyme and that 
activation of the emulsion with serum high-density 
lipoproteins increases the rate of hydrolysis of the 
triglycerides. 

- In this work, it was observed that a heparin-released 
enzyme hydrolyses pure mono- and di-glycerides, but 
not triglycerides or methyl esters, of C-16 and C-18 
fatty acids when these compounds are added in vitro 
in an unemulsified form to human post-heparin 
plasma, that this activity persists after all activity 
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towards lipoprotein substrates has been destroyed 
by heat, and that, while the physical state of the 
mono- or di-glyceride may be important for hydrolysis, 
the rate of hydrolysis is not dependent on the presence 
of serum high-density (1-065-1-20 gm./ml.) lipo- 
proteins. The hydrolyses of 1-mono-olein and diolein 
also differ from the action of clearing factor lipase on 
lipoproteins or artificial chylomicra with respect to 
the previously reported marked inhibition of the 
latter by 1 M sodium chloride, by protamine sulphate, 
and by excess heparin}®. 

Human blood was drawn before and 10 min. after 
injection of 80 mgm. sodium heparin. The plasma 
was separated by centrifugation at 4,000g for 15 min. 
For the hpolytic reaction, 1 part plasma was added 
to 2 parts tris(hydroxymethy!)aminomethane-hydro- 
chloride buffer and enzyme-saturating amounts of 
substrate to a final pH of 8-3 and 0:1 M buffer. Solid 
glycerides were added in a finely divided form and the 
liquid substrates were added with a constriction 
pipette. The mixture was shaken at 38° C. during the 
reaction period. The reaction mixtures were acidified 
and extracted with organic solvents after 0, 15, 30, 
and 60 min. incubation periods. The fatty acids were 
isolated from the extract by silicic acid chromato- 
graphy™* and determined quantitatively by infra-red 
spectrophotometry® or by titration’. 

The amounts of fatty acid released from some 
substrates by post-heparin plasma are shown in 
Table 1. Monostearin and 1,2- and 1,3-distearin 
were hydrolysed more slowly ( < 3 umoles/ml. plasma/ 
hr.). Pure triolein, tripalmitin, tristearin, methyl 
oleate and methyl palmitate, and the lipids extracted 
by organic solvents from egg Sy 20-60 or human serum 
Sf 20—400 human serum lipoprotein substrates, which 
contain glycerides, were not hydrolysed. Under the 
conditions of the incubation, the substrates of Table 1 
were not hydrolysed by pre-heparin serum or plasma. 


Table 1. Farry ACID RELEASE* FROM SOMB SUBSTRATES INOUBATED 
WITH POSt-HEPARIN EMA 


Time of 20-400 1-Afon 1-AMfono- D-1,2-D1ı- 
incubation lpo- olein Diolein palmitn palmitin 
at 38° C. proteins 
15 min. 26410 T7426 34416 29408 15404 
30 min. §4+18 158458 7Iit30 6804+1-4 S1+0-5 
0 min. S7+25 2024108 130443 11°4481 6041-2 
60 min. (after 
15 min, pre- 
mcubation 0O0+00 108+41 5841-7 
of plasma at 
§3-54° C.) 


* umoles/ml, plasma. Each value ig the mean i S.E. of four 
values obtained with plasmas of four individuals. 


Pre-incubating the plasma with 56 x 104 M 
diisopropylfluorophosphate or 10-5 M diethyl-p- 
nitropheny] phosphate for 30 min. at 38° C. completely 
inhibited all the activities shown in Table 1; pre- 
incubation with 3 x 10-* M eserme inhibited none. 
The hydrolyses of 1-mono-olein and diolein (a mixture 
of isomers) were not inhibited by adding sodium 
chloride to 1 M ın the reaction mixture or by pre- 
incubating the plasma with 1 mgm. heparin/ml. or 
with 10-4 M protamine sulphate. The rate of hydro- 
lysis of 1-mono-olein was not changed by dialysis at 
4° C. of the plasma against 0-15 M sodium chloride for 
24 hr., or against a solution of 0-15 M sodium chloride 
and 2 x 10-* M ethylenediamine tetraacetate at pH 
7-6 for 18 hr. followed by dialysis against 0-15 M 
sodium chloride for 10 hr. Dialysis reduced the rate 
of hydrolysis of diolein by 35-40 per cent, but the 
original rate could be restored by addition of celorum 
chloride to 3 x 10M. The relatively rapid hydro- 
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lysis of 1-mono-olein (Table 1) after saturation of the 
fatty acid acceptors! (calcium ion and albumin) of 
plasma or after removal of calcium by dialysis suggests 
that a fatty acid acceptor is not essential for the 
hydrolysis of monoglycerides. 

To determine whether the hydrolyses of 1-mono- 
olein and diolein were activated by high-density lipo- 
proteins present in post-heparin plasma, all lipo- 
proteins of hydrated density less than 1:20 gm./ml. 
were removed by centrifuging 1 volume plasma dilu- 
ted with 2 volumes D,O-sucrose-buffer at a solvent 
density of 1-20 gm./ml. for 44 hr. at 12° C. and 105,000g 
and discarding the top 2 ml. of the centrifugation. 
The rates of hydrolysis of the glycerides by this 
definitely lipoprotein-free plasma were essentially 
equal to the rates with centrifuged plasma to which 
high-density lipoproteins isolated from human serum 
by centrifugation were added back. Addition of high- 
density lipoproteins to the original plasma also did 
not alter the rates of hydrolysis. 

After heating the post-heparin plasma for 15 min. 
at 53~-54° Œ. before incubation with substrate, no 
hydrolysis of lipoprotein substrates could be detected 
even after 12-hr. incubation; 28-35 per cent of the 
activities for the hydrolysis of 1-mono-olein and 
diolein persisted after heating (Table 1). 

These observations suggest that heparin injection 
may release more than one enzyme, an enzyme with 
more than one kind of astive site, or more than one 
form of an enzyme, which are involved in a stepwise 
degradation of the triglycerides transported in 
chylomicra or Sy 20-400 lipoproteins. Fractionation 
of post-heparin plasma is of course necessary before 
definite conclusions can be made. 

This work was supported in part by a grant from 
the American Heart Association, by grant H-3629 
of the National Heart Institute, and grant HG-4566 
of the Division of General Medical Sciences, United 
States Public Health Service. 
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Succinic Dehydrogenase in Short-Term 
Cultures of Normal Cells 


Muon evidence supports the view!-* that the energy- 
yielding mechanisms of the Krebs oycle are not 
importent in the metaboliam of cultured cells from 
- normal tissue. It is apparent that differences exist 
betwean the metabolism of intact tissues and the cells 
which may be cultured from them. 

Two methods of estimating succinic dehydrogenase 
were applied to uncultured and cultured normal 
kidney epithelia of monkey, fostal lamb and rabbit. 
Cells from kidney cortex and obtained by trypsinize.- 
tion were cultured in 0-5-1. flat bottles in Hanks 
solution containing 0-5 per cent lactalbumin hydro- 
lysate and 5 per cent calf serum. Portions of the cell 
suspension used for seeding the bottles were washed 
and 8 ded in 0-15 M phosphate buffer pH 7-4 to 
give a 10 per cent (v/v) suspension. These suspensions 


NATURE 


January 13, 1962 vor 103 


were homogenized and freed from cell debris by 
centrifugation. Homogenates from cultured cells 
were prepared in a similar manner, when confluent 
growth had occurred in the bottles—usually after 
5-7 days incubation at 37°. Succinic dehydrogenase 
was determined in the homogenates by the method of 
Slater and Bonner*. Protein was assayed and an 
arbitrary index of succinic dehydrogenase activity 
was calculated per mgm. of protein. 

Results of such assays are shown in Table 1, from 
which it will be seen that there is a marked diminution 
in activity of succinic dehydrogenase when cultured 
cells are compared with therr uncultured precursors. 

e 


Table 1. SUCCINIC DEHYDROGENASH ACTIVITY/HGM. PROTEIN IN 
Hox BPITHALIA 


—“ OF NORMAL KIDNEY 


Source Before culture After culture 
— 2°61 0-27 
Fostal lamb 103 O20 
Rabbit 2°6 0-11 


+€ 

These results were confirmed histochemically on 
intact cultured and uncultured cells by the method of 
Seligman and Rutenbergt. In contrast to this, and 
in confirmation of the work of Barban and Schulze® 
and Kaufman and Hil’, succinic dehydrogenase was 
always found when the same methods were applied 
to HeLa cells. 

The cytochemical method also showed that the 
activity of succinic dehydrogenase declined over the 
first 48 hr. incubation of the primary cell culture and 
that new cell growth showed no activity. The indica- - 
tion that succinic dehydrogenase was not important 
in the in vitro growth of normal cells was supported 
further by experiments in whieh sodium malonate 
was incorporated in the growth medium. Concen- 
trations in excess of 0-1 M were required before the 
growth of these normal cells was inhibited, in agree- 
ment with the results of Pomerat and Willmer?” with 
chick embryo periosteal fibroblasts. These findings 
with cell cultures from normal animal sources could 
explain the principally glycolytic metabolio pathway 
which has been reported by many other workers. 
Rapid cell growth im vitro may be a selective process 
allowing only those cells to grow which do not 
produce or have no requirement for succinic dehydro- 
genase. It should be emphasized that the comparative 
observations recorded here were made with short- 
term cultures of ‘normal cells. These findings are 
similar to those of Leslie and Yarnell’, using their 
permanent cell lines and 19-day chick embryo heart 
cells, and to those of Gorsanowich, cited by the 
authors above. They differ from those obtained with 
HeLa cells. High glycolytic activity appears a com- 
mon feature of cultured cells in which many different 
patterns of metabolic activity may occur. These 
mechanisms differ from those of the intact tissues and 
are as yet obscure. 

G. 8. TURNER 
Virus Research Unit, 

University of Cape Town. 
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A New Synthesis of Vitamin A, : Con- 
version of Vitamin A; to A, 


Tam earlier confusion regarding the structure of 
vitamin A, was removed by its synthesis’, which 
conclusively proved it to have the dehydrovitamin A, 
formula suggested by Morton, Salah and Stubbs’. In 
this synthesis an extra double bond was introduced 
into the B-ionone ring of the methylester of vitamin A, 
acid, by bromination with N-bromosuccinimide, 
followed by dehydrobromination with 4-phenyl 
morpholine. Reduction with lthium aluminium 
hydride gave a product which closely agreed with 
the spectsoscopic properties of vitamin A, Recently, 
Henbest, Jones and Owen? carried out an elegant 
conversion of vitamin A, to A, by treating the alde- 
hyde of vitamin A, (retinene,) with N-bromosuccini- 
mide, to obtain retinene,, which by reduction with 
lithium aluminium hydride was converted to vitamin 
Ay. : 

The present communication records a new synthesis 
of vitamin A, and also demonstrates the conversion of 
vitamin A, to vitamin A, through 3-hydroxy retinene,. 

Retinene, was shown to be best prepared by the 
oxidation of vitamin A, by the elegant and convenient 

ese dioxide method‘. It has been shown by 
Wald! that a rapid method of effecting the oxidation is 
to pass a solution of the alcohol in light petroleum 
ether through a tube containing the oxidizing agent. 
We have now observed that by using a specific 
variety of manganese dioxide in the column and by 
controlling the conditions, it is quite possible to effect 
a preponderance of 3-hydroxy retinene,, in the 
oxidation of vitamin A, alcohol on the column of 
manganese dioxide. Full details of this work will be 
given elsewhere. The mixed oxidation products were 
chromatographed on weakened alumina, and the 
main band after extrusion and elution with ethanol 
gave an absorption maximum at 375 mu, characteris- 
tic of 3-hydroxy retinene, (ref. 3). Further synthetic 
work was carried out, using 8-hydroxy retinene, 
as the starting material. It was carefully reduced, 
using the calculated quantity of lithium aluminium 
hydride, to 3-hydroxy vitamin A,. This new substance 
gave an absorption maximum at 324 The 
hydroxyvitamin A, was first acetylated (selective 
acetylation) and then dehydrated with -toluene 
sulphonic acid’. After chromatographic purification’, 
the yellow band which was extruded and eluted with 
ethanol, gave an ultra-violet absorption spectrum 
characteristic of vitamin A, (refs. 8 and 9) (having 
absorption maxima at 351 and 287 mz). The reactions 
involved are as follows: 


VANN H 


(1) Acetylation 
““(2) Dehydration 
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3-bydroxy Vitamin A, 


185 


Further work is in progress to characterize more 
fully the products obtained in the different steps in 
this synthesis. 

R. K. BARTA 
M. G. R. Nam 


Organio Chemistry Laboratories, 
Department of Chemistry, 
Gauhati University, Assam. 
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Geneties and Biochemistry of 
Riboflavin Auxotrophs of Aspergillus 
nidulans 


BICCHEMIOAL and genetical investigations are being 
made on seven riboflavin-less mutants of Aspergillus 
nidulans, isolated in Prof. G. Pontecorvo’s laboratory, 
in the University of Glasgow. A brief account of the 
important results obtained is presented in this 
communication. 

Genetic analyses were made only on ribo,, ribo,, 
ribo,, ribo, and ribo, since ribo, and ribo, have been 
located earlier in chromosomes 1 and 8, respectively?. 
It is found that ribo, is allelic to ribo, and ribo, to 
ribo, whereas ribo, ribo, and ribo, are not allelic to 
one another nor to ribo, and ribo,. Genetio analysis 
made by means of mitotic recombination and meiotic 
crossing-over showed that the non-allelic ribo, and 
ribo, are in the fifth chromosome and ribo, in the 
second chromosome. 

Since the five non-allelic riboflavim-less mutants 
ribo,, ribo, ribo, ribo; and ribo, are due to single 
gene-mutations, each would therefore be expected 
to differ from the normal in only one biochemical 
reaction in the biosynthesis of riboflavin. It is found 
that all these auxotrophs are independent of tem- 
perature and the three-colour markers green, yellow 
and white show very similar responses to riboflavin 
for growth. Whereas, there is maximal growth in the 
case of ribo, at a concentration of 0-1 ugm. of ribo- 
flavin per ml. of the medium, the responses of the 
mutants ribo,, ribo, ribo, and ribo, to riboflavin are 
considerably poorer at low concentration. However, 
they reach a normal weight with 
greater amount of riboflavin. The 
response to flavin mononucleotide 
(FMN) by these auxotrophs is very 
alight, and to flavin dmucleotide 
(FAD), negligible. 

Attempts made to find growth 
response to riboflavin-like sub- 
stances for the vitamin activity 
showed that lumichrome, a struc- 
tural analogue of riboflavin, in- 
hibits growth of these auxotrophs in 
a competitive manner. Among the 
different compounds tried as pos- 
sible precursors of the vitamin, it 
was found that a pyrimidine com- 
pound such as alloxan and a purine 
(xanthine) have riboflavin activity 
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for some auxotrophs during growth. This observation 
led us to carry out in vitro work on the tissue extract 
with purines and a benzenoid compound. Chromato- 
graphic*, and electrophoretic work’ reveals the 
formation of condensation products of the above 
substrates in the form of iso-alloxazine derivatives. 
A possible mode of synthesis of the iso-alloxazine- 
ring has been suggested earlier‘ through the inter- 
mediate formation of a pteridine compound: 


MMe 


| O 
SBN PGF 
i w J a 
Mo“ | ui, SN7 
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which had not been proved to be valid in living 
ms. However, our investigations indicate 

empirically that the possible sequence of reactions of 

iso-alloxazine biosynthesis in riboflavine 18: 


--- >pyrimidine- ~- ~puring 


> iso-alloxazine 
benzenoid -’ 
compound 


The condensing enzyme of purme and the ben- 
zenoid compound is being investigated. 
We are indebted to Prof. G. Pontecorvo for 
encouragement and interest. 
K. RADHA 
E. R. B. SHANMUGASUNDARAM 
Biochemical Laboratory, 
University of Madras, 25. 
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Role of Alkaline Fructose-|,6-Diphosphatase 
in Plants 


THE o of fructose-1,6-diphosphate to 
fructose-6-phosphate is an important step in the 
pentose phosphate reductive pathway of carbo- 
hydrate metabolism and in photosynthesis. An 
absolutely specific, alkaline and magnesium-ion- 
requiring fructose diphosphatase in spinach leaves 
has been reported!.*. The leaves contained another 
fructose diphosphatase with a neutral pH optimum, 
with no requirement for magnesium ion and capable 
of splitting also sedoheptulose-1,7-diphosphate’. 
The presence of a third fructose diphosphatase, with 
an optimum at acid pH and with activity towards 
ribulose-1,6-diphosphate also, Was reported in 
spinach leaves*. Racker and Schroeder* believed that 
the alkaline fructose diphosphatase did not participate 
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in photosynthesis, being absent from plastids isolated 
from homogenates prepared in aqueous media. 
Smillie‘, however, obtained evidence to show that 
alkaline fructose diphosphatase was actively involved 
in photosynthesis. The enzyme was present in all 
photosynthetic tissue examined, and, using non- 
aqueous media for cell disruption, it was possible to 
show that the activity was localized in the plastids. 
An investigation by us of the diurnal activity of 
fructose diphosphatases in the leaves of the tapioca 
plant (Manthot utilissima) has provided additional 
evidence, indirectly, for the involvement of the alka- 
line enzyme in photosyntheais. Homogenates of the 
leaves showed three distinct pH optinfa (-acid, 
neutral and alkaline-) for phosphatase activity 
towards fructose-1,6-diphosphate. Of these only the 
alkaline enzyme showed marked diurnal variation in 
activity, being about three times as active in the 
daytime as at night. 

A representative number of leaflets were gathered 

every 4 hr. during a 24-hr. period from tapioca plants 
grown under natural conditions of light and darkness 
in garden soil. A 20 per cent homogenate in water was 
prepared by the use of a Waring blender and aliquots 
used for enzyme and other assays. The assay system 
for enzyme activity consisted of 5 ymoles of neutral- 
ized tetrasodium salt of fructose diphosphate, 50 
moles of tris buffer pH 8-5, or borate buffer pH 6-5, 
or citrate buffer pH 5-5, depending on whether the 
alkaline, neutral or acidic enzyme was being estim- 
sted, 0-2 ml. of 20 per cent leaf homogenate, any 
supplements and water in a final volume of 1-0 ml. 
In the case of the alkaline enzyme, 5 pmoles mag- 
nesium sulphate and 1-6 pmoles ethylenediamine 
tetraacetate adjusted to pH 8:5 were added. One unit 
of enzyme represented the splitting of 1 umole of 
orthophosphate in 30 min. at-30° C. at the particular 
pH value. Protein was estimated in the homogenate 
by the method in ref. 5, after precipitation with tri- 
chloroacetic acid. The three activities were expressed 
as units per 100 mgm. fresh weight of leaves, per 
mgm. dry weight of homogenate and per mgm. 
protein of homogenate. Typical results obtained in 
one experiment are given in Table 1. 

The results show that the alkaline fructose diphos- 
phatase activity varied diurnally, the maximum being 
reached at noon and the minimum at midnight, when 
it had a third of the activity. Since the activity of a 
mixture in equal volumes of the most and the least 
active homogenates was found to be the same as the 
arithmetic mean of the individual activities, the 
observed diurnal alteration in activity may be con- 
sidered to represent changes in net catalytic site. The 
acidic and neutral fructose diphosphatases did not 
show any significant diurnal fluctuation in activity. 
The inoreased activity of alkaline fructose diphos- 
phatase in the daytime may be thought of as a 
response on the part of the plant to the needs of 
photosynthesis. 


DIURNAL ACTIVITY OF FRUCTOSE DIPHOSPHATASES IN THE LEAVES OF THE TAPIOOA PLANT 
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5-Nucleotidase of Rat Pancreatic Islets 
and Ducts in Normal and in Hyperten- 
, sive Rats 


IN this communication we describe the adenosine- 
5-monophosphatase (5-nucleotidase) demonstrable 
within rat pancreatic islets and ducte after incubation 
with adenosine-5-monophosphate at pH 7-8. 

Pearse’ has pointed out that it is possible to gain 
valuable information about the distribution of certain 
substrate-specific tissue phosphatases by using the 
technique in ref. 2. In this method adenosine-b5- 
monophosphate is used as substrate to denote the 
activity of the specific 5-nucleotidase of Reis?-. 
Incubation with the substrate at pH 7-5 allows a 
clearer distinction from non-specific phosphatases 
than was found’ at pH 9-2. 

Several authors have investigated the distribution 
of substrate-specific enzymes in the pancreatic islets 
of the rat. Their observations have been reviewed?-*. 
So far as we are aware, a 5-nucleotidase active at pH 
7:8 has not previously been demonstrated by the 
technique in ref. 2 within the pancreatic islets and 
ducts. This may be because of the known problems 
of diffusion at pH 7-6, a difficulty which it is beheved 
has been overcome by adopting the slightly higher 
px of 7-8. 

Fresh pancreas was collected from normal adult 
male Wistar rats and from adult male rats with 
hypertension developing under the influence of 
cortexone and sodium. The pancreatic tissue was 
fixed immediately after removal in three changes of 
acetone at 4° C. for 24 hr. Material was double- 
embedded in celloidin and paraffin; paraffin sections 
cut as thinly as possible were stored until use in 
plastic bags containing calcium chloride in the refrigar - 
ator at 4° C. Sections were incubated with sodium 
B-glycerophosphate and with the adenosine 5-mono- 
phosphate substrate of Pearse! both at pH 7-8 and 
at pH 9-2. Experiments showed that the optimum 
results were obtamed by incubation with adenosine-5- 
monophosphate at pH 7-8 for 3 hr. at 37° C. 

With this technique it was possible to demonstrate 
an adenosine-§-monophosphatase within the pan- 
creatic islet cells and within the cells of the small 
pancreatic ducts. No reaction was detected within the 
glandular acini, islets or ducts incubated with sodium 
6-glycerophosphate at pH 7-8 and at pH 9-2 or with 
adenosine-5-monophosphate at pH 9-2. Enzyme 
inhibition was demonstrated by adding 10 ml. of a 
millimolar solution of nickel chloride to each 40 ml. 
substrate. Inhibition waa not detected when only 1 ml. 
of mulimolar nickel chloride was added, and in neither 
instance did the inhibitory concentration diffe: from 
that observed with non-specific phosphatase at 
pH 9-2. . 
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The distribution of the enzyme did not differ ım 
normal or in hypertensive animals. It was not 
possible to determine whether the enzyme was 
concentrated principally within «- or B-cells although 
diffusion of precipitated calcium phosphate at pH 7-8 
ig apparently less rapid than at pH 7-5. It appears 
possible that the possession of this enzyme by both 
islet cells and by ducte is a reflexion of the common 
developmental origin of these structures. 
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Ultra-Rapid Fluorescent Labelling of 
Proteins 


A NOVEL method for the fluorescent labelling of 
proteins has been described recently which involved 
treatment of a protein solution with an active labelling 
dye dispersed on diatomaceous earth or other inert 
materials'. This modification afforded a considerable 
saving in time and minimized protein denaturation as 
compared with earlier techniques. The experiments 
reported here constitute a further improvement of this 
procedure which obviates time-consuming dialysis 
and permits fluorescent labelling of protein solutions, 
removal of hydrolysed or unreacted dye and change of 
buffer as well as pH in less than 30 min. 

The method has been used successfully with 
fluoresceinisothiocyanate, ‘Lissamine rhodamine 8200’ 
chloride and dimethylaminonaphthalene sulphonyl- 
chloride on ‘Celite’ or cellulose powder (available from 
the Calfornia Corporation for Biochemical Research) 
and is illustrated by the following exemple. A mixture 
of 2 ml. of rabbit serum and 2 ml. of 0-05 M sodium 
carbonate—bicarbonate buffer of pH 8-5 is shaken for 
approximately 3 min. (adequate labelling is obtained 
in as little as 10 sec.) with 5-10 mgm. of ‘Celite’ con- 
taining approximately 10 per cent of fluoresceiniso- 
thiocyanate. The mixture 1s now centrifuged for 
3 min. and the supernatant allowed to flow into a 
column (2:8 x 18 cm.) of ‘Sephadex G25’ (Pharmacia 
Uppsala, Sweden). The latter is prepared m advance 
of the experiment by pouring a slurry of ‘Sephadex’ 
into a column half filled with water, allowing the gel 
to settle and washing afterwards with several column 
volumes of 0:02 Jf sodium phosphate buffer of 
pH 6-5. The column is now developed with phosphate 
buffer (0:02 M, pH 6-5), care being taken not to 
disturb the exposed gel surface. <A spectacular 
separation of the fluorescent proteins from inert dye 
is observed almost 1mmediately. The stronger yellow 
protein band proceeds rapidly down the column while 
the weak inert dye band remaims very close to the 
point of application. The labelled protem is collected 
almost quantitatively ın approximately 6-8 ml. of 
effuent which represents an increase in volume of 
only 50-100 per cent. Elution of the fluorescent 
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protein requires only 15-20 mm. It 1s now free of 
carbonate and possesses the pH of the phosphate 
buffer (6-5). Optical density determinations at 
490 mp of the crude reaction mixture and the fast- 
moving band after elution from the ‘Sephadex’ 
column indicate that approximately 70 per cent of the 
fluoresceinisothiocyanate has reacted with the pro- 
tein. The ‘Sephadex’ column is regenerated by 
washing with phosphate buffer until the yellow dye 
has been eluted. The same column may thus be used 
repeatedly. The amount of ‘Sephadex’ may be 
reduced considerably for work with fluoresceiniso- 
thiocyanate. 

However, proteins labelled with ‘Lissamine rhoda- 
mine B200 do not separate quite as well, and it is 
advisable to use the column size indicated above. 
Gel filtration of the dimethylaminonaphthalene con- 
jugates which are only faintly yellow can be followed 
by the use of a mineralite ultra-violet lamp in the 
dark room. Fluorescent sera thus obtained have been 
fractionated further by ion exchange chromatography 
on DEAE columns with results similar to those 
desoribed recently by J. L. Riggs et al.*. While 
comparison of the elution curves obtained from 
optical density readings at 280 my. (protein) and 490 
myu (dye) mdicate a fairly close correlation of dye 
and protem for the most part of the curve a-protein 
fraction containing almost no dye has been observed 
consistently at the beginning of the elution curve. 

I wish to thank Steve Goldner and John F. Rinder- 
knecht for technical assistance in this work. 

H. RovvERKNEOHT 
California Corporation for Biochemical Research, 
Los Angeles, California. 
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Homotransplant Antigens : Preparation 
of Active Cellular Fractions by a 
Modified Method ; Properties and 

Attempted Dose Response 


Ix an earlier communication’, we described a 
method for the preparation of homotransplant 
antigens from the splenic cells of inbred mice. The 
observation that the antigenic fraction contained in 
the sediment (‘test sediment’) retained its activity 
after suspension in 2 M sodium chloride provides the 
basis for the development of a new method which is 
described here. The potencies of the new preparation 
are equivalent to those of the test sediment described 
earlier, but the new procedure is simpler and quicker 
than that previously reported. Other recent reports 
. of methods of preparation of transplant antigens 
include those of Castermans? and Manson et al.?. 

Mice were obtained from the Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine, with 
AjHe or C3H as the donor strains and 057B16 as the 
recipient strain. All mice were male and were allowed 
to reach 20 gm. in weight before use. In the prepara- 
tion of the test sediments, the plunger type homo- 
genizer, previously described, was used. 

In the new method, the initial steps described in 
the earlier report were followed, and these afforded a 
splenic cell suspension of a known concentration. 
After sedimentation at 4,000g, the supernatant solu- 
tion was decanted and discarded. The packed cells 
were then lysed in 2 M sodium chloride (buffered 
with 0:02 M phosphate, pH 6-6-6-8 as measured on a 
1 : 10 dilution, 5-10 ml]. per 100 x 10* cells). It was 
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found necessary to disperse the packed cells as soon 
as possible after they had been placed in 2 M sodium 
chloride to prevent the formation of strands of 
insoluble deoxyribonucleohistone. The material was 
comminuted with tho smaller plunger (0-0015-in. 
clearance) and then with the larger plunger (0-0005-in. 
clearance). The turbid and vised suspension resulting 
from this procedure was then sedimented for 1 hr. at 
25,000-30,000g (max.). The supernatant solution. 
which contained some hæmoglobin, was decanted and 
discarded, and the residual pellet of greenish-tan 
sediment was drained by inversion. The sediment 
was washed and homogenized successively in: (1) 
2 M sodium chloride (buffered as above, 2—4 ml. per 
1,000 x 10° cell equivalent); (2) 0:13 M sodium 
chloride (buffered with 0-01 M phosphate, pH. 6-6-6-8, 
measured directly, 2-4 ml. per 1,000 x 10° cell 
equivalent); (3) distilled water (same volume ratio). 
After each homogenization, thp suspensions were 
centrifuged at 25,000-30,000g for 30 min. The final 
sediment was analogous to the ‘test sediment’ des- 
eribed in the earlier report. The test sediment 
prepared by the ‘2 M’ method was suspended in tho 
desired concentration in isotonic saline. In this and 
steps (1), (2), and (3) above, a smaller version of a 
plunger type homogenizer, described by Dounce‘, 
was conveniently used. 

Groups of mice of the recipient strain (057) received 
intraperitoneal injections of test sediment in 2 ml. 
aliquots. Hour days after injection, test skin homo- 
grafts were applied. Six days after grafting, skin was 
examined histologically and scored as described 
earlier’. 

The antigenicity of the ‘2 M’ preparation was 
compared with that observed when the ‘0-15 M’ test 
sediment was used (see Table 1). For this comparison, 
and for study of the properties of the ‘2 M’ prepara- 
tion, 100 x 10° cell equivalents were used. The 
average individual and group responses were com- 
pared by analysis of variance and were found not to 
differ significantly (P > 0-05). Differences in the 
level of antigenic activity reflected in our various 
test groups of mice (group-range, Table 1) are in 
agreement with the observation of Billingham, Brent 
and Medawar* that their antigenic material prepared 
by sonic disruption of lymphoid tissue varies in ite 
antigenicity from batch to batch. 


Table 1, COMPARISON OF THE ‘0-15 M° AND ‘2M’ METHODS FOR 
PREPARATION OF TEST SEDIMENTS 
Results expressed by scoring integers (ref. 5) 
ao of — Group- Average seine : 
Procedure ups range response u 
015 M 46 (2 09-80 Eep M1 as) 
2 Af 186 (21 0:0-82 1-92 107 (1-8 


The flat and erratic response to measured doses of 
test sediment prepared by both methods is evident 
from examination of the data in Table 2. Although a 
possible dose-response relationship had been indicated 
in data reported by Berrian and Brent’ in their work 
on the interaction of transplant antigen with sensit- 
ized lymph node cells, Medawar! has remarked on the 
flatness of the dose response, when antigen was 
prepared by sonic disruption of cells. There is a 
significantly greater slope to the regression line 
derived from the response to whole splenic cells’ 
than to cell-free antigen, when the score of the 
response as measured by our test system is plotted 
against the log, of the dose in cell equivalents. 

Further studies of the homotransplant antigens 
as represented by the ‘2 M’ test sediments indicate 
that the active component is very labile, losing 
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Table 2, TYPICAL DOSE-RESPONSE DATA OBTAINED FROM ‘0-15 M’ 
AND ‘2M’ Tuer SEDIMENTS INTO 0567B6 RECIPIENTS 


Doses are oxpresred as cell equivalents , 


Exp. 60-15 ‘O15 M’(C8H Exp. 61-34 ‘20M’ (A/He 
dose donor) score (ayv.) dose r} score (av.) 
500 x 16° 2,1,1,1,6,0,0 (07) 350 x 10* 2,1,1,1,0,0,0 (0-7 
200 $,2.1,1.1,0,0 ie] 172 2,1,1,1,0,0,0 (67 
100 8,1,1,1,0,8,0 (0-9 85 8,2,2,1,0,0,0 {1-1 
50 8,2,2,2,2,1,1 (19 42 6,4,2,2,2,1,0 (2-4 
20 $,2,1,1,1 6,0 (14 20 5,3,8,2,1,1,1 (2:3 
10 §,4,3,8,8,2,1 (30 10 4,3,3,2,.2,2,1 (2:3 
5 Z,2,2,2,1,1,1 (1°86 0 (control) 6,5,5,5,4,4,4 (4-7 
O(cantrol) 6,5,5,4,4,8,8 (4 


appreciable activity on standing for 2 hr. at 25° C. 
and becoming almost completely mactive after stand- 
ing overnight at 3° C. The test sediment is not pro- 
tected against loss of activity by ascorbic acid or 
ethylenediamine tetraacetic acid, and cysteine appa- 
rently hastens the loss. Antigemic activity is not 
affected by suspending the test sediment for 30 min. 
in 0-1 M buffers, ranging from pH 6 to 9. However, 
above or below thie range, loss of activity occurs. 
Surface active agents (sodium lauryl sulphate, 1 per 
cent, sodium deoxycholate, 0-5 per cent, and water 
saturated with butanol-1 (ref. 9)) resulted in appre- 
ciable or complete loss of activity. Digestion for 30 
min. with trypsin (1 mgm./ml. of isotonic buffer, pH 
7-6, 0-002 M in oalcium, 0-02 M in iris) caused a 
similar loss in activity. 

The ‘2 M@ test sediments have a fairly constant 
composition. The equivalent of 100 x 10° cells has a 
dry weight of 1-5-2-5 mgm. (dried tn vacuo, t: = 100° 
O.) and contained 60-80 ugm. nitrogen, and 10-15 
gm. phosphorus. Nucleic acid as judged by the 


absorbance of the test sediments in 0-1 N sodium ` 


hydroxide solution at 260 my is present only in trace 
amounts; tyrosine as judged by the absorbance at 
283 my in the same solvent is absent. The chemical 
composition cannot be determined exactly because 
of the presence of debris of splenic cells and erythro- 
cytes, which is not separated by this method of 
preparation. 

The capability which the ‘2 M’ test sediment may 
have in inducing to in the new-born mouse and 
in the adult mouse modified by 6-mercaptopurine is 
now being determined. 

We wish to acknowledge the technical assistance of 
Gertrude Lustig, Edwina Czajkowski, Cynthia 
Wanstall and Brenda Drechsler. This work was 
` supported by a grant from the U.S. Publio Health 
Service (H~-1771) and a contract with the U.S. Army 
Medical Research and Development Command 
(M D-2061). 
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Preparation of Ultra-Violet Fluorescent 
Photographs of Steroids 


A NUMBER of methods have been used to record 
photographically the fluorescence of various substan- 
ces present on paper chromatograms when excited 
by ultra-violet light. Markham and Smith!-? used a 
system consisting of a quartz mercury vapour lamp 
and e set of two filters containing chlorine gas and a 
solution of NiSO,.7H,0 and CoS80O,.7H,0, respec- 
tively. Bernasconi, ef al.4 used a mercury vapour 
lamp, a red-purple filter, a cobalt sulphate and nickel 
sulphate filter, and a 3 mm. thick piece of ‘Plexi- 
glass’. Abelson’ used an ultra-violet hand lamp with a 
Kodak 2A gelatin filter enclosed in glass plates. 

We have found that by using a 6 x 10-in. filter 
(Oltra-Violet Products, Inc., South Pasadena, Cali- 
fornia), we are able to record photographically the 
fluorescence of various steroids on paper chromato- 
grams in a simple but satisfactory way. The ultra- 
violet light source was an ultra-violet hand lamp, 
model SL 2537 or SL 3660 (Mineralight, Dltra-Violet 
Products, Inc., South Pasadena, California) with the 
small ultra-violet filter removed. The paper chroma- 
togram was placed on ‘Azo’ F-4 or F-5 photographio 
contact paper and a 6 x 10-in. ultra-violet filter 
corresponding to the ultra-violet hand lamp (Kopp 
Long Wave Filter No. 41 for the model SL 3660 or 
Corning Short Wave Filter No. 9863 for the model 
SE 2537) was placed on top. The filter plus the 
corresponding ultra-violet light source served to give 
ultra-violet wave-lengths primarily in the 254 mp 
region and 330-380 mu region for the model SL 
2537 and SL 3660, respectively. The large 6 x 10-in. 
filter ensured a large area of even contact of the 
chromatogram with the photographic emulsion. 
Exposures were made for 1-15 sec. at about 18 in. 
distance. Photographic development was done in the 
usual manner. Each of the 6 x 10-in. sections was 
fastened together to give a complete photographic 
replicate of the ultra-violet induced fluorescence of 
the steroids on the paper chromatogram. 

Fig. 1 shows the ultra-violet fluorescence photo- 
graph of the paper chromatogram of the ‘pregnan- 
etriol fraction’ separated from the urine of a woman 
with hirsutism. The ‘pregnanetriol fraction’ was 
chromatographed on Whatman No. 1 paper in a 
benzene/formamide system and developed with 70 
per cent phosphoric acid*. The developed chromato- 
gram was exposed for 1 sec. on ‘Azo’ F-4 contact 
paper at 18 in. using a model SL 3660 ultra-violet 
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Fig. 3 


lamp. Spot 1 is A‘-pregnene-38,17«,20e-triol and 
spot 2 is pregnane-34,17a,20«-triol. The other spots 
are as yet unidentified steroids. Fig. 2 is a photograph 
of the paper chromatogram of 25 ugm. of adrenos- 
terone used as a chromatographic marker for aldos- 
terone diacetate in a cyclohexane, methanol, benzene, 
and water system. Exposure was for 15 sec. on ‘Azo’ 
F-5 contact paper at 20 in. distance using a model 
SL 2537 ultra-violet lamp. All the spots are 
adrenosterone. Fig. 3 is a photograph of a paper 
chromatogram of 50 ugm. each of: (1) 17-hydroxy- 
deoxycorticosterone; (2) cortisone; (3) corticos- 
terone; (4) cortisol, and (5) 11-dehydrocorticosterone. 
The steroids were chromatographed in a benzene/ 
formamide system and the chromatogram was 
exported on ‘Azo’ F-5 contact paper for 10 sec. at 18 in. 
distance using a model SL 2537 ultra-violet lamp. 
This technique has enabled us to record permanently 
the chromatograms of various steroids and without, 
in some cases, chemically altering the steroids by 
applying any detecting agent other than ultra-violet 
light. 

R. H. Herman 
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Determination of Biogenic Amines in 
Fæces of Normal Dairy Cattle 


Damy cattle are very sensitive to stimuli of external 
and internal origin that affect gastro-intestinal 
movements. This may involve intestinal auto- 
intoxication—‘indigestion’—even after the intake of 
feed of normal composition. A special kind of intes- 
tinal auto-intoxication is the so-called ‘nutrition 
tetany’ (‘grass tetany’), which is characterized by a 
sharp drop of the magnesium content of the blood in 
practically all the cases examined. According to 
Seekles!, it is probable that in nutrition tetany, more 
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than in other intestinal disorders, certain poisons of 
intestinal origin interfere with processes regulating 
magnesium, giving rise to a shift of magnesium from 
the blood into the tissues. Chronic and acute forms 
of nutrition tetany have been observed in which 
diarrhoea occurs with the passage of evil-smelling, 
loose fæces, pointing to abnormal fermentation and 
putrefaction in the intestinal tract. The poisons of 
intestinal origin are, inter ala, amines formed from 
amino-acids by bacterial decarboxylases. 

In connexion with this disease an attempt was made 
in our Laboratory to determine amines in feces of 
healthy cows. To obtain the amines from feces as 
free as possible from pigments, we tried several 
methods. Ultimately the folowing method was 
adopted: about 300 gm. of fresh fæces (30-35 gm. of 
dry matter} were extracted by boilmg them with an 
equal volume of N hydrochloric acid during 30 min., 
after’ which time the suspension was filtered by 
suction. After concentration of the dark brown 
filtrate to about 150 ml. in vacuo, the solution was 
cooled in an ice/salt mixture (c. —10° C.) and adjusted 
to pH 8-9 with 10 N sodium hydroxide. The dark 


- brown precipitate of ferric hydroxide was removed 


by centrifugation in the cold (—4°C.). The combined 
supernatant liquids were adjusted to pH 7 and the 
orange-brown solution percolated through a ‘slightly 
acid’ alumina column made according to Wieland?. 
(Slight losses are unavoidable.) The percolate obtained 
in this way is pale yellow. 

To obtain a solution with a high concentration of 
amines we used the following procedure: The perco- 
late was acidified with N hydrochloric acid and 
evaporated to dryness sn vacuo. The residue was 
extracted with approximately 300 ml. methanol, 
and the hot, reddish-brown methanol solution filtered. 
After evaporation of the solution to dryness tn vacuo, 
the residue was dissolved in about 40 ml. distilled 
water. This solution was made slightly acid to 
litmus paper, and, after heating at 70° O., 30 ml. of 
0-15 M sodium tetraphenylboron was added*. After 
being kept overnight in tho refrigerator the precipi- 
tate was filtered by suction through a glass filter and 
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washed on the filter with 30 ml. 0:01 N acetic acid, and 
then dissolved in 30 ml. of acetone. The acetone 
solution was evaporated to dryness in vacuo and the 
residue treated with about 8 ml. of 4 N hydrochloric 
acid. This acid solution was filtered, extracted twice 
with ether to remove excess of the reagent, and 
evaporated to dryness in vacuo. The residue was 
dissolved in 3 ml. methanol and 0-1 ml. used to determ- 
ine the amines by means of paper electrophoresis 
mn citrate buffer of pH 3-7-3°8 (ref. 4) (230 V., 45 
m.amp. for 7 hr.) followed by chromatography m 
phenol saturated with water, or in 2-butanol/acetic 
acid/water (4:1 : 5). 

I found that the following amines and basic 
ammo-acids may be present’ in the feces of healthy 
cows fed on hay and fodder cakes: methylamine, 
di-methylamine, ethylamine, diethylamme, propyl- 
amine, butylamine, amylamine, phenylethylamine, 
tyramine, putrescing, cadaverine, ethanolamine, teur- 
ine, kynurenine, lysine, arginine and B-alanine. All 
except diethylamime, propylamine, kynurenine, argin- 
ine and 6-alanine are nearly always present. As may 
be seen from Fig. 1, there are still a number of spots 
which cannot be identified. 

I am indebted to Prof. L. Seekles and Mr. H. J. 
Hendriks for the helpful discussions, and to Miss 
C B.J. 8ipman for assistance. 
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Reactivation of Succinate-Cytochrome c 
Reductase in Acetone-extracted Particles 
of Azotobacter vinelandii 


Sın the discovery of coenzyme Q in beef-heart 
mitochondria’, its significant role in the electron 
- transport system has been well established?. How 
ever, knowledge regarding the function of coenzyme Q 
in micro-orgamsms is somewhat incomplete although 
it has been found in various species’. Since Azoto- 
bacter vinelandii, strain O, contains vitamin K as well 
as coenzyme Q, (ref. 3), it would be of considerable 
interest to know whether both factors are involved 
m the electron transport system. 

From Azotobacter vinelandii, strain O, a particle 
fraction has been prepared according to the method 
described in our previous communication’. This 
preparation is characterized by the flavin ratio 
1:6: 10 (atomic or molecular ratio of flavin to 
hirem to non-hem iron) and a coenzyme Q, concen- 
tration of 4:5 mumoles/mgm. protein. Succinate— 
cytochrome ¢ reduction was measured by following 
the increase in optical density at 550 mu. Coenzyme 
Q had been extracted with acetone according to the 
method given by Lester and Fleischer‘. 

As shown in Table 1, acetone treatment of the 
particles results in a total loss of the succinate—cyto- 
chrome c activity. However, by the addition of 
coenzyme Q,, the activity could be restored to 80 
per cent of its original value. Vitamin K, as such 
had no effect on the extracted preparation, while a 
combination of both co-factora did not increase the 
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Table 1 
Activity 
(umole x Toa 
System : substrate/mun, { 
4 mgm, protem 
Particles + BA eE hrome ¢ 6'1 
Acetone-extracted part 0 
Acetone-extracted — + Azotobacter cyto- 
chrome ¢ + albumin G 
Acetone-extracted particles + Azolobacter cyto- 
chrome ¢ + vitamm 0 
Acetone-extracted particles + Azotobacter cyto- 
chrome ¢ + coenzyme Q; 5:6 
Acetone-extracted particles + <Azotobacte: cyto- 
chrome o + coenzyme Q, + vitamin K; 6-0 


Asa 
20 wmoles phosphate buffer, pH 7-2, 10 mgm. bovine se albumin, 
enzyme preparation. This mixture. was incubated for é 5 ain: at 88°. 

incubation 2 umole KCN, 10 smole sucunate and about 
18 x 10° umole Azotobacter cytochrome č were added. The ae 
volume was 1:0 ml. Coen ee Q: e 6 umole) and vitanun K, (0 
0-7 umole) were added as ethanol solutions, Controls carried out wil 
ethanol were negative. 


conditions for measuring O O e o activity 


activity above the level obtamed with coenzyme Qe. 
The same preparation also showed a reduced diphos- 
phopyridime nucleotide-cytochrome c reductase 
activity. All experiments failed to demonstrate a 
requirement of coenzyme Q, or vitamin K, for restora- 
tion of this activity in the extracted particles. The 
most effective electron acceptor for measuring 
succinate-cytochrome c activity was azotobacter 
cytochrome c. Horse cytochrome c showed only 20 
per cent and 2,6-dichlorophenol indophenol about 40 
per cent of tho activity obtained by azotobacter 
cytochrome c. 

The results suggest the significance of coenzyme Q, 
in the electron transport system of this organism, but 
does not necessary exclude a possible function of 
vitamin K in the respiratory cham as demonstrated 
by Brodie, Weber and Gray? with Mycobacterium 
phles. 

We thank Dr. R. L. Lester for supplying coenzyme 


as 
This work was supported, in part, by grant #~1417 
(C,) from the National Institutes of Health, Publio 
Health Service. 
A. TEMPERLI 
P. W. Wrson 


Department of Bacteriology, 
University of Wisconsin, 
Madison. 


1 Crane, F. L., Hatefi, ¥., Lester, R. L., and Widmer, O., Biochim. 
poe ‘Acta, gA 290 (1957). 

* Hatefi, Y., Lester, BR. L., Crane, F. L., Riochim. 
—— Acta, ‘st "490 (1959). Hatefi, Y., tbid., 31, 502 — 
Green, D. E., » Y., and F echner, W, E., Btochem. B Ophys. 
Res. Comm., 1, 45 (1950). 

* Lester, R, L., and Crane, F. L., J. Biol, Chem., 284, 2189 (1959). 

t Temperli, A., and Wilson, P. W., Z. physiol. Chem., 320, 195 (1980). 

aso. L. and Fleischer, B., Arch. Biochem. Biophys., 80, 470 

* Brodie, A. F., Weber, AL M., and Gray, O. T., Biochim. Brophys. 
Acta, 36, 448 (1967). 


and Widmer, O., 


PHYSIOLOGY 


Long-lasting Reversible Changes in the 
Reflex Responses of Chronic Spinal Cats 
to Touch, Heat and Cold 


REPEATED cooling of one arm brings about a 
reduced rise of arterial pressure in man and a lessened 
awareness of cold pain’. It has been assumed that 
these modifications of response occur at the higher 
levels of the nervous system. Conditioned responses 
linking two different stimuli have, however, been 
reported in chronic spinal frogs?, dogs and cats, but 
diminution of the reflex reactions to a single type of 
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stimulus—habituation—has rarely been examined in 
spinal animals?-*. Yet chronic spinal section offers a 
simple preparation for examination of the slow 
changes in reflex responses. 

Kittens were subjected to thoracic spinal section 
in the first week of life. Reflex responses to touch, 
rubbing, pinprick, heat and cold wore exaggerated 
after 3 months, while scratch responses, stepping, 
shaking, or kicking movemonts and mass reflexes 
leading to fits®.* were easily induced. The toe-fanning 
response of one hind foot was then elicited for 20 min. 
daily in 3 oats, by rubbing between the toos or by 
electrical stimulation at 10/sec. Toe-fanning virtually 
ceased in 3-7 days. A vigorous ocrossed-scratch 
response resulting from gentle rubbing of the flank 
was abolished (Fig. 14) by 10 min. daily rubbing of 
the same 25 sq. cm. area of the left flank. After 20 
days there were few scratch movements and no mass 
discharges. The area of the skin field from which the 
reflex could not be elicited enlarged with repeated 
stimulation of a small zone. Cessation of daily 
stimulation resulted in a return to full activity after 
6-8 days (Fig. 18). A second training 12 weeks after 
the first resulted in a faster habituation of the scratch 
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response (Fig. 1D). Reflexes in an 
unhabituated control cat remained 
fully active during this period of 3 
months. 
To obtain & more quantitative 
1 estimate of these processes the left 
hind legs of the same 3 cats were 
habituated to repeated periods of 
6 min. cooling (1° C.) and later to 
heating (48°-50° C.) in water. 
There was no movement of the legs 
of cats when water betwean 30° and 
45° C. was allowed to rise slowly 
above toe-level while the foot 
2 rested in a shallow dish. 
Immersion. of the left leg in water 
at 1° C. immediately produced con- 
tinuous violent kicking, toe-fanning, 
withdrawal, flaxion and adduction 
movements with clonus. After 13 
days (26 exposures, Fig. 2H) the 
left leg was reflexly active only 1 
per cent of the time, and the decline 
3 in activity approximated an expon- 
ential curve with a half time of 2:3 
days. The right leg kicked con- 
tinuously when it was subjected to 
water at 1° C. During 10 days of 
recovery from cold habituation 
(Fig. 2G) the same (left) leg of each 
oat was exposed (Fig. 2%) to water 
at 48°-50° O. Initially, the left leg, 
after 5 sec. latency, thrashed 
violently, and withdrew in flexion 
at toes, ankle and knee. There was 
no toe-fanning. Habituation to 
heat was slower and more variable 
than to cold. As the reflex re- 
sponses to heat decreased, the 
inhibition of movement in the 
stimulated leg spread to the opposite 
limb (Fig. 2H). Recovery (Fig. 2J) 
was slower, ocoupying 15 days. 
Two months later (Fig. 2K) habitua- 
tion to cold was induced in 3 days 
with little variance in response, 
followed by slower recovery over 
25 days. Thresholds of response were unchanged 
by repeated stimulation. 

Twice daily stimulation of the left leg at 1° C. for 
35 days after imipramine led to inhibition of reflexes 
which spread to involve both legs and persisted with 
infrequent testing for 23 days, when one exposure to 
the left leg (Fig. 3N) to 49° C. increased reflexes to 
cold for 16 days. Inhibition was then restored for a 
further 38 days, until two 6-min. heat stimulations 
(Fig. 30) restored vigorous reflexes to cold. Hebitua- 
tion to heat (Fig. 3P, R) in the cata (then aged 20 
months) was slower than initially, but it also spread 
to melude the unstimulated leg. One exposure to 
cold (Fig. 3Q) released the inhibition of response to 
heat. Both remained low in reflex response (Fig. 38) 
whon left untested for 71 days. 

At intervals the effects of drugs active on central 
neurones, particularly interneurones’, was explored. 
Both phenothiazines, such as (Fig. 10) chlorprom- 
azine 4 mgm./kgm. and antidepressants like rpron- 
iazid (10 mgm./kgm.); isocarboxazide (Fig. 31) 
(5 mgm./kgm.); or imipramine (Fig. 3L) (2 mgm./ 
kgm.) released the inhibition of reflexes within 1 hr. 
After chlorpromazine, habituation returned within 
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7-10 days, but after one oral dose of imipramine, 
activity persisted for 18 days. Similar long-term 
effects a d when a singlo dose of (Fig. 2M) 
meprobamate (4 and 20 mgm./kgm.) was given to 
dis-habituated cats. Inhibition of reflexes increased' 
and there was a biphasic recovery curve with low 
levels of activity lasting up to 25 days 

The spinal cord organization of sake: is thus capable 
of undergoing long-term modification of responses to 
touch, heat and cold. Evidence that this 1s a central 
rather than a peripheral action comes from the lack of 
change of reflex thresholds, from the spread of habit- 
uation on, the unstimulated side, and from the 
return of reflexes at once on administration of 
drugs 

Initially some record of previous events appears to 
be retained for at least 24 hr. by the cells of the spinal 
cord, and then slowly decays. After many repetitions 
of stimulation, however, inhibition persisted for 
months and was interrupted only by eliciting reflexes 
from overlapping receptive modalities or by drugs. 
It is likely that interneurones are responsible for 
these persistent reflex patterns and presynaptic 
inhibition may be one mechanism involved. Pheno- 
thiazines and anti-depressant drugs with sympatho- 
mimetic action appear to counteract uired. 
inhibition of reflexes, while substances like meprob- 
amate selectively increase inhibition of the pre- 
viously habituated responses. The spinal cord in 
these ways provides a useful model of acclimatization, 
habituation and learning. 


No 4811 


W. Kozak 
W. V. MAOFARLANE 
R. WESTERMAN 


Australian National University, 
Canberra. 


1 —— M., Hall, M. 8., and Whittow, G. C., Physiol. J.,146, 152 


*Franzisket, L., Naturwiss., 37, 98 (1950). 

aires O L, and Hunter, W. 8., Amer. J. Physiol., 117, 600 
‘ Nesmelanova, T. N., Sechenov Physiol. J. U.S.S-R., 4%, 281 (1987). 
* Clark, G., Amer. J. Physiol., 180, 712 (1940). 

‘Macht, 1 M, B., and Kuhn, R. A., Arch, Neurol. Psych., 69, 754 
' Berger, F. M., Ann, N.Y. Acad. Sct., 67, 685 (1057). 

3 Wilson, V. J., and Talbot, W. H., J. Gen. Physiol., 48, 495 (1960). 


Evidence for the Existence of Se 
Vasopressin and Oxytocin-containing 
Granules in the Neurohypophysis 


HIsTOLOGIOAL investigations have indicated that 
the peptide hormones, oxytocin and vasopressin, are 
associated with the neurosecretory substance observed, 
in the hypothalamus, the hypothslamic-hypophysial 
stalk, and the posterior lobe of the pituitary?. 
Hormonal activity may be sedimented, from pituitary 
homogenates*, substantiating claims that the octa- 
peptides are particle-bound. The variable ratio of 
pressor to oxytocic activity in different parts of the 
neurosecretory system, and the report of Acher* that 
protein-bound oxytocin in pituitary extracts can be 

separated from protein-bound vasopressin, have led to 
Sie don that two particle types may exist. Pardoe 
and Weatherall! suggested that the oxytosic and 
pressor fractions are contained in different partioles, 
since the conditions favouring maximal activity in 
centrifugation deposits were not the same for the 
two hormones. 

Our cell fractionation work on posterior pituitary 
was an outgrowth of hormone-localization experi- 
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ments carried out on beef anterior pituitary and the 
methods used were similar’. Fresh posterior 
lobes of beef pituitary glands were homogenized in 
0-25 M sucrose and fractionated by conventional 
centrifugation techniques into nuclear, mitochondrial, 
microsomal, and supernatant fractions. Sucemic 
dehydrogenase, ribonucleic acid, phospholipid, and 
protem determinations were performed to charac- 
terize the various fractions obtained. Vasopressin 
was assayed by the rat blood-pressure technique and 
oxytocin by the rat uterus method. 

Most of the particle-bound pressor and oxytocic 
activities were localized in the ‘microsomal’ fraction. 
This included a fraction sedimenting between the 
mitochondria and microsomes, which exhibited few 
of the properties considered characteristic of these 
two organelles but possessed high hormonal activity. 
Between 35 and 50 per cent of the vasopressin and 
oxytocin was found in the soluble (supernatant) 
fraction, and essentially all the soluble hormone 
was dialysable. The ‘microsomal’ fraction was 
layered over a continuous sucrose-dicdrast gradient 
(density 1:12-1:31) and on centrifugation at 150,000g 
for 1 hr. was resolved into 3 particulate layers, 
designated A, B and OC in order of mereasing density. 
The ratios of pressor to oxytocic activity of these 
layers are shown in Table 1. 


— 1. VASOPRESSOR AND OXYTOQLO ACTIVITY OF LAYERS OBTAINED 
DERSITY-GRADIMNT CENTRIFUGATION OF THE ‘MICROSOMAL’ 


FRACTION 
Vasopressin : oxytocin ra 
*“Micrcsomal’ Densiiy-pradient layer 
Exp. fraction A C 
1 T45 1-4 1-9 1:8 
2 8-05 0'4 3-7 40 
8 0-75 0-5 0°7 1-7 
4 1°88 2 50 1-8 
5 1°08 0:6 21 8-7 
Mean 1°80 06 27 26 
t P 
A<«+—> B 276 < 002 
A tm» O 2°67 < 0-05 
B e O > 0:90 


It can be seen that the microsomal’ fraction itself 
possesses almost twice as much pressor as oxytocic 
activity, compared with arbitrarily defined equal 
activity in the whole gland, suggesting a separation 
of vasopressin-containing particles from oxytocin- 
containing particles by simple centrifugation. By 
density-gradient centrifugation, the ‘microsomal’ 
fraction was resolved into a particulate layer, demons- 
trating a vasopressin : oxytocin ratio of about 0-6 and 
two layers with a ratio of 2-6, a difference in relative 
concentrations of more than four times. Fraction A 
contained most of the ribonucleic acid, in addition to 
the highest concentration of oxytocin, indicating that 
this layer was composed of microsomes.together with 
neurosecretory materiel. Fraction O contained 
negligible amounts of succinic dehydrogenase, ribo- 
nucleic acid, or lipid phosphorus, and appears to 
consist solely of neurosecretory material, largely 
protein. The mean percentages of hormonal activity 
in. layers A, B, and O were 40, 23 and 26 per cent, 
respectively, for oxytocin and 19, 34 and 41 per cent 
for vasopressin. 

We cannot, at present, exclude the possibility 
that the postulated oxytocin-containing particle could 
arise from cleavage of an oxytocin-rich fragment from 
a native granule during homogenization and centri- 
fugation, and similarly for the vaso containing 
particle. However, it is improbable that the observed 
differences in. the distribution of oxytocin and vaso- 


174 


pressin are due to preferential release of oxytocin as 
the free octapeptide and its subsequent adsorption to 
non-specific protein which is concentrated in fraction 
A. In one experiment we added synthetic oxytocin 
to homogenates of posterior lobes prior to density- 
gradient centrifugation, and recovered the entire 
amount in the sdluble phase. 

We feel that the present findings are best explained 
on the basis of the existence of separate particles in 
the neurosecretory system relatively specific for 
either oxytocin or vasopressin. However, the inclusion 
of both hormones in some neurosecretory granules is a 
possibility to be considered. 

This work was supported by the National Research 
Council of Canada and by research grant RG~7404 
from the Division of General Medical Sciences, United 
States Public Health Service. 
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Mobilization of Transmitter by 
Hyperpolarization 


RECENT investigations have shown that repetitive 
stimulation produces hyperpolarization of nerve 
terminals!*. It has been suggested that such a 
hyperpolarization could account for post-activation 
potentiation, since the height of the action potential 
in the pre-synaptic terminals would be increased, and 
this in turn might enhance synaptic transmission’. 
Evidence which seemed to support this concept was 
obtained by Castillo and Katz‘, who showed that at 
the frog neuromuscular junction the size of the end- 
plate potential may be mcreased by extrinsic currents 
whioh hyperpolarize the nerve endings. 

The present experiments were performed with a 
technique which allowed a very effective application 
of polarizing currents to the nerve endings at the 
mammalan neuromuscular junction. The in vitro 
rat diaphragm strip-phrenic nerve preparation waa 
used, mounted in & two-compartment recording 
chamber. The nerve was placed on platinum stimu- 
lating electrodes under paraffin oil in one chamber, 
while the muscle was bathed in serated Krebs solu- 
tion containing either curare (2-2-5 x 10-*) or excess 
magnesium (11 m.moles/l.) in the second compart- 
ment. Polarizing currents were passed between two 
suver—silver chloride electrodes; one made contact 
with the nerve through an agar—saline column, and 
the other was inserted into a glass micro-electrode 
filed with agar—Ringer (resistance less than 3-0 
megohm). This micro-electrode was placed very 
close to an end-plate region by using it as a recording 
electrode to detect fooi of extracellular end-plate 
potentials. When in position, it was connected to the 
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polarizing circuit, and a second micro-electrode filled 
with 3 M potassium chloride (resistance 10-15 
megohm) was inserted into muscle fibres near the 
tip of the polarizing electrode until an intracellularly 
recorded end-plate potential was found which could 
be altered by the passage of current. The source of 
current was a battery polarizer, monitored by a micro- 
ammeter. 

For each position of the polarizing electrode, one 
or two junctions could be found at which a hyper- 
polarizing current produced an increase in size of the 
end-plate potential. Under the most favourable con- 
ditions, increases in the height of end-plate,potentials 
were seen with the smallest currents used (about 
02 pamp.), although often striking effects were not 
obtained until larger currents were applied (2°0-—5-0 
vamp.). Currents much in excess of 8:0 uamp. 
generally caused nerve-block. 

When the current was maintained at a steady value 
for a period of many seconds and the end-plate 
potential was elicited at a constant rate (1 per 3-5 sec. 
mm curarized preparations), there was a progressive 
increase m the size of end-plate potential with time 
which sometimes, reached the threshold for evoking 
a muscle action potential. When the current was 
turned off, the end-plate potential did not return 
immediately to the control height, but instead declined 
over several seconds. These effects are illustrated ım 
Fig. 1 in a curarized preparation at room tempera- 
ture. Similar results have been obtained at tempera- 
tures of 22°-37° C. at both curarized and magnesium 
poisoned junctions. Fig. 14 shows sample records 
of the end-plate potential at various times (in sec.) 
after a h larizing current of 3-5 pamp. was 
turned on. r the last end-plate potential shown 
(73-5 sec.), the current was turned off, and the end- 
plate potentials of Fig. 1B were recorded. These 
records were part of a larger series (taken at 3-5-sec. 
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intervals) from which the curve of Fig. 10 was 
plotted. The end-plate potential was increased to 
nearly ten times the control height 73-5 sec. after the 
current was begun, and it required about 40 sec. to 
return to the control height after the current ceased. 
Depolarizing currents were also tried and were found 
to produce a decrease in the height of the end-plate 
potential, but this change did not progress with tame. 

These results clearly support the hypothesis that 
hyperpolarization of nerve terminals is responsible 
for post-activation potentiation. However, tho 
progressive increase in the height of the end-plate 
potential „during a maintained hyperpolarizing 
current suggests that an increase in the rate of trans- 
mitter mobilization, rather than an increase in the 
height of the pre-synaptic action potential, is the 
predominating factor in the events initiated by the 
hyperpolarization. 
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Effects of Veratrine, Nitrate lon and 
y-Aminobutyric Acid on Mammalian 
Miniature End-Plate Potentials 


DaHLBAOK et alt have found that the frequency 
with which miniature end-plate potentials appear 
at the neuromuscular junctions is significantly reduced 
in myasthenia gravis. Since these potentials are 
assumed to represent the spontaneous release of 
transmitter substance from motor nerve endings tho 
defect in myasthenia has been considered to be of 
presynaptic origin. However, agents which help the 
clinical disorder do not greatly affect thi frequency 
of miniature end-plate potentials, and for this reason 
it is still necessary to consider possible alternative 
mechanisms which may operate independently of, or 
in conjunction with, the defect ın the presynaptic 
release. One possibility is that the transmitter 
‘quanta’ fail to cross the synapse because of morpho- 
logical abnormalities in the latter?. Equally, the 
end-plate may be resistant to the transmitter 
substance. Thus a decrease in the frequency of 
miniature depolarizations might reflect a degree of 
failure in transmitter diffusion or indicate an 
abnormalhty in the responsiveness of the membrane 
to ionic influx. The first possibility cannot easily be 
tested, but the second can conveniently be studied 
by recording the frequencies and amplitudes of 
post-synaptic events under various test condi- 
tions. 

In order to separate the presynaptic from the post- 
synaptic properties it is necessary to use agents which 
act exclusively at one or the other side of the neuro- 
muscular junction and the action of which is ‘direct’, 
hence independent of any influence upon cholines- 
terase. 

The aim of these experiments was to test the effecta 
of veratrine, y-aminobutyric acid, and nitrate ion on 
the frequency and amplitude of miniature end-plate 
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potentials as we had reason to believe that thoso 
substances would operate selectivoly at the post- 
synaptic level*-§, The rosults of several experimonts 
showed that unilateral synaptic activity could be 
obtained clearly only with nitrate ion, while both 
veratrine and y-aminobutyric acid produced changes 
which, according to available criteria, suggest that 
they act at both sides of the junction. 

Rat mtercostal muscle was used throughout the 
studies. Several ribs and their attached, intact, 
intercostal muscle groups were removed quickly after 
the animals were killed, and this preperation was 
continuously oxygenated at 37° C. in the solution 
described by Liley’. The total thickness of the tissue 
was 1-1-5 mm. Intercostal nerves and their terminal 
ramifications were identified, and glass micropipettes 
filled with potassium chloride were inserted near 
motor end-plate regions. Spontaneous miniature 
potent'als were rocorded in a standard fashion with 
apparatus described elsewhere’. Single frame film 
advances wero triggered by an external sweep 
generator at various sweep speeds ranging from 1 to 
20 m.sec./om. The fluid in the 30-ml. bath was 
changed at a rate of approximately 5 ml./min., and 
test agents were applied as near as possible to the 
recording electrode with a pipette in doses of 0-5— 
16 ml. 

Our proparations seemed to show a much higher 
average frequoncy of mmiature potentials than that 
reported for tho rat diaphragm’ or cat skeletal muscle’, 
perhaps owing to the slight stretch to which the 
fibres were subjected in the ‘Perspex’ tissue clamp. 
However, these frequencies were maintained for many 
minutes to several hours in most cells, and were not 
thought to reflect purely mechanical effects. In fact, 
the ond-plate region in a particular cell was not con- 


. sidered as having been accurately located until a 


frequency of roughly 15 potentials per second and an 
amplitude of 500 uV. were recorded. 

Veratrine in concentrations ranging from 10-3 to 
10-> mgm./ml. produced a striking increase in 
frequency and usually a major moreaso in amplitude. 
In some instances ıt appeared that the increased 
discharge after veratrine was so great as to exhaust the 
motor nerve terminals, for the activity recorded after 
the veratrine had been washed away was less than 
that observed in the resting state, and normal 
activity could not be restored with potassium. chlor- 
ide. The great enhancement of responses by voratrine 
resembled that seen after potassium, but the diffuse 
membrane depolarization associated with the potas- 
sium effect was not observed with the alkaloid. At 
the sweep speeds used, it was not possible to see 
clearly whether the veratrine effect was accompanied 
by a consistent mecrease in the time-course of indi- 
vidual potentials, because the frequency was so 
great that many potentials tended to become super- 
imposed (Fig. 18). A number of cells contracted 
rather vigorously as the summation of miniature 
potentials occasionally generated propagated dis- 
turbances. The manner in which the potentials 
summed together strongly suggested that the alkaloid 
not only increased the frequency of effective trans- 
mitter contact but that it also prolonged the ‘active 
stato’ in response to each collision. 

When all the chlorides in the nutrient solution 
were replaced by nitrates an impressive change 
occurred in the character of the miniature potentials. 
As shown in Fig. 2B the amplitude rose significantly 
while frequency remained essentially unchanged. 
Though potentials of much lower voltage after the 
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Hig. 1. Response to veratrine. 

after A and 1 mu after veratrine hydrochloride, 2 ml., 101 mgm. 

B and 1 min. efter y-aminobutyric acid, 2 mL, 10. 
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Fig. 2. Response to nitrate fon. A, Resting potentials; B, 8 min. after A and 1 min. 
after O, faster sweep specd. 6 min. 
after 4 and 1 min. after y-aminobutyric acid, 2 mL 10-3 ml. Time maikers sach 


all anions m nutrient solution replaced by nitrate; 
10 meco., voltage calibration 0'5 





Response of resting oeli to y-aminobutyrie aoid. 
a B, 8 min, after A — min, after y- ammnobutyrio acid, 1 ml., 10-? mgm./ml.; 


pot min, after A and further doses re -aminobutyric acid, 1 
hydrochloride, 1 a aem iak, showing 


veratrine treatment occasionally were able to evoke 
propagated impulses, the huge signals observed after 
nitrate were not associated with any such activity. 
Again, the resting transmembrane potentials of tho 
activated cell did not change by more than a few mV. 
The largest potentials seen after nitrate application 
were sometimes followed by a transient hyper- 
polarization (Fig. 2B). 

Gamma-aminobutyric acid, in concentrations rang- 
ing from 10-! to 10+ mgm./ml., was found to alter 
both the frequency and the amplitude of miniature 
end-plate potentials in both the veratrine-treated and 
nitrate-treated preparations. When applied to the 
resting cell the amino-acid produced a significant 
slowing and lowering of mimature potential ampli- 
tudes within a few seconds if a surface unit had been 
impaled. The effects were often delayed and atten- 
uated in the more deeply lying cells. The usual effect 
on a resting cell is shown in Fig. 3B. Figs. 10 and 
20 illustrate the response to y-aminobutyrie acid 
in cells previously activated with veratrine and 
nitrate ion, respectively. It can be seen that hyper- 
activity after veratrine is reversed, and, in the case of 
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nitrate, that the high-voltage spikes 
are effectively damped, aonek 
their time-course remains pro 
longed. When a degree of ‘block’ 
was recorded after various doses of 
y-aminobutyric acid the subsequent 
administration of veratrine, potas- 
sium, or neostigmine was essentially 
without effect. With repeated 
washing, however, the antagonistic 
action between nitrate ion and 
y-aminobutyrie acid would be dis- 
played several times in the same 
cell. 

Since records of miniature end- 
piate potentials are made at a 
distance from motor nerve terminals 
all statements about pre-synaptic 
activity are inferential. The pre- 
sent view’ is that changes in minia- 
ture end-plate potential amplitude 
reflect solely post-synaptic events 
unless quantum content is chemio- 
ally lowered by interference with 
transmitter storage!®, and that 
changes in frequency can only be 
C ascribed to changes in the rate of 
output of the motor nerve term- 
inals. If one accepts this position 
one may conclude from the present 
experiments that nitrate ion acts 
only at the end-plate membrane, 
while veratrine and y-aminobutyric 
acid produce changes at both limbs 
of the synapse. It must be pointed 
out, however, that such conclusions 
about the action of veratrine and 
y-aminobutyric acid are contrary 
to present views and raise the 
general question about the validity 
of post-synaptic recordings as a 
means of deciding on which side of 
the junction a compound acta. 

This work was supported by 
grante from the Myasthenia Gravis 
Foundation and the Santa Clara 
County Heart Association. as well 
as grant H-3693 from the U.S. 
Public Health Service. 
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Fluoride- and Selenium-Levels in 
Contemporary and Ancient Greek 
Teeth in Relation to Dental Caries 


In a recent epidemiological investigation it was 
shown that the prevalence of dental caries among 
school children in Athens (Greece) was remarkably 
low?, The amount of sugar consumed did not seem 
to have been the determining factor for the high 
degree of immunity to caries observed among the 
Athenian children. It was suggested that certain 
nutritional factors, possibly trace elements, operating 
during the period of tooth development, may have 
been responsible for this'. 

In view of the above, an investigation was con- 
ducted to determine the fluoride and selenium con- 
centration in a group of contemporary Athenian 
teeth and, for purposes of comparison, in a group of 
ancient Greek teethe The beneficial effects on caries 
from the ingestion of small amounts of fluorides 
during the time of development of the crowns of the 
permanent teeth are well known. In addition, 
increasing evidence from recent work with human 
beings and laboratory animals has indicated that the 
trace element selenium may be a factor responsible 
for enhancing the susceptibility of teeth to caries?~*, 
Prior to the present work no information was avail- 
able on the concentration of these two trace elements 
in Greek teeth. 

Twenty-seven permanent teeth, one from each 
individual, were collected from persons 20—40 years 
of age who were believed to have been living con- 
tinuously in Athens. Of those, 17 were carious and 
10 non-carious. The ancient Greek teeth derived 
from 9 specimens of skeletal material housed at the 
American School of Classical Studies in Athens (Stoa 
of Attalos). The skeletal remains of 7 specimens 
belonged to the 8th century B.0. and of 2 specimens 
to the llth century 3.0. In three cases, the century 
date, although highly probable, could not be verified 
precisely because of the absence of offerings in the 
burial, Altogether, 14 permanent teeth were collected 
from 9 skulls; im some cases 2 teeth were secured 
from the same specimen. They represented 5 females 
and 4 males between the ages of about 19 to 50 years. 
The age of 2 specimens was given only as ‘adult’ and 
‘middle age’. Visual examination of the teeth, includ- 
ing dental probe, did not reveal evidence of carious 
legions. 

The teeth were cleaned, pulverized and screened 
through a 100-mesh sieve. The separation of enamel 
and dentine was done by a method described pre- 
viously’. Determinations of selenium in pooled 
samples of tooth material were performed by the 
method of Bonhorst and Mattice*. Fluoride was 
determined by the method of Singer and Armstrong’. 
The results of the analyses are presented in Table 1. 


Table 1. FLUORIDE AND SELENIUM LMVMIMA (P.P.M.) IN GREEK TARTH 
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Tooth Fluoride Selenium 
Period Ro. Dentine Enamel Dentinse 
Modern 27 178 one 9-03 18 
Anctent 14 874 — 0 18 0-45 


The fluoride concentration observed in the enamel 
of contemporary Athenian teeth was somewhat 
higher than that in the enamel of individuals of 
similar ages whose teeth were developed in Aurora, 
Ilinois, where the communal water supply contained 
naturally 1:2 p.p.m. of fluorides!*, Furthermore, the 
prevalence rates of dental caries of the Athenian 
children examined recently! were rather similar to 
those of subjects living continuously m a community 
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where the water supply contained naturally 0-9 p.p.m. 
of fluorides!'. In view of this, it is of considerable 
importance to note thet samples from the public 
water supply of Athens were reported to contain only 
traces of fluorides'*:5. Similar observations were 
reported in recent work on teeth from Delhi and 
Bombay, which contained high levels of fluorides 
although the level in the water supplies was 
negligible. 

The fluoride content of the enamel of ancient Greek 
teeth was about twice as much as that of contem- 
porary teeth. In addition to whatever amounts of 
fluorides acquired by these teeth in vivo, it is known 
that the fluoride content of fossil bones and teeth 
increases with time, depending on the amounts present 
in the soil and water. In the work on ancient American 
Indian teeth, believed to be 5,000 years old, it was 
shown that the greatest concentration of fluoride 
was found in the outer layer of the enamel with little 
penetration to the inner portion; a pattern of distri- 
bution which is similar to that m contemporary 
teeth’. 

The data on the high fluoride-level in contemporary 
Athenian teeth indicate that dietary sources other 
than the water supply of Athens must be responsible 
for it, or that a much higher amount of i 
fluorides by residents of Athens 1s absorbed. In this 
connexion, date from another investigation, where 
the fluoride content of teeth was found to be high, 
indicated that the major source of it was derived 
not from water but from the consumption of large 
amounts of fish'*. From an investigation in two 
areas of endemic dental fluorosis in Italy, it was 
concluded that apparently the calcium-level in the 
diet affects the amount of fluorides absorbed, which in 
turn influences the prevalence and degree of mottled 
enamel)’. Experiments with laboratory animals have 
also shown that increasing the level of calcium in the 
diet decreases the absorption of fluoride by the gastro- 
intestinal mucosa}’. 

At present, no adequate information is available 
on the calcium intake in Greece and on the fluoride 
content of various food items commonly produced 
and consumed there. It is believed that such infor- 
mation, as well as data on urinary fluoride-levels, 
will be of great value for a better understanding of the 
findings of the present work and also of the factors 
that affect fluoride metabolism. 

The level of selenium in contemporary Greek 
teeth was lower than that in ancient teeth. In both 
groups, however, the concentrations were lower than 
those reported in teeth from persons im the Pacific 
North-west region of this country, where the preva- 
lence of cartes 1s high. This indicates a limited intake 
of dietary selenium which may have been an addi- 
tional factor responsible for the low prevalence of 
caries observed among the Athenian children’. 
Work on the selenium—caries relationship, mentioned 
above**, suggests that a direct association existe 
between the amount of selenium ingested and 
susceptibility to dental caries. 

Conclusions may be summarized as follows: 
(1) It appears likely that the high immunity to 
caries of the Athenian children was due to a consider- 
able degree to the high fluoride content of teeth; 
(2) the low levels of selenium in teeth, which refi ct a 
limited intake of dietary selenium, may have been 
another factor contributing toward the low preva- 
lence of caries. 

We are indebted to the American School of Claasical 
Studies at Athens for making available the skeletal 
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material, and to Miss Lucy Talcott for supplying the 
background information. We are also grateful to 
Dr. Minos Manolitsakis, of Athens, for the collection 
of contemporary Greek teeth. We thank Mr. David 
Lini for his assistance in the analyses. The ancient 
Greek teeth were obtained by one of us (D. M. H.) 
during a sabbatical leave. 

Note added in proof. A source of dietary fluoride 
in Greece is sea salt. In a recent work it was reported 
that sea salt contained 40 p.p.m. of fluoride (see 
ref. 14). 
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Selenium Content of Millet and Dental 
Caries in the Rat 


MocOtureE reported recently that diets composed 
essentially of millet (76-94 per cent of the diet), with 
or without 18 per cent cerelose, when fed to weanling 
rats for approximately 60 days, proved to be con- 
siderably cariogenic!. The reason for the caries- 
producing property of millet could not be explained. 

It has been shown that the selenium-absorbing 
capacity of millet was higher in comparison with that 
of other cereal grains, for example, corn, wheat or 
rye grown under the same rimental conditions’. 
In view of this, it was thought of interest to determine 
the selenium content of different varieties of this 
ceres! for an explanation of the caries-producing effect 
of millet diets as observed in rats by McClure’. 
Results from a number of investigations, reviewed 
elsewhere*, indicated that the ingestion of minute 
amounts of selenium may be responsible for rendering 
the teeth more susceptible to dental caries, both in 
human beings and in laboratory animals. 

The following four varieties of millet were obtained 
from a local commercial source: Japanese, early 
fortune, white proso and yellow proso. Although the 
millets were grown in this country, their exact origin 
was not known. An adequate amount from each 
variety was ground to a powder. Selenium determ- 
inations in samples of each millet were performed 
by neutron activation analysis at the Oak Ridge 
National Laboratory. The analyses revealed the 
following levels of selenium (in p.p.m.): Japanese, 
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0-21; early fortune, 0:22; white proso, 0-22, and 
yellow proso, 0-41. 

The concentration of selenium in the four varieties 
of millet is about 2-3 times higher than that in 
samples of a stock corn caries-producing diet recently 
analysed?. It is presumed that the higher level of 
selenium in the yellow proso millet resulted from the 
higher amount of this element present in the soil 
where it was grown. 

The selenium-levels in the four varieties of millet 
may seem small. It is known, however, that the 
margin between beneficial and harmful effects of 
selenium intake is narrow, and that minute amounts 
of this element exert profound influences. It has been 
shown that the maximum growth in chicks fed a 
vitamin E-free Torula yeast diet resulted after supple- 
menting the basal diet with selenium, as sodium selen- 
ate, to a level of 0-05 p.p.m.5. Increasing the level of 
selenium as selenate from 0-leto 0-5 ppm. and 
1-0 p.p.m. in the basal diet of the chicks resulted in 
retardation of growth, the latter level produoing also 
evidence of toxicity®. In a recent report, it was 
suggested that selenium present in a diet at a level of 
0-34 p.p.m. may have been responsible for increasing 
caries susceptibility when fed to weanling rats for a 
period of 100 days’. It thus appears that the amount 
of selenium present in millet may have been the factor 
responsible for the caries-producing property of these 
diets observed in rats by McClure!. The possible 
influence of small amounts of selenium on dental 
caries susceptibility requires further investigation. 

This work was supported by a research grant from 
the National Institute of Dental Research, U.S. 
Public Health Service. 
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PHARMACOLOGY 


Phenomena of the Hypokinetic Rigid 
Type caused by O-methylation o 
opamine in the Para-position 


Team investigations of Carlsson!*, by which he 
demonstrated that practically all dopamine in the 
mammalian brain is found in the caudate- and enti- 
form-nucleus (forming an important part of the 
extrapyramidal system), whereas norepinephrine is 
present in only minimum quantities, suggest that the 
fanction of dopamine is not merely that of a preoursor 
of norepinephrine. Carlsson showed, moreover, that 
reserpine depletes the dopamine from the corpus 
striatum and produces a Parkinsonian syndrome 
which could be counteracted by dopa, the precursor 
of dopamine. 

De Jong and SBaruk’, Schaltenbrand‘, von 
Schroeder®, and many others, observed that bulbo- 
capnine and papaverine are capable of provoking a 
striking hypokinetic rigid syndrome, which is man- 
fested in cats as a catatonic state and in monkeys as a 
Parkmsonian syndrome—probably also an effect on 
the extrapyramidal system. 

If we compare the chemical structure of dopamine 
with bulbocapnine, papaverine, and the drugs 
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laudanosine and laudanine (of which the last men- 
tioned, according to my own investigations with cate, 
provokes also a hypokinetic rigid syndrome combined 
with tremors), the similarity in structure is striking. 
Only one or two OH groups of the dopamine-rmg (I) 
were changed into OOH, groups. Moreover, mescaline 
(VI) with three OCH, groups provokes a similar hypo- 
kinetic syndrome. So our line of reasoning is easily 
understood, that changing of dopamine OH groups into 
OCH, groups gives rise to a hypokinetic syndrome. 
For further information we injected cats sub- 
cutaneously with the drugs III and V and established 
the provocation of a striking hypokinetic rigid 
syndrome whereby the animals come into a clear 
catatonic state, sometimes preceded by tremors. 
Since from the mvestigations of Axelrod® it is 
known that, like norepinephrine and epinephrine, 
dopamine may also be subject to O-methylation in the 
3-position of the ring (TI), it was reasonable to assume 
that the abnormal effect on the extrapyramidal 
system is coupled to O-methylation in the 4-position 


I could not demonstrate a hypokinetic effect. 

I suppose, therefore, that in human patients 
phenomens of the hypokinetic rigid type are created 
by O-methylation of dopamine in the para-position, 
with or without O-methylation in the 3-position, in 
consequence of & defect in the dopamine metabolism 
through the methyltranaferase enzyme system. 

I am grateful to Hoffman-LaRoche, Basle, for 
supplying drugs II and IV. 
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A. M. ERNST 


Action of Synthetic Oxytocin on the Crop 
Gland of the Pigeon 


Cowie and Folley! have suggested that oxytocin 
released in response to the stimulation of suckling in 
rats may cause the release of prolactin. If oxytocin 
causes a release of prolactin in birds, then administered 
oxytocin should perhaps cause an increase in the 
crop gland weight in the pigeon, which is shown to 
respond to prolactin’. This has been investigated by 
measuring the weight of the crop gland in pigeons 
(200-300 pm. in body-weight) after administration of 
400 m.units of oxytocin (‘Syntocinon’, Sandoz 
Products Ltd.) systemically (200 m.unita intra- 
venously and 200 m.units intra-muscularly) and also 
intra-dermally (one unit) over the site of the gland 
for four days. The animals were killed on the fifth 
day when the crop glands were dissected out and 
weighed. The results are depicted in Fig. 1 aa the 
mean of the percentage of the body-weights of the 
animals. Synthetic oxytocin in the doses used 
caused an increase in the crop gland weight of the 
pigeon, which differed significantly (P < 0-001) from 
the crop gland weights of the control pigeons. The 
pigeons injected with oxytocin after it had been 
incubated with sodium thioglycollate to inactivate 
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its oxytocic activity? did not show an increase of crop 
gland weight. The fact that oxytocin also has this 
crop-stimulating action on the pigeon makes results 
of blood and urine prolactin contents assayed by this 
method leas acceptable as regards the specificity of 
the substance being measured. While the results are 
suggestive that oxytocin may, in birds, cause @ 
release of prolactin, a direct ‘action of oxytocin on 
the crop gland of the pigeon, not described before, 
has not been ruled out. Experiments are in progress 
investigating the mechanism of action of oxytocin 
on the pigeon crop gland and its significance. 
We thank Dr. V. Mital of Sandoz Products, Ltd., 
New Delhi, for generous supplies of ‘Syntocinon’. 
R. R. CHavupHoury * 
M. Roy OnaupHury * 
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PATHOLOGY 


Mast Cell Increase in Mouse Leukæmia 


As early as 1891 Westphal’ recognized that mast 
cells tend to aggregate in the tissue adjacent to 
cancers rather than in the tumour itself. While this is 
not universally truo for all types of tumours, some 
work®? with a number of different kinds of neoplasms 
suggests that this is substantially correct. The subject 

has been recently reviewed by Riley‘. Recently, 
Scott® showed that in rats with transplanted sar- 
comas a high percentage of the mesenteric mast cells 
were disrupted. This com- 
munication is concerned 
with work which we under- 
took to learn something of 
the number and state of 
integrity of such cells m 
leukwmic AKR mice in a 
tissue not primarily in- 
volved in the leukemic 
process. 

Mesentery was selected as 
the tissue for examination. 
Mice of the AKE strain 
(high-incidence leuksmia) 
and the low-incidence (57 
strain. were killed by cervi- 
cal dislocation, and im- 
mediately thereafter sec- 
tions of intestine were 40 
placed on microscopic 
slides. These were fixed 
for 5 min. with a mixture 
of ethanol (95 per cent), 
formalin, and acetic acid in 
the proportions 16 : 2 : 1. 
After washing with distilled 
water, the imen was 
air-dried for 4-5 hr. The 
intestine was surgically re- 
moved, leaving a spread of 
mesentery adhering to the 
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slide. The section was stained for 17 min. with toluid- 
ine blue followed by washing with two changes of 95 
per cent ethanol, absolute ethanol, acetone and xylene. 
The specimens were cover-slipped with ‘Permount’. 
These preparations have been kept for more than a 
year without deterioration. Mast cell counts for each 
mouse were made on 30 microscopic fields at a magnifi- 
cation of 100 diameters. Total mast cell counts and 
the percentage of disrupted cells were recorded 
separately for the avascular connective tissue and for 
the perivascular areas. If there was doubt about the 
integrity of a cell, it was observed at higher magnifica- 
tion ( x 450). While the absolute counts haye doubtful 
meaning, the comparison between groups handled in 
an identical manner should be valid. 

Mast cell counts are shown in Fig. 1 for mice of the 
AKR and 057 strains as a function of the age of the 
animals. As the work progressed it became apparent 
that leukwmic AKR mice had larger numbers of mast 
cells in the perivascular areas of the mesentery than 
did non-leuksmic mice of this strain. Because these 
mice had developed leuksmia spontaneously, they 
were considerably older than the non-leuksmic 
group. Two additional experiments were performed 
to try to determine whether the mecreased mast cell 
numbers truly reflected the leuksmic process or 
merely the greater age of the leukemic group. A 
group of young AKR mice was implanted with 
leukeemic cells, and after lymphadenopathy appeared 
(in about two weeks) they were killed and mast cell 
counts performed. These mice, 17-20 weeks of age 
(Fig. 1, enclosed within dotted lines), had elevated 
counts in the blood vessel area comparable with those 
for the older animals with spontaneous disease. A 
group of C57 mice with a wide age spread was then 
selected to study a possible effect of age in a healthy 
group of animals. From Fig. 1 it is seen that there is 
an age effect which results in mast cell increases 
somewhere around 75 weeks, a considerably more 
advanced age than that at which spontaneous 
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emia appears in AKR mice. Since all AKR 
in these experiments died of leukemia prior to 
aks of age, comparisons by the t test were made 
10 total C57 group and with those of eom- 
able age. In Table 1 the mean mast cell counts 
id the percentage of the cells that were disrupted 
e recorded. The leukemic AKR mice manifested 
_ in the blood vessel area a great increase in mast cells. 
_ The mean of 67-5/field differed significantly from the 
means for the non-leukemic AKR mice (24-8) and the 
05T mice of comparable age (33-8) at the 0-1 per cent 
_ probability-level (P < 0-001). When the total C57 
_ group was compared with the leukemic animals, the 
_ difference was no longer statistically significant 
_ because of the age effect in the C57 mice. 

Mast cell counts for the avascular connective 
tissue are strikingly constant. These counts were 
unaffected by the leukemic process or by the age of 
_ the mice. There is, however, a statistically significant 
_ difference between the two strains. The mean of 11-3 
- for the C57 mice is significantly higher than the 6-2 
_ value for the AKR mice at the 0-1 per cent prob- 
 ability-level (P < 0-001). 

.. Compared with the total C57 population, the frac- 
_ tion of mast cells found disrupted in the connective 
_ tissue was slightly but significantly higher for both the 
- leukemic (P = 0-03) and non-leukwemic AKR mice 
_ (P = 0-001). Dividing the C57 mice into age-groups 
_ of more than and less than 60 weeks did not reveal 
an effect of age on the state of preservation of the 
mast cells. In the perivascular region the only 
_ statistically significant difference in the mean cell 
_ disruption for the various groups was that for the 
- Jeukemic and non-leukemic AKE mice (P = 0-002), 
the latter showing a somewhat higher fraction of 
_ disrupted celis.. | 

These studies demonstrate that AKR mouse 
_ leukæmia is accompanied by an increase in mesen- 
 teric mast cells. This process parallels to a high 
_ degree the growth and infiltration of leukemic cells 
1 this strain of mice. The increased number of cells 
seen only in the perivascular areas and is not to be 
mand in the connective tissue, although one hypo- 
sip states that mast cells are formed in the blood- 
asol regions and then migrate into the avascular 
mnnective tissue as they age®. It should be pointed 
perhaps that because of the greater number of 
ast cells in the blood vessel area in leukemic animals 
total number of disrupted cells is higher in this 
up (5-8/field) than in the non-leukemic group 
O/field), despite the slightly higher percentage of 
rupted cells in the latter. While there has been 
me difference of opinion with regard to cell dis- 
uption being necessary for the release of mast cell 
duets, recent work by Smith’ indicates that 
sase of histamine may occur from intact cells. Tt 
‘ould therefore seem reasonable that the quantities 
f histamine and other mast cell products like 
ydroxytryptamine would be increased in the 
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animal organism during the period of mast eelo — 
increase. The effect of these substances on growth of ` 
leuksemie cells is being determined at present in 
further studies. 

We wish to acknowledge the aid given to this work 
by a grant from the Leukemia Society, Inc., and the 
assistance of Mr. L. Carrithers in the early phases of 
the study. 
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Jane BEARDEN =) 
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Myocardial Lesions in Strain 129 
Dystrophic Mice 

Since the ætiopathology of muscular dystrophy is 
still unsettled, wide interest was provoked by the 
recent elaboration of a mouse strain afflicted witha- 
hereditary myopathy resembling in many respects the 
human disease. This condition, referred to as 
dystrophia muscularis, arose as a mutation in a 
colony of inbred strain 129 mice and the inheritance 
of the disease has been shown to follow the pattern 
of an autosomal recessive gene’. Although the 
symptomatology and pathology of dystrophia muscu- 
laris has been described in detail’, oceurrence of 
cardiac lesions has never been mentioned. Moreover, 
it was emphasized that the phenotypic effects of this. 
mutation are restricted to skeletal muscular tissue’, 
in which the well-known and characteristic abnormali-. = 
ties progressively develop. ae 

A survey of the literature indicates, on the other 
hand, that in the various forms of familial and 
sporadic muscular dystrophies of man, structural o == < o 
changes in the myocardium may be observed, although 
infrequently. Ross*, as early as 1883, clearly demon“ = 
strated the involvement of the heart muscle in this — = 
disease process. Additional observations have since = 
been made indicating that lesions closely resembling = 
those of the skeletal muscles develop in the myos o 
cardium of dystrophic pationts“-io. It iseven believed = 
that sudden death of some muscular dystrophie o = oo = 
patients may be due to cardiac failure’. Neverthe- huss TE 
less, scant attention is given in the literature to the 
clinical importance or to the theoretical implications -= = 
of such myocardial involvement, most likely because © =- 
of preoccupation with the more extensive and erip- | 
pling skeletal muscle pathology. 

Since the value as a research tool of strain 129 | 
mice afflicted with dystrophia muscularis depends © - 
largely on the degree of similarity of their disease to - 
the human process, we were interested to find that = 
cardiac lesions may occasionally occur in the oo o 
animal disease. More precisely, among the 60 — 
diseased mice so far autopsied in our Laboratory, 2... 
showed severe structural changes in the myocardium, =: 











having some morphological resemblance to those seen _ 


in their skeletal wiaseles. While on mere naked-eye ` | 
inspection these hearts appeared normal, microscopie. 
examination revealed marked changes. 
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Fig, 1 





Fig. 2 


The myocardial lesions predominated in the 
septal region. ‘They consisted of focal lesions of 
various sizes, in different stages of evolution. 

Very early lesions were characterized mostly by an 
interstitial edema with increased vascularization. A 
few isolated myocardial fibres were swollen and 
showed vacuolar or hydropic degeneration with 
pycnosis and karyolysis of their nuclei. Cellular 
infiltration was minimal and consisted mainly in 
myophages, fibroblasts and free muscle nuclei 
resembling Anitchkow’s myocytes. 

When examining other foci, various stages of a 
progressive sclerosis were found. Older lesions were 
centrally fibrotic and inactive whereas their peripheral 
part showed evidence of regressive changes with 
subsequent organization. The fibres undergoing 
myocytolysis showed central cavity formations; this 
process was accompanied by fibroplasia and increased 
vascularization (Fig. 1). 

In addition to the lesions of the myocardium there 
was marked cedema of the intimal layer of the auricles 
and of the valves, the latter being slightly infiltrated 
with round cells, Staining with oil red O, of a section 
originating from a heart of a dystrophic mouse with 
less-advanced lesions, revealed the accumulation of 
fat droplets within the cytoplasm of several muscle 
fibres which disclosed a ‘tigroid’ aspect (Fig. 2). 

Evaluating this finding, it should be noted that the 
average life-span of the dystrophic mice was about 
5 months under,our experimental conditions, while 
the two with cardiac lesions survived more than 10 
months. Consequently, it is reasonable to assume 
that myocardial involvement occurs only when the 
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death ensues in a late stage of the disease, at which 
time the pathology may be fully developed. 

As already mentioned, these strain 129 mice were 
described as having a primary muscle disease’, but 
because they show signs of possible nervous disorders 
(abnormal reflexes, convulsions and mild tremor of the 
digits), a purely myogenic etiology is not unanimously 
accepted’. The occurrence of myocardial lesions com- 
parable with those in the skeletal muscles may be con- 
sidered as an indirect evidence in support of the first 
hypothesis. 

Finally, the observation described directs attention 
to the great differences in the extent togwhich the 
cardiac and skeletal muscles participate in the 
dystrophic processes; while the skeletal muscles are 
always severely affected, myocardial involvement 
only occasionally occurs. Such differences in the 
disease susceptibility of these two structures were 
repeatedly observed in animaj experiments™, but 
virtually nothing is known of the factors that determ- 
ine whether the cardiac and/or skeletal muscle will 
undergo degeneration in any given set of pathogenic 
circumstances. Interestingly, in many instances toxic 
actions of compounds (for example, plasmocid) or 
that of dietary deficiencies (for example, potassium 
or magnesium deficiency) attacks much more serverely 
the cardiac than the skeletal muscle!', but in other 
cases (for example, paraphenylenediamine over- 
dosage) both structures are usually equally affected". 
It is therefore even more remarkable that in the 
dystrophic processes the skeletal muscles are the site 
of predilection, although the cardiac muscle may also 
be involved in the final stage of the disease. 

We are indebted to Prof. J. L. Riopelle for his 
helpful criticism. This work was supported by a 
grant from the Muscular Dystrophy Association of 
Canada. 
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Thromboplastic and Fibrinolytic Activity 
of the Arteriosclerotic Human Aorta 


Perlick! and Kirk? recently reported that the 
thromboplastic activity of intima and media from 
arteriosclerotic parts of the human aorta in general 
were lower than in normal sections. Kirk noted an 
especially low thromboplastie activity in ulcerated 
parts. Since arteriosclerotic lesions are usually sup- 
posed to be sites for thrombus formation these 
observations are of great interest. We present here 
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tation on the thromboplastic and fibrino- 
activities of the layers of the arteriogclerotic 
‘hromboplastic activity was estimated from dilu- 
on eurves obtained on freshly drawn, citrated rabbit 
lasma as described before’. Activity was expressed 
in percentages of a diluted brain suspension as used 
_ for prothrombin estimations after Owren. Fibrino- 
lytic activity was estimated as plasminogen activator 
fter extraction with potassium thiocyanate", Act- 
ivity was expressed in units of a standard prepara- 
tion made from pig heart. Samples of human aorta 
_ were obtained from the Institute of Forensic Medicine 
__ of the University of Copenhagen (by courtesy of Prof. 
_ Harald Gormsen). The pathological samples showed 
_ diffuse arteriosclerosis with lipid deposition and 
hyperplasia. The results are given in Table 1. 
-Our results confirm the findings of a decreased 
_ thromboplastic activity in the arteriosclerotic intima 
- and media. However, Stevenson ef al.‘, using the 
thromboplastin generation test, reported that platelet- 
like activity was enhanced in arteriosclerotic vessels. 
O’Brien" noted ‘platelet lipoid’ activity as well as 
_ “brain-like’ activity in endothelial material from the 
normal human aorta. In a few casos we found 
_ thromboplastic activity even higher in media than in 
intima. This phenomenon was only rarely observed 
in our previous series of normal aortic tissue from 
_ normal or from arteriosclerotic patients’. It could 
_ possibly be related to the disease. 
_ Fibrinolytic activity was lacking in pathological 
- and normal intima. The pathological media occasion- 
ally contained traces of activity. Normal media were 
__ previously found to be nearly always inactive’. How- 
ever, it was usually more difficult to separate the 
layers of the diseased than of the normal aorta. An 
‘interesting observation is the increased fibrinolytic 
„activity of the pathological adventitia. This is prob- 
ably caused by increased vasculerization of the 
pathological samples, and is similar to the high 
activity observed in general in vascularized con- 
stive tissue’. There is also apparent è rise in act- 
ty with age confirming our previous observations. 
is noteworthy that in the sample (764) with medial 
lcification adventitia had an especially high fibrino- 
ic activity. | 
Our results suggest that products released from 
è diseased atherosclerotic vessel wall do not induce 
tensive clot formation, such as is generally assumed. 
Clot formation is a local process oecurring at an 
njured normal intima. The degenerative processes 
following are also locally restricted and do not 
necessarily lead to hypercoagulability of the cir- 
lating blood. The significance of observations like 
2s when discussing the pathogenesis of arterio- 
lerosis and of myocardial infarction is obvious. 
This investigation was aided by grants from the 
ah Macy Jr. Foundation, New York, and. from 
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Treatment by Adenosine-5-Monophos- — 
phoric Acid of Experimental Saturnism — — 
in Rabbits 


On the basis of a postulated deficiency in the — 
phosphorylated derivatives of adenosine consequent = 
on increased porphyrin synthesis, porphyria in man | 
and laboratory animals was treated by administration _ 
of adenosine-5-monophosphoric acid with. beneficial 
effect on both the clinical signs and the disturbances 
of porphyrin metabolism'-*.. It seemed, therefore, oe 
interesting to investigate the effect of the same = 
treatment in experimental lead poisoning, a condition = 
also accompanied by excess formation of porphyrins =~ 
and porphyrin precursors. — ee 

We have induced saturnism in 16 adult rabbits 
by a single intramuscular injection of 100 mgm./ 
kgm. of lead acetate. Starting the following day, 
a daily dose of 100 mgm. of adenosine-5-mono- 
phosphoric acid was administered intramuscularly to 
8 rabbits. On the third, seventh, twelfth, seventeenth — 
and twenty-fifth days we have determined in the 16 
rabbits the concentration of 3-aminolevulinic acid, 
porphobilinogen, uroporphyrin and coproporphyrin - 
in the urine, the serum-level of $-aminolevulinie acid: 
and the free protoporphyrin content of red blood. 
cells also the number of erythrocytes and the haemo- 
globin level. 2 

Subsequent to the second day of treatment by. 
adenosine-5-monophosphoric acid, a statistically 
significant diminuti® < 0-01) of urinary excretion — 
of §-aminolevulinic s bilinogen and copro- 
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A 1. : ‘Urinary excretion of porphyrins and porphyrin precursors, 
cell count and hemoglobin-level on the twenty-fifth day of 








— ‘lead poisoning (twenty-fourth day of treatment with adenosine- 


O denotes values found before the 
administration of lead. ALA, d-aminolevulinic acid; PRG, por- 

“phoblinogen; UP, uroporphyrin; CP,  coproporphyrin. 
“fi, Rabbits: intoxicated by lead and treated by adenosine-5- 


=o, monophosphorie acid; (J, rabbits intoxicated by lead 


a — acid), 


: “porphyrin was observed in the treated rabbits. 
Uroporphyrin appeared in urine only towards the 


: o twentieth day of lead poisoning and for this pig- 


ment also the concentration was significantly dimin- 
ished in, the treated animals. The treatment did not 
influence either the serum-level of 8-aminolwvulinic 
acid or the free protoporphyrin content of the 
erythrocytes. 

On the other hand, a clearly beneficial effect of 
adenosine-5-monophosphorie acid was observed on 
anemia, During the whole period of observation 
(one month), administration of adenosine-5-mono- 
“phosphoric acid was followed by an elevation of red 
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In four rabbit controls and two animals 
treated with adenosine-5-monophosphoric acid) the 
bone marrow was studied on the eighth day of lead- 
intoxication. In the treated rabbits, the bone marrow 
showed an erythropoietic hyperplasia which was 
absent in the controls. The curve of maturation of 
erythroblasts (Fig. 2) has shown in the control 
rabbits a deviation to the left. On the contrary, 
in the treated animals the curve was practically 
identical to that observed in normal rabbi¢s. : 

Our observations show clearly that in experimental | 
saturnism of rabbits the effect of treatment by- 
adenosine-5- monophosphoric acid on excess porphyrin 
formation is comparable to that observed in porphyria: 
induced in chick embryos by allylisopropylacetamide 
or in rats by hexachlorobenzéhe. The unexpected 
effect on adenosine-5-monophosphoric acid on the 
anemia.due to lead poisoning is an interesting new 
fact. 

There seems to exist a reciprocal regulatory: 
mechanism between the biosynthesis of porphyrins. 
and adenine or phosphorylated derivatives of 
adenosine although on the basis of present biochemical 
knowledge we are not able to propose any explanation 
of this mechenism. 
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HÆMATOLOGY 


Presenee of ‘D-like’ Antigens on Various 
Monkey Red Blood Cells 


RECENTLY the ‘D-like’ antibody was demonstrated 
in the sera of guinea pigs injected with random Rh- 
positive, Rh-negative human red cells and the red 
cells of rhesus monkeys!. The ‘D-like’ antibody was 
produced also in guinea pigs injected with heat- 
(50° C.) extracts of washed Rh-positive or Rh-negative | 
red cells. Murray and Clark? demonstrated that the 
antigenicity of heat extracts resided in the sediments 
obtained at 30,000g. These findings were confirmed 
and extended by Levine et al.1:3, Js 

Apart from antigenicity in the guinea pig, the _ 
‘D-like’ ‘antigen could be demonstrated by the 
capacity of random Rh-positive, Rh-negative and 
rhesus monkey red cells to yield eluates with ‘D-like 
specificity when the red cells saturated with the- 
‘anti-D like’ antibody were heated at 66° ©. fo: 
10 min. Using eluates we demonstrated the ‘D-like 
antigen on the red cells of one African gren 
monkey, one Java monkey, three baboons, two. 
Cercopithecus mitus neumanni (blue monkeys or blue. 
Sykes) and one Cercopithecus neglectus (for these 
specimens we are indebted to Dr. John Buettner- 
Janusch, Yale University). In addition, each of four — 
chimpanzee red cells (these specimens were supplied 
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‘Table 1. RHESUS ** No. 85 DILUTED 1 : 6 AND ABSORBED TWICE 


WITH RA-NEGATIVE RED CELLS. USING THE HEAT METHOD ELUATES 
WERE PREPARED FROM THIS ABSORBED SERUM 


R” R’ R? Rr rr rr Rhesus 
Absorbed 
twice +++ — nt O0 0 
Eluate from 
R’ + + ++ 0 0 
R'R* +++ +++ +++ 0 0 0 
rr + + + 0 0 
Rhesus 0 0 0 0 0 0 


Ene Laman Were Ourist out by ——— Pee Serene 
eadings were made after re-suspending the cen ged 


ture and r 
tubes at i ,500 r.p.m. 


Table 2. —— PIG ‘ANTI-D LIKE’ SERA PRODUCED BY INJECTIONS 
or RR? Rep CELLS 
Rhesus African 
R'R? RR yr rr monkey green monkey 


Absorbed with 

rr +++ +++ 0 0 +++ +++ 
Eluate from: 

rr +++ +++ 0 0 +++ +++ 
African green 
_monkey +++ +3+ 0 0 +++ +++ 
Rhesus monkey ++ f+ 0 0 +++ +++ 


through the courtesy of Lt. Col. Sidney Gaines, Walter 
Reed Army Institute of Research, Washington, D.C.) 
contained the ‘D-like’ antigen. (It was shown pre- 
viously by Wiener and Gordon‘ and Levine and 
Celano® that red cells possess a factor 
identical to or closely related to human D. We found 
that chimpanzee red cells yielded specific eluates when 

to human anti-D.) In our hands rhesus red 
cells failed to absorb or elute specific antibodies 
from human anti-D. 

The ‘D-like’ antigen could not be demonstrated on 
the red cells of rat, horse, mouse, rabbit, chicken, 
cattle or sheep as indicated by the failure of these 
cells to react or yield eluates with ‘D-like’ specificity. 
Of seven guinea pigs injected twice with washed 


_ rabbit cells, there was only a suggestion of a weak 


‘anti-D like’ response in one guinea pig; this effect 
was not observed in the pre-injection specimen. 

Often guinea pigs injected twice with pooled washed 
red cells of three baboon monkeys, six produced 
strong ‘anti-D like’ antibodies when absorbed with rr 
red cells. Because this specificity appeared in eluates 

prepared from rr red cells, these antibodies were 
rTamified as ‘anti-D like’. Furthermore, the anti- 
baboon guinea pig serum agglutinated anti-D sensi- 
tized Rh-positive red cells as intensively as the same 
untreated Rh-positive red cells. Thus, these sera 
behaved in the same manner as the guinea pig 
‘anti-D like’ produced by injection of human Rh- 
positive, Rh-negative or rhesus red cells. 

Since rhesus monkey red cells contain the ‘D-like’ 
antigen, it was that these animals, when 


_ injected with human Rh-positive red cells (which also 


contain the ‘D-like’ antigen) might produce an anti- 


_ body more closely resembling human anti-D. Eight 


monkeys received a series of nine intramuscular 
injections of 2-0 ml. of a 50 per cent suspension of 

inized RR, or Ryr red cells. After absorption in 
a dilution of 1 : 10 with human Rh-negative blood, 
the sera of 4 of the 8 monkeys exhibited stronger 
reactions on human fh-positive than on human 
Rh-negative red cells. One of these sera, absorbed 
twice in a dilution of 1 : 5 with Rh-negative blood, 
was tested for the specificity of eluates from several 
human bloods and rhesus red cells. These findings 
presented in Table 1 show that the specificity of the 
reactions resembles ‘anti-D like’ since Rh-negative 
blood as well as Rh-positive gave eluates which 
differentiated Rh-positive from Rh-negative red cells. 
As expected eluates from rhesus red cells were 
inactive which is in striking contrast to the 
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behaviour of ‘anti-D like’ produced in guinea pigs 
injected with human Rh-positive, Rh-negative or 
other monkey bloods. In these tests rhesus and other 
monkey red cells regularly yielded eluates with 
‘D-like’ specificity as illustrated in Table 2. 

The results of this work suggest that the ‘D-like’ 
antigen on human red cells may have a different 
spectrum of antigenic determinants than the ‘D-liko’ 

antigen on rhesus red cells. One may assume that the 
‘D-like’ antigen varies somewhat from species to 
species, but additional supporting evidence by cross- 
immunization is still to be supplied. An analogous 
situation may be the production of a type of anti-D 
by Rh-positive individuals as reported by Shapiro‘, 
Argall et al.? and since confirmed by numerous other 
workers (for literature, cf. Unger et al., see ref. 8). 

The unique rare blood reported by Vos et al. of an 
Australian Aborigine whose red cell was stripped of all 
Rh antigens (—/-—) is the first human blood tested 
which did not contain the ‘D-like’ property. This joint 
investigation with Vos and co-workers will be the 


subject of a subsequent report. 
Puiu LEVINE 
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Transferrin Types in the Swedish 
Population 
Srxce the discovery of genetically controlled slow 
and fast transferrin variants in human beings**, data 
on the frequencies of the different transferrin pheno- 
types have been collected from various populations. 


It was noted that slow veriants seemed to occur 


mainly in Negroes and Australian Aborigines and fast 
variants in White people. 

Beckman and Holmgren’, studying samples of 
Lapps and Swedes, found that six out of 329 Lapps 
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Fig. 1. Starch-gels showing the four different transferrin types 
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mples from different parts of Sweden. In 
n samples, with a total number of 1,173 individuals, 
we found 16 individuals with a transferrin pattern 
eviating from the normal transferrin type. Twelve 
were B.C, two were B,C and, finally. two had the 
pe CD,. 
The CD, individuals were both from south Sweden, 
d thus. not from areas that could be suspected to 
ontain Lappish influence. Hence both fast and slow 
ransferrin variants may normally occur in white 
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| "Wot ‘thank Dr. E. R. Giblett, King County Central 
Blood Bank, Seattle, for supplying us with reference 
TUL BOT. 
— Lars BECKMAN 

Ras GOsta HOLMGREN 

— “Instituto for Medical Geneties, 
Uppsala. 

Erik H. MÀRTENSSON 


Centrallaboratoriet, 
a Falu Lasarett. 
2 8mithies, O., Nature, 180, 1482 (1957); 181, 1203 (1958). 
> * Smithies, O., and Hiller, O., Biochem, J., 72, 121 (1968). 
oo S Beekman, L, and Holmgren, G.. Acta Genet., 11, 106 (1961), 


IMMUNOLOGY 


-Prevention of the Second Set Reaction 
by Extirpation of the Regional Lymph 
Nodes and Splenectomy 


IMMUNITY against homografts can be adoptively 
transplanted by cells from the regional lymph nodes 
-or from the spleen!. This leads us to believe that 
antibodies produced by tissue incompatibility are 
“produced only in these tissues. Extirpation of the 
regional nodes on the side of the graft only prolongs 
the survival of the homograft because of the tem- 

porary interruption of the lymphatic connexion? . 

According to Streicher and Herion, splenectomy in no 

- way influences the survival of grafts*. In our experi- 

-ments we investigated the survival-time of secondary 

-grafts following extirpation of regional lymph nodes 

on. the side of the primary graft, and following 
_... splenectomy. 

"Phe experiments were performed on Chinchilla 
bbits weighing 2,000-2,500 gm. On the left car we 
ansplanted a homoplastic full-thickness skin-graft 
-2em. Three weeks later we transplanted a skin 
raft. of the same size from the same donor on to the 
ight ear of the host. In each group there were 20 
-animals (10 donors and 10 hosts). 

In the first group we recorded the survival-time of 
primary and secondary graft without any further 
Jur — In the — ‘ieee we gar akan a 


















: — we — the — Cae nodes 

nm the left side of the head and neck, draining the site 

the primary graft. In the fourth group we extir- 

d the regional lymph nodes of the host and per- 

i ëd a splenectomy. In all groups the regional 

peak — system on the side of the secondary graft 
Wa q, intact. 











“work on. pe pulations. to 


a although the fast variants (especially B,) are — 
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i cod oo (days) epee 
i Min. MAK. o D. 
Control: Primary graft 10- 13 
Secondary graft p 5 ü 
Laparatomy | 5 7 
Extirpation of lymph nodes 7 9 
Extirpation ofiymph nodes and 
splenectomy 17 21 












The results achieved in all the groups are summar- - 
ized in Table 1. The secondary graft was rejected in- 
the first group on the 5th or 6th day as compared with 
the primary graft, which was rejected between the 
llth and 13th day. The laparotomy inethe second ` 
group influenced the survival very slightly and the. 
secondary graft was rejected between the 5th and. 
7th day. In the third group, following extirpation- 
of the regional lymph nodes, the secondary graft 
survived 7-9 days, and in the last group, following ` 
extirpation of the regional lymph nodes and splenec- 
tomy, the survival of the secondary graft was 
prolonged to 17—21 days. * 

These results indicate that the secondary graft = 
from the same donor following extirpation of the 
regional lymph nodes draining the site of the primary : 
graft, and following splenectomy, behaves in the 
same way as the primary graft. The prolonged- 
survival above the values of the primary graft (11-13: 
days) may be explained by the influence of corticoids 
which prolong the survival of primary homografts. 
This has been shown by a number of workers (see, 
for example, refs. 2 and 3). The conclusions of this: 
work are also corroborated by the insignificant pro~- 
longation of the survival of the secondary graft after 
laparotomy, since corticoids have only an insignificant | 
influence on the survival of the secondary graft. | 

The extirpation of the regional lymph nodes by ~ 
themselves was able to prolong the survival of the- 
secondary graft to a certain extent, but eould not 
prevent the second set reaction completely. This was 
possible only after the extirpation of the regional: 
lymph nodes and splenectomy. On the basis of these- 
results we may conclude that immunity to trans- 
plantation is produced almost entirely in the regional ` 
lymph nodes and in the spleen. 
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Iso-Immunization following Skin 
Homografting in Man 


Krerrt’s! demonstration of blood group substances 
in aqueous extracts of human hair first suggested _ 
their possible existence in human skin epithelium. | 
Coombs? and Nelken? and their co-workers, and — 
afterwards Szulman‘ were able to establish definitely | 
their presence in human skin by techniques dependent: — 
on the immunological reactivity between iso- 
agglutinins and their respective a- or 8-epithelial cell 
agglutinogens. 


























mee of blood group substances in 
s and their relationship to the induction 
ation in man has heretofore not been 
rally recognized, due to belief fostered by 
da’s® early work and Tui’s® more recent observa- 
on that skin contained no blood group substances. 
orer, however, suggested their antigenicity, basing 
‘argument on the demonstration in mice? and man 
antigens common to both the erythrocyte and the 
dermal cell and on Mourant’s observations of the 
‘elopment of immune «a-agglutinins following 
peutie skin homografting*.. _ 
ecogpition of the clinical importance of iso- 
anization and the need for the extension of 
oral antibody responses to homotransplanted 
and organs in man, the following preliminary 
tigation was undertaken. 

The donors and recipients used were randomly 
chosen Caucasian or Negro male volunteers without 
rogard for co-existent pathology. Skin homografts of 
approximately ten-thousandths of an inch thickness 
and varying from 2 to 100 sq. cm. in surface area 
were excised aseptically from either the abdomen or 
forearm after preliminary injection of the donor site 
with 1 per cent procaine. Immediate homotrans- 
plantation following thorough washing of the graft 
in isotonic saline was accomplished to full-thickness 
or partial-thickness skin defects made surgically in 
comparable anatomical sites. Pressure dressings 
over ‘Xeroform’ gauze were applied. 

o Sera for titrations were prepared from fasting 
centrifuged blood specimens on two alternate days 
_prior to transplantation, and on the fifth day following 
transplantation. Sera were stored in a refrigerator in 
sterile ‘Pyrex’ tubes until titrated. 

_ Titrations were carried out at room temperature in 
parallel using carry-over precautions on the pre-and 
_post-grafting recipient sera specimens. Five series of 
doubling dilutions of 0-2 ml. of sera ranging from 
1: 2to 1 : 2056 were prepared in 10 mm. x 75 mm. 
_test-tubes with normal saline as a diluent to a final 
_ volume of 0-4 ml. To each tube of one series, 0-1 ml. 
_of a 2 per cent red blood cell suspension was added. 
Fresh donor and recipient red cells, Al, B and O 
_Rh-positive cells served as respective test antigens 
in each series. Saline titres were expressed as the 
reciprocal of the highest dilution of serum in which 
detectable microscopic agglutination was noted after 
_eentrifugation of the diluted sera and cells at 1,000 
r.p-m. for 1 min. After determination of final saline 
gglutination titre, Coombs’s indirect anti-human 
obulin tests were carried out on the last positive 
20-tube dilution and all subsequent negative saline 
es for the determination of blocking antibodies. 
lis in the tubes to be tested were washed four 
‘in normal saline at room temperature and 0-1 
‘anti-human globulin (Knickerbocker) added. 
ation at 37° for 30 min., followed by centri- 
ion for 1 min. at 1,000 r.p.m., was then carried 
and the final Coombs’s titre expressed as the 
procal of the highest dilution at which microscopi¢ 
lence of agglutination was evident. 

ll. grafts survived homotransplantation, were 
ised primarily and afterwards developed active 
ation prior to rejection. Table 1 indicates the 
ency of development of saline and Coombs’s 
king) antibody titres in recipients of skin homo- 
_Only those cases in which an increase of four 
tube titre-dilutions occurred were judged 
nt. In no instance did the agglutinin titre 
y more than one dilution in those recipients 
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Table 1. CHANGES IN RECIPIENT SERA AGGLUTININ TITRES 


No. of Blood group Saline antibodies Coombs’s antibodies. 
cases Donor Recipient Positive Negative Positive Negative- 
2 Ay Ay 9 2 0 OR ss 
2 í B 1 1 0 2 
2 0 O 0 2 0 2 
2 0 Ay 0 2 0 2 
2 O B 0 2 0 2 
2 B B 0 2 0 2 
2 B O 1 1 1 1 
2 B Ay 1 1 0 2 


which did not have serum isoagglutinins to antigens 
present in the donor tissue cells, Although highs 
variations of dilution were found in three recip 
with isoagglutinins to hypothesized donor t 
antigens, a larger case series seems needed to modif 
Wiener’s most exacting significance criteria’. 
titrated in series with O, Rh-positive cells were 
sistently negative; donor red cells did not vary by 
more than I titre dilution as compared with that of 
randomly selected cells of the same blood group: and 
no blocking antibodies were demonstrable in recipient 
sera against donor red cells when respective recipient: 
sera isoagglutinins to them were not indigenously > 
present. Prozone phenomena were not observed in 
either the negative or the positive investigations, 
though the latter were carried out to dilution of 
approximately 1/16,000. bon ayes 
Table 2 outlines the positive. results obtained. a 
The more significant agglutinin response occurred in =o = 
group O recipients to the challenging donor tissue 
antigen, although the companion agglutinin rose: 
simultaneously. No Coombs’s antibodies were demon- 
strated in either A or B recipients beyond the final 
positive saline agglutination titre following skin 
homotransplantation, but followed in all O recipients. 


Table 2. RECIPROCALS OF a- AND £-AGGLUTININ TITRES (DEFORE 
AND AFTER HOMOGRAFTING) — 





Blood group Tsoagglutinins Isoaggiutinins 

Kh factor Pre-grafting Post-grafting 
Donor Recipient Alpha Beta Alpha Beta 
i” Or 16 (16%) 16 (16) 256 (512) 128 cis 
Ait o~ 8 (16) > {4) 128 (256) 16 (82 

At Bt {2} aa 64 (64) — 
Bt Or $2 (64) $32 (84) 256 (512) 512 (1,024) 
Bt + 64 ( 64) 


A — — 
+ Nu mbers in parentheses represent Coonibs’s titres, 


The experimental results suggest that, following © 
the homotransplantation of skin, iso-immunization - eee 
may occur. The iso-antibody formation would seem = 
to be mainly dependent on blood group substances __ 
associated with the epidermal cells and the resultant _ 
ability of the recipient to respond to them. The : 
secretor status of the donor, the viability, size, thick-— 0 > 0 e 
ness, type of vascularization of the skin homograft, = 
the biochemical structure and concentration of the = 0 0o00 
blood group substances in the epithelial cells, the take. 0. ae 
of the skin homografts, and the type of recipient bed = = 
to which the homograft-is affixed are variable factors) = 00 7 
of probable import. The donor erythrocytes trans- oco 
planted simultaneously with the skin homografts = 
may, in addition, influence the humoral reaction; but 
the factor is probably minor if at all since, following © 
graft excision using local novocaine infiltrative 
anesthesia, few identifiable intravascular red cells ~ 
are microscopically identifiable in preparations fixed  Ț 
with formalin and stained with hematoxylin and > 
eosin. Further, subcutaneous injection of group Al 
epidermal cell suspensions prepared from split-thick- 
ness skin graft scrapings have resulted in significant 
isoagglutinin responses in two human group O 
recipients. 

The iso-immunity induced in patients in this work 
by blood group substances in loci other than the 








the rare amniotic fluid emboli shock may 

part or totally, due to sensitization following 
re of the recipient to incompatible blood group 

tigens i im. tissue colls. 

Capvan O, GRIFFITHS, JUN. 
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RADIOBIOLOGY 


‘Measurements of Strontium-90 in the 
Australian Environment up to December 
1960 


- Tae. survey of strontium-90 in representative 
: materials from the Australian environment, com- 
_meneed in 1957, has continued. As more than 60 per 
ont of the population resides in five capital citios 
. Perth, Adelaide, Melbourne, Sydney and Brisbane— 
_ the sampling programme was dosigned to represent 
these population groups. In previous reports)? data 
Were presented for human bone tissue and pro- 
=o eipitation to June 1960, and for dietary materials, 
- Roil and animal bone tissue to December 1958. The 
present. communication giv es the results, in Tables 
1A and B, from the examination of human bone tissue 
r the period July-December 1960. Table 2 sum- 
arizes data for other materials for the years 1959 
and. 1960. 
Between July 1 and December 31, 1960, 361 
specimens of human bone tissue were collected in the 
capital cities and compounded for analysis accord- 
the methods discussed previously? A com- 
of the present results with those from previous 
hows that the levels of strentium-90, in 
gs group. were essentially constant from June 
December 1960, following an overall increase 
ret half of 1959. The levels are one-third to 
hose for corresponding age-groups in the 
od Kingdom and the United States; thoy are 
below 33 uuc. strontium-90/gm. calcium which 

JK. Medica! Research Council has delineated 
cautionary level “at which a reassessment of 
tuation would be required’’s, 

t convenience of presentation, results for milk, 
pages, wheat, flour, soil and precipitation to 
Tt 1960, are shown in Table 2 as mean values 
alia. Estimates of the per capita mean daily 




































reactions of the recipient following skin 
grafting for extensive third degree burns™ as 
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ting z to a sample is given: ‘whan 
pecimen of a particular age, t e number i 
asterisk: ind feates that no specimens. wer 
as alabie: in the age-group 











— No. of ‘Stroutinm.-a6. 
— —— specimens (nue igin, calcium 
0—1 month: : . J 
Perth 0 (7) 7 052 
Adelaide EG S4) 12 58 
Melbourne 0 (8) 8 O65 
Sydney 0 (14) 11 ip dg 
Brisbane 0 (5) 5 G45 
i=- months: l 
Perth | 2,2,4,5 4 85 
Adelaide 1 (5), 2 (2), 3 (3) 

. 4 (3), 5 @) 15 75 
Melbourne 1 (6), 3, 4 (2), 6 (2) 11 — 05 
Sydney 1 (15), 2 (5), 3 (7), . 

4 (3), 5 (3) 3 OD 
Brisbane 1, 2(2),38,5 & G05 
6-11 months 
P erth t * — 
Adelaide 6 (2), 8, 9, 11, 12 6 1-45 
Melbourne * bd = 
Sydney 6 (8), 8 4 1-29 
Brisbane 6,7,8 e 3 285 
12-17 months: 
Perth 12,18 2 pü 
Adelaide * — 
Melbourne * * — 
Sydney 13, 14,16 3 1-2 
Brisbane 1 04 
18-23 months: 
Perth * * — 
Adelaide * x a 
Melbourne * — 
Sydney * * — 
Brisbane 22 (2) 2 5 
24-59 months: 
Ferth 36 1 Lh 
Adelaide * * — 
Melbourne * * ma 
Sydney 24 (3), 32, 34, 48 6 p0 
Brisbane * v* 
Table 1. B. SPRONTIVM-90 IN AUSTRALIAN HUMAN Bown, 5-19 


YEARS AND MORE THAN 20 YEARS, JULY-DECEMBER 1060 
The figures in parentheses give the number of specimens from which 
the samples were derived for analysis. An asterisk indicates that no 

Specimens were available in the age-group 


Origin Strontium-90 (#ue. gm. Bone 
calcium) 
LO years 
Perth 0-52 (7} Vortebra:, femora 
Adelaide 70 (5) Femora 
Melbourne * 
Sydney 0-70 (15) Vertebra, femora 
Brisbane 5S (21) Yertebra:, Temors, crania 
Or — 20 years: 
G-38 (15) Vertebra 
Adelaide 0-52 (5) Ribs 
Melbourne 015 (14) rania 
Sydney 0°43 (63) O Vertebræ 
Brisbane 03577) Vertebræ 
Table 2. STRONTIOM-90 IN AUSTRALIAN DIETARY ANIMALS, Som 


AND PRECIPITATION, 1959 AND 1960 
The number of specimens on which analyses were based are shown 
ae er Tae 


Mate 1980 
Milk 42 (58) m * euet 8-7 (182) — calcium 
ae 5-9 8-5 (10) ‘ | 
Wheat 26 (&) igs 19 (6) ne 
Flour 11 ji 5) js 7h (5) F 
Soil 2-4 + 0-8 (5) me jkm." §2 + 1-5 (3) me. ‘fem. + 
Precipiiation 0-94 (72) * QRO (645 ‘i 


intake of — 90, derived from the moasure-. 
ments on Australian diotary materials, indicate little 
variation over the period of the survey; they are 
3-9 upe. strontium- 90/gm. calcium in 1957, 4-3 a 
1958, 4-9 in 1959 and 4-5 in 1960. $ 

The mesn dietary intako of strontium-90 in- 
Australia did not show the marked increase in 1959. 
observed in the United Kingdom and the United 
States as a consequence of injection of large quantities 
of fission products into the atmosphere in the northern 
hemisphere in October 1958. The Australian level 
remains below those in the United Kingdom and the 
United States. | 

A complete account of the new measurements and. 
a review of the results of the overall survey for the 
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60 will be given in a tho — ian Journal 
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BIOLOGY | 


- Nutritional Requirements. for the 
Cultivation of Fully Deuterated Yeasts 
— utilis and Saccharomyces 
o = cerevisiae 


oe —— our work on the isotope offects of 
_ deuterium on living systems'-* the effects of 99-6 por 
cent deuterium oxide on the growth of two species 
of yeast havo been investigated in this. laboratory. 
_ Attempts to cultivate a strain. of Torulopsis utilis 
{ATCC No. 8205) in a medium composed of inorganic 
salts and glucoset in deuterium oxide were not 
successful although a medium of identical composition 
in ordinary water supported good growth of this 
organism. Addition to the D,Q-medium of small 
amounts of intracellular. components. of algae grown 
in heavy water? promoted growth. of this yeast. 
_ (Reference in the text to H,O- or D,0- medium 
implies nutrient solutions composed of imorganic 
- salts, aramonium sulphate as the nitrogen source, and 





glucose. (after Wickerhamt) in- distilled water or 


99-6 per cent deuterium oxide.) 
growth curve of T. utilis in a D,O-medium eNet 
Tented | with a deuterated extract of algae. 


Fig. 1 shows a 











20 40 60 80 100 
n Hr. 
ves showing the growth of 7. utilise in an unsupple- 


dium (©) and in a oe ae supplemented 
ae -with algae extract (4) — 
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To determine the E — the ari or facto r 
responsible for promoting growth, of T. utilis in 
D,O-medium, amino-acids, purine and pyrimidin 
derivatives, sugar and sugar derivatives, and - 
mins were incorporated singly, and in some instances 
in combinations, into the medium. Of the various. 
substances investigated, thiamine alone proved to 
be the supplement necessary for — of T uti 
in deuterium oxide (Table 3 me 
supplemented with thiamine c 

cells from stock H,O-cultures t irbidity i isn 
until 60-72 hr. have clasped. Parallel cult: 
H,0O-medium have a much shorter lag-phas 
8 hr. The growth-rate in de oxi 
that in ordinary water but can be increased son 
by serial subculture. Substitution of douteri 
(prepared in this Laboratory) for ordinary g 
in the D,O-medium caused no change i m the: v t 
requirement or growth-rate. | | —— 


















Table 1 


; Growth (m ‘im ‘Gy 
Addition to 10 ml. deuterium 


yeast/flask/120 hr.) ae 


axide-medium/flask at 25~-27°-C; 
Amino-acids * none 
Amino-acid mixture t none 
Purine and pyrimidine derivatives none 
Sugar and derivatives§ none 


Vitamin mixtures 62 

Vitamin mixture minus thiamine 

All vitamins except thiamine in the vita- 
min mixture added separately | 

Thiamine 


*1 mgm. each of the following amino-acids were added: separitely: 
to incubation flasks: alanine, arginine, aspartic acid, cystine, glutamic. 
acid, glycine, histidine. isoleucine, — lysine, methionine, phenyl- 
alanine, serine, ——— tryptophan, tyrosine and ‘valine, day i 
+ I mgm, each of the above dee tery roen dissolved in 10 mi, of pP AAS v pat 
0 05 N deuterium chloride and 1 mi. added to the flask... — 
+ The following purine and pyrimidine ‘bases (0-1 mgn: each) were z5 
added separately to incubation flasks: adenine, adenylic acid, cytosine, 
eytidylie acid, guanine, guanylic¢ acid, thymine and uracil. DO mgm. 
each of adenosine triphosphate, diphosphopyridine . nucleotide : and ie eae 
triphosphopyridine nucleotide were also: separately: investigated, 
0 mgm. each of the following sugar and sugar derivatives w ere RETER, 
added separately to incubation flasks: ghicose-I-phosphate, glucoses. 
7 phosphate; fructose-6-phosphate, fructose-1,6-dipt osphate | and eoo 
ribose, E 
{ Vitamin mixture was composed of 5y each of the following EG RS 
vitamins: biotin, folic acid, inositol, niacin, calelum pantothenate, — 
pera-aminobenzoic acid, pyridoxine, riboflavin and thiamine. 





Further investigation. of biologically active com- 
pounds related to thiamine showed that supplementa- — 
tion of the deuterium oxide-medium with cocarboxyl- 
ase or the thiazole moiety of the thiamine molecule 
was effective but that supplementation with the 
pyrimidine moiety was not (Table 2). Replacement 
of thiamine by oxythiamine or pytithiamine was 
inhibitory to growth although at. these. concent: 
tions oxythiamine does support some growth i 
H,O-medium. The results appear to indicate that in 
deuterium oxide 7. utilis loses its capability. 
synthesize the thiazole portion of thiamine but ne 
for that of the pyrimidine part. 2: 

That the culturing of T. utilis in deuterium é xida 
does not select for a thiamine-less mutant is evident 
from the observation that yeast cells obtained after 
as many as seven successive subcultures in deuterium 
oxide-media retain their capability for biosynthesis 




















Table 2 ae. 
Growth (mem, dry 
Addition to 10 nal, yeast/flask/120 hr. 
nutrient medium/flask * 2 at 26-27°C, 
Thiamine (Sy, DO) 66. 


2-Methyi-4-amino-5-hydroxymethy] 


pyrimidine (5y, D,O) none 
4-Methyl-5- hydroxyethyl thiazole 62 
Cocarboxylase (iy, D,O) 65 
Oxythiamine (5y, DÔ } l none 
Pyrithiamine (öy, D,0) none 
Oe nee (by, H0) 74 
None (H,0) 121 


* Concentration of additives and the solvent are indicated in es 
a aad 



























e of sub-culture, 





7754) indicates that biosynthesis of other vitamins 
be affected as well. This yeast grows satis- 
wily in a H,O-medium supplemented with 
um-pantothenate and biotin. In a D,O-medium, 
yeast. develops additional nutritional require- 
for thiamine, inositol and pyridoxine. 

1@ substitution of deuterium oxide for ordinary 
pecifically impairs the capabilities of these 
or the biosynthesis of some vitamins. This 
tion is equally true for both ordinary and 
erio-glucose. Reports describing the reduced 
ty of S. cerevisiae to biosynthesize pantothenic 
when grown at 38° C. (ref. 6) and the requirement 
or thiamine or thiazole for optimal growth by a 
mutant strain of Neurospora crassa when grown at 
temperatures below 30° C. (ref. 7) reflect, perhaps, 
<0 changes of a similar nature arising in these cases from 
 ghanges in incubation. temperatures. 

Thus, by using fully deuterated glucose with the 
indicated: nutritional supplements in 99-6 per cent 
deuterium oxide, it becomes entirely practicable to 

_ grow fully deuterated yeast. 

This work was carried out under the auspices of 
the U.S. Atomic Energy Commission. 

ge V. 8. MOHAN 

H. L. Cresrr 

J. J. KATZ 
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Some Mechanisms involved in Cell Division 
00 ORSERVaTIONS relevant to analysis of the mech- 
anisms of cell division have been made by using a 
preparation of cleaving eggs of Ciona intestinalis. 
The. dividing eggs are compressed in a shallow 
charaber to about one-fifth of their original thickness 
near 1500. The drop of sea-water containing the 
eggs is surrounded by liquid paraffin, which prevents 
raporation and allows gaseous exchange. The egg 
onfined within a chorion which remains during 
ourse of development. Uncompressed eggs 
these conditions develop to normal tadpoles. 
ession aligns all the spindle axes in a horizontal 
During cleavage the blastomeres show a well- 
period of ‘contraction’ during the develop- 
the cleavage furrow and a period of ‘relaxa- 
hich is recognized by the disappearance of 
vage furrow and, under the present con- 
s, by the egg once more filling the whole of 
ace within the chorion. Analysis of a sequence 
avages of such a preparation by time-lapse ciné- 
phy has revealed that surfaces which come 
tact during the relaxed phase may adhere 





























the requirement for- thiamine at any — | 


Similar work with Saccharomyces cerevisiae (ATCC — 


h-rate, does Big. 






























aster axis. | — 

The compressed eggs may extrude small isolates 
of egg cytoplasm through the thorion. This usually 
occurs during a contraction phase of the cycle and 
often ceases at the onset of the relaxation phase. 
This suggests that there is a change in internal 
pressure in the blastomeres during cleavage. A quite 
unexpected observation is that the isolated portions 
of cytoplasm show the same cycles of contraction and 
relaxation as the parent egg; this is shown in Fig. 2. 
Several isolates may be extruded in succession, and 
if they come into contact during a relaxation phase 
some portions of their surfaces may adhere together, 
the result showing a resemblance to a mass of blasto- 
meres. An assembly of droplets continues the same 


B 








ri 





Fig. 1. An egg of Ciona intestinalis compressed to one-fifth original 
thickness during second cleavage. Tracings from 16-mm. film 
frames, the time is a product of the frame number and the 
interval between frames of 5 sec. A, Frame 1; B, frame 188: 
C, frame 238, asters and spindle have been drawn for one of the 
blastomeres; D, frame 297; E. frame 450: ¥, frame 814 


pen 
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Pig, 2 . Ege of Ciona intestinalis compressed t to one-fifth onnal 
t —— showing extruded. droplet. Tracings | ag- in Fig. 
Continuous: outline, frame 1, ‘contracted phase"; ; broken line, 
Tame 242, the following ‘relaxed phase’. Only active cleavages 
' at mhe edge o 


he preparation are. drawn 





| 00p | 


n Details as for-Fig, 2, showing two droplets which have 
together. Continuous Ta, frame. 1; broken line, 
tame 


— as tho parent egg; two adhering droplets are 
_ shown in Fig. 3. The droplets usually contain granular 
_ material from the egg cytoplasm; but, occasionally, 
B vory clear droplet is formed. No asters or nuclear 
apparatus are present in the droplet. If the parent 
ogg is destroyed by further rapid compression the 
a droplets still continue to relax and contract. 

The cycle of contraction and relaxation was first 
: described for sea urchin eggs! and then for amphibian 
eggs”; the normal: uncompressed eggs of Ciona. also 





_ show this behaviour. The cycle is clearly an integral 
part of the division mechanism and the observations — 

















reported. hero show that it is not dependent on any 
argo-scalo organization such as asters, spindles or 

. The underlying programme must then be 

1 the surface of the droplet or in very small 
d particles undergoing a cycle of motaholio 
-IE small particles alone are involved it is 
» see how their cycle of metabolism could be 
ted to the cleavage cycle, where the intervals 





les undergo a change altering the timing of 
sycle. It is likely that the surface of the droplets 






iod too. rapidly, the surface bursts and the 
t disperses, the ogg also being damaged. This 


‘surface rather than by insufficiently rapid 
of new surface from droplet material. 


NATURE 


G oavagos are not constant, unless the 
ned from the original egg surface, as, if the drop- . 


ter explained by too slow a stretching of the — 
- following day. 


wiour shown by these isolated droplets - 
nets the proposed mechanisms for eoll 
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cleavage, which depend on — or spindle moahi” 
anisms, such as the variants of the polar expansion 
theory*: *, cannot be completely o. 
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Time-lapse Cinemicrography: of Lymphoid 
Tissue cultured in Normal and in 
Uremic Serum Ges 
Smippy et al.! have recently confirmed the. — Ae 
tion of Couch ef al.? that the survival of skin homo- | 
grafts is prolonged in uremic recipients, and have — 
shown? that this prolongation is accompanied by. Ho 
delay in the onset of the immunological respõnse We 
the regional lymph node draining the graft... ae ee 
Smiddy et al.) have discussed the factors which may Bead 
lead to this prolongation of homografts in uremia, 
and favour the possibility that the basie mechanism sis 
involves a depression of the immunological. mech: 
anisms which occur principally 3 in the regional lymph S 
node draining the graft, re ae: 
It was decided that an. examination of living — 
lymphoid tissue in vitre, during perfusion of the cul- 
ture with serum taken from a uremic animal, would) — 
be of interest. Samples of uremic serum were obtained = 
from two rabbits in which acute uremia had been 
induced by bilateral nephrectomy four days pre- oo 
viously. Estimations of the blood urea nitrogen by  — 
the method of Archibald‘ gave figures of 239-6 mgm. __ 
per cent and 224-0 mgm. per cent respectively ino a 
the two samples. ee 
Normal young adult rabbits were used to. obtain aes 
lymphoid tissue for culture. They were killed by 
injecting air into the marginal vein of the ear, and a 
portion of the spleen removed aseptically. Frag: 
ments of spleen about 1 mm. in size were explanted 
in cockerel plasma clot, with a fluid medium com: 
posed of equal volumes of pooled normal. rabbit. 
serum and Gey’s saline, in a simple perfusion cham- 
ber’. The cultures of spleen were maintained at 37°C. 
for 1-3 days; the activity of the lymphocytes. endo 








< macrophages in the outgrowths from the splenic _ ee 


explants was then recorded on 16-mm. ciné film, = i 


under phase-contrast illumination, at twelve pictures —— 


per min., with the microscope enclosed in an inen: — 
bator at ‘37° C. ‘ing E T 
This initial period of cinematography lasted. for. oe 
45-90 min. and provided a record of the behaviour- 
of the living cells in normal rabbit serum, At the end 
of this period the normal serum was replaced with 
uremic serum, either undiluted or mixed with an 
equal volume of Gey’s saline. The perfusion chambe 
was kept in position on the microscope during the- 
introduction of the uremic serum, and the same area 
of the culture photographed for & further period i of 
40-80 min. after perfusion. | : 
The cultures were then left i in contact with ure 
serum overnight, and a final period of cinem rO 
graphy, lasting 40 min.—4 hr., was performed on: hi 












Projection of the film efter development enabled es 
the behaviour and morphology of the living lympho- _ 
cytes and macrophages to be examined: (a) in =~ — 












hen the film obtained from each of these experi- 
} was examined, it was seen that the introduction 
of uremic serum produced no detectable changes in 
either the activity or the morphology of the lympho- 
“and mecrophages. Furthermore, these cells 
inued to behave normally, with the macrophages 
xhibiting active pinocytosis, after periods of up to 
4 hr. continuous immersion in uremic serum. 
eoo oo Recent work suggests that the prolonged survival 
of skin homografts in uremic recipients may possibly 
~ be due. to impairment of the metabolism of the anti- 
coco pody-forming cells of lymphoid tissue’. Of the 
various cell types which exist in lymphoid tissue, the 
present experiments were concerned only with the 
-oo macrophages and lymphocytes, as these are the 
predominant cells present in the outgrowths from 
xplants of spleen. The extent to which these particu- 
~ lar cell types play a part in the homograft reaction 
ig not precisely known ; but there is a certain amount 
- Of evidence*-* to support the suggestion that macro- 
phages and lymphocytes may be concerned in the 
-early stages of antibody formation. 
The experiments described here seem to indicate 
: .. that the delay in the rejection of skin homografts in 
os uremic animals is not a result of interference with the 
<- motility. of macrophages and lymphocytes, nor due 
to impairment of the ability of macrophages to 
P -ingest material by pinocytosis. Further, any abnor- 
~  mality of metabolism induced in these cella by uremic 
. = gerum is not reflected by detectable changes in their 
-appearance or behaviour as seen under phase-contrast 
mieroscopy. 
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-Acidophil Cells in the Gills and Pseudo- 
7 ae branchs of Fish 
CHLORIDE secretory function for the adidophil 
is in.the pseudobranch of fishes has been dig- 
ed?)*, If these cells in the gills of fish are regarded 
m-regulatory it becomes important to establish 
iether the cells of gills and pseudobranch are the 
same. The morphological and staining properties, 
as seen under the light microscope, suggested that 
























» been published describing the electron-micro- 
ic struction of the acidophil cells in the gills*-* 


i and thoir descriptions in these publications is 
iggestive that the cells in both areas may be 





hey were vory similar. Recently, a number of papers. 


: he pseudobranch’. Comparisons of the photo- 
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‘the descriptions published were 
is or pseudobranchs from the same 





species, kept in identical conditions, none compared 
gill and pseudobranch cells in the same fish. We have 


_ made this comparison in the flounder (Pleuronectes 


flesus), and the cells are characteristic and identica. 
in appearance in both sites and very strongly resemble 
the descriptions given by other authors. Cells similas 
to those found in the gills and pseudobranchs ot 
teleosts are reported in the gills of two species of 
elasmobranchs (Urobatis and Squalus)*, adding 
support to the view that they are not ion regulatory: 

Studies. of the pseudobranch suggested that it hac 
an endocrine function’, related to colour change: 
Further work has indicated that the changes ir 
colour observed were a reflexion of deeper metabolic 
changes in the fish. Removal of the pseudobranche 
reduces the oxygen uptake by as much as a half and 
reduces the activity of the fish; such fish survive 
low concentrations of oxygen lethal to normal fish? 
The pseudobranch’s close link with the eye suggests 
that the metabolic changes could be induced by 
changes in light intensity. | ; 

It is suggested that the morphologically identical 
cells in the gills have a similar endocrine function, 
although not controlled as in the pseudobranch. It is 
significant that these cells were first described, and 
found in largest numbers, in the gills of the eel’, a 
fish lacking a pseudobranch. 

If the cell function is linked to the metabolism of 
the fish, then the cytological changes described within 
them when fish are transferred to different salinities 
may be related to the metabolic changes in the fish 
as it undergoes. the stresses of osmotic adaptation. 
A similar explanation could be given for the changes 
in the numbers of these cells on the gills of migrating 
species’. 

We wish to thank Dr. J. MacKenzie, Anatomy 
Department, University of Aberdeen, and Mr. W. 
Hodgkiss, Torry Research Station, Aberdeen, for help 
with the electron microscope preparations. ? 
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Reproductive Structures of Glossopteris 

- angustifolia Bgt. | : 
In s collection of plant fossils from Upper Bowen, 
sediments in the Mount Coolon area of Queensland 
by a field party of the Bureau of Mineral Resources, 
fertile material of Glosaopteris angustifolia Bgt. has 
been identified. It is of extraordinary botanical 
interest as it consists of foliage leaves progressively 










; qos. 
differs. testure 


oe Progressive modification | $, 
coe 7 Increase in “Fertility 
Fig. a. 
ERE angustifolia Bgt. 


modi iod (o rmo mio and female ‘scale fronds’ and 
thus represents a stage in the evolution of an angio- 
a sporm flower. 

_. Normal foliage leaves of Glossopteris angustifolia of 
all sizes are associated with small leaves typically of 
_the species, with partially and extensively modified 
_ small leaves and leaf fragmonts, and with seale leaves 
_and ‘scale fronds’. The term ‘scale frond’ is used here 
_im a new sonse to describe composite structures of 


scale and lamina which are extensively modified — 


: leaves and are here described for the first time. 

A series exists from normal leaves of the. species 
: with normal venation, through forms in which the 
_ lower half of the leaf is normal while the upper has 
_ gangamopteroid venation, to forms with entirely 


| gangamoptoroid venation. Some of these gangamop- 


- teroid leaves are further modified, while still resemb- 


ling normal small leaves in shape and size, by having 
_ their tips altered in texture so that each apex repre- 


sents a scale merging into the lamina. These with 


_seales partially differentiated are linked with more 


. extensively modified forms by. one specimen in which 
-an elongated, gangamopteroid lamina is terminated 
_ by a fully developed, cordate scale leaf. Many por- 
tions of gangamopteroid lamina minus scales are 
present in the material with many unattached scale 
leaves of two types—small, shallowly cordate 


examples such as that which. is attached to the _ 


elongate lamina in the specimen deseribed above, 





















‘oncave in impression. 


ppearanco. . 


surface. 
cand gangamopteroid above, the small spots 
' to be confined to the potiole region. Gangam- 
examples have spots scattered at random all 
tween the veins, and laminal portions of ‘scale 
' of both types have spots scattered all over 
me on the scales. In most cases the spots are 
‘but there are some fragments of lamina of the 
te, gangamopteroid variety, which are densely 
ith sporangia and obviously actively fertile. 





the 





i aed aparir 
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which were believed to be frag- 
Cy ee _ ments of fertile fern of unknown z 
Ey affinity. o 
i The — fronds’ with . nar- a 
fed ~ row, gangamopteroid lamine and. ` 
—2 shallow scales, bearing sporangia a: 
“Dictyepteridive on the surface (‘‘Dictyopteridium 
— sporiferum“), are believed to be 
Male” scale. | the male organs of the plant.. 
frond” The ‘scale fronds’ with the large, 








Diagram showing progressive modification of foliage leaves in Glossopteris 


_ and larger, more roundly cordate scales, often deeply i 


Some of the larger, cordate — are seen abbaehed 

wminal sections which are relatively short and . 
and characteristically two-lobed. below, so that — 
hole ‘scale frond’ has. A ‘molar with double = 
found to liberate swarmers in Nature throughout the 
all modified leaves, small- spots are scattered. year at St. Andrews, Fife', the occurrence of liberas.. 


In leaves which are glossopteroid — 


bo seen as green zones sharply outlined at positions — 
_ of maximum light intensity in the dish; the quadri- 
flagellate zoospores collected in rather more diffuse _ 


gments are believed to represent some at g : 
Fm: ee at: positions: of lower. light intensity. — J 
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oded in. E floras; 





cordate scales and short lamin 
two-lobed below, are the female. 
_ In several, a fructification is seen 
- attached at the point of junction — 
of the scale and the lamina. — ; 
Each female fructification ap- _ 
pears to consist of a whorl (or 
whorls). of seeds on a central — 
axis, surrounded by a whorlof è 
bract-like appendages... (There = 
appears to be no open-campanul- ———— 
ate disk such as is present in Didgettonia africana č č 
Hamshaw Thomas, the only. Glossopieria with a 
reproductive structure comparable in known, details.) AS 
The female fructifications are sessile and solitary. One 
the female ‘scale fronds’. A OA 
It appears that modified. leaves may have been. E 
arranged in whorls. Two examples are present in — 
which pairs of leaves with venation modified to the 
same extent from Glossopteris angustifolia type: are 
preserved adjacent to each other. The lower part of = = = 
the fomale ‘scale frond’ suggests that the base of oe B 
frond ensheathed the axis. aera e 











If the progressively modified bavós were borne: on — 
short shoots with the most modified farthest fromthe = 
main axis, a ‘flower’ of sorts would be present. Aue 
diagrammatic representation of the modifications of — 
foliage leaves occurring in. Glossopteris. angustifolia ee 
illustrates this more clearly (Fig. 1). — 





It is hoped that further collections of fossils from ts 
the Bowen Basin made by field parties from the = — 
Bureau of Mineral Resources. will yield additional SEES 
fertile material and clarify the position. n 


Waume 
20 Carrington Street, — 
Deakin, 
Canberra, Australia. 





Periodicity in the Liberation of Garnetes and ~ 

Zoospores of Enteromorpha intestinalis Link = 
Ox several occasions during the summer of 1960, 

freshly collected fronds of Enteromorpha. intestinalis 

Link failed to liberate any. swarmers (gametes and... = 

zoospores) when placed in sea water and illuminated 

under laboratory conditions, Since this species was 


tion was more closely investigated. : 

Enteromorpha intestinalis growing at the mouth of age 
a small stream flowing into the. Menai Straits was. ` 
collected daily during September 12-December 13, - 
1960. The fronds were placed in dishes of sea water. 
illuminated at a distance of one foot from an 80-W. 
fluorescent tube (daylight type), and tho liberation of © 
any swarmers noted. The biflagellate gametes could . 
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Fig. 1. Relationship between liberation of swarmers and tidal 
amplitude in Enteromorpha intestinalis Link. 





observations on the reaction to light of Enteromorpha 
gametes and zoospores have been made by Miyake 
and Kunieda*, who noted that movement towards the 
light was much weaker in the zoospores. The amount 
of liberation of both gametes and zoospores was 
judged visually on an arbitrary scale. 

Fig. 1 shows the relationship between liberation 
and tidal amplitude. A marked tidal periodicity is 
apparent, maximum liberation occurring about three— 
five days before the highest tide of each lunar period. 
Smith? noted a marked fortnightly periodicity in 
liberation of swarmers from Ulva lobata (Kiitz) 
S. and G. growing along the Californian coast, 
gametes being liberated at the beginning of each 
series of spring tides and zoospores two-five days 
later. No such differentiation was noticed in 
Enteromorpha intestinalis, the maximum liberation of 
both gametes and zoospores occurring at roughly the 
same time. 

Additional experiments on Enteromorpha intestinalis 
have shown that appropriate conditions of tempera- 
ture, light and salinity are also necessary for the 
liberation of swarmers. Liberation during the period 
before spring tides was appreciably greater if the 
plants were kept at 20° C. rather than at 4° C. No 
liberation occurred while the plants were in the dark, 
nor when they were kept in water of salinity less 
than 10°/,9. 
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Behaviour of Mature Embryo of Dendro- 
phthoe falcata (L.f.) Ettingsh. in vitro 


EmBRYO culture has received much attention n 
recent years but of the parasitic angiosperms the 
embryos of Cuscuta reflexa! alone have been reared in 
artificial media. The present work on Dendrophthoe 
falcata (Loranthaceae) adds another member although 
it is @ semi-parasite. 

The mature embryo is somewhat peg-shaped with 
a broad, radicular end which represents the hypo- 
cotyledonary extension (Fig. 1A). A true radicle is 
absent. The two cotyledons are tapered and fused 
throughout except in the region of the plumule, 
The embryo remains enclosed in the endosperm 
(Fig. 1B). 
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During germination in vivo? the radicular end bends 
at right angles to the cotyledons and forms an 
irregular holdfast against the bark of the host. 
The plumular leaves emerge opposite to the holdfast. 
The next pair of leaves is decussately arranged and 
later leaves are borne alternately. 

The fruits were surface sterilized by dipping them 
in rectified spirit and flaming, after which the embryos 
were dissected and inoculated under aseptic con- 
ditions. They were grown on modified White's 
medium containing 4 per cent sucrose and jellod with 
0-8 per cont ‘Difco’ bacto-agar. The pH was adjusted 
to 5-6. 

The embryos (4-8 mm. long) planted on White's 
medium showed poor growth. When this was supple- 
mented with indolyl-3-acetic acid (IAA 0-5 p.p.m.), 
a superficial meristem developed around the radicular 
end and produced a discoid holdfast within 5 wk. 
The growth was much better when casein hydrolysate 
(500 p.p.m.) was added to White’s medium + FAA 
(0-5 p.p.m.). Tho radicular end swelled considerably 
and developed eight disks in succession within about 
15-20 wk. (Fig. 1C). The plumular leaves emerged 
4-5 wk. after inoculation and within about 25 wk. the 
seedlings attained a length of about 3-5 cm. and showed 
three pairs of leaves. Sometimes the radicular end 
became callused and produced 3-5 branches. 

The addition of yeast extract (500 p.p.m.) to 
White’s medium +IAA (1 p.p.m.) caused excessive 
proliferation of tho cotyledons. The callus was 
chlorophyllous at first but turned brown after 5 wk. 
The cells were generally spherical and full of starch. 
and some of them showed spiral thickenings. 

Embryos cultured on White’s medium+IAA 
(1 p.p.m.)+kimetin (5 p.p.m.) developed buds all 
over the cotyledons in 6 wk. In 15 wk. the buds 
turned brown and further growth ceased. 





Fig. 14, Mature embryo (x 0-22); B, same, enclosed in the 
em (x 0-22); C, 15-week-old seedling showing a number 

and plumular leaves (x 0:33); D, 15-week-old prolifer- 
ated embryo with buds, from embryo inoculated with endo- 


sperm (x 0°76); E, same, 20-week-old; note a number of 

accessory leaves (x 0-4). Key: al, accessory leaves; 6, buds: 

ec, cotyledons; d, disk; ø, — pl, plumular leaves: 
r, radicle 


Embryos enclosed in endosperm (Fig. 1B) were 
cultured on White’s medium+IAA (0-5 p.p.m.)+ 
casein hydrolysate (500 p.p.m.). They often 
proliferated forming a mass of callus and sometimes 
a large number of papillate accessory leaves developed 
on the radicular end within 20-25 wk. (Fig. 1E). 
Rarely, 1-10 buds developed on the radicular end 
(Fig. LD), which later produced a number of leaf-like 
structures. The appearance of the plumular leaves 
was delayed or altogether inhibited. 















| younger — ee globular shape 
been. eultured successfully on White’s 
TAA (1 p.p.m.) + casein hydrolysate (1,000 
They produced abundant callus which 
ntiated into a number of accessory embryos 
in 3-4 wk. 
‘iefly, the embryos of Dendrophthoe falcata, 
ured on a synthetic medium, showed development 
ral: successive disks, accessory leaves, buds and 
‘os. As in Nature, the radicular end never 
ced. roots. Whether the seedlings produced 
can be successfully planted on the host and 
soil is ynder investigation. 


thi) and Dr. E. A. Ball (University of North 
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In vitio Fermentation of Fibrous and 
_ Soluble Constituents of Legumes in the 
Rumen of the Cow 


“Gon RAD et al.t reported that washed lucerne fibre 
produces considerably more gas than lucerne juice in 
in vitro experiments on fermentation in the rumen of 
eattle and concluded that the plant constituents 
responsible for the initial rapid gas production in 
acute bloat were associated with the fibre. These 
observations are not consistent. with others which 
‘suggest that the non-fibrous portion of the plant. is 
more important in the etiology of bloat. Thus, for 
example, bloat tends to be correlated with succulent 
forages low in fibre? and acute bloat can be produced 
by ae oral or intrarurninak: -administration „of 


















7 aes contents — cattle of different iti 
to: tial, wo have observed that rumen contents of 


aithor dover or lucerne fibre: This communi - 
resents a simmary of these observations. 


s were obtained. ‘pither. 1 6 or 6 hr. aftor feeding, 
-fistulated cows stall fod freshly harvested 


d by pressing whole contents through cheese- 
ere placed in fermentation bottles containing 
arious plant fractions. Plant juices and ‘un- 
d’ plant fibres were prepared by passing fresh 
lover or lucerne through a Bentall “Protess’ 
tion plant. Note was taken of the ratio of juice : 

30. obtained and this ratio was used in subse- 
‘comparisons of the fermentation-rates of juice 
ibre. Washed fibre was prepared either by 
ing tap water to flow for 3 hr. through unwashed 
placed in a cheese-cloth bag or by repetitive 
ng in cold tap water using a mechanical blender. 
fractions were used immediately after prepara- 
were deep frozen for later use. The fermenta- 
paratus, consisting of a thermostatically 





titles connected to manometers capable of 
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fermentations. 


d water-bath, shaking device and series of 









measuring up to 260 ml., was sof the — designed i for 
vitamin assays*. After mixing 100 or 200 ml. of rumen | 
contents with substrate, gas evolution was measured _ 
during incubation for 30 min. or 1 hr. at 39-40° C. 
In some cases, the amount of carbon dioxide con- 
tributed by bicarbonate was estimated by the addi- 
tion of acid to duplicate bottles before and after the 
fermentation period. Fermentations were carried out 
in the. presence of oxygen, although in a few cases | 
oxygen was excluded by flushing tho reaction bottles 
with carbon dioxide immediately before incubat: 

In all fermentations, and under a wide variet 
experimental conditions, gas production from washed 
fibre was approximately 10-20 per cent of that ob- 
served with plant juice. Table I presents a represen- ee 
tative selection of values observed from in vino: 


Variations of experimental proceduro such as the ee 
use of whole or fluid rumen contents, pre- or post- = oo = 
feeding ingesta, fresh or frozen plant fractions, or the 
presence or absence of oxygen from the reaction 
bottles, or correction of evolution of carbon dioxide == 
from bicarbonate did not materially affect these = = —— 
results. It is concluded that the fermentation of plant — 
fibre is of minor importance in contributing to the 
initial release of ruminal gas in cattle fed with red 
clover. 





Table 1. RATES oF GAS PRODUCED FROM FERMENTATION oF PLANT ; 
FRACTIONS BY RUMEN FLUID in vit 





Gas rođuceđ ` 
, (mLimin.) ` 
Reaction medium * Cow Cow Cow. Cow - 
1 2 203 -284 
200 ml. rumen fluid plus: — 
60 mi. clover juice 15 P6 
40 gm. clover fibre rinsed in cold water 08 1:3 
40 gm. clover fibre washed in blender for 
10 min. 0-5 
40 gm. clover fibre washed in blender for 
15 min. O3 O83 
40 gm. clover fibre washed in blender for 
20 min 03 03 


100 mi, rumen fluid plus: 
80 mi. clover juice 31 -pp 
22-5 wm. clover fibre washed in blender for — 


10 min. 
22-5 gm. clover fibre washed in blender for : 
20 min. 2 02 
100 mi, rumen fuid plus: 
$0 mi. lucerne juice 50 5-4 
22-5 ym. unwashed lucerne fibre 68 Gi 
22-5 gm. lucerne fibre washed in blender for 
20 min. 18 13 


* Used in accordance with tatio of juice : fibre obtained in ORS — 
traction process from whole plant. 





Although our fermentation procedures differed a — 
from those of Conrad et al.', it is difficult to explain = o o0. 
on this basis alone the differences in the rates of = 
fermentation of fibre and juice and the relatively low 
fermentation-rates they observed with all substrates. 
In their investigations, rumen contents were obtain 
from cattle fed a ration of mixed hay and grain whilo 
our animals were maintained on fresh red clover o 
capable of producing bloat. This might explain, in 
part at least, the difference in the abilities of ‘the A 
rumen contents used in the two investigations to — 
forment fibre compared with juice. It is probable that — 
the particular feeding régime can modify the rumen | 
microbial population sufficiently to change the relative ~ 
capacity of the micro-organisms to ferment plant 
fibre. Maceration of the washed fibre with the ~ 
blender could also have been more complete in the 
work of Conrad eż al... It might be argued that such . ~ 
extensive maceration results in the release of fibre 
constituents providing available substrate for an . 
immediate evolution of gas on fermentation. Even if | 
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greater than those observed with equivalent amounts 
Of juice. Washing of the boluses to remove saliva and 

juice markedly lowered the rate of fermentation. 
Our results indicate that the plant substances 
sponsible for the initial rapid gas-production after 
he ingesta of legumes are associated with the plant 
es. Hence it seems unlikely that the pectic 
ubstances and hemicelluloses closely associated with 
he fibre fraction can be important in this regard. 
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Insect Pollination of Plantago lanceolata L. 


= IN Britain, Plantago lanceolata is regarded as wind- 
pollinated? and is figured by McLean and Ivimey- 
- Cook? as a typical example of a long-filament-type 
_ wind-pollinated species. It was therefore of interest 
_ to observe that around Brisbane this long-filament 
_ form is regularly worked for pollen by the honey bee 
wherever a dozen or so spikes are flowering within a 

few feet. of each other. 
The bees alight on the flowering spikes at or below 
the ‘collar’ of flowers with exserted anthers and crawl 
< through them to the level of those with receptive 
=- Stigmas. An examination of the pollen loads of several 
- bees captured from flowering spikes showed that most 
of the pollen present had come from the anthers of 
oP. danceolata. The visits of the bees to the flowering 
spikes are not haphazard, and the same bee can 
y be followed as it flies from plant to plant 
jing pollen. The bees were observed visiting 
ies from oarly November 1960 until mid-April 
hen the observation site was unfortunately 


























uring this period the weather was mild, and the 
perature was never below 55° F. according to the 
ords of the Brisbane Weather Bureau (courtesy of 
he Director). Under these conditions the bees are 
tive early in the morning, and are foraging when 
è anthers of P. lanceolata split, exposing thoir 
len. Though some pollen may be shed and dis- 
cby- wind at this time, a good deal remains 
he anther-lobes, and is later gathered by the 
fore midday the anthers are empty and bees 
species until the following day. — 
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te is cooler, as in Britain, anthes 
-early morning’ and it is suggeste 

that in such places the species may be predom 
nantly pollinated by wind dueto most of the polle 
being shaken from the anthers and dispersed befoi 
it is warm enough for the bees to be foraging. Th 
would account for P. lanceolata being both wind- an 
insect-pollinated around Brisbane, but only wine 
pollinated in cooler climates. 

From these observations it would appear that i 
this species specialized floral structure is not nece; 
sarily required for insect pollination to occur. Neve; 
theless, flowers especially modified for ipsect pollins 
tion have been reported. Darwin‘, quoting Delpin« 
states that, in Italy, P. lanceolata has flowers c 
three kinds, grading from anemophilous to entomo 
philous. 

The existence of two pollination mechanisms, some 
times but not necessarily accompanied by difference 
in floral structure, may be responsible for some of th 
confusion in the literature regarding the pollinatio: 
mechanism of other species in the genus. For example 
in Britain P. media-has recently been recorded a 
insect-pollinated by Clapham et al.' but as wind 
pollinated by McLean and Ivimey-Cook?. Here i 
could be that each of the two authorities cited ha 
observed plants with different forms of flowers, fo 
P. media is reported to be florally dimorphic? wit] 
one form adapted for wind- and the other for insect 
pollination. Alternatively, it could be that either o 
both forms of flower occur in Britain and that each i: 
both wind- and insect-pollinated, leading to thi 
divergent statements quoted. | 

Further observations are required to determini 
exactly the pollination mechanism or mechanism: 
for this and other species in the genus. 
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Appendages on the Spores of Myrothecium 
verrucaria | 

Dvurine an investigation on the degradation of 
cotton by Myrothecium verrucaria it was observed that 
spores produced by cultures of this fungus showed 
under the microscope an unexpected ppendage or 
‘tail’ which is illustrated by Fig. 1, and which, to our 
knowledge, has not been described previously. This 
appendage cannot be seen when unstained spores 
mounted in water are examined under the microscope 
by ordinary illumination. It is not stained by cotton. 
blue, but is coloured pink with Looeffler’s flagella 
stain and is then clearly visible. When a drop of a 
spore suspension in water was placed on a microscope 
slide and allowed to evaporate, it was ‘observed, by 
phase contrast illumination, that the spores, which had 
‘tails’, stuck to that part of the slide from which the 
water had receded whereas other spores, which 
appeared to have no ‘tails’, were carried along by the 


receding water. An electron micrograph confirmed the 
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1. Spores of M: ium verrucaria under 
Fig. po Nese eae ely Ae tHe phase-contrast 











of the ‘tails’, suggesting that they are 
ly thin and f@n-shaped. Furthermore, it 
that the ‘tail’ emerged just to one side of the 
int of the spore, not from the point itself. From 
e observations we think it possible that, in water, 
appendage might have a conical shape. 
This has been discussed with Mr. D. J. Elphick, of 
Ə Commonwealth Mycological Institute, who 
ined a number of species of Myrothecitum. He 
bserved that the ‘tails’ were restricted to M. 
ia. The appendages on the spores of Pleurage 
icaudata, illustrated in An Introduction of Industrial 
Mycology by G. Smith, seem to be similar in appear- 
-ance to those observed on M. verrucaria. 

The electron micrographs were made by Dr. J. 
_Dilugosz of the British Rayon Research Association, 
whose help is acknowledged. A portion of this 
research was conducted under a project authorized by 
“U.S. Public Law No. 480, 83rd Congress. 


KATHERINE V. A. THOMPSON 
STANLEY C. SIMMENS 
British Cotton Industry Research Association, 
Shirley Institute, 
Didsbury, Manchester, 20. 


MICROBIOLOGY 


Effect of Glucose on the Formation of 
Bacteriophage 2) 


DurING the study of the lysis of sensitive strains 
of E. coli K,, with a clear mutant [C57] of the bac- 
teriophage 2, it was noticed that cells grown in syn- 
thetic medium containing 1 per cent glucose as the 
carbon source do not lyse, a corresponding 
experiments using 1 per cent glycerol as the carbon 
source showed the expected lysis (Fig. 1). 

As a partial explanation of the results, it has been 
found that glucose- and glycerol-grown cells differ in 
their ability to adsorb } C57 (Table 1). Cells grown 
on glucose can adsorb only 20-30 per cent of the A 
within 20 min. whereas cells grown in glycerol show 
almost complete adsorption in this time. Two 
sensitive strains of Æ. coli Kis KiS and Cevo (ref. 1), 
were used in these experiments. The poor adsorption 
of ìà by glucose-grown cells is not due merely to the 
presence of glucose in the medium since glycerol- 
grown cells will adsorb ì readily even in the presence 
of glucose (Table 1). The ability of some of the 

. glueose-grown cells to adsorb à probably explains the 
lag noticed in the growth curve of glucose-grown 
cells 30-60 min. after à infection (Fig. 1). Those 
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Fig. 1. Growth of K,,5S on glucose or glycerol media. Synthetic 
media contained per litre: 10 mil. of Vogėl-Bonner 50 times 
centrated media (ref. 5}, 1 mil. of trace 

calcium chloride, 3 ml. 0-5 M magnesiu 

cent casamino acids, 40 ml. 25 por cent glycerol or 20 
cent glucose. —*— was at 3 


Ww 
reached 1-2 x 10° cells/ml, 8 4-C57 were 
added per cell 


150 


the cell population 


glucose-grown cells which can adsorb the phage may 
lyse and produce i, as supported by the fact that a 
titre of ì present in the glucose medium after growth 
had ceased showed 1 x 10° )/ml. This titre compares 
with a yield of 4 x 10? )/ml. obtained from lysis of 
the glycerol-grown cells and may be explained by 
lysis of 20-30 per cent of the cells grown on glucose 
medium. 


Table 1. ADSORPTION OF 457 BY GLYCEROL AND GLUCOSFR-GROWN 
Percentage adsorbed 
Oae? K wSt 
ESR NN Tc AE 
Time (min.) Glycerol- Glucose- Glycerol- Glucose- Glycerol- 
grown grown grown grown grown! 
0 0 0 0 0 0 
10 94 0 55 14 66 
20 07 20 07 30 08-5 


Growth and infection conditions as described in Fig. 1. Fore 
ments with C threonine, leucine and thiamine were also r operi 
the media (ref. 1). 


* 3 A/cell added at 0 min, 
+ 1 Afovll added at O min, 
t 1 per cent glucose added with å. 


Weidel et al.*3 have reported that glucose-grown 
E. coli B lack a heptose in the cell wall which is 
necessary for adsorption of bacteriophage 7’,, T, and 
T.. The observation reported here may reflect a 
similar mechanism. However, attempts to demons- 
trate a qualitative difference in the sugar content of 
the cell wall fractions, obtained by the pheno! extrac- 
tion procedure of Westphal and Luderitz‘, have not 
been successful. In these latter experiments, the cell 
wall fractions were hydrolysed in 1 N hydrochloric 
acid for 5, 15, or 30 min. and then chromatographed 
on Whatman No. 1 paper with an ethyl acetate- 
water—pyridine solvent. 

It is also not clear why cells, which have not lysed 
in glucose medium, stop growing for 1-2 hr. after 
à infection even though they apparently are unable 
to adsorb the bacteriophage in a normal manner 
(Fig. 1). These cells, however, will resume growth 
after 2-3 hr. Presumably some bacteriophage-cell 
interaction does exist which, though not leading to 
lysis, prevents growth of the bacterial cell for a 
temporary period. 

Part of this work was performed during the tenure 
of a National Science Foundation senior post- 
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doctoral fellowship by one of us (A. W.) at the 
Service de Physiologie Microbienne, Institut Pasteur, 
Paris. 
ARTHUR WEISSBACH 
FRANCOIS JACOB 


National Institutes of Health, 
Bethesda, 
Maryland, and 
Institut Pasteur, Paris. 


1 Appleyard, R. K., Genetics, 39, 440 (1954). 
3 Weidel, W., Frank, H., and Martin, H. H., J. Gen. Microbiol., 22, 
158 (1960). 


s rir PN Koch, G., and Lohss, F., Z. Naturforsch., 9, B, 898 

a Westphal, O., Luderitz, O., and Bister, F., Z. Naturforsch, 7, B, 
148 (1952). 

‘Vogel, H. J., and Bonner, D. M., J. Biol, Chem., 218, 97 (1956). 


CYTOLOGY 


Argentaffin Cells in the Intestinal Epithelium 
of Human Embryos 


THE embryological appearance and derivation of 
the argentaffin cells (enterochromaffin) of the gastro- 
intestinal epithelium in human beings remains some- 
what obscure. Masson’, in 1928, stated that on the 
basis of his embryological work, the argentaffin cells 
appeared in the intestinal epithelium ‘“‘about the 
fourth month of foetal life in man” and arose directly 
from the entoderm. According to Masson these 
observations were confirmed by Parat, although no 
reference was cited. 

Since these early observations we have been 
unable to find further embryological investigations of 
the argentaffin cells in human beings. Faustini? 
investigated the appearance of 5-hydroxytryptamine 
and enterochromaffin cells in embryonic calf tissue 
and found that the enterochromaffin cells appeared 
about the twelfth week of intra-uterine life. In the 
chick, the argentaffin cells are present in the intestine 
by the end of the eleventh day of incubation’. 

Recently, cytological investigations to determine 
the appearance of argentaffin cells in human embryos 
have been carried out in our laboratory. Human 
embryos at 6 and 12 week gestation were investigated. 
The 12-week embryo was obtained by Cesarean 
section. thereby providing viable foetal tissue with 
the allantoic membranes intact. The 6-week embryo 
was obtained immediately following a spontaneous 
abortion with no appreciable maceration of the 
foetal tissue. The intestinal tract of the 12-week 
embryo and the entire 6-week embryo were placed 
immediately in 10 per cent formalin. Following 
routine histological processing, the tissues were 





Fig. 1. Argentaffin cells in the epithelium of a 12-week human 
embryo (methenam ver stain) 





Fig. 2. Argentaffin cell in 12-week human embryo showing 
dense granulation in the infranuclear cytoplasm 


embedded in paraffin and sectioned at 4u. Th 
mounted sections were stained by the modifi 
methenamine-silver techniqu® of Gomori—Burtner*. 

Serial sections of the entire 6-week embryo were# 
examined and no recognizable argentaffin cells could 
be found within the epithelium of the intestinal tract. 

In the 12-week-old embryo argentaffin cells wersll 
easily identified within the intestinal epithelium and 
presented the characteristic morphological appearance 
noted in adult tissue (Fig. 1). A majority of the cells 
showed dense granulation of the cytoplasm in the 
infranuclear region (Fig. 2). Although most of the 
argentaffin cells were situated near the base of the 
crypts in the small intestine, an occasional cell could 
be identified in the epithelium of the villi. 

The appearance of these cells in the human intes- 
tinal tract some time between the sixth and twelfth 
weeks of embryonic development as demonstrated by 
this work is at least 4 weeks earlier than the time 
suggested by Masson. Since there is considerable 
evidence in support of the theory that these cells are a 
major source of 5-hydroxytryptamine in the body’, 
these observations may be significant in providing a 
cytological basis for further speculation regarding 
abnormal serotonin metabolism as a basis for certain 
abnormalities of the new-born. 

Jack W. COLE 
ANNE MOKALEN 


Department of Surgery, 
Western Reservo University, 
School of Medicine, 
Cleveland, Ohio. 
* Masson, P., Amer. J. Path., 4, 181 (1928). 
* Faustini, R., Amer. J. Vet. Res., 16, 397 (1955). 
* Simard, L. C., and Campenhout, E. V., Anat. Rec., 53, 141 (1932). 
t Burtner, H. J., and Lillie, R. D., Stain Tech., 24, 225 (1949). 
* Erspamer, V., and Asero, B., Nature, 169, 800 (1952). 


GENETICS 


Autosomal Inheritance of Yellow Coat- 
colour in the Domestic Cat 


THe known gene for yellow coat-colour in the 
domestic cat lies on the X chromosome. Tortoiseshell 
cats are heterozygous for yellow (+y) and hence 
normally female. This locus has attracted attention 
from a number of workers owing to the rare occurrence 
of tortoiseshell males?. 

During the past eight years, a small number of 
yellow-coloured cats have been produced by fanciers 
propagating the Abyssinian breed. Normal Abys- 
sinian cats are homozygous (or rarely heterozygous) 
for the dominant gene ¢” (lined tabby) described by 
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Whiting*. They have a ticked coat similar to that of a 
ild rabbit, with a blackish vertebral stripe and tail, 
black pads. In the yellow variety, all black in the 
t is replaced by yellow and the pads are pink. 
A number of breeders of pedigree Abyssinian cats 
ave kindly made available to me details of those 
p= in which yellow cats have been produced. 
“hese records show that yellow Abyssinian cats have 
een produced in two ways. A few yellow males have 
sulted from matings between normal Abyssinian 
es and tortoiseshell females. These are readily 
lained by the operation of the known sex-linked 
ene. The majority, however, have been produced 
m matings between normal Abyssinian cats all of 
hich had normal Abyssinian parents. At least 16 
vellow Abyssinians have been produced in this way 
"7 males, 7 females, 2 sex unrecorded). The proportion 
f yellow and normal o ing in the different 
ternities and a study of the relevant pedigrees 
uggest that the yellow colour is determined by a 
gle recessive gene, but the data so far available are 
wnsufficient to demonstrate this conclusively. It is 
wlear, however, that the yellow colour is inherited 
utosomally. Two matings between these yellow cats 
ave yielded six kittens, all yellow. 

As yet, autosomally determined yellow colouring 
ws known only in the Abyssinian breed, but it appears 
shat the phenotype is indistinguishable from yy and 

— cats. This may limit the suitability of the y locus 
‘or tests confirming that populations are mating at 
random with respect to colour’. 

It is hoped that further crosses will be made to 
confirm the mode of inheritance, and to produce other 
wenotypes. In particular, it will be of interest to 
combine autosomal yellow with the Siamese (c4c#) 
koat pattern. Little‘ has su that the action 
of the cH gene in cats may differ from that of the 

H (Himalayan) gene in rabbits and guinea pigs, 
use rodents homozygous for cH and e (yellow) are 
ure white, whereas c4cHyy cats have well-marked 
yellow extremities. It now seems possible that this 
lifference relates to the genes determining the yellow 
woat colour, and that the sex-linked yellow of the 
wat is not the homologue of recessive yellow in the 
wabbit and guinea pig as has previously been 
acsumed*s, 








C. E. DYTE 


14 Linchfield Road, 
Datechet, Bucks. 
k Jude, A. C., and Searle, A. G., Nature, 179, 1087 (1957). 
= Whiting, P. W., J. Exp. Zool., 25, 539 (1918), 
P Searle, A. G., J. Genet., 49, 214 (1949); 56, 1 (1959), 
* Little, ©. C., Quart. Rev. Biot., 33, 103 (1958). 
* Haldane, J. B. 8., Biol. Rev., 2, 199 (1927). 


A Polyploid Form of Fragaria orientalis Los. 


THe somatic chromosome number of Fragaria 
orientalis Los. is 28 (refs. 1 and 2). According to some 
authors*:‘the duplication of the chromosome number by 
means of colchicine in plants such as Fragaria, though 
difficult. is possible. For the purpose of obtaining a 
polyploid form in Fragaria orientalis we treated the 
germinated seeds of this species with the following 
concentrations of water solutions of colchicine (per 
cent): 0-05; 0-1; 0-2; 04 and 1. Most of the 
germinated seeds thus treated died (about 300 seeds 
were used in the test) because of their inability to 
form a normal root system. 

Ten seedlings survived under different conditions of 
treatment. Among them was one distinguished by 
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Fig. 1. Octoploid plant Fragaria orientalis 





Fig. 2. Metaphase in the root of an octoploid Fragaria orientalis 
with 56 chromosomes. (x 2,600) 


the roughness of its leaves; the teeth of the leaves 
were large and their leaflets seemed not to be 
normally orientated but overlapping each other 
(Fig. 1). 

To produce such a plant the germinated seeds of 
Fragaria orientalis were treated with the 1 per cent 
water solution of colchicine for 46 hr. The rootlets 
on the runners of this seedling were fixed by Navashin 
10-4-1 fixation. Permanent preparations were 
made of sections of these rootlets. While examining 
these preparations, in many cases we found 56 
chromosomes per cell (Fig. 2). From the rooted 
runners several dozens of rosettes were produced all 
of which showed specific changes of the leaves, 
characteristic of the original plant. Up to the present 
time neither the original plants nor those produced 
from the runners have blossomed. 

When these 56-chromosome plants have begun to 
blossom we intend to cross them with a number of 
large-fruited kinds of strawberry in order to transfer 
some of the valuable properties of Fragaria orientalis 


to Fragaria grandiflora. D. F. ag 


L. 8. SANKIN 
G. V. KRYLOVA 
Laboratory of Cytology of Plants and Apomixis, 
Central Botanical Gardens, 
Siberian Branch of the Academy of Sciences, 
U.S.S.R. 


1 Petrov, D. F., and Filosophova T. P., Proc. Mitchurin Central Lab. 
Genet., 3, 217 (1937). 

? Petrov, D. F., and Shashkin, I. N., Proc. Mitchurin Central Lab. 
Genet., 2, 105 (1934). 

* Haig Dermen, Bot. Rev., 6, 599 (1040). 

‘Scott, D. H., Genetics, 36, 331 (1951). 












tof rubidium-—strontium isotope dilution 

is, many laboratories have stored the standard 

chloride, strontium chloride and spike 
um- 87, strontium-85 solutions in polythene 

: After keeping the bottles for several months 

— were found in standard and spike 

ns, and it was thought that they might be 

ited for by loss of water during storage. This 
mmunication describes some experiments to in- 
tigate this possibility. 

A series of bottles identical to those used in the 

yetual: age analyses were filled with either water or 

— ydrochiorio acid (25 N. 6 N): they were tightly 

sealed. and stored in the usual way at room tem- 
- perature. (20° 23° C.). The bottles were then weighed 

_ after various intervals of time, the changes in weight 

— _being assumed to be due to loss or gain of water. 

The results of these experiments are shown in 
— Fig. 1, and ve conclusions drawn are: 

Bottle No. 1. Demineralized water was placed in 
ae the. sealed — which was kept at room tempera- 
ture. The bottle continuously lost weight which 

amounted to 0-17 per cent. 
=- Bottle No. 2. A bottle containing the same volume 
of water as No. 1 was placed in a beaker surrounded 
by water so that the levels of the liquid both within 
tthe bottle and outside it were identical. During the 
first ten days the bottle increased in weight, presum- 
-> ably through the absorption of water on the outer 

wall: afterwards the bottle lost weight. 

oo. Bottle No. 3. In this case the bottle contained 

6 N hydrochloric acid, and the loss in weight followed 
the same pattern as in bottle No. 1. 

Bottle No. 4. This bottle was treated in an identical 
manner to the solutions used in isotope dilution 
analyses... For this purpose the bottle was opened 
= for a few minutes once a week. The loss in weight 

Was approximately twice that found for the sealed 

eee bottles. | 
< o Bottle No. 5. This was made of ‘Pyrex’ glass closed 
ee with a tight-fitting polythene stopper. The loss in 
E weight was considerably lower, 
coco. Jb is evident that there may be a loss of liquid 
— from these polythene bottles at a rate of approxim- 
ately” 2 per cent a year. Even in the case of the 

x’ bottle there was a slight loss in weight pre- 

sumably through the loss of water vapour through 

the polythene stopper. 

s very difficult to screw the stoppers of poly- 

ottles securely so that they remain so for 

months. Over a period of a few weeks stoppers 
und. to be slightly loose, and this probably 
es the loss of water vapour. 

ation of spike solutions over a period of one 

showed an increase in salt concentration of 

ximately 2 per cent. This agrees well with the 
usion that the loss in weight of the bottles is 
eto. loss of water or water vapour. 

‘he possibility of some loss of salt from the solution 

sorption on the inner polythene wall or actual 

e of salt through the walls was checked by 

ga spike bottle that had contained 80 ml. 

idium spike solution sealed in the bottle for 

i of one year. A sample of polythene was 

rom | the base of the 1-litre bottle which had 
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1, Change in a weight of polythene bottles during storage. 


Me echange is measured in mgm. and the total percentage 
1oss over a — of 75 days is given i adiateat * the bottle aumer 


been in contact with the liquid and another renioved : 
from the neck of the flask which had been in contact 
with water vapour. If we assume a rubidium content 
of approximately 1-0 p.p.m. for the polythene this 
would account for the amount present in the neck 
of the flask. The base of the flask contained twice | 
as much rubidium but the excess amount was easily - 


_ removed by steaming, indicating that the excess was 


adsorbed on the inner surface of the bottle, =. 

Further experiments have shown that the con- o 
centration of solutions at the rate of about 2 per 
cent a year only applies to litre bottles that are at. 
least two-thirds full. In an actual case of 80 ml. of 
solution left for a period of one year the increase in 
concentration amounted to 48 per cent. 

If it is essential to maintain the concentration of a 
a dilute standard solution over the period of about 
one year it would i seem advisable to store the solution 
in a‘ ~or, more preferably, a quartz container : 
with a close-fitting glass or silica stopper. : 

In the determination of ages of rock by the rakia: 
ium-strontium method, if the original volumes of both 
spikes are the same, and they are used at the same- 
rate, this is not likely to affect the actual age of the 
sample, but the total rubidium and strontium con- 
tents will be in error. , : 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the pubHo) 


Monday, January 15 


Socmmry OF CHWMICAL INDURTEY, PESTICIDES GROUP (at 14 Bel- 
ave Square, London, S.W. 3h at 8 p.m.— Meeting on “Special Tech- 
ques in Residus Analysis’ 


ROYAL QEOGRAPHIOAL — (at 1 re, London, 


we at 6 p.m.—Mr. F. J. T. Kostner: — 1d Cocaine of the 
UNIVERSITY Cottman, LONDON (in the pO aa tre, Gower 
weet, London, W.O. + at 5 p.m.-—~Prof. oods: The Bio- 


thesis of Methtonine—a Pattern of Research with Micro-Organ- 
ims”. * (Further on January 22). 


Umivarsity Odie, LONDON (in the 1 g Ph ca Theatre, 
ower Street, London, Aw.o. 1), at 6 p. m.—Pro Massey, 
R.S., and Mr. M. O. Robins: “Scientific fork in Space. 


itroduckon—Technical Potentinlities’’. s 


— Sovrsry FOR THE PHILOSOPHY OF SOLHNOE (in the Jolnt 

ff Common Room, Univerity College, Gower Street, London 

0. 1), at 5.80 p.m.~Prof. R. B. Braithwaite: ‘Is there a Nataral 
wrdering among Theoretical Concepts T” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE A} AND 

UDENT SECTION (at oe Pisce, London, W.C.2}, at 4. Sh 

okne on “Raflway Traction” (films with discussion lod by ir. A. 
“ortet 


Monday, January !5—-Friday, January 19 


INSTITUTE OF PAYSICS and the PHYSIOAL SOcrery (in the Old and 
vew Halls of the Royal Horticultural 8oclety, Vincent Square, London 
„W. -1)—Horty-aixth ‘Annual Exhibition of Solentific Instramente and 
appara 


Tuesday, January 16 


Royal Soorrry oF MEDIANAS, PATHOLOGY SECTION (at L Wimpole 
itreet, London, W.1), at En 36 eae T, Crawford: “Age and 
“arteries” (Presidential Ad 


INSTITUTION OF — * NGINEERS, EDUCATION DISOuSSIOX 
JROLE (at Bavoy Place, London, W.0.2), at 6 pat Discussion on 
‘electrical Engineering Education In the Sovie Union” opened by 
Prof. M. G. Say. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILES DIVISION 
‘at 1 Birdcage Walk, Westminster, ‘London, >D at 6 p.m- 
Dr. John H. eaving: “The Small Gas Turbino” 


Wednesday, January 17 


BRITISH INSTITUTION OF RADIO ERGOITHERS (joint meeting with 
the Acoustics GROUP of the INSTITUTA OF PHYSICS and the Payee 
Soormry, at the Royal Horticultural Hall, London, §8.W.1), at 2 
—Meeting on “The Oalibration of Microphones and Hydrophones’’. vm 


OOoLOUR GRrovr (Great Britain) (In Lecture Theatre No. 3 of the 


New Physica Department, Imperial —— of Sclence and 'Tech- 
nology, Drie Oonsort Road, Tondon, 8. , at 3 p.m—Selentific 
apars. 


ROYAL BTATISTIOAL Soorety (at the London School of Hygiene 
and Tropteal Medicine, gome 8treet, Gower Street, London, W.0.1), 
at 5.15 p.m.—Misa V. Cane “Learning and Inference”. 


JRItIGH INSTITUTION OF “RADYO ENGINHARS, COMPUTER GROUP 
(at the the London School of Hymene and Tropical Medicine, Keppel 
— Gamer Street, London, W.0.1), at 6 p.m.—Mr. P. B. Rayner 
—— — Morteigh: ‘“VERDAN—@ Afiniature Computer for Alr- 

orne SA 


INSTITUTION OF MEOHANIOAL ENGINEERS (at 1 Birdoage Talk, 
— London, 8.W.1), at 6 p.m—Mr. J. P. Roux and Mr. 
oh C. Bienvenu: “First Steps Towards the Classical Nuclear Power 

ation”. 


Roya MIGROSCOFIOAL Soormry (at Tavistock ome South, 
— — London, W.0.1), at 6 p.m—Dr. YV Cosslett’ 
“High V tage Eleotron Microscopy” (Preaidential hoes): 


seat OF In¥ORMATION ScrentistTs (at the 30 pane Bre A Soa 
Hall, 20 Bloomsbury Way, London, W.0.1), at 6 A p.m—. 
Booth: ‘fhe Future of Mechanical Translation’ 


INSTITUTE oF Woop Sorexce Cr 
Avenue, London, E.C.2), at 6.80 F. Wethe 
— of Preservation upon Glue rehala, 


AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at 
pek Royal. Sooiety of Tropteal Medioine and Hygi iene, Manson House, 

6 Portland Place, Lon — W.1), at 7 pm—Dr. J. B. Harrison 
“New Aapects of Corrosion 


+ BOYAL INSTITUTR OF OREMISTRY (at the Sclence Museum, South 
Kensington, London, 8.W. — at 7 p.m.—Dr. B. Holmes: “Ohemustry 
in Horticulture and the Garden” (Sixth Ladies’ Evening). 


EA 
“The 


ters Hall, Th 


Wednesday, January 17—Thursday, January 18 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECYROXIOS AND 
AIMASUREMENT NECTION (at Bavo —— London, W.0.2}—8ym- 
posum on ‘Rlectronic Alds to B 
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Thursday, January 18 


ELUIoTr-Lirton Liwrrep (at the Connaught Rooms, Great Queen 
— London, W.O. Dri at 10.30 a.m.—Symposium and Exhibition 
f Microwave Tubes and Associated Instruments. 


Ow oF MINING AND METALLURGY (at the Geological 

Society, Burlington House, Picoa , London, W.1), at & pm— 
Dr. H. V. Eales: “Fineness of Goi in some Southern Rhodesian 
Mines”; Mr. R. 8 ymons: “Operation at Bilnota Minerals (Private), 
Ltd., Southern Rhodesia”. 

LONDON RIATHEMATICAL Socrmry (at the ne Astronomical 
Soclety, Burlington House, Pi Lando 1), at 6 ppm— 
Dr. 0. T. 0. Wall: “The Structure o Dito tial — idg”. 


POLAROGRAPHIO BocrwrTY (in the Biochemical Deparment: — 
tuto for trae of the Chest, Brompton Road, London 8.4 Sate 
5 p.m.— Prof, J. Jordan dan (Pennsylvania State University}: “Po 
gtaphy of Carbon-Dioxide 


SOcLaTY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
peoue {at 14 ve Square, London, 8.W.1), at 6 p.n—" Mx- 
tures of Tar and Bitumen as Road Binders” by members of the Staff 

of the Road Research Laboratory, D. 8. LR. 


INSTITUTION OF POLISH ENGINHERS IN Great BRIXAIM, GROUP 
FOR KCONOHIO, SOCIAL AND MANAGEMENT STUDIFS (at 55 Princes 
Gate, Bxhibition Road, London, §8.W.7), at 7 — T. J. Roberta: 
“The Employment of Graduates in Industr 


OHEMICAL SOOTY (at Burlington House, Piocadilly, London, W.1). 
at 7.80 — o Papers. 


Y TROPIOAL age ae AND HYGIENE (at ae 
, at 7.80 p.m.—Dr. 
ealth in 10an Rican 
followed by a 

UNIVERSITY OF — et Wye Co 


8.15 p.m.— Prof, J. Carew (State Univ 
— m Vegetable Crop Husbandry in the Uni 


e, near Ashford, Kent), at 
ty of M ). “Recent 
Statea of 


Friday, january 19 


t 


BRITISH PSYOHOLOGIOAL A QOOOUPATIONAL PSYCHOLOGY 


BKOTION (in Room 425, Burkbeok e, Malet Street, London, 
plates Ds 1 pm--Mr. A. Graham: co Sea Loading of Process 
réa—an Experiment by Industry’’. 


Royal ROCIETY OF MEDIANE, EPIDEMIOLOGY AND 
MEDION E — (at 1 Wunpole Btreet, London, W.1), a 5.30 


—Prof. R. , Dr. D. B. Hickish and Phr, P. A. B. Rafi 
**The — of T e E Hygiene Services”. 
SOCIETY OF CHEMICAL INDUSTRY, —— —— at 14 Bel- 


ve Square, London, 8.W.1), at 6 t: “The 
Sac Behaviour of Decorative — ee Ooatings”’. 
Saturday, January 20 


BRITISH PSYOHOLOGIGCAL 80cIRTY, SOCIAL P8YOHOLOQY aonan 

at the London School of of Eoonomios, Houghton Street, Aldwye 

ndor, W.0.2), at 10 a m.—Sympoalum on “Choice and arma tee 
of Research Projects in Social Psychology’. 


APPOINTMENTS VACANT 


APPLIGATIONS are invited for the following appointments on or 
before the — mentioned: 
LECTURER IN VETERINARY PREVENTIVE MEDIOCINK—Thoe Registrar, 
Top Umer ——— — Ref. OV/587/N (January 20). 
d ASSISTANT LECTURERS IN OAL ENGINERR- 
—— The Manchester College of Sctence and Tecb- 
ester 1 (Jan 20). 
( academic qualifications and con- 
siderable experience in education or mdus 


oy OHEMIsTEY AND Blotocy—The Welsh conog of 
Advanced Technology, Cathays Park, (Jan 20). 

LECTURER of ASSISTANT LECTURER IX TIC¢d—-The Becre- 

and , che University, Southam ton (January 26). 
ANT RRIMANTAL OFFICER (N ort. Or a de 

in science), for duties which include — with herbicides and 

the growing of A3 m range of horticultural crops, inelu fruit— 

The Secretary, W Toh ———— oultural ch 

Oonnoll, Begbroke ny; Sandy ns as xford (January 27) 
NIOS DESIGNER — in physics or — 


engineering, or a comparable aualificat on) IN THR DUPARTMUNT OF 
—— to oolaborate with members of the teaching staff in 
and constructing electronic Suu Deen to be used in research 
in the Department—-The Registrar, The University, Manchester 

18 18 Ganuary 29). 

SPEOTROSCOFIST (preferably with a in physica or chemistry 
and experience in ppm oseone) IN THE DEPARTMENT OF CHEMISTRY, 
to have general responsibility for the maintenance and use of a range 
of spectroscopic eq in the Department, Including N. M. R., 
Infra-red, Raman an V.—The Registrar, The Untvermty, Man- 
chester 13 (January 2 yi 

TROHNICAL OFFICER (with a sound traimng in electrical engineering 
or undustrial electronics) IN THE DHPARTMBNT OF NUCLEAR SICS 
of the Research School of Physical Sclences, to assist ın the operation 
and malntenance of the 12 MeV. —— accelerator — its asgoolatod 


— 


electronic equipment—-The Bursar, Australian Natio University, 
Box 4, G.P.0O. berra, A.O.T., ERT — 80). 
Assist KRIMENTAL OFFIOWR or ASSISTANT (Bolentino) IS 


ANT 
THE DEPARTHENT OF PHYSIOLOGY AND PLANT OULTURE, to take part 


* 
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in a series of e ts carried out in controlled environments 
and concerned with the influence of light, tem ture and nutrition 
Tastate, and development in tomato—The , John Innes 
Bayfordbury, Hertford, Herts (January a1). A 
ENONSTEATOR IN GEOGRAPHY at the University of bs fig Sona 
Arne N.S.W., Austrahba-—The Secretary, Associatio 
sities of the British Commonwealth (Branch Office), peta fy 
House, Pall Mell, London, §.W.1 (Australia and Tondon, 3 J — 3 ue 
ER or SENIOR LROTURER (with a special in 
istical methods) IN MATHRMATIOS— — The 
University, 38 North Balley, Durham (January ry 81), 
RESBARCH ASSISTANT, to work on the — and general blolo 
of British primulas—The Administrator, Botany l, Oxfor 
(January 31). 


— ESHAROH ASSISTANTS and RESHARCH ASSISTANTS IN 

FLUID MBOHANIO8, to work on problems of unsteady transonic and 
supersonic flow— Prof. K. Stewartson, Science Departments, The 
vay. South Road, ——— (January $1). 

ATHOLOGIST (with an honours degree in culture, horti- 
culture or sclence (including —— * and Dro preferab erience in 
viro 7), for reaearch work in the Plant Sclences and usbandry 
Div An Foras Taluntals Pg rs Agricultural Institute}—The 
Direotor, An Foras Taluntals, 88 Merrion Road, Dublin, Republic 
of Ireland (February 2). 

LBOTURBR IN CHEMISTRY at the University of Sydney, Australia— 
The Beoretary, Association of Universities of the British Common- 
wealth (Branch Office), Dae House, Pall Mall, London, 8.W.1 
(Aus and London, February 9). 

CHEMICAL INDUSTRIES ERESRARCH FELLOW IN CHEM- 
ISTRY, BIOLOGICAL OEMISTRY, ENGINKERING, PHARMACOLOGY, 
PHYSIOS, or in a related subject—The Registrar, The University, 
Bristol 8 (February 10). 

LECTURER] ASSISTANT LECTURER (preferably with experience In the 
magnetic resonance or gas discharge ph 08) IN THN DEPART- 
MENT OF PHYsios—The — p vary e of North Stafford- 


) 
NT EXPHRINHNYAL OFFICERS (2) (with at least Soottish 
Gartifieate or GOR. with A leve in certaln subjecta), 

to assist o Ar and ere rl ar pad yale MUlpori sore Mey nace 
Scottish rine Biological Association, Marine Station, MUltport, 
Isie of Cumbrae, Scotland —— 12). 
BR or ASSISTANT LECTURER (preferably with ETETA ex- 

perience —— with elementary particle physics or The ota 

Registrar, The Untver- 


— mpton (February 18). and 
n (February 

p — OAL INDUSTRIES RESKAROH PALLONE IN CHEM- 

Agrleultural PHARMACY, 


ISTRY (inclu Chemistry), PHYSI 
TALLURGY and related vabjecta The Registrar, 


———— Nottingham (X 18) 
e 0 e i 

with a pobre Ree cation or a good 
special reference to 


LROTURER recognized 
honours dagres in zoology) IN a erent wi 
the phyaslology of farm animals, In the Departmant of Biological 
Solences-—-The Secretary, hs e College (University of London), near 
Ashford, Kent (February 20 

LEOTURER or ASSISTANT LECTURER (preferably with an honours 
degree In zoology and Ph.D. or equivalent — ce in 
biological o — or invertebrate zoology) IN OLOGICAL 
OcuANOGRAPEY — The ocretary and Registrar, The Untversity, 
Southampton (February 28). 

BHNIOR LECTURER IN — FISHHRIBS at Victorla University of 
wW n, New Zealand, to develop contacts with all levels of the 


fishing industry, to aot in an advisory capacity, to conduct researches 
and — ulries as may lead to increased utilization of fishery 
resources, to foater an active neve comene of fisheries resources 


undergrad 
Associa of Universities of the Britis 
Office), Mariborough House, Pall Mall, London, 8.W.1 (Rew 


and London, ————— 28 
IMPERIAL CHEMICAL USTRIES RESRAROCH FELLOWS In BIO- 
or PHYBICE— 


OAL INDUSTRIER FRLLOWS FOR RESMAROR IN 
PHYSICS, CHEMISTRY, COLLOID sce a BIOCHEMISTRY, EAGINEER- 
ING, PATARA, PHARMACOLO CHEMOTHERAPY or related sub- 
jeots—The 8 ecretary-Ganeral of tho Faoultios, The Untveralty, The 
Old Schools, Cambridge (April 30). 
wW a RBSRAROH IN HNGINRERING, 
CHEMICAL ENGINEERING, [INORGANIC — PHYSICAL CHEM- 
ISTRY, METALLURGY or PHYsics—The -General of the 
Faoulties, The University, The Old Sobcols. Cambridge f April 30). 
ASSI@TANT PROFESSOR (with research Interests in rad 
or radiochemlistry combined with inorga 
ASSISTANT — (with research interests mistry) 
—Prof, ©. McDowell, Department of Chemistry, University of 
e —5 —— in hen oh 
OCHHMIST an ars emis 
yd Ee re Po 


of analytioal work ) The House Governor, The 


unfversity with Hbrarianship 
ce ina 3 Dimi of solene 
or teshno —The Academic Regis ae College of 
: hboroug ate 
CLAN freee (with wide experience of quire: 


mente of epeptic 
bait in e Mid 
Mid — — Medical, 

GRADUATS PHYSICIST or PHYSICAL — Me THE METALLUEGIOAL 
Division, for baslo studies on metal- interface at bigh tor — 
tures—The Director, Arthur r D. Littl Research Institu 
Gate, Musselburgh, Midlothian. 


NATURE 


January 13, 1962 vou 193 


MIGBROAXALYIST (with experience of modern organic micro-analytt 
ques) IN THR DEPARTWENT OF ORGANIG CHEMISTRY—T 
a eie The University, Bristol 
(Basio grado) urs graduate), for work connect 
with the — — and tenance of a 6-mV. linear acoelera wagi 
and with other appheations of electronics to mediame—The Gror 
Development Secre , Westminster Hospital, — 8.W.1. 
PHYSICS LABORATORY TEOHNICILAN (man or woman wi — 
of work in a teaching med a e Secretary, Royal 


College, Englefield Green, Surre 
POSTGRADUATH (qualified to pursue M.Sc. and Ph,} 

work In chemistry) P oe Coane the Chairman, De t 

Chemistry, Mc University, Montreal, Quebec, Cana 

BAR a first- or second-claga honours degre 


HP 
Clerk to the Governors, Chelsea College of Sclence and Technolog 
Manresa Road, London, 8.W.38. 

RESEARCH O AGROMAN or ASSISTANT (Ph.D. or Ph.D. candida 
interested in defects in eb ale structure as applied to mechanic 
pro oats of materials}—Dr. J. Marin, Departm@nt of Engineerl 

es, The Pennsylvania ‘State University, University Par 
Penney ven. U.S.A 

POSTDOCTORAL ÄBEIBTANT, for the operation of a ressaroh mas 

—— for the detection of unstable reaction intermediates- 

. Linnett, Inorganic Chemistry Laboratory, The Universit 


Ota. 
POSTDOCTORAL FELLOW, for synthetic and structural studies in tb 
field of inorganic polymers containing transition metals Erol, D, eal 


Bradley, De ent of Che » The University of Wester 
Ontarios. London, Ontarlo, Canada, 

SuNIOR LECTURER IN GHOGRAPHY at the University Co ; Lbedare 
Nigeria—The Secretary, Inter-University Council for Hi _ Educe 
tion Overseas, 20 Woburn Square, London, W.C.1. 


WORKSHOP TEOHNICIAN IN THA DEPARTMENT OF PHYSIOS—Tt 
Tamai, — College (University of London), Regent’s Parp— 


REPORTS and other PUBLICATIONS 


(not included tn the monthly Books Supplement) 


Great Britain and poate ; 
piure. Leafie 


Government of Northern Ireland: Ministry o 
No, 85: The Pro Snot tee. Pei oo o 
Agriculture, 1961, 21> 
A Te Rea h Council. A Pibllosranhy nF * 
Research, Part 7 tems. - onion 
tural Research Onal, 1981.) Qe. 21) 


of the Society for 


Alan Pp. : 

Energy Pheles, T Prof. R. H. 8 Barhop 

at niyen lego, London 

.) Pp. 21. (London: H. K. tows and Co. Ltd., 1061. pat 
Other Countries 

Rookefeller Foundation. The Prela Review from the Rocke 


Report : . xi+96+32 plates, 
(New York: The Rookefeller Foundation, 1961. [111 
Cound! Scientifics and Indus Research. Wationsl 


Pp. 24. Botanic ens, 1961.) uu 
University of Californta Publica in cal al 
89, No. 2: Floras from the pa Surface, 
Southern Sierra Nevada. Danin ee Ana Wiem 8. fing 
Pp. 119-104 + plates 26-37. (Berkeley and Los : University of 
sr Press; London: Cambridge University Press, 7 wii 
ituto F onero tá. Boletin de Noticias. 
Vol. 2, No. 5, (Mayo 1961): Olclo de Vida del Pindo (Anthonomus 
grandis Boh.). Por Pp. 4. Vol. 2, No. Pgh ees 
1961): Observaciones sobre sels Variedades Ramificadas ou 
(Sesamum Indicuwn L.) Por Carlos Arias V. Pp. 4. (Bogotá IO 
Ie — onero, Exper 


Rast African Meteorological t. The Weather of ai 
Africa, during 1980, Pp. 11+56. (Nairobi: Hast African Me 
Department, 1961.) lil 
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CHAPMAN & HALL 


New Books from 
REINHOLD PUBLISHING CORPORATION 


CYTOLOGY 


By G. B. WILSON & JOHN H. MORRISON 


This book is concerned with a discussion of the basic facts, concepts, and problems 
of cellular biology. Although the authors are concerned primarily with presenting 
the student with a workable interpretation of the essentials of cytology, the specialist 
in other biological and biologically related disciplines will find the work a most useful 
survey of the field. lilustrated. 60s. 


HANDBOOK OF VECTOR AND POLYADIC ANALYSIS 
By THOMAS B, DREW 


A penetrating exposition of the vector and tensor concepts necessary in fluid dynamics, 
diffusion theory, electromagnetic theory, and heat transmission. A unique feature of 
the book is the extension of Gibbs’ system of vector analysis to polyadics of any 
rank. Vector and polyadic algebra and calculus are included in a comprehensive 
table of commonly used formulas. Illustrated. 44s. 


CONDENSED CHEMICAL DICTIONARY 


By ARTHUR & ELIZABETH ROSE SIXTH EDITION 


A completely revised and up-to-date edition of this well-known chemical reference 
work, containing thousands of new entries. New elements discovered as recently as 
June, 1961, and all the terminology relating to such current topics as rockets, thermo- 
nuclear phenomena, and plasma are included, 1275 pages 140s. 
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to 5 seconds, by double microscope 
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We shall be pleased to demonstrate this Instrument 
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Bellingham & Stanley Ltd. 


DEPT. N, 71 HORNSEY RISE, LONDON, N.19 
PHONE: ARCHWAY 2270 
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TRAINING AND THE SMALL FIRM IN BRITAIN 


NE of the most remarkable developments in 

industry in Britain since the end of the Second 
World War has been the spread of training activities. 
Up to 1939, what little formal education or trainmg 
was carried out was largely found m the firms where 
Quakers ware in control, or in certain well-known 
engineering companies. In the latter, the training 
was often confined to the arrangement of periods in 
different departments for senior recruits like student 
and graduate apprentices, while craft apprentices 
were left to pick up what they could. The Quaker 
firms developed a wide range of general educational 
classes for their junior grades and a series of social 
and cultural activities for senior employees, the 
latter being pursued in leisure hours. While these 
were brave and commendable attempts to improve 
the quality of their staff, neither the job rotation of 
the engineering companies nor the educational classes 
in the Quaker firms bear comparison with the 
activities of many companies to-day. 

The real awareness of training needs in industry 
began during the Second World War with è rapid 
growth of factories and the influx of ‘green’ labour to 
man them. Men and women found themselves m 
unusual jobs, and the necessity for adequate and 
systematic training and re-training became evident 
to many managements who had hitherto been 
content to jog along with the wasteful and unsatis- 
factory device of ‘learning on the job’. Even then, the 
provision of suitable training facilities took a long 
time to grow; it received its first real impetus when 
the American system of “Training Within Industry 
for Supervisors’ was adapted and introduced mn 1944. 

Since that time, the growth of training activities 
in some of the larger firms in Britain has been remark- 
able. Before the War, for example, no steel company 
employed a chief executive whose sole responsibility 
was with education and trainmg. To-day, each of the 
bigger steel concerns has an extensive organization 
controlled by a senior man. Similar developments 
are taking place in other big undertakings which are 
privately owned, while the nationalized industries 
of coal, gas and electricity have also developed wide- 
ranging facilities. In the main, many of the bigger 
organizetions have done much of which they can 
rightly be proud, although there is still a great deal 
to be learnt about more suitable methods of traming 
operatives, clerical workers and, even more 80, super- 
visors and managers. Other big firms, some bearing 
names which make them internationally famous, 
still regard education and trainmg as a luxury 
welfare activity which does not mix with ther 
declared object of ‘maximizing profits to-day’. Their 
short-sighted view is one which may become even 
more sullied by competition conducted by men of 
better quality from rival organizations. 

The real problem in industrial training, however, 
is that of the smaller and medium-sized firm. British 


yndustry 18 predominantly confined to the small 
concern, and, in a study of 56,000 manufacturing 
organizations, about 95 per cent were shown to have 
less than 500 employees each and about 74 per cent 
have less than 106. Despite the boost of Common- 
wealth Technical Training Week, the number of small 
firms where -training is effectively carried out would 
be not more than a hundred. The chief reason why 
systematic training of staff is almost non-existent 
in small firms is sumply because their managements 
are men who have learnt by doing, and who cannot 
believe there is any other way of training their 
employees. They would make up many of the 65 
per cent of the members of the Institute of Directors 
who, in & recent survey, indicated that they had no 
qualifications other than their hard-won experi- 
ence. 

Many remedies have been prescribed to improve 
the training arrangements in the small organization, 
but the prescriptions have met with little success. 
One of the latest is contained in a book by Dr. P. F. R. 
Venables and W. J. Williams*, in which they argue 
how essential it is to establish college-based training 
schemes as soon as possible, with the emphasis on the 
right kind of technical education classes. Although 
their motives are wholly admirable, it is doubtful 
if all the inquiries made by the authors will lead any 
small firm to improve its interna] training arrange- 
ments, or more than a handful to send their young 
employees to classes held at technical colleges in the 
day-time. 

The reasons are not far to seek. Even in the limited 
number of small firms where good-will towards train- 
ing exists, the top managements are largely ignorant 
of how formal training activities can be introduced 
into their particular firm. Where they seek advice 
and have a will to promote their own training schemes, 
the difficulties of overcoming the resistance by depart- 
mental managers who have been trained in the 
traditional way often lead to the abandonment of 
good intentions. This 1s frequently the crux of the 
problem m many small—as well as big—firms. It is 
ea difficulty which those who are concerned with the 
provision of what must necessarily be ‘academic 
education’ at technical institutions frequently fail 
to grasp, as was clearly brought out by Dr. C. Sofer 
and Geoffrey Hutton in their investigations into the 
effectiveness of one department at Acton Technical 
Colleget. 

The content of what should be taught in industrial 
training schemes at apprentice and supervisery level 
does not, in the main, present great difficulties. 
These begin when those responsible for training have 
to impart skillsa—whether technical, administrative 


* The Smaller Firm and Technical Kducatiwon. By Dr. P. F. R. 
Venables and W. J. Wilhams. Pp. 228, (London Max Parruh and 
Co., Ltd., 1961.) 80s. net. 

+ New Ways +n —— Trauning : A Technical College develops 
us Services to vay D y Cyril Soter and Geoffrey Hutton. Pp. 
Xi + 127. Codon: avintoak Pibiieations. Ltd., 1958 } 
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or social—and reach their peak in overcoming the 
deep-seated attitudes which resent and reject all 
attempts to change long-established patterns of work. 
In many ways the experienced training officer in 
any company has to be not only knowledgeable with 
his facts, methods and techniques, but also a highly 
skilled and patient salesman. Many of the training 
schemes in the steel industry which are now sgo 
successful and which sre displayed as models to 
other industries, for example, took many months, 
and sometimes years, before they were accepted by 
managers of youths for whom they had been de- 
vised 


Before training in the small firm makes real progress, 
the nature of the problem should be clearly under- 
stood. Unless those concerned are aware of their 
objectives, the importance of the right timing and the 
relation botween what can be done internally and what 
is better done outside the firm, the next decade 1s 
likely to see no more progrees than the negligible 
advance of the past ten years. In general, the skill 
and knowledge necessary to do the job required by 
the small firm can only be taught effectively by the 
firm. The background knowledge about the job 
and the firm itself, on which the important traditions 
of loyalty and service are built up, is again, in the 
main, best taught in the firm. The principles on 
which knowledge of the job are based, however, and 
from which stem the real opportunities to improve 
the job, and even the firm itself, rightly belong to the 
external technical institutions, along with all that 
goes to make up the general education of the whole 
man. Tochnical educationista do themselves less 
than justice when they confuse the different aspects 
of industrial education and training and over- 
emphasize their own contributions. Many training 
managers in bigger firms are only too aware that it 
is much more difficult to provide the right training 
programme for the job than it ıs to arrange day- 
release facilities for suitable classes at technical 
institutions. 

How, then, can progress be made in developing 
education and training facilities inside small and 
medium-sized firms? First, by not minimizing the 
size of the problem. The majority of employers are 
unaware that they have any responsibility for provid- 
ing adequate training facilities, and largely get by 
with older employees whose skill has been acquired 
over a long period by the wasteful process of learning 
from old Bill or Jane. Unless there is some messure 
of Government compulsion, whether direct or through 
some form of taxation, little progress can be expected 
in these organizations until public opinion becomes 
more vocal than it is to-day. The real opportunities 
for progress lie with those employers and managers 
who are aware of deficiencies among their staffs 
but lack knowledge of the means of developing 
suitable training programmes. These are manage- 
ments who are prepared to face all the disruptions 
to production caused by releasing staff to attend 
internal or external courses and, surprisingly even 
more difficult, the disturbance to office routines when 
clerical workers are required for classes olsewhere. 
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In big firms the problems of release are not easy; 
in smaller firms the solution may require even more 
planning and organization. Here the Cotton Board 
and the Woollen and Allied Employers’ Association 
have produced demonstrable fmancial rewards in 
their courses for training operatives of various 
grades; they could make this training in small firms 
even more effective by paying greater attention to 
the training of supervisory staffs. The light engineer- 
ing, machine tool, printing, ship-building and ship- 
repairing industries have done little to improve the 
training of apprentices in small firms and could learn 
much from the courses run by the cotton and woollen 
organizations. Nor, in considering the needs of small 
firms, should one forget there are more young people 
employed in the distributive trades than in any other 
industry in Britain. Bigger 8tores have admurable 
training arrangements; In many smaller retail 
organizations they are non-existent. This may go 
some way to explain the lack of service which charac- 
terizes 80 many stores and shops, as woll as the seem- 
ing inability to produce in Britain enough of the right 
kind of salesmen to sell goods in foreign markets. 

In promoting development for all grades of 
employees in the smal) and medium-sized firms, 
including retail organizations, probably the greatest 
impetus has come from the work of management. 
consultants. Their particular value is that not only 
do they introduce effective training schemes for 
operators and management, but they also train those 
responsible to see that the schemes continue when the 
consultants have left. The introduction of such 
training and tho re-organization Involved have saved 
many small firms from liquidation. Especial praise, 
too, must be paid to the work of organizations like 
the Three Counties Industrial Education Association 
which, since 1955, has done much to develop interest 
in education and training in small firms in Gloucester- 
shire, Herefordshire and Worcestershire. Interest’ 
alone, however, is not cnough, and the main problem 
is still not that of persuading managements to intro- 
duce training schemes but seeing to it that these are 
carried on and extended. Here the management 
consultants’ arrangement to maintain regular advisory 
contact with its client company over a period of 
years is invaluable. 

Of the part played by the Government m promoting 
the extension of education and training activities in 
amall and medium-sized firms, the least should be said. 
As Dr. Victor Purcell, of the University of Cambridge, 
has so convincingly shown, the Crowther Committee 
might never have met*. Successive Ministers of 
Labour and Education have come and gone and, apart 
from a rapid stream of borrowed platitudes, the result 
has been an abortive Industrial Training Council 
and 300 places for apprentices at Government 
training centres. Even this number has not been 
maintained, and the closing down of the centres at 
Kidbrook and Long Eaton is no great tribute to the 


* The Year Book of Education 1961: Concepts of Excellence in 
Education. HEdited by Prof. George Z F. Bareday and Prof. Joseph 
A. Lauwerys. Pp. x+503. (London: Evans Brothers, Ltd, 1 ‘a 
Pubbshed m — with the Univermty of London Institute of 
EERO ae and Teachers Oollege, Columbia University, New York.) 
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intentions of the Ministry of Labour. After three 
years of existence, the Government-sponsored Indus- 
trial Training Council has produced no more than a 
spate of committees and, latterly, the organization of 
short ad hoc courses, which do little more than duph- 
cate those which have been provided for many years 
by voluntary organizations such as the Industrial 
Welfare Society, the British Association for Com- 
mercial and Industrial Education and the Institute 
of Personnel Management. The tragedy of Govern- 
ment inaction over the past decade is its failure to 
grasp how much genuine training schemes have done, 
and can do, to promote the climate of change in 
industry which makes resistance to essential tech- 
niques like work study and operational research not 
difficult to overcome. It is not irrelevant to mention 
that organizations with good labour relations, like 
Imperial Chemical Industries, Ltd., and the steel 


companies, have extensive training schemes and 


operational research ; ship-building and ship-repairing 
have little effective training and less work study. 
Those motor-car firms suffering from repeated 
unofficial strikes have only recently begun to promote 
training schemes for supervisors. 

It is from these experiences in bigger undertakings 
that Ministers should have learnt their responsibili- 
ties towards smaller firms. Technical colleges could 
help by allowing their staffs to act as consultants to 
neighbouring firms. The appointment of senior 
training officers to each region of the Ministry of 
Labour has long been advocated. No difficulties 
would be encountered in persuading leading com- 
panies to second experienced men over a period of, 
say, three years. <A differential tax relief to those 
firms which could show that they were providing 
genuine training for young people would have a 
catalytic effect; inspection could be maintained by the 
Ministry of Labour’s factory inspectors if other 
officers were not available. These are suggestions. 
What is required is lees of the exhortation which 
boomerangs to no effect and more of the spirit of 
urgency which produced the Emergency Training 
Scheme for Teachers. As a spur the Government 
should take soundings in the pool of industrial 
stagnation which it has created. It has ten wasted 
years to make good. 


WORLD TRENDS IN AIR 
POLLUTION RESEARCH 


Air Pollution 

By K. Barker and 18 other authors. (World Health 
Organization Monograph Series, No. 48.) Pp. 442. 
(Geneva: World Health Organization; London: 
H.M. - Stationery Office, 1961.) 24 francs; 406.; 
8 dollars. 


HIS book was written by authors from the 
United States (seven chapters), England (two 
chapters), Belgium, Canada, France, Italy and South 
Africa, each chapter having been PPPT by an 
international panel of experts. 
The first third of the book comprises án account of 
what constitutes air pollution. Following a historical 
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introduction, which emphasizes the complexity of 
the problem, the identification of air pollution situa- 
tions is described with reference to the United 
States. The role of meteorology in a planned investi- 
gation is considered, and then sampling, analysis, and 
instrumentation are discussed in general terms with 
proposals for the drawing up of a list of techniques 
which would become standard im pollution work. 
The next chapter, on the physical and chemical 
nature of air pollution, contains information on the 
sources of contaminants and the amounts involved, 
the nature of the pollutants, and extensive tables of 
pollution measurements in the United States and the 
United Kingdom. 

The second third of the book is concerned with the 
effects of air pollution. The Meuse Valley, Donora, 
and London (1952) disasters are discussed, together 
with the rather different problems facing Los Angeles. 
This is followed by the effects of pollutants, both 
irritant and systemic, and more than 400 references 
to the human health problem. The chapter on effects 
on animals follows similar lines, with some emphasis 
on fluorosis, and the effects on, plants are divided 
into damage by sulphur dioxide, fluorine compounds, 
and smog. This ‘plants’ chapter was the only one to 
contain references dated 1959 or later, so the mono- 
graph must be taken as a statement of the position 
in 1958. The section on effects is concluded with a 
review of published information on economic and 
social aspects, including costs to the nation and the 
householder. The last chapter in the book, on radio- 
active pollution, also comes under the heading of effects, 
and deals with emissions from all stages in the manu- 
facture and use of radioactive material. In view of 
recent happenings, a fuller treatment of hazards 
from nuclear tests would have been valuable, but the 
author was not expecting 50 megaton bombs for 
Christmas. 

The remainder of the book is taken up by control of 
air pollution, starting with site selection and zoning, 
giving guidance on the placing of industrial areas in 
relation to topography, climate and direction of wind, 
followed by a description of dust arrestors and 
incinerators, the selection and utilization of fuel, and 
clean-air legislation throughout the world. 

This is a valuable book, in spite of the time-lapse 
from the writing to the publication, and has special 
appeal due to the wide range of treatment and 
discussion. It will be of interest to workers in any 
aspects of air pollution, and should be read by all 
who have any connexion with the subject. 

G. UNDERWOOD 


GEOLOGY OF QUEENSLAND 


The Geology of Queensland 

Edited by D. Hill and A. K. Denmead. Pp. 
4744+-8 plates+2 coloured maps. (Originally pub- - 
lished as Vol. 7 of The Journal of the Geological Soctety 
of Australta.) (Melbourne: Melbourne University 
Press; London: Cambridge University Press, 1960.) 
1008. net. 


EOLOGICAL exploration in Australia has pro- 

ceeded so rapidly in recent years that T. W. 
Edgeworth David and W. R. Browne’s three-volume 
Geology of the Commonwealth published in 1950 has 
required supplementing, and the Geological Society 
of Australia has adopted the policy of preparing 
up-to-date geological summary accounts of each of 
the States. Two volumes desling respectively with 
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Western Australia and South Australia were pub- 
lished by the Society in 1958, and the Queensland 
volume, appearing late in 1959, was not only more 
ambitious than its predecessors, but it has also been 
reprinted for a wider public. Sixty-two active geolo- 
gists and soil scientists employed by the Government, 
university, orl or mining compsnies, have contributed 
written accounts, so that a comprehensive summary 
may be produced giving greater space to new work 
than to work unmodified since the David and Browne 
publication. The result is a book well meriting a 
place in every library dealing with earth sciences. 

The setting of the book is provided first by the large 
colour-printed 40 miles to l-inch geological map of 
Queensland dated 1953, a copy of which is part of 
the book, and secondly by the senior editor’s opening 
chapter describing the geological structural elements 
into which the State 1s resolved. The succeeding 
chapters almost all have an editorial introduction 
and are in stratigraphical sequence, the treatment 
within each following s regional or structural basis. 
The Pre-Cambrian chapter includes some of the find- 
ings of a regional survey conducted between 1950 
and 1958 of some 25,000 square mules of north-western 
Queensland which resulted in a 10 miles to I-inch 
geological map of that area being colour-printed in 
1959 and issued as part of the book. The map ıs 
chiefly, but not entirely, concerned with Pre-Cam- 
brian rocks which are represented by nearly sixty 
tablets in the legend; it includes the area of the 
Cloncurry~Mount Isa-Mary Kathleen mineral pro- 
vince. The character and age of this and other 
mineralzations are discussed in the book. When 
geological lines are known to have been changed 
in position from that shown on the 1953 map, black- 
and-white maps for particular regions have been 
introduced into the text. Every chapter contains 
some matter of interest to any geologist; the chapters 
dealing with the more recent rocks, moluding the 
laterites, the Giant Sand Hulls and the Great Barrier 
Reefs, also have interest for geomorphologists and soil 
scientists. The Serocold—Springsure anticline in the 
Bowen basin with an axial length of 100 miles and 
five culminations is one of the many features which 
will appeal to structural goologists. 

The list of references is excellent as is the index 
within its limits of contributors’ geographic, strati- 
graphic and structural names, but a general reader 
seeking references to, say, algal limestones, glacial 
beds, metamorphic rocks, opal, ring-dykes or serpent- 
inites must find them other than by the index. 

C. J. STUBBLEFIMLD 


CHEMISTRY OF CARBOHYDRATES 


Advances, in Carbohydrate Chemistry 

Vol. 15. Edited by Melville L. Wolfrom, in associa- 
tion with R. Stuart Tipson. Pp. xii+ 445. (New 
York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1960.) 14 dollars. 


OLUME 16 of this series ranges widely through 

pure carbohydrate chemistry and biochemistry, 
and the firat two chapters are particularly valuable 
for their general interest. These are: “Constitution 
and Physicochemical Properties of Carbohydrates” 
by B: Capon and W. G. Overend, which deals particu- 
larly with conformational aspects, and “Methods in 
Structural Polysaccharide Chemistry” by H. O. 
Bouveng and B. Lindberg, which reviews the many 
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technical advances of the past decade. The other 
chapters are “Carbonates and Thiocarbonates” 
(L. Hough, J. E. Priddle and KR. S. Theobald), ‘“Bac- 
terial Nucleosides and Nucleotides” (J. Jonsen and 
8. Laland), “Biosynthesis of Aromatic Compounds 
from D-Glucose” (D. B. Sprinson), “Polysaccharides 
of Gram-negative Bacteria’? (D. A. L. Davies), 
“Dextran” (W. B. Neely), and “Chitin” (A. B. Foster 
and J. M. Webber). 

The fact that some chapters are wholly or partly 
devoted to topics earlier reviewed in this series does 
not reflect a dearth of subject-matter but the rapid 
advances in certain fields, particularly @olysacchar- 
ides. Features of the volumes that do not become 
outdated are the tables of physical properties of 
carbohydrates that accompany most articles, and 
Volume 15 contains a contribution entirely in the 
form of tables, by D. Horton on “2-Amino-2-deoxy 
Sugars and their Derivatives". The editors might 
consider collecting and reprinting the tables from all 
volumes as a work of reference. If this were done it 
would bring to a head the problem of indexing carbo- 
hydrate derivatives. The indexes use the standard 
International Union of Pure and Applied Chemistry 
nomenclature which is inflexible and not well suited 
for this purpose. It would improve matters to use a 
separate index for sugar derivatives, still more to 
use & shorthand nomenclature for the substituents in 
the hundreds of compounds indexed in each volume. 
The present index seems better than some of its 
predecessors, perhaps because there are fewer sugar 
derivatives to list than usual, but it does not list 
compounds that appear only in the tables. A short- 
hand system might help to repair the omission. . 

To review the articles in this volume would be 
superfluous. They are written for specialists by 
specialists. Few workers outside the carbohydrate 
field will have the time to use this type of publication 
to keep themselves informed of progress. They will, 
however, always resort to the Advances as the 
authority on matters of detail. The fact that a steady 
supply of articles is forthcoming is a tribute to editors 
and authors, for whom the task is exacting. Britain 
has made & major contribution in providing about 
one-third of the 140 or more articles so far published. 
This particular volume maintains the high standard 
of previous volumes, and like its predecessors is as 
essential to every carbohydrate laboratory as the 
equipment. W. J. WHELAN 


SOME NEW HORIZONS IN 
BIOLOGY 


Sexuality and the Genetics of Bacterla 

By Francois Jacob and Elie L. Wollman. Pp. xv+ 
374. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1961.) 80s. 


E is only comparatively recently that bacteria have 
emerged from their role as eccentric and excep- 
tional manifestations of life, of interest mainly for their 
importance in medicine and agriculture, to becomo 
model systems for probing general biological pheno- 
mena at the level of molecular organization and 
behaviour. The present dramatic advances in the 
field of molecular biology stem mainly from the 
convergence of new concepts of genetic structure and 
function as revealed by high-resolution genetic 
analysis of bacteria and their viruses on one hand 
and, on the other, by knowledge of the physico- 
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chemical structure of the genetic material itself. In 
addition, the interactions of bacteria and bacterio- 
phages, which are now understood in great detail, have 
offered a stimulating model for host—virus relation- 
ships in general, while the conjugation system of 
Hecherichia coli (first discovered by Lederberg and 
Tatum) has provided a tool for studying nuclear— 
cytoplasmic interactions which has provoked novel 
and stimulating ideas concerning the nature of cellular 
immunity to virus infection as well as of the regulation 
of protein synthesis. 

Dr. F. Jacob and Dr. E. L. Wollman, of the Pasteur 
Institute, Paris, have made immense and fundamental 
contributions to our knowledge of the genetics of 
bacteria and their viruses. Their work has been 
primarily concerned with two interrelated phenomena 
—the mechanism of conjugation and genetic recom- 
bination in Æ. cols K-12 and the relationship which 
exists between this “bacterium and the temperate 
bacteriophage, 4, which lysogenizes 1t. In a brilliant 
and sustained series of research work over a period of 
eight yeara they have confirmed the unidirectional 
and partial nature of chromosomal transfer in E. cols, 
and have demonstrated the circularity of the chromo- 
some in Ft male and in female bacteria, its linearity 
and oriented transfer in Hfr males, the episomic 
behaviour of the sex factor which confers maleness 
in this organism, how genes on the chromosome may 
be mapped precisely as a function of the time re- 
quired for their transfer, or in absolute molecular 
terms, end how the conjugation system may be used 
ag & precise instrument for genetic mapping over 
both long and intracistronic distances as well as for 
determining functional and dominance relationships. 
Their work on lysogeny has revealed the details of 
the relationship of provirus to the bacterial chromo- 
some and the probable nature of the immunity to 
superinfection which one type of lysogeny confers. 
However, the importance of théir work goes far 
beyond a catalogue of their specific achievements 
in the field of bacterial genetics for, with an imag- 
inative insight amounting to genius, they have 
developed new concepts of cellular behaviour which, 
whether widely applicable or not, have great biological 
significance. Thus the existence of genetic entities, 
called ‘episomes’, which can exist in alternative 
chromosomally attached or cytoplasmic states, can 
undergo recombination with the chromosome, and 
the functional expression of which may vary with 
ther state, presents a possible model for either virus 
evolution or cellular differentiation. Again, the con- 
cept, emerging from provirus studies and developed 
with Dr. J. Monod, of ‘operons’ and ‘regulator genes’ 
as an integral genetic system for the control of 
functionally related synthetic steps not only reveals 
the mechanism of co-ordinated enzyme induction 
and repression but provides an important clue to 
understanding the transcription of genetic informa- 
tion from chromosomal deoxyribonucleic acid to 
‘messenger’ ribonucleic acid. 

This book embodies a full and definitive account of 
the authors’ work, expounded in a clear, logical and 
interesting manner, prefaced by 4 brief historical 
introduction and fully illustrated by plates, figures 
and tables demonstrating general principles as well 
as experimental results. The final chapters, which 
deal with the genetic control of regulation mechan- 
isms, prophage as a bacterial genetic element, and 
episomes, are of wide biological interest but probably 
require some of the detailed knowledge presented 
in the earlier parte of the book for full understanding. 
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The specialist in this field will find the book a mine 
of useful and stimulating information, some of which 
has not, as yet, been published elsewhere. 

W. HAYES 


COMPUTER—OR TABLES? 


Tables of Blackbody Radiation Functions 

By Mark Pivovo , Max R. Nagel, and the Staff 
of the Harvard University Computation Laboratory. 
(Macmillan Monographs in Applied Optics.) Pp. 
xlui+481. (New York and London: The i 
Company, New York, 1961.) 87s. 6d. 


LTHOUGH computers can often with profit re- 
place mathematical tables, they can also be used 
to produce them, free from errors and on a scale 
previously prohibitive. Moreover, in certain fields 
the information sought is inherently very veried, 


. while difficulties of access or cost may also weigh 


against the use of direct computation. The present 
volume has been produced in this way, and for just 
such a field, namely, the overlappmg ground of 
radiometry, photometry and colorimetry. 

Table I gives values of the Planck function, to five 
significant figures, for wave-lengths 200-1,200 my 
(steps 5 mu), for temperatures of 800—40,000° K. 
(intervals 20° K. from 1,800° K. to 3,500° K.). Also 
given are ratios of this function to the value at 560 mz, 
and the fractions of the total radiant power on either 
side of the tabulated wave-length. Table II gives the 
first and third of these quantities, for the range 
1-3-1,000u (78 entries at convenient intervals) for 
temperatures from 20° K. by intervals of 20° K. to 
500° K., by intervals of 50° K. to 1,000° K., and by 
larger but still reasonable intervals to 13,000° K. In 
Table [II the argument is àT (to four or five signifi- 
cant figures) from 0-01 to 9-99 om.°K., and the 
quantities tabulated are the fractional function as in 
Table I, and the ratio of spectral radiance at ìà to 
that at the wave-length of maximum radiance. Tables 
TV and V are on similar lines, but with entries in 
terms of temperature and giving values of total 
blackbody radiation; and in terms of the ratio of 
wave-number to temperature. Table VI, with 
entries in mireds, gives total radiation, maximum 
spectral radiance, and the wave-number at which 
this occurs. Table VII gives luminances and chroma- 
ticity co-ordinates for the blackbody at temperatures 
of 800-40,000° K. The values of the radiation con- 
stants used throughout are c, = 1-1909 x 10-2 W. 
cm." steradian-? and c, = 1-4380 em.°K., but pro- 
visions for changes in these, or in the temperature 
scalo, are given and explained. A special feature is 
the provision of extra, or closely spaced entries, at 
or near temperatures of particular importance such 
as the gold point. i 

The introductory chapters with ‚extensive refer- 
ences, dealing with the radiation laws, atomic con- 
stants, and photometric and colorimetric aspects, 
add greatly to the value of the Tables. One must 
not overlook the much slimmer basic Tables of the 
Fractional Functions for the Planck Radiation Law 
by Czerny and Walther (Springer, 1961), which can 
give much—but not all—the same information 
with the aid of some ancillary calculation; but 
many practical workers will prefer the present volume 
for ite greater convenience and equally realistic 
price. It can safely be recommended. 

J. 8. PRESTON 
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Radio Waves in the lonosphere 
The Mathematical Theory of the Reflection of Radio 
Waves from Stratified Jonised Layers. By Dr. K. G. 
Budden. Pp. xxiv+542. (Cambridge: At the 
University Press, 1961.) 95s. net. 


NTIL recently, practically all our knowledge of 

the ionized regions of the terrestrial upper 

atmosphere was obtained from ground-based radio 

soundings experiments. In such investigations a full 

understanding of the propagation of electromagnetic 
waves 1n an 10n1zed medium 1s clearly essential. 

The basic theory of radio-wave propagation in the 
1lonosphere was originally given by Sir Edward 
Appleton, and in the thirty years since its publication 
the ‘magneto-ionic theory’ has been extensively 
developed to cover all aspects of such propagation. 
Dr. Budden has himself made substantial contribu- 
tions to the mathematical theory of ionospheric radio- 
wave propagation and the publication of this authori- 
tative work is indeed to be welcomed. The book is 
based on a course of lectures given annually at 
Cambridge, and in the preface the author emphasizes 
that the stress throughout is on the understanding of 
the mathematical methods rather than on immediate 
practical problems, and rightly adds that ‘‘the radio 
engineer who really understands the mathematics is 
much better equipped to solve practical problems 
than one who does not”. 

The volume consists of some twenty-three chapters 
and covers the whole subject in great detail. Topics 
discussed, inclide the derivation of the basic equa- 
tions, propagation in isotropic and anisotropic media, 
the properties of the Appleton—Hartree formula, 
reflexion at boundaries of slab and slowly varying 
media, the W.K.B. solutions, vertical and oblique 
incidence propagation, ray tracing, coupled wave- 
equations, full-wave solutions and reciprocity. A 
number of interesting examples, many taken from 
Cambridge Tripos examinations, are included in the 
volume. The volume is well indexed and a selected 
bibliography of nearly three hundred of the more 
important original papers is included. 

Recently, Mr. J. A. Ratcliffe, a former colleague 
of Dr. Budden, published a volume on “The Magneto- 
ionic Theory” which gave the basic physical principles 
of the subject. This more extensive volume covers 
the full mathematical theory and is complementary 
to that of Mr. Ratcliffe. Taken together the two 
volumes form the most complete treatises yet pub- 
lished on radio-wave propagation in an ionized 
medium. W. J. G. BEYNON 


Annual Review of Nuclear Science 

Vol. 10. Edited by Emilio Segré, in association with 
Gerhart Friedlander and Walter E. Meyerhof. 
Pp. vii+ 8617. (Palo Alto, Calif.: Annual Reviews, 
Inc., 1960.) 7 dollars. 


HIS is the tenth volume to appear in this 

admirable series, and the quality of the review 
articles remains very high. Very few of the exciting 
advances of nuclear, high-energy or radiobiological 
physics have been neglected in the ten volumes so far 
issued. In this one, low-energy physics is represented, 
by articles on the neutrino, on heavy-ion interactions 
and on internal conversion. For the high-energy 
physicist there is an article on the large bubble 
chambers and a particularly useful article on the optics 
of high-energy beams. Two reviews are concerned 
with nuclear recoils. One describes how they are now 
used as a tool for analysis of reaction and fission 
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studies. The other shows how organic compounds 
may be labelled via the recoil. Activation, separation 
and chemical attachment can be arranged to occur all 
in one step. There is an interesting approach to the 
theory of energy-levels of light nuclei by Talmi and 
Unna in which a semi-empirical modification of the 
shell model seems to give remarkable agreement with 
experiment. Two papers on cosmic rays, one on air 
showers and the other on results gained during the 
International Geophysical Year, show thst this sub- 
ject is still very much alive, having received a fresh 
impetus from satellite data. A technological applica- 
tion of nuclear physics is reviewed in afi article on 
subsurface prospecting. The application of such 
techniques to oil prospecting has received much 
attention. Finally, the usual reviews of radiobiology 
are this year concerned with two subjects of great 
topical importance. One is the metabolism of radio- 
active emitters which get inside the human body; 
the other is concerned with the long-term effects of 
radiation on the human organism. This latest volume 
of the Annual Reviews will be of great interest to 
most nuclear physicists. E. B. PAUL 


Laënnec : His Life and Times 

By Dr. Roger Kervran. Translated from the French 
by D. C. Abrahams-Curiel. Pp. x+213. (London 
and New York: Pergamon Press, 1960.) 21s. net. 


ARLYLE defined history as “the essence of 

innumerable biographies’. It is, indeed, the 
story of the lives and works of great men and 
women. 

René Théodore Hyacinthe Laennec (1781-1826) 
well deserves to be remembered, and not merely as 
the inventor of the stethoscope (1816) and the author 
of that classic treatise, ‘Traité de lAuscultation 
Médiate” (1819), which described the phenomena 
revealed by the new instrument. Besides being a 
great physician, Laénnec was & poet and patriot who 
rendered valuable service to his native Brittany by 
his studios of its language, literature and folk-lore. 
During his lamentably brief career he accomplished 
much, and he died at the age of forty-five, a victim, 
like his colleagues Bayle and Bichat, of pulmonary 
tuberculosis, the disease he had striven so hard to 
elucidate. 

The life-story of Laënnec has often been told, but 
never with such sympathotic insight as that possessed 
by his fellow-Breton, Dr. Roger Kervran, who has 
allowed his hero to speak for himself so far as possible 
by quoting from many of his letters and other writings. 
It is a picture of the young physician struggling 
against a background of revolutionary wars, family 
troubles, lawsuits and professional jealousy: a sad 
life, and yet, despite its troubles and ite brevity, a 
hfe of great accomplishment. 

Although the scene of his medical work was Paris, 
his thoughts were ever with his beloved Brittany, 
where his memory has been honoured by a fine 
bronze statue in the public square at Quimper. 

The sub-headings in each of the ten chapters of 
the book are mostly single words, such as studies, 
medicine, work, activities, ote, and the reader 
may find them distracting rather than informative. 
A much more serious defect is the absence of an 
index, so essential to every biography. A portrait of 
Laénnec, and an outline map of Brittany, would have 
added to the interest. 

Nevertheless, this new approach to Laennec 
makes it a unique study. Dovanas GUTHRIE 
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SCIENCE AND ETHICS* 


By Dame KATHLEEN LONSDALE, F.R.S. 
Unlversity College, London 


CIENCE is knowledge obtained by observation, 

by experiment and by subsequent deduction. 
Natural science is the investigation of the nature and 
properties of material bodies and of natural phenom- 
ena. Of course, it is perhaps questionable whether 
travelling at more than 4,000 miles per hour into space 
under zero gravity can be regarded as natural or 
not. The object of the scientist is the determination 
of general laws, the deduction of principles from the 
effects that are obsegved. The deduction must, of 
course, be sound. This reminds me of a story I read 
in & newspaper some years ago of a class of school 
children who were asked what they would think 
if they went into a house and found a cobweb in the 
corner. Some of the children said they would think 
that the housewife must be lazy, others, a little more 
charitable, said that the housewife might be ill. 
One little girl said: “F would think that a spider had 
been there”. Hers was the only deduction that could 
be regarded, as sound without further investigation. 
We may test our deductions by experiment. We 
say that the exception proves the rule, and by this 
of course we mean tests the rule. A scientific law 
cannot be broken; if it is, then its formulation must 
be adjusted to take account of the new facts. In 
this, scientific law differs from moral law. The 
commandment “Thou shalt not steal’? does not lose 
its validity by being broken. In fact we know that if 
scientific experiment meets a barrier this is often the 
key to new knowledge. The impossibility of making 
a perpetual motion machine led to the law of con- 
servation of energy. 

We often distinguish pure science and applied 
science. These can be regarded as the roots and the 
fruit of the tree of knowledge. 

Ethics is a system or doctrine of morality. It is that 
part of moral philosophy which deals with human 
duties, their grounds and obligations. It involves a 
oritical examination of standards; of good and evil, 
right and wrong, virtue and vice. It implies not 
merely description, but also evaluation, with some 
fundamental concept such as goodness, duty or 
worth as an expression of moral consciousness. But 
what do we mean by ‘good’ or by ‘a good life’? 
Aristotle would have defined it as the perfect develop- 
ment of man’s self and of his moral and intellectual 
excellence. Epicurus, on the other hand, regarded 
pleasure or the maximum of pleasures as the highest 
good. There is a very important distinction here: 
Does science enable men to perfect their own moral 
excellence or does it serve to increase their happiness 
im terms of pleasure? Whichever we consider we 
still have a further choice. We can think in terms of 
the individual or of the community; the community 
being regarded as mankind or as living, sentient beings 
generally. The first is the egoistic, the second the 
utilitarian point of view. Jeremy Bentham defined 
goodness ın conduct as leading to “the greatest 
happiness for the greatest numbers”, but this had 
actually been done before him as early as 1725. On 
the other hand, J. 8. Mill distinguished between 
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intellectual and social pleasure on one side and sensual 
pleasure on the other. The latter, he said, may be 
the more intense, but 1s of lower quality. This is 
again & value-judgment. 

This utilitarian principle led to fruitful political 
and legal applications; but its philosophical basis is 
not satisfactory and inadequate attempts were made 
on the basis of the theory of evolution to establish 
some ethical criteria such as that of social equill- 
brium; but in his book, Evolution and Ethics (1893), 
Thomas H. Huxley strongly denied that the theory 
of evolution could serve as the ground of an ethical 
theory. One difficulty we meet is that utilitarianism 
is a morality of consequences. Another theory put 
forward was that moral quality belongs primarily to 
motives and not to action or consequences, but who 
is to be the supreme authority, the ultimate judge of 
motives ? Conscience? Reason? Both are condi- 
tioned. Indeed, Kant regarded conscience as 
practical reason. His “categorical imperative” was 
“act according to that maxim alone which thou 
canst at the same time will to be a universal law”. 
Jesus Christ put it more simply “As ye would that 
men should do to you, do ye even so to them”. In 
its positive or negative form this occurs in most 
advanced moral codes. It combines the idea of 
personal morality with the well-being of the com- 
munity. The ultimate standard is a personal one, 
but man is part of society, and the human spirit can 
only fulfil itself in persons who are part of society. 

Politica, law and religion all have-important ethical 
sides. It is agreed that the advance of the study of 
anthropology which leads to more accurate knowledge 
of primitive life and conscience, and studies such as 
Egyptology which tell us more about early but 
advanced civilizations have changed the outlook on 
comparative ethics and hence have influenced our 
ideas on ethics itself. Comparative ethics is the study 
of men’s beliefs about what is good and bad, or right 
and wrong in human life and behaviour at different 
stages in history and in different parts of the world. 
Here we are not concerned with the validity of moral 
beliefs, but with what they have in fact been, in 
order to trace common principles or lines of develop- 
ment. Primitive man recognized certain rules of 
custom: modern international law does the same. It 
may be questioned whether similarities in moral 
codes of different societies, for example, in regard to 
theft or homicide, are due to there having been one 
cradle of civilization, or whether it is true, as Marxist 
theory would have us believe, that moral codes are 
the product of economic conditions. What is 
generally agreed is that tho history of social codes 
shows stages in the evolution of moral consciousness 
in man, an increasing recognition of individual 
responsibility and an extension of the range of 
duty. In a word, there has been a growth of a more 
enlightened moral judgment. The question then 
arises: is there a supreme ethical principle of which 
man is capable of forming some conception and which 
enables him to formulate a rational moral code? 
How far have science and technology contributed to 
this evolution of moral consciousness, if only by setting 
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before man a series of choices of increasing com- 
plexity ? 

Suppose we consider the qualities of the ideal 
scientist. The pure scientist seeks facts and accurate 
deduction from these facts. He must therefore be 
honest, truthful and have an open mind. He must be 

to share his knowledge with others, and since 
truth is not the monopoly of any one person or 
nation, he must have an international outlook. He 
owes a debt to the past, because his own knowledge 
is based on free publication of the results of other 
people, and therefore he should dislike secrecy. He 
ought to be humble, because he knows he does not 
have the whole of truth, partly because truth is not 
the monopoly of the scientist and partly because the 
scientific method includes a realization of the mistakes 
and misinterpretations of past scientists, the elimina- 
tion of successive error in his own results and those of 
other people. For example, at one time the stom 
was simply considered as being the ultimate indivis- 
ible portion of matter, then it was thought of in 
terms of billiard balls, then in terms of minute solar 
systems with the nucleus as the Sun and the electrons 
as the planets. Now we know that the nucleus has a 
structure and we only think of electrons in terms of 
probability and statistics. The scientist must be able 
to reverse his thinking, or to think on an entirely new 
plane. At one time the Sun was supposed to go 
round the Earth; then experiment and observation 
made it clear that the Earth goes round the 8un. At 
one time astronomical orbits were thought of as 
circular; then it was realized they had to be elliptical. 
There have been entirely new theories, such as the 
Theory of Relativity and the Quantum Theory. A 
scientist therefore must keep his mind open, and when 
he finds he is blocked in any direction he must con- 
sider why, even if it means the formulation of a new 
law. The realization, for example, that there is an 
absolute zero of temperature has led to the discovery 
of many extraordinary phenomena in the region of 
very low temperatures. 

At the same time there are limite to the methods 
that he may use. The trials at Nuremberg made it 
clear to everyone that there is some knowledge that 
ought not to be sought, and indeed there is some 
knowledge that may legally not be sought. One 
must not conduct experiments that involve intoler- 
able suffering either to man or beast. A science 
teacher has a legal responsibility towards his students 
and the employees whose work he supervises. He 
must warn them if they are dealing with dangerous 
poisons or with radiation that may harm then, and 
must show them how to avoid injury. The scientist 
can afford to be patient when he is not sure of his 
facts: he can wait until he obtains more. In this 
respect his methods are unlike those of the politician, 
who must often take action without being sure of his 
facts. 

Obedience is not a sdientific virtue, or at least 
unquestioning obedience is not. The scientist must 
question: he is entitled to doubt and he should some- 
times rebel. It is nevertheless questionable whether 
science necessarily flourishes better in a democratic 
régime. So long as there is no dictation about the 
results that he finds, it may even be possible that 
within a planned economy the scientist would have 
better facilities. This is because one of the problems 
of modern science is its complexity; and hence its 
size and the expense involved in its pursuit. For 
example, the Conference on the Peaceful Uses of 
Atomic Energy held at Geneva in 1958 was followed 
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by publication of the Transactions in 27 volumes of 
500-800 pages each. It would be almost impossible 
for any one person to know ali this, and therefore 
there is a tendency for scientists to become special- 
ized. On the other hand, barriers between the 
traditional sciences are breaking down, and we find 
that borderline subjects, such as biophysics, provide 
major growing’ points. Since science is expensive 
there is always the question as to whether public 
money spent in scientific research is being put to the 
best use. Ought we to spond ıt on space research or 
on the development of insecticides and gntibiotics ? 
This 18 an ethical problem as well as a practical one. 
It may be bad also for the scientist that his work is 
so specialized, if it means that his interests become 
narrow and that he tends to wear blinkers. Hoe needs 
to see the all-round effect of his own work. If he is 
working on the chemical composition of insecticides 
then he should, as a matter of civic interest, know 
how their use affects plants, birds, useful insects such 
as bees and so on. How, in a word, they may upset 
the balance of Nature. Because of his knowledge 
he should bear a considerable part of the burden 
of responsibility for the information of others. The 
fact that he does not always do this has resulted in 
an attitude to the scientist to which Margaret Mead 
has directed attention in her survey of young people 
m the United States. Many young people thought 
of the scientist as engaged in a noble pursuit, but as 
being so narrow-minded and so absorbed in his work 
that he was not at all the kind of person who could be 
friendly with others, or whom one would want to marry. 

Is it possible to extrapolate the qualities of the 
ideal scientist to other fields, such as politics, religion 
or community life ? Sometimes it seems as if it might 
be a good thing. The scientist, for example, has to 
calculate his probable error and publish it. It would 
be a refreshing change if statesmen could sometimes 
publicly admit that they had made mistakes and 
tried to correct them, although if a Marxist did this 
one might suspect that he had been brain-washed. 
The scientist has an inherent disrespect for authority 
and has to learn to think for himself, if necessary on & 
new plane, and to-day this is particularly necessary 
in connexion with international morality. 

Perhaps at this stage I might go on to speak a 
little about international morality itself. There are 
certain principles which are generally held to be 
morally binding on States and their Governments. 
Some of these have been expressed in terms of inter- 
national law; other actions, though not unlawful, are 
regarded as unfriendly or discourteous or not morally 
justified. 

The Church has traditionally laid down certam 
principles in regard to the conditions under which a 
just war may be waged, but very little consideration 
seems to have been given recently to the question as 
to whether these conditions are being or could be 
observed in a nuclear war, or whether the conditions 
themselves are sensible ones. In a recent leoture 
Prof. Max Born has pointed out that the concept of 
a just war leads to a maze of confusion and contradic- 
tion which is incomprehensible to any scientifically 
trained mind. It is recognized, for example, that 
invincible ignorance might allow a party that was 
really wrong to think that he was right and this 
would lead to the possibility that Christians could be 
fighting one another, both convinced and therefore 
both justified. Leaving that point for the moment 
we may take note of the fact that the international 
law of reprisal vitiates all other laws regulating 
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warfare. This should be a matter of particular con- 
concern to scientists because basically they have 
developed all the weapons of warfare. 

In his book The Arms Race, Philip Noel-Baker 
points out that the establshed rules of international 
law forbade imduiseriminate sinking of merchant 
vessels by submarines, the use of all incendiary 
weapons and of all bombing from the air. In the 
Second World War the Western allies began by 
observing these established rules, but by 1942 every 
one of them had been swept away because the 
internationgl law of reprisal states that while it may 
be legai to do certain things first, yet if your enemy 
has done them then it is legal to use them in reprisal. 
The result of this is that morality has deteriorated by 
custom. Not even the exponents of lmited non- 
nuclear wars propose to restore these earlier restric- 
tions. We thereforeereach the dilemma that while 
many people would be horrified at the idea of using 
nuclear weapons first, yet they would not be so horri- 
fied at using them in reprisal because international 
law would permit it. On the other hand, this is a 
alippery slope which may lead to the suicide of 
civilization, and thinking on a new plane is therefore 
absolutely necessary. 

There are many problems which it seems almost 
unposstble for international law to tackle: how should 
aggression be defined: in terms of intention or 
behaviour, and if so, what behaviour ? How can one 
deal with mternel dissension, with civil war? How 
can differences between nations be settled without 
war ? What sanctions are possible to control criminal 
behaviour on the part of any one nation if war is 
suicidal ? How can we protect the little man, the 
man-in-the-street whom war, just or unjust, destroys ? 
How can the causes of war: ignorance, greed, pride, 
fear, want and misery be removed? These are all 
ethical as well as practical problems, and science can 
help both directly and indirectly. 

Scientists can lead the way to international co- 
operation by exchanges at all levels, by conferences 
in different disciplines, by co-operation in such 
projects as the International Geophysical Year and 
by the Pugwash Conferences, and can show that we 
all derive great mutual benefit. It is sometimes asked 
whether scientists themselves would make good 
politicians ? Personally I think not. They are not 
used to making snap decisions on insufficient data, 
and they certainly have no more common sense than 
other people. 

But science does have a direct influence on the 
development of ethics. As an example it can be 
shown how the technological extension of transport 
and communication has led to a new idea of what is 
meant by neighbourliness. It has also been shown 
that not only do ideas travel from one country to 
another, but that germs travel, too, and that even 
from this relatively low point of view it pays to help 
our neighbour to be healthy. On the other hand, as 
I have already pointed out, the development and 
subsequent use of weapons of mass destruction has 
led to a loss of ethical sensitivity. The fact therefore 
that nuclear and biological warfare will in the future 
simply mean a mutual suicide pact may, and indeed 
should, lead to a new assessment of the ethics of waging 
war at all. Knowledge about psychology has also 
led to new thinking on the subject of personal and 
community responsibility. Before going on to con- 
sider this in any more detail let us think how a personal 
or a communal code of ethics is formed and then what 
science has done or may do to affect this moral code. 
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The child imitates 1ta parents and other people. 
Its behaviour 1s strongly dictated by custom. We 
do not eat human flesh. Why not ? Iam a vegetarian 
because I will not eat what I would not kil. I am 
sometimes asked why I would not cut the head off a 
chicken but wil) cut the head off a cauliflower ? My 
reply is to ask my questioner why he 18 willing to eat 
lamb but not to eat baby ? Most people find this 
question revolting, but would find it difficult to say 
exactly why. ‘The child is taught that it must not 
bite; why shouldn’t it ? It sees morals in terms of 
black and white. One must not tell lies: one should 
be kind to animals (except, of course, when you eat 
them). The child becomes conditioned, he develops 
& conscience and this conscience is to a certain extent 
guided by reason, but not entirely so. Later on he 
may change his ideas about right and wrong, either 
by reference to consequences or in terms of moral 
principles. It is interesting, for example, to look at 
the history of toleration in the Middle Ages. In the 
book England Under the Stuarts, G. M. Trevelyan 
wrote: “Wiliam Penn was working, consciously and 
enthusiastically, for universal freedom of religion, to 
which all other partaes were being pushed by the 
mere force of events and the needs of the hour. He 
approached Toleration by a different road, both of 
philosophic theory and of political action”. And 
another historian, Seaton, in The Theory of Toleration, 
wrote: “The advocacy of toleration on the part of the 
Quakers sprang... not from the fact that they were 
persecuted, but directly from their religious views... . 
The Quakers held on a priori grounds a belief in 
toleration to which other parties were slowly and 
reluctantly approximating under the force of circum- 
stances”. ; 

It is possible for an ethical principle to dəvelop 
under the force of circumstances. It may, however, 
develop either through intuition or through emotion. 
On the whole men want to be good, so much so that 
if their deeds are evil they will rationalize them in 
such a way that they can argue that they are good. 
We seldom boast, even to ourselves, that we are mean, 
bad-tempered, cruel, spiteful, greedy or selfish. We 
may admit it, with regret or remorse. This yearning 
for goodness is what Quakers call the ‘Inner Light’. 
This desire for goodness, of course, 1s an emotion 
and may be greatly enhanced by an emotional 
experience. In his book Varieties of Religious 
Experience, William James gives a number of examples 
of a sudden change in a man’s ethical code and his 
personal behaviour following on an emotional 
experience. Very often he goes on to influence others, 
his family or the community in which he lives. 

The emotion may be love or fear; but fear, I think, 
is not so strong. Fear of a penalty for law-breaking is 
less likely to make a man behave well than is the 
desire to have someone he loves think well of him. 
Another factor affecting an ethical code is that of 
submission to authority, either the authority of 
Church or of law; and in this case I mean not fear, 
but just the tendency to conform. There is also the 
authority of the natural penalty expressed in terms of 
‘the wages of sin is death’. If we abuse our physical 
bodies they become injured or diseased; if we take 
drugs we become addicts. Science may affect this 
in either of two ways. It may enhance the effect of 
the natural penalty by showing the inevitable connex- 
ion between cause and effect. The scientist may assist 
in the enforcement of law by inventing lie detectors, 
blood tests, finger-print tests or tests for drunken- 
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But on the whole the tendency is rather the other 
way. Science tends to prevent the natural penalty. 
If we over-eat we may be sick; but if we take bicar- 
bonate of soda we may be able to avoid being sick 
in spite of the fact that we over-eat. The scientist 
ténds to think in terms of consequence: pure and 
simple utilitarianism, because his own techniques are 
othically neutral and on the whole his motives are 
good. For example, I have many times spoken on 
the same platform as prominent scientists who have 
argued that the use of the first two atom bombs was 
justified because the war was shortened thereby (this 
18 & political argument also). They argue in fact that 
the end justified the means. This is an argument 
frequently used by Marxists as a philosophical theory 
on which political action may be based. But there 
are many moral philosophers and others who would 
maintain that apparently good results never were 
and never are an adequate basis of moral obligation. 
A. particular action may be of great benefit to man- 
kind and yet be wrong. Ought we to assassmate a 
dictator ; or steal from the rich in order to re-distribute 
to the poor ? Ought those who have done so to be 
regarded as heroes or criminals? One diffloulty, of 
course, is that in a rapidly changing world conse- 
quences cannot in any event be assessed. In a 
highly armed world an error may be fatal. But this 
is an empirical argument; and the moral argument 
18 that the end does not justify the means, if the 
means are wrong. It is a fact of Nature, of course, 
that means condition ends. 

Now consider how some scientific discoveries, both 
both pure and applied, have had a big influence on 
ethics. First of all let us consider theoretical discoveries, 
and here I shall only take one or two examples. 

The Theory of Determiniam, only recently aban- 
doned, greatly affected philosophy. The theory said 
that if we could know the present position and speed 
of every particle of matter and could calculate faet 
enough, we could predict the future for any length of 
time. In order to do this, however, we would have to 
know them with infinite accuracy, and this is vastly 
beyond human capacity, and therefore quite unrealis- 
tic. In @ lecture given in 1959, Max Born said: 
“This is one of those violations of mite to which 
the human spirit is prone and which usually lead to 
disaster”. Determinism is fiction; but for a time an 
exaggerated faith in the aciontific method spread 
itself to history, sociology and economics, and it was 
supposed that one day it might be possible to predict 
all these in advance and thus to dispose of any idea 
of free-will. 

More recently Heisenberg’s Uncertainty Principle 
has provided another contradiction of the Theory of 
Determinism. This principle states, for example, 
that it is impossible to measure position and momen- 
tum accurately at the same time, because by attempt- 
ing to measure one we disturb the other. Such pairs 
of quantities are ‘complementary’, and it may be 
argued that this is trne also in the philosophical feld. 
If we read the New Testament with this in mind, it 
will be found that many of the paradoxes there are 
highly illuminated by the idea of complementarity. 

Secondly, we are beginning to learn something of 
the physical and chemical actions that go on in the 
body and of their reaction on reason and on behaviour. 
We know, for example, that the operation of frontal 
leucotomy can completely alter a man’s character. 
This has led to the idea that living beings may be 
nothing more than automata, and that all intellectual 
and emotional powers mey ultimately be explained 
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in terms of the physics and chemistry of the nervous 
system; but if everything is scientifically explained 
and no mystery is left, can there be any supreme 
ethical principle towards which man is striving ? 
This is @ fallacy of the same kind. It assumes that 
we can ultimately find out everything about ourselves 
by experiment and reasoning; but Niels Bohr believes 
that any attempt to investigate the physico-chemical 
reactions in the brain of a living organism would so 
disturb the psychic event under observation as to 
make the goal unobtainable. In other words, there 
are two aspects of any kind of behaviour, qne physical, 
the other moral. These are complementary and not 
reducible to one another or explicable wholly in 
terms of one another. Physics bases its authority 
on empiricism, that is, on correspondence with 
experience; but although crystallographic studios 
may give the structure of deoxyribonucleic acid, the 
substance which controls inherited qualities, this by 
itself does not explain consciousness or personality. 
Any scientist who has ever been in love knows that 
he may understand everything about sex hormones, 
but the actual experience is something quite different. 

I do believe, however, that if we knew more about 
the chemistry of the brain and the emotions we might 
be able to help people better. For example, I once 
knew a girl of about eighteen who was normally of a 
very sweet and docile disposition, but just occasion- 
ally she lost her temper, as we all do. Now most of 
us have certain inhibitions and controls. We might 
want to hit out at people, but we do not. At the 
same time we are able in times of emergency to put 
out enormous amounts of strength or endurance; 
for example, if we were in danger of drowning, we 
could probably swim much farther than would 
normally be possible for us. This girl when she lost 
her temper also lost her inhibitions and then was able 
to exercise an astonishing strength. She could take 
up a heavy table by one hand and swing ıt round and 
do a terrible amount of damage. When she came to 
herself she was very sorry and simply did not know 
what had come over her. Presumably we do, in 
exercising control, take advantage of some chemical 
inhibitant in which she was lacking, and it might 
well be that if we had more knowledge we would be 
able to prevent what otherwise seem lke crimimal 
outbreaks. This does not mean, however, that all 
sense of responsibility depends on chemistry. It 
does mean that we are each responsible in a different 
degree according to our circumstances. 

This brings me, of course, to the question of the 
responsibility of the scientist. Here I think we must 
consider the pure scientist and the applied scientist 
separately. The pure scientist is seeking fundamental 
knowledge; he publishes it and he may paas it on to 
his students. In general that knowledge may be 
used. for good or for evil purposes. There is no 
knowledge that I know of that can only be used 
exclusively for one or the other. As a citizen it is 
his duty to see that so far as he can manage it know- 
ledge is put to right use. As a teacher of science he is 
in the position of a teacher of languages or of mathe- 
matics. When a child is taught to speak he may use 
language as & good tool or as a bad one. Mathe- 
matics can be used for honest accounting or as a 
means of cheating the public. Citizens, in general, 
have responsibility according to their knowledge, 
their training and their skill. The scientist is dealng 
with matters which are potentially very dangerous 
but which, at the same time, have enormous possibili- 
ties for good; and he does have a duty towards the 
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general public and towards the statesmen and politi- 
cians to make sure that they are well informed. 

The applied scientist comes in rather a different 
category. He is actually taking fundsmental 
knowledge and putting it to use, and he can choose 
to what use he does put it. It may sometimes be 
that the work he does is in isolation quite harmless, 
but he must judge whether or not ıt is good by the 
end-product of the work as a whole. He is like a man 
who sells rope. Rope can make a perfectly good 
clothes line, it can also be used to hang a man; but 
if a shopkeeper sells a man a length of rope, knowing 
full well tht he wants ıt to hang his wife with, that 
shopkeeper is an accessory before the fact and equally 
guilty of murder, even though selling rope is in itself 
& harmless occupation. Nowadays when scientiste 
work in teams and each one may only have a small 
part of the work to qo, it is vitally important that a 
scientist should know what is the aim of the work as 
a whole. 

There is, of course, a real tendency on the part of 
the public, because of a feeling of helplessness and 
insecurity, to blame other people for the state of the 
world: the politician, who often seems to make 
decisions without consulting anybody, the Church 
that ought to be giving a lead, the military man who 
has to carry out the job of warfare, or the scientist 
who provides the tools. I believe that there is a very 
strong measure of responsibility to be borne by the 
scientist, but the man-in-the-street cannot evade the 
whole of the responsibility. Many scientists believe 
that because they are part of a democratic system 
they ought not to refuse to do what the Government, 
and presumably the majority of other fellow-c:tizens, 
require of them. I do not take this point of view. I 
believe that each of us should look very carefully at 
the ethical basis of our actions and also of their possible 
consequences and not pass on the responsibility 
to other people, even in a democratic system. More- 
over, the true basis of democracy is the willingness 
to consider the point of view of a minority. It is 
government by discussion and not government by 
majority rule. But at the same time the man-in-the- 
street should be able to exercise a responsible choice 
and he cannot do this unless he really understands 
the alternatives before him, and education is therefore 
a very big part of the scientist’s job in a democratic 
country. 

If we define good as the well-being of the com- 
munity, then the question must be asked as to whether 
it is most helped or hindered by modern scientific 
development ? The primary needs of man are food, 
shelter and companionship. Most people would 
add security, although a mmority prefer adventure. 
We may consider the effect of modern science on 
supplies of food, on world population, on the health of 
mankind and in relation to war. As a background to 
our discussion we should remember that there are 
some nineteen countries that could be described as 
rich, inhabited by one-sixth of the world population 
and having two-thirds of its income, whereas the 
fifteen poorest countries hold one-half of the world 
population and only have one-eleventh of its income. 
Looking back on the history, for example, of Great 
Britain, it is clear to see that the application of 
science can greatly improve conditions. <A little 
more than & hundred years ago only one boy out of 
three lived to be sixteen years of age and two-thirds 
of the population of Britain lived almost entirely on 
bread, potatoes and offal. A very large proportion of 
children suffered from rickets, due to under or incor- 
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rect nourishment, and diseases such as typhus and 
smallpox were prevalent because of bad public health 
conditions. All this has been changed. The question 
is whether it can be changed all over the world. It 
was possible in Britain to improve living conditions 
in spite of a rapidly increasing population because 
we were able to export manufactured goods and to 
draw on the raw materials of a great many of her 
Colonies. The problem now is that the whole of the 
world population is increasing rapidly because 
scientific discovéry has prevented infant mortality 
and increased life oxpectation so that the survival- 
rate is rapidly in I A. few years ago Prof. 
P. M. 8. Blackett warned the British Association 
that the application of scientific knowledge may only 
have the result of widening the gap between the 
richer and the poorer countries. He ed that 
the technically under-developed countries cannot be 
expected to pull themselves up by their boot- 
strings but needed what might be called an assisted 
take-off, that is, that scientific and technological 
help alone is not enough, they must have financial 
help also. But this point of view was strongly 
debated by others who felt that financial help led 
only to pauperization or the bolstering up of feudalis- 
tic systems, and what was far more effective was 
devoted personal service. 

I visited China a few years ago and saw the efforts 
bemg made there to improve living conditions by the 
application of technology, and I could not help 
wondering whether in face of the enormous problem 
that they have, democratic methods would have done 
any better. I am still doubtful about this. I am 
sure, however, that the scientific development of 
nuclear weapons and other methods of mass destruc- 
tion and the spread of this kind of knowledge from 
one country to another has led to fear and insecurity 
all over the world, and on the other hand I have also 
seen that the psychological effect of luxury may be 
discontent and that it does not necessarily follow 
that those who have the most are the happiest. The 
amount of food available in the world is sufficient 
for the present population and will certainly be in- 
sufficient for the population fifty years hence, unless it 
is greatly increased; but there are many ways in which 
science could help to increase it, and the problem is 
rather one of distribution than of production. Look- 
ing back on the past, it is also possible to see that 
some new scientific discovery may revolutionize 
the world situation. There are vast stretches of 
sand, for example, which might be made less porous 
and fertile. It might be possible to remove the salt 
from sea-water more easily than can be done at 
present and to use it for irrigation. Some new use for a 
raw material, or a new technique could lead to 
healthier crops and higher yields, and if we were. 
willing to put as much effort into this kind of scientific 
research as we do into the study and manufacture of 
weapons of destruction, the outlook for the twenty- 
first century would be a very much happier one. 

Finally, I wish to refer to what Dr. Warren Weaver 
has called statistical morality. One might almost 
say that this is a new branch of ethica which has been 
introduced by modern scientific discoveries. This 
kind of morality comes into play when ethical 
decisions affect not one person or just a few people 
but many; but which people are affected is not 
known. For example, we know that in war-time 
large numbers of people will be killed and many more 
will be rendered homeless or become displaced 
persons. There will be millions who are refugees or 


214 


who are blinded or orippled. In a nuclear war the 
genetic effects would have consequences on future 
generations of both combatants and neutrals. If 
we had to kill these people personally or to blind them 
one by one, to throw old people and babies out of 
their homes, we could not do it. It might be possible, 
in the excitement of battle, to do it to a few, but not 
to millions. The question then arises is a moral 
problem dependent on numbers, or is it not? Is it 
worse to kill a million, a thousand or a hundred than 
to kill one; and what if it is done impersonally by 
pressing a button? Is it then less culpable? This 
kind of problem applies in many fields. It is agreed 
that there has been and will be fall-out from atomic 
bomb teste. This test fall-out has increased the 
probability of serious genetic risk by about one in 
five thousand. Previously there was an unavoidable 
risk due to natural radioactivity and other causes 
that a certain small proportion of the people would 
have serious defects at birth. Dr. Weaver has 
suggested that the tests already carried out will 
involve an extra 6,000 babies in the first generation 
having serious genetic defects, and there will be 
about nine times this number in the succeeding 
generations even if there are no more tests; but the 
whole world population is now spproaching 3,000 
million and this means that one in 500,000 will have 
been affected by test fall-out, and we do not know 
which one. Whether you call this negligible, as many 
of our politicians do, or whether you feel that even 
this small increase should have been avoided depends 
on some kind of assessment of the ethical, scientific 
and political value of the teste themselves. 

But this kmd of consideration applies not only in 
connexion with war. Consider death on the roads. 
Statistically we know that each year a certain number 
of people will be killed or disabled in road accidents. 
We ourselves may not be involved m any such 
accident, and yet we cannot help sharing the respons- 
ibility if, because of our passion for fast transport, we 
crowd our roads with lethal instruments. Again we 
have to make some kind of judgment, even if it is 
an almost unconscious judgment, as to whether it is 
worth while. Another example may be given in 
connexion with the statistics relating to cigarette 
smoking and lung cancer. Many years ago Sir 
Edward Mellanby told me that from the scientific 
point of view the connexion was undoubtedly proved. 
People take the risk because it is a statistical risk and 
not inevitable, yet it is inevitable statistically. There 
are many unpleasant or disastrous consequences of 
modern technology that could be prevented. Most 
of us have been saddened by seeing the contamination 
of beautiful little streams in the country brought 
about by the discharge of detergents. We legislate 
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against the adulteration of the air; it does seem as if 
legislation were called for against contamination of 
water also. We are always horrified to hear about 
accidents in coal mines because we know that these 
ought to be preventable and they generally are 
prevented. As citizens we ought to be vigilant to see 
that the applications of science which ease our own 
conditions of life do not lead to unnecessary danger 
for other people. ‘That is one reason why I was very 
much disturbed after the War at the secrecy sur- 
rounding the whole question of the use of uranium. 
Uranium has to be mined, and there is a danger to the 
miners from radiation. Uranium is used fot only for 
making atomic weapons, but also for making electric- 
ity which comes to us over the National Grid. We 
should be able to make sure that the conditions in 
uranium mines are as free from danger as possible. 
Shortly after the War a confergnce was held at the 
Royal Institution on radiation risks; and for a paper 
that I was giving at that conference I tried to get 
information about the measures being taken in 
uranium mines to safeguard the health of the miners. 
It was quite impossible to get such information, 
either from sources in Britain or from abroad. All 
I could find were some papers published before the 
War which showed that the incidence of lung cancer 
was very much higher among uranium miners than 
elsewhere. I was glad, therefore, to find that at the 
second, International Conference on Atomic Energy 
there were papers of this subject, and I was in fact 
told that my earlier inquiries had stimulated action 
in this field. 

The Government, through its various ministries 
and departments, allocates public money to education 
in. science and the humanities. Can we say from an 
ethical point of view which is the right proportion ? 
How much should we give for space , Toa 
research, research in biological fields, medical 
research or national theatres ? In fact, huge sums 
are allocated to gigantic projects, not because they 
minister to human needs, but for the sake of national 
prestige or for military purposes; and inevitably some 
of the best men are attracted to this work; so that 
not only financial resources, but also skill and 
enthusiasm are drained away from biological and 
nutritional and other kinds of research required. to feed 
the hungry, not only now but also in the near and 
far more demanding future. Statistically we know 
that millions of people will starve if we do not find 
ways of feeding them. These are ethical demands: 
that we should feed the hungry and clothe the naked 
and care for the sick. “Ifa brother or sister be naked 
and destitute of daily food, and one of you say unto 
them ‘Go in peace, be ye clothed and fed’, but givethem 
not those things that are needful, what does it profit ? 


DOWNS OF SOUTHERN ENGLAND 


By Er. A. S. THOMAS 


N a study of changes in vegetation, about ten 

thousand point-quedrats have been repeated for 
the past eight years at fixed places along transecte 
over the chalk in southern England. As might be 
expected, there was an increase in the palatable 
grasses and legumes when the rabbits died from 
myxomatosis and a reduction in them when the 
rabbits returned. But it is remarkable how differ- 
ences have persisted in the plants at spots close 


together and how many plant associations seem to 
be distinct entities, not just seral stages of each 
other, even though all may develop towards a forest 
clhmax. 

This stability of vegetation has been pointed out 
by Salisbury, and he su thet many factors 
might be concerned in the, problem of calcicoly. 
Other botanists have suggested that soil differences 
must be reflected in the plant-cover over the chalk. 
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Hope Simpson! compared the flora of chalk with 
that of Lower Greensand: “The available data do not 
make it possible to consider the very hypothetical 
class of ‘physically determined calcicolea’.’’. 

Lousley® stated: “The purity of the Upper Chalk 
(often 98 per cent or more) is exceptional; most 
limestones are far less pure. It is obvious that these 
differences may be reflected in their floras, and 
although little scientific work has so far been done 
on this subject, it is one which deserves attention’. 
Bates? pointed out that the broad-leaved sorrel 
(Rumex acetosa), abundant in some chalk grasslands, 
is & most liable indicator of phosphate deficiency. 

Perring* stated : ‘‘Chajk is not an absolutely uniform 
parent material and phosphate-rich samples are 
known to occur. It is possible that the difference 
bétween exchangeable values in Cambridge and 
Rouen is related to differences in the parent material. 
The importance of this effect could only be determ- 
ined by experbnent’’. Perring showed that there 
were differences in the pH values and in the content 
of potasium and phosphate; and he attributed these 
differences largely to climate. 

The monumental works of Jukes-Brown® have 
shown how great are the differences between the 
_zones of the chalk and between fascies of the zones. 

He said of the Lower Chalk: “Over the greater part 
of England its basement bed is a sandy glauconitic 
marl, often containing phosphatic nodules. . . . The 
beds of the Lower Chalk vary considerably in chemi- 
cal composition ... the more marly beds usually 
contan from 66% to 88% of carbonate of lime”. 
Glauconite and phosphatic nodules are especially 
abundant in or near the hard layer of Totternhoe 
stone in the Lower Chalk. 

By contrast: “Analyses of Middle Chalk do not 
bring out such variety of chemical composition”; 
even in the hard Melbourn Rock at the base of the 
Middle Chalk: “Glauconite is rare and generally 
absent altogether”, but there are slightly phosphatic 
nodules. Glauconite and phosphatic nodules occur 
in the hard Chalk Rock at the base of the Upper 
Chalk; but many analyses of the white chalk above, 
from many different localities and horizons, ‘‘show 
it to be a remarkably pure calcareous deposit 
varying little in composition and almost always 
containing from 974 to 99 per cent of calcium 
carbonate” 

As glauconite is rich in potassium and the copro- 
lites are rich in phosphates, zones of chalk in which 
they are present might give rise to soils much more 
fertile than. those derived from zones where the chalk 
contains little but calcium carbonate and silica. The 
differences between the conditions under which the 
chalk was built up—the depth of the sea, the strength 
of the currents and the distance from a land surface— 
might have a greater influence on the overlying soils 
than will have the relatively small differences in 
olimate under which it is now being weathered 
down. 

Human influence, as well as the rock and the 
climate, has determined the character of the soils 
over the obalk. Ecologists have tended to consider 
the effect of grazing on the downs of southern 
England and to overlook the fact that most of them 
have been under cultivation for long periods during 
the past four thousand years. The formation of chalk 
heaths cannot be attributed entirely to leaching, 
for the relict patches of chalk heath now remaining 
are to be found, not on the causewayed camps and 
long barrows which have been undisturbed for about 
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four thousand years since Neolithic times, but on 
the banks of Iron Age fields which have been aban- 
doned for less than two thousand years". 

Records of transects down the Pewsey Vale escarp- 
ment showed that there were great differences between 
the plants on different parts of the slopes and that 
there were great differences between the plants on 
slopes close together, on the same strate of chalk, and 
having the same aspect; such differences must have 
been due to human interference’. 

Conservationists have talked and written much 
about the ways in which men have degraded soils 
through cultivation and erosion, but have made 
little reference to the ways in which souls have been 
built up by cultivation and manuring, both by the 
use of fertilizers in advanced systems and by the 
concentration of plant nutrients around the settle- 
ments of ‘primitive’ peoples. Yet this concentra- 
tion has had a profound influence on sous and vegete- 
tion in many parts of the world; for example, Chloro- 
phora excelsa, a very important timber tree in tropical 
Africas, in some places is confined to the sites of exist- 
ing or past settlements’; and in many parts of Africa 
the soil of the low hills where people have lived and 
farmed for centuries is richer than that of the 
swampy uninhabited valleys’. 

The valleys of southern England were very swampy, 
and the settlements were concentrated on the hills in 
Neolithic, Bronze Age and even into Iron Age times. 
The steepness of some slopes which were ploughed 
shows how much pressure there was on the land, and 
there must have been some system of fertilizing to 
secure reasonable crops from thin soils over the 
Upper Chalk. There still persist many ‘blackpatches’ 
and ‘blacklands’ with dark soils near the sites of 
former settlements on the downs, just as the dark 
soils show former village sites on some sands in the 
Netherlands. 

Although few soils on the downs seem to be derived 
from the chalk alone, but are formed partly from 
Eocene deposits or from accretions of wind-borne 
roaterials’*, yet those on the Upper Chalk tend to be 
deficient in phosphate and in potassium; furthermore, 
the concentration of calcium may lead to deficiencies 
of elements such as iron which are necessary to plant 
growth: and the inherent poverty of the soils has 
been intensified through the traditional system, 
extending over hundreds of years, in which the 
flocks were herded on the downs by day and folded 
on the arable land by night. 

Thin soil over the chalk was worth little thirty years 
ago; ita value has increased many times since the 
advent of mechanized farming, of combine drills 
and combine harvesters. On the Lullington Nature 
Reserve there is an example of the effect of compound 
fertilizer on the chalk for, about five years ago, a 
httle was spilt from a farm vehicle on to a bare chalk 
track ; there is still a green patch, with many legumin- 
ous plants, and there is a still strip where the 
fertilizer was washed down the side of the track. 

Although many downs have reverted to arable 
cultivation during recent years, there still persist 
large stretches which have been undisturbed for a 
long time. Some of them are very dull botanioally, 
being dominated by coarse grasses such as upright 
broom, Bromus erectus, and containing few of the 
orchids and other interesting plants which grow 
on the chalk. In the routine recording of fifty point- 
quadrats for each 100 ft., sometimes only about ten 
species of flowering plants are encountered; in other 
places there are about twenty species; and occasion- 
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ally, as on the earthworks of Hod Hill in Dorset, 
thirty or forty species of flowering plants may be 
touched by fifty point-quadrats, placed at measured 
intervals. 

It is in places where there is a variety of plant 
species that there are mostly found the orchids and 
other plants regarded as characteristic of the downs; 
and it ıs remarkable that, where any one species of 
orchid is abundant, other orahids are likely to be 
found. The very numerous and very small seeds of 
orchids must be widely distributed by wind, but the 
seedlings can survive only when they soon make 
contact with a symbiotic fungus. So it may well be 
that the restricted distributions of orchids reflect 
the soil preferences of the fungi. 

Furthermore, other flowering plants tend to be 
abundant in the same places; the cowslip, Primula 
veris, is such a plant, and, when it is in flower, it 
often serves as a guide to places where orchids are 
growing. Other species which often grow near 
orchids are the horse shoe vetch (Hippocrepts comosa), 
the clustered bellflower (Campanula glomerata) and 
the field fleawort (Senecio tntegrifoltus). These 
plants, like the orchids, are absent from large stretches 
of downland, but where they occur they often are 
locally abundant. 

It is also remarkable that many places where these 
interesting plants are to be found show evidence of 
much human interference. The earthworks of Iron 
Age camps, the sides of ancient trackways ascending 
spurs to the summits of the downs, and the floors of 
chalkpits often have special botanical interest. All 
of them tend to be associated with hard layers of 
chalk, with Chalk Rock or with Melbourn Rock. 
In case after case the Iron Age camps are on spurs 
where the bed Of Chalk Rock has resisted erosion, 
and the earthworks were largely built out of this 
rock; in case after case, the slopes on the Middle 
Chalk below the camps are of much less botanical 
interest than the ramparts above, or than the out- 
crops of Melbourn Rock near the base of the slopes. 

Similarly, many of the ancient trackways, and the 
modern roads which have developed from them, are 
lying along outorops of hard layers of chalk: and 
many chalk pits are situated along the outcrops of 
Chalk Rock and Melbourn Rock, for many of them 
were dug to get hard chalk for building, as shown 
by the name of ‘clunch pits’ on some maps; both on 
chalk and on limestone, many places which have been 
pitted for building material are of special botanical 
interest. Even some pits which have been much 
enlarged by quarrying soft chalk for the fields seem 
to have been. started as a source of building material 
and are botanically rich. 

Two facts indicate that it is the quality of the chalk, 
rather than the human interference, which is respon- 
sible for the botanical richness. First, those earth- 
works such as the ‘cross-ridge dykes’ of the Bronze 
and Iron Ages and the linear earthworks of Saxon 
times, which have been made out of the Upper or 
Middle Chalk, seldom have special botanical interest. 
Secondly, many interesting plants are to be found on 
outcrops of Chalk Rock and Melbourn Rock in 
places where there has been httle disturbance. 

The outerop of Chalk Rock on the escarpment of 
the South Downs is seen near the hoads of some gullies 
and nesr the tops of some projecting spurs; these 
places, and also some of the lower spurs on the 
Melbourn Rock, often are botanically rich. The 
botanical interest might be attributed to the fact 
that steep slopes are not liable to disturbance by 
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ploughing; but it is probable that even steep chalk 
slopes were cultivated with hoes’. Furthermore, 
cowslips and some orchids, especially the bee orchid 
(Ophrys apifera), sometimes reappear in abundance 
on land over the Chalk Rock or the Melbourn 
Rock, only a few years after it has been re-sown 
pasture. . 

One of the most beautiful British wild flowers, the 
pasque flower (Anemone pulsaisila), grows in a few 
places on the chalk of southern England. It is 
significant that where the plant is locally abundant 
in Berkshire, Bedfordshire and Hertfordshire, it is 
growing on knolis topped with Chalk Roolf or another 
hard chalk zone; it may be that there is some founda- 
tion for the belief that the plant grows only where 
Danish blood was shed, as was the case on the Berk- 
shire site, but it is more likely that some physical or 
chemical factor is involved. 

Evidence that drainage is not a crucial factor is 
given by the local abundance of orchids on some 
outcrops of Chalk Rock near the bottoms of valleys 
in the South Downs and the Chilterns. There is 
great abundance of orchids on and near the Ohalk 
Rock in Bix Bottom, near Henley, and there is much 
spurge laurel (Daphne laureola) in the same stretch 
of woodland; this amall shrub is absent from most 
woodlands on the South Downs, but ıt is abundant 
on the outcrop of Chalk Rook near the exposed summit 
of Beddingham Hill near Lewes. 

When Tansley and Adamson! made their survey of 
the Sussex downs, they recorded several woody species 
on Beddingham Hill, but no Daphne laureola; so the 
plant must then have been absent, or present in small 
amount. Nineteen samples of sous over the chalk 
were taken during that survey and varied in colour 
from pale grey to dark brown, in reaction from 
pH 6-5 to pH 7-9. 

Twenty-four samples of surface soil over the chalk 
in the south of England, taken m 1960, and analysed 
by Mr. 8. E. Allen of the Nature Conservancy, showed 
@ greater range of reaction from pH 5-0 (on chalk 
heath) to pH 8-9. Mr. Allen also analysed the soils 
for the total amounts of potassium, calcium, mag- 
nesium, iron, manganese, nickel, copper, zinc, sodium, 
phosphorus, nitrogen and sulphur; and for the extract- 
able amounts of boron, potassium, calcium, mag- 
nesium, phosphorus, cobalt and molybdenum. 

Even when samples had been taken only about 
1 ft. apart, they showed great differences in 
reaction and in their content of major and minor 
elements. The soil on which a plant of Calluna 
vulgaris was growing at Old Winchester Hill was quite 
different from that of nearby grassland. Ant-hills 
on the plateau and in the valley at Kingley Vale had 
soils quite different from those around them. 

Eight of the samples were from places where orchids 
were locally abundant and were taken close to the 
orchid roots; for in Britain, as in Australia1*, there 
may be great variability in pH within apparently 
uniform areas of one soil type. It was hoped that 
this procedure might throw some light on the special 
qualities of the soils where the orchids were growing. 
Seven of the samples from the patches of orchids had 
very alkaline reactions, with pH. more than 8; and 
one from & brow on tho chalk heath of the Lullington 
Reserve had & reaction pH 7:6, and that was much 
higher than that of nearby heath where no orchids 
were growing. 

As might be expocted from their alkaline reaction, 
all the samples from orchid areas were rich in total 
and in extractable calcium, which was the out- 
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standing feature of their chemical analysis. Most of 
the samples were associated with hard layers of 
chalk, of Chalk Rook or Melbourn Rock, and it was 
thought that they might on that account be richer 
than the average in potassium or phosphorus; on 
the whole, they were poorer than the average. It 
had seemed possible that there might be some 
difference between the orchid soils and non-orchid 
soils in relation to the trace elements, but in reality 
their content of most of these elements was less than 
the average; in the case of iron, manganese and cobalt 
it was much less. 

“Molybdenum, alone of the trace elements, becomes 
more available in soil with increasing pH”. Can 
that be ae limiting factor, for all the soils contained 
less than 0-05 p.p.m. of molybdenum, which seems 
essential to the growth of il, while calcium may 
oot be essential? Iseit possible that the availability 
of molybdenum is the reason why some plants, which 
grow on & range of soils in Europe, are confined to 
calcareous soils in Britain ? 

It is manifestly impossible to draw any definite 
conclusions from & small number of samples. But 
these analyses indicate: (1) that there may be great 
differences between soils over the chalk, in reaction 
and in composition, even when they are close together 
on the same slope; (2) that the soils on which the 
most interesting calcicole plants are to be found all 
tend to be markedly alkaline, with a high content of 
calcium, and are often on. the outcrops of hard layers 
of chalk, especially the Chalk Rock and the Melbourn 
Rosk. 
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Whatever may be the factors controlling the growth 
of caloicole plants, there is no doubt that a geological 
map may be a great help in the search for orchids and 
other interesting plants on the downs, for there is 
much more chance of finding the plants on the narrow 
bands of hard chalk than on the wide stretches of 
soft chalk. A thorough examination of the subject 
is needed for, in a crowded country such as Britain, 
it may not suffice to” protect the spots where rare 
plants are growing; measures to encourage the spread 
of these plants may be necessary to ensure their 
survival. 

Grateful acknowledgment is made of help from 
Mr. 8. E. Allon of the Nature Conservancy Research 
Station, Merlewood, Grange-over-Sands, Lanos., who 
carried out the soil analyses. 
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BIOLOGY OF CARDIO-VASCULAR DISEASE 


HE announcement in November 1960 of the 
foundation of the Nuffield Institute of Compara- 
tive Medicine represented a landmark in biological 
and medical history. It is often said that medical 
research has suffered because the approach to it has 
been on a front that is too narrow, and that too little 
attempt has been made to apply the teachings of 
kindred sciences, such as zoology, which have a wider 
outlook. Our knowledge of the fundamental biologi- 
cal processes of living things and of the ways in which 
these may vary from the normal 1s based largely on 
studies of restricted groups of animals some of which, 
such as rodents, are highly specialized. Little attempt 
has been made to elucidate the ways ın which these 
processes differ between species or how these differ- 
ences have arisen during evolutionary time. 
Instances of & comparative approach to medical 
problems are all too scanty. At the Zoological 
Society of London a number of prominent scientists 
have been engaged for many years on comparative 
studies, some account of which has been given by 
Fiennes!. Most of this work has, however, been 
anatomical and has thus contributed little to an 
understanding of comparative physiology, pathology 
or medicine. Nevertheless, Sir Jobn Bland Sutton’s 
Evolidion and Disease’, published in 1890, contains 
much fascinating and stimulating material and 
represents an early attempt to apply observations 
on comparative pathology to general medical prob- 
lems. In the United States the late Charles B. Penrose 
founded the Penrose Institute of Comparative 
Pathology at Philadelphia in 1901, and since then 
comparative atudies have been made there of material 


largely obtamed from the Zoological Gardens at 
Philadelphia. Much excellent work has come from 
that Institute, associated particularly with the names 
of Fox and Ratcliffe. Fox’s Diseases of Captive Wild 
Animals’ and his chapter on arteriosclerosis in wild 
animals in Cowdrey’s Artertosclerosiss represent 
significant contributions to medical knowledge. Even 
at Philadelphia, however, little attempt has been 
meade to evaluate evidence or to direct research in 
such a way as to establish medical science on a 
unified biologica) basis. 

Widespread interest was roused when Sir Julian 
Huxley attempted a biological survey of the cancer 
problem. Huxley’s review, published under the title 
of Cancer Biology: 1, Comparative and Genetic; 2, 
Viral and Epigenetic, and his subsequent book’ 
provide a refreshing new approach to an old problem 
and demonstrate the kind of contribution which . 
can be made by a biologist to medical problems. 
In recent years an increasing number of medical 
workers has sought assistance and specialized 
matorial from zoological collections. These workers 
have mostly been interested in the specific study of 
certain organs and systems. In this respect the 
trend—though healthy—falls short of what is desir- 
able, and many people will agree that a greater 
contribution could be made to specific medical 
problems if it were possible to extend these investiga- 
tions comprehensively to include the evolution and 
variation of biological systems in different species 
both in health and sickness. 

The Nuffield Institute of Comparative Medicine was 
founded with the particular object of studying medical 
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pro roblems in this way. At the present time, when its 
boratories are still ‘on the drawing board’, it is 
impossible to forecast how its programme will develop 
or in what ways contributions may be made to general 
medical knowledge. Broadly speaking, it would 
appear that the greatest attention should be paid to 
the basic study of biological systems, including genetic 
constitution, enzyme systems, endocrine functions, 
the metabolism of pigments and other compounds 
in which there is a wide variation from species to 
species, and the relationship of living things to poten- 
tial pathogens (latent viruses in particular), Ona 
more narrow front, idiosyncrasies shown by different 
groups of animals might repay investigation; such 
might be the susceptibility of New World monkeys to 
osteodystrophic diseases, of foxes to thyroid car- 
cinoma, of certain groups of animals to ‘stress’ and 
‘shock’ conditions, and special physiological attributes 
such as that of certain Felidae to excrete fat in 
the urine, and of desert-living rodents to retain 


water. 

The Nuffield Institute Committee has decided to 
adopt as a first item on its research agenda the 
problem of comparative arterial disease. Athero- 
sclerosis, apart from being the underlying cause of 
more than 40 per cent of human deaths in many 
countries, is found in almost all groups of mammals 
and birds (vide Gunther’, Rigg, Symons, Finlayson, 
Hill and Fiennes’) and thus presents a specially 
suitable field for investigation on a comparstive 
basis. The known nature of atherosclerosis and of 
the associated condition of intra-vascular clotting 
suggests that these are problems of peculiarly bio- 
logical significance, of which the natural history is 
deserving of study. Atherosclerosis may start early 
in life and develop progressively until death in middle 
or old age; it is a condition of which the onset and 
development may be associated with heredity, 
nutrition, blood chemistry, hemodynamics, social and 
other habits, mental and other strains and stresses; 
it thus presents a problem in the solution of which 
scientists of many different callings can play their 
part. The problem of intra-vascular clotting sug- 
gests a species-wide study of clotting mechanisms 
and their variations, and in this condition elso a 
wide biological approach appears plainly to be 
indicated. 

Work has been in progress at the London Zoo for 
the past four years in collaboration with a group of 
workers from certain London hospitals. The Nuffield 
Institute Committee wishes to give encouragement 
to this work with the view of its extension once its own 
laboratories have been completed. At the same time 
the World Health Organization, alarmed by the high 
death-rate resulting from arterial diseases and by the 
inadequate levels of research in many countries, bas 
been actively concerned to stimulate research on a 
comparative basis in as many parte of the world as 
possible. The Committee is anxious to asist the 
World Health Organization in its campaign to do all 
that is possible to stimulate and co-ordinate work in 
the United Kingdom. 

There is thus much that can be done immediately, 
and a decision will be taken shortly about certain 
steps which will result in fuller interchange of informa- 
tion between workers and in co-ordination of research 
in Great Britain and with that in progress overseas. 
It. was therefore decided to call a conference, which 
was held at the Zoological Society on November 22, 
1961, and which was attended by representatives of 
the World Health Organization, by the head of the 
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Comparative Cardio-vascular Studies Unit in the 


United States and by leading experts in the medical ‘ 


and veterinary professions in Britain. 

Dr. Martin M. Kaplan, head of the Veterinary 
Public Health Section of the World Health Organiza- 
tion, provided the keynote of the Conference in the 
opening paper. In this he defined the scope of the 
interest of the World Health Organization in com- 
parative medicine by stressing the importance of 
human/animal relationships and the contribution 
which comparative medicine may be expected to 
make to human and veterinary problems, His Sec- 
tion concentrates on the ecological and geographical 
approach, and attempts to make use of the experi- 
ments which Nature herself devises rather than on 
those which man might induce. The condrtions 
which might respond best to this approach are the 
na y occurring chronic déseases such as the 
cardio-vascular and the neoplastic. 

This theme recurred continually throughout the 
meeting and was stressed by Sir Harold Himsworth 
and others. It was given particular emphasis in the 
review by Dr. C. Symons and Dr. R. Finlayson of 
their survey of the incidence of arterial diseases in 
some 816 animals from more than 30 orders which 


had died at the London Zoo during the past four years. ` 


Among the mammals, arterial lesions were found in 
25-30 per cent of cases studied, in birds in 35-40 per 
cent; in reptiles lesions, though sometimes present, 
were rare. ‘Thrombosis was rarely if ever found. 
There was goneral agreement that more extensive 
biochemical and biophysical investigations are re- 
quired over a wide range of orders in order to establish 
the correlation, if any, of the incidence of arterial 
diseases with environmental and other factors. 
Dr. D. K. Detwoiler had already given an account of 
plans in the United States to extend the work of the 
Comparative Cardio-vascular Studies Unit at Phila- 
delphia to wider groups of animals and of the regional 
primate colonies in course of establishment for 
purposes of medical, including cardio-vascular, 
research. The importance of the pigeon as a research 
animal was stressed by Detweiler, and of turkeys and 
fowls by A. D. Campbell, and by G. R. Gresham 
and A. H. Howard. The importance of the pig was 
stressed by a number of workers, including Kaplan, 
Detweiler, Dr. J. Gillman and Sir Howard Florey; 
and Dr. J. E. French gave a detailed account of the 
lesions in pigs which are under study at Oxford by 
standard methods and by electron microscopy. 

Prof. T. Crawford, of St. George’s Hospital, London, 
described in detail the nature of the lesions occurring 
in man at different stages and this provoked some 
discussion, emphasized by Dr. Z. Fejfar, head of the 
Cardio-vascular Studies Unit, World Health Organiza- 
tion, as to the identity of lesions in pigs and other 
animals with those of the human subject. Crawford. 
also, in his review of present and past theories of 
the pathogenesis and epidemiology of atherosclerosis 
in man, exposed the difficulties of formulating any 
one hypothesis which would explain the underlying 
causes of atherosclerosis in the light of all known 
facts. It was suggested that there may be a limited 
number of ways in which arteries can respond to 
insult and that similar lesions, whether in animals or 
man, may arise from different causes. Dr. E. Cotchin 
suggested that lesions induced experimentally by 
high-fat diets might be in the nature of a ‘ipoidosis’ 
rather than atherosclerosis. R. 8. F. Campbell, in 
referring to current work at Glasgow, stressed the 
lack of knowledge of the metabolism of arteries and 
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of the ways in which they respond to or are controlled 
by the endocrine system. Gillman’s work on the 
regeneration of the uterine arteries post partum in 
human beings and pigs and on the comparative 
incidence of atherosclerosis in ageing parturient and 
noti-parturient subjects of the two species also 
demonstrated the extent of possible hormonal 
influence. Thus atherosclerosis is rare in women 
until after the menopause, and even then is uncommon 
in nulliparous subjects; these findings were paralleled 
in the case of virgin sows. 

Guliman also directed attention to the anatomy of 
the aorta in pigs, in which it is mainly muscular in the 
abdomen but elastic in the thorax. It is evident that, 
apart from the physiology, the comparative anatomy 
of the organ is httle known. The differences of 
structure must plainly influence the hamodynamics 
of the circulation, but dittle reference was made during 
the Conference to hemodynamic influences in determ- 
ming the sites at which lesions developed. Since the 
majority of lesions develop in animals in the abdom- 
inal aorta, both the structure of the organ and the 
related hamodynamic principles may be of impor- 
tance. 

Some problems of hemodynamics were demon- 
strated after the conference by Group Captam J. E. 
Malcolm. Malcolm explamed models devised and 
constructed by him as analogues of the heart, which 
showed that the stresses introduced by stationary 
wave systems generated in elastic tubes are periodic 
in distribution. He was able to relate the pattern of 
the atherosclerotic lesions in man to the corresponding 
points where greatest stress was demonstrated in the 
models. 

Sir Howard Florey, in a deliberately provocative 
introduction to the discussion, attacked the epidemio- 
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British Food Manufacturing Industries’ Research 
Association : Dr. F. H. Banfield 


Dr. F. H. Banrre.p, who has recently retired from 
the directorship of the British Food Manufacturing 
Industries’ Research Association at Leatherhead, has 
been closely associated with food research for thirty- 
five years. He was the first member of the staff of 
the Food Manufacturers’ Research Association when 
it was formed in 1926. Twenty-one years later he 
became one of the two assistant directors of the 
present organization. He was promoted to the post 
of director in 1951 just after the Association had 
moved into the new premises at Leatherhead. During 
his ten years as director the Association has gone 
from strength to strength. The staff has increased 
by 43 per cent and the membership of the Association 
by more than 26 per cent. During the same period 
the annual mcome has been doubled and ıb 18 still 
on the increase. The accommodation taken over in 
1951 18 now insufficient for the Association’s needs; 
some extension has already been made and further 
developments are planned. Dr. Banfield’s contribu- 
tions are by no means confined to the expansion of 
activities at Leatherhead, for, over this same period, 
he has been one of the leading figures in discussion 
groups and committees concerned with developments 
in food research. It is fortunate that his help and 
advice will still be available for the benefit of the 
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logical approach as a tool of medical research and the 
validity of post-mortem studies. Kaplan, however, 
defended the approach developed by the World 
Health Orgenization and considered that in veterinary 
medicine post-mortem studies are particularly useful 
because experimental animals can be killed at different 
stages of an investigation, thus providing a continuous 
and accurate picture. 

The chairman, Sir Roy Cameron, in summing up, 
stressed the importance attached by the Nuffield 
institute Committee to the co-ordinating function 
of the Institute. The Institute is not dedicated to 
research on cardio-vascular disease alone, but to any 
branch of medical scienco which might yield to the 
approach now developed. Hoe hoped that this wowd 
be the first of many conferences which it would 
organize, and which would be devoted to different 
aspects of medical science. It was significant that, 
perhaps for the first time, leading members of the 
two main branches of medicine, human and veterin- 
ary, had met to consider a combined approach to 
a common problem. He paid especial tribute to 
speakers for the high standard of their contributions 
and thanked the World Health Organization for 
making it possible for its delegates to attend. 

Roy CAMERON 
R. N. T.-W.-FIENNES 
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industry as a whole, for he 1s continuing in active 
work in one of the branohes of the food industry he 
knows so well. 
Dr. C. L. Cutting 
Dr. C. L. Currie, who succeeds Dr. Banfield, 
graduated in 1932 with first-class honours in chem- 
istry from Queen Mary College, London. He gained 
his Ph.D. for an investigation into some problems of 
surface and colloid chemistry, and joined the staff of 
the Torry Research Station, Aberdeen, ın 1937. One 
of the first problems he tackled was the mechaniza- 
tion of the smoking process—a process little changed 
since the Middle Ages—-and in 1939 the Torry mech- 
anical fish-smoking kiln was designed in its present 
form. It 1s largely due to him that the Torry kiln 3s 
now extensively used throughout the fish industry. 
His main war-time task was to develop methods for 
the dehydration of fish and fish products. Early in 
his career he showed his intense desire to help the 
fish dustry pluck the fruits of research. When, in 
1950, the Humber Laboratory was established to 
deal specifically with the problems of the Humber. 
based fish industry, Dr. Cutting was a clear choice 
for officer-in-charge. Since his appointment at Hull, 
he has been interested in various problems of fish 
handhng and processing, particularly as regards 
quality and quality control. He also has a keen 
interest in educating developing peoples to make 
better use of their fisheries resources; early this year 
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he was one of the lecturers at a training centre 
organized by the Food and Agriculture Organization 
in fish-processing technology in the Philippines. In 
1955 his book Ftieh Saving was published; this is a 
history of fish processing and likely to become a 
classic of ita kind. 


The Indian Botanic Garden, Calcutta: Dr. J. Sen 


Dr. J. SeN has recently been appointed super- 
intendent, Indian Botanic Garden, Calcutta. He fills 
the vacancy caused by the death of Dr. D. Chatterjee 
under tragic circumstances. This is perhaps the oldest 
research post ın botany in the oldest research centre 
in India. Dr. Sen was educated in Calcutta, where 
he developed an interest m morphology under the 
stimulating influence of Mr. A. K. Ghosh, now senior 
palynologist with the Oil and Natural Gas Com- 
mission of the Government of India. His first assign- 
ment for a couple of years was at the Forest Research 
Institute, Dehra Dun. He joined the University of 
Calcutta as a lecturer in 1947, and until recently he 
had been at the University. Here he developed a 
samall school of research workers, working on different 
aspects of palynology and floristics. Early in 1961 
the Geological Society of London was pleased to 
help Dr. Sen with the Garwood Fund for his work 
on the flora of the Raniganj Coalfield. His previous 
work on genera like Glossopterts and Vertebrarta, and 
on preservation and mineralization of plant tissues in 
sediments, is still being published. During 1956-57 
he was a guest worker at the Swedish Museum of 
Natural History, Stockholm, being an associate with 
Prof. O. H. Selling. He worked for another two 
years (1957-59) with Prof. John Walton in the 
University of Glasgow, and later worked under a 
scheme sponsored by the U.K. National Coal Board. 


The Decimal System and British Coinage 


Ox January 11, the Treasury announced the names 
of the members of the Chancellor of the Exchequer’s 
Committee of Inquiry into the decimal system and 
British coinage (Nature, 193, 120: 1962). They are 
Lord Halsbury (chairman); Prof. R. G. D. Allen, 
professor of statistics, London School of Economics 
and Political Science; Mr. V. Ely, Elys Ltd., Wimble- 
don; Miss Anne Godwin, chairman of the Trades 
Union Congress; Mr. J. M. A. Smith, National Coal 
Board and formerly assistant managing director, 
Ford Motor Company Ltd.; Mr. R. G. Thornton, 
director, Barclays Bank Ltd. The Committee will 
also have the assistance of three assessors from the 
Treasury, the Bank of England and the Royal Mint. 


British Centre of Educational Television Overseas 


Ix a written answer in the House of Commons on 
December 19, the Secretary for Technical Co-opera- 
tion, Mr. D. Vosper, said that a Centre of Educational 
Television Overseas would shortly be established in 
Britain to advise and assist developmg countries on 
the use of tolevision for educational purposes. The 
Nuffield Foundation had played a leadmg part in 
bringing the Centre mto being and was providing 
£100,000 over five years towards the cost. The 
Independent Television Companies were subscribing 
£100,000, and other firms and trusts another £50,000, 
while the British Broadcasting Corporation had 
offered full support with technical facilities and ser- 
vices. The Government was contributing £100,000 
over five years. Eərlier, Mr. Vosper indicated that 
he expected expenditure on Overseas Information 
Services next year to be reduced by £600,000. 
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Statistics of Murder 


in the latest Home Office Research Unit Report 
(Home Office Studies in the Causes of Delinquency 
and the Treatment of Offenders, No. 4, Murder. 
London: H.M.8.0., 1961. 48.), Evelyn Gibson and 
S. Klein present an informative analysis of deaths 
initially recorded as murder by the police and carned 
through to the final decision reached. They point 
out that the increase ın murder in recent years has 
been very small compared with the general increase 
in crime; indeed, the annual average number of 
murders per million of the population was 3-2 during 
the period 1931-40 and 3:3 for the period 1951-860. 
It 1s true that there has been a slight merease in the 
annual average of murders since the Homicide Act 
camo into operation early in 1957; but in view of 
the wide and inexplicable flyctuations which the 
annual figures show it is extremely difficult to know 
whether significance can be attached to this finding. 
Further, it is noteworthy that the whole of this 
recent increase is attributable to men with criminal 
records. An analysis ıs presented of the types of 
victim and types of murderer involved. It emerges 
that by far the greater number of child victims were 
killed by a parent, typically as part of a family 
murder combined with parental suicide, and that 
nearly half the adult women victims were killed by 
their husbands. One may hope that this report will 
give impetus to more active research into the psycho- 
logy and sociology of crime. 


British Expenditure on Mental Health 


In a written answer on December 18 the Parha- 
mentary Secretary for Science, Mr. Denzil Freeth, 
gave the expenditure of the Medical Research Council 
on mental health research in 1960-61 as £228,000. 
Considerable research was also undertaken in univer- 
sity departments and teaching hospitals, supported 
by block grants from the University Grants Com- 
mittee, as well as within the National Health Services, 
and rescarch was also supported by voluntary organ- 
izations, such as the Mental Health Research Fund, 
which spent more than £29,000 during 1960-61. The 
cost of the research supported by the Medical Research 
Council in 1960-61 was 4-7 per cent of its expend- 
iture. 


Diamond Research 


Tue Industrial Diamond Information Bureau has 
published a pamphlet describing facilities available at 
the Diamond Research Laboratory (The Diamond 
Research Laboratory. Pp. 4. London: The Industrial 
Diamond Information Bureau, 1961). The Laboratory 
was founded in Johannesburg in 1947 and serves 
users of industrial diamonds throughout the world. 
Among its functions are: to improve existing appli- 
cations of the diamond in industry; to extend indus- 
trial uses; and to carry out fundamental research 
into the structure and properties of the diamond. 
The Laboratory is well known for its fundamental 
research and contributed to the successful synthesis 
of the diamond by the neighbouring and associated 
Adamant Research Laboratory in September 1959. 
The work of the Laboratory is organized in various 
departments devoted to physical, chemical and 
metallurgical problems, to testing diamond drills and 
grinding wheels, and to investigating the manufacture 
of diamond tools. Information about the Laboratory 
can be obtamed from the Bureau at 2 Charterhouse 
Street, London, E.C.1. 
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Tectonic Map of Europe 


At the International Geological Congress in Copen- 
hagen in 1960, and at the Russian Trade Exhibition 
in London last year, one of the outstanding scientific 
exhibits was a hand-coloured tectonic map of Europe 
compiled by Russian draughtsmen from copy sub- 
mitted by the various national geological surveys. 
The map, on a scale of 1: 2,500,000, has been spon- 
sored by the Sub-Commission on the Tectonic Map 
of tho World of the International Geological Con- 
gress. It covers Europe, the adjoining parts of the 
U.S.S.R., North Africa and Asia Minor; and it is the 
work of geologists of many nationalities, edited into 
a uniform whole under the direction of the late 
Academician N. 8. Shatsku. In the Russian journal 
which lists forthcoming books (Novye Knigt, No. 50 
for 1961, items 48 and 49) it has now been announced 
that the map will be published, in sixteen sheets, in 
the second quarter of 1962. Russian and French 
editions are being produced, each at the low price of 
5 roubles (about £3). Western geologists who wish 
to make sure of receiving a copy should place an 
order, in advance of publication, with their national 
agents for Russian books. 


Rock Shelter Art In North-west Australia 


AN important and profusely illustrated article on 
the Australian rock-shelter art has appeared in the 
Records of the Australian Museum (15, No. 8; May 
1961). This time the paintings are in Depuch Island 
in north-west Australia, the most prominent of the 
islands in the Forestier Archipelago. The art is 
represented by engravings which occur on epidiorite 
rock surfaces. Some of the figures, which include 
large numbers of men, animals, signs, etc., are made 
by grooving, others by a pocking technique; in all, 
some six different methods of making the figures can 
be isolated, Although considerably conventionalized, 
the little groups are often very amusing. For 
example, there is & scene consisting of a man killing 
a wallaby with a boomerang in his hand and a pair 
of animals’ spoor alongside. Many of the animals 
show animation, as, for example, a Nanking night 
heron. Many of the human figures are tiny, but they 
are full of movement. Superpoaitions occur, but time 
did not allow of any detailed study of them. How- 
ever, it is fairly clear that further work will enable 
a sequence of techniques to be determined. It would 
certainly be advantageous if all the recent important 
work on the Australian rock-shelter art, both paint- 
ings and engravings, could be published at a not 
too distant date in book form, as has been advocated 
in these pages before. The work that has been done is 
too interesting to remain for ever buried in museum 
records which can never command the same publicity 
as does a properly published book. 


Teaching Overseas 


MeasuRes worked out by the Ministry of Educa- 
tion and the National Council for the Supply of 
Teachers to safeguard the interests of teachers 
seconded to poste overseas have been set out in a 
booklet entitled Why Not Teach for a Tame Overseas ? 
(Pp. 3248 plates. London: Ministry of Education, 
1961). The measures include a code of secondment 
which will ensure that teachers, returning to their 
old jobs after serving abroad, will be paid for two 
years the salary they would have been receiving had 
they stayed in Great Britain; a code of terms of 
appointment overseas which offers guidance to both 
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the teacher and the employer overseas in the detailed 
working of such an appointment. Special allowances 
will be paid, where necessary, to augment the salary 
paid by the overseas employer; terminal grants will 
be given to provide a lump sum on tho return of the 
teacher to Great Britain. There is also an mterview 
fund which has been set up to assist teachers near 
the end of their service overseas to return to Great 
Britain if they ere short-listed for a senior post. The 
booklet gives answers to twenty-five ‘practical, down- 
to-earth’ questions which may occur to teachers 
contemplating servico oversoas. The questions cover 
secondment, salary increments, special allowances, 
relationships with overseas employers, resettlement 
procedure and completion of contract gratuities. 


Yale Peabody Museum, New Haven 


Tax annual report of the Yale Peabody Museum 
for 1960-61 (No. 2, 1961. Pp. 4144 plates. New 
Haven, Conn.: Yale Peabody Museum of Natural 
History, 1961) includes a brief survey by the director, 
Dr. 8. Dillon Ripley, in which reference is made to` 
the progress of the new geology building, and to the 
magnificent Klino gift for the sciences which will 
provide an auditorium to be shared by the Museum 
and the teaching departments. Plans are in hand for 
the exhibition of a rare skeleton and a reconstruction 
of the dodo. An interesting article on the collecting 
instinct relates it to tribal customs of some primitive 
people in New Guinea—two groups perhaps only 
8,000 people in all. The report also includes depart- 
mental reports and a map showing the geographical 
distribution of the schools service. A list of pub- 
lications indicates extensive research by the staff. 


The Journal of Psychiatric Research 


PERIODICALLY there are complaints, usually backed 
by statistics, that a great wave of scientific papers. 
particularly medical ones, is tending to engulf us all 
and submerge us, dazed and gasping, under an 
irresistible flood of literature. Then, on the other 
hand, the shout goes up that not enough research is 
being done, we are falling behind other countries, 
everyone else is turning out fundamental discoveries 
and we limp pitiably behind. The truth is that it 
takes only a few minutes to see whether a paper is 
of any value or not, and those written for self- 
advertisement, only to submit a thesis, and so on are 
easily discarded if they have no substance, whereas 
the valuable ones can be detected immediately. It is 
more important that there should be somewhero to 
publish work than to suffer a shortage of journals. Yet 
it must be admitted that it saves a great deal of trouble 
if there are journals the maternal of which is above 
reproach and the editorial board of which is of such 
high reputation and stern scrutiny that nothing is 
publiahed which is not of value. It is such a periodical 
that the Journal of Psychiatric Research aims to be 
(Pergamon Press, London. Annual subscription, 
£3 10s.). In this first number the editors seem to 
have been successful. The papers record work on the 
effect of 8-azaguanine on maze learning in rats, the 
effecta of sleep deprivation on human beings, sex 
distribution and severity of illness in schizophrenic 
twins, the effects of mtravenous epinephrine on 
normal men and schizophrenic patients, and a com- 
parison of placebos and imipramine on older schizo- 
phrenic patients. All these are well-written papers, 
admirably documented and valuable for those writing 
in future on these special subjects. The best-known 
psychiatrists in Great Britain and the United States 
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are on the editorial board, and this first number 
augurs well for the future. Everyone interested in 
psychiatry must welcome such a valuable addition as 
this to the hterature. 


Technical Education Abstracts 


Technical Education Abstracts was first published 
earlier this year, and, in view of the demand, pro- 
duction has had to be converted rapidly from htho 
to letterpress The current issue is a double number 
covering the period January-March 1961 (1, Nos. 2 
and 3. Pp. xxii+ 58-109. (London: National 
Foundation for Educational Research in England and 
Wales, 79 Wimpole Street, 1961.) Subscription rate: 
42s. per volume of four quarterly issues). It is pub- 
lished quarterly by the Information Service of the 
National Foundation for Educational Research m 
England and Wales, and the abstracts are arranged 
according to a classification adapted from the 
Universal Decimal Classification. Besides periodicals 
in the usual sense, articles in the daily Press are 
covered as well as questions in Hansard, certain 
reports of conferences, papers and books dealing with 
technical education, such as The Complete Sctenttst. 
For the subscription of £2 2s., running from January I 
to December 31, subscribers, on this issue, should 
receive a comprehensive guide to the published 
literature on the subject, well arranged, with essential 
bibhographical data and subject and author and title 
indexes. 


World Directory of Dental Schools 
Tem World Health Organization has produced 


another valuable work of reference (World Directory of 


Dental Schools. Pp. 228. Geneva: World Health 
Organization; London: H.M. Stationery Office, 1961. 
15 Swiss francs; 25s8.; 5 dollars). The most up-to- 
date information from Government departments and 
dental schools of seventy countries has been compiled 
to give a comprehensive volume on systems of dental 
education and training institutions. For each 
country, the number of dental schools and the 
dentist/population ratios are given, followed by 
details of administration, conditions of admission, 
curricula, examinations, and regulations governing 
licence to practise. Finally, in table form, each dental 
school is listed with its name and address, its size, 
year of foundation and annual tuition fees. 


Imperial College of Science and Technology 


Tue fifty-fourth annual report of the Governing 
Body of the Imperial College of Science and Tech- 
nology covers the year 1960-61 (Pp. iv+129. 
London: Imperial College of Science and Technology, 
1961). During this period the number of full-time 
students rose to 2,682, compared with 2,656 in 
1959-60, of whom 1,669 were undergraduates. The 
report includes, besides the Rector’s report and the 
usual appendixes listing publications, benefactions, 
special lectures, and statistics of staff and students, 
Sir Cyril Hinshelwood’s Commemoration Day address. 
There were 553 part-time students and the number 
of postgraduate research students increased, while 
that of postgraduate students taking advanced 
courses was fairly steady. Science degrees accounted 
for 43 per cent of the 180 higher and 475 first degrees 
awarded, and the 387 students awarded the D.I.C. 
included 282 technologists. Two-thirds of the students 
are still in lodgings and only just over 10 per cent 
are in halls of residence; 23 per cent of the 
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students were from overseas, with nearly 2 from 
the Commonwealth to each foreign student; 31 per 
cent come from within 30 miles of the College and 
46 per cent from other parts of the United Kingdom. 
A marginal increase in academic staff brought the 
total to 419, including 42 professors and 73 readers. 
Grants for research totalled £355,000, of which 
£200,000 came from the Department of Scientific and 
Industrial Research and £50,600 from the Atomic 
Energy Authority. 


Calendar of AGARD Meetings F 


Tue Advisory Group for Aeronautical Research 
and Development (AGARD) of the North Atlantic 
Treaty Organization will be holding the following 
technical meetings durmg 1962: “The High Tem- 
perature Aspects of Hypersonic Fluid Dynamics” 
(Rhode-Saint-Genése, Belgium,* April 3-6); “Fifth 
AGARD Combustion and Propulsion Colloquium” 
(Brunswick, April 9-13); “Improving Documenta- 
tion Committee Activities in the NATO Countries” 
(London, April 22-27); “V/STOL Handling Charac- 
teristics” (Paris, April); “Manual on Aircraft Loads” 
(Paris, July 3-6); Structures and Materials Panel 
Meeting (Paris, July 9-11); ‘Clinical Aviation 
Medicine and Aero Space Medicine” (Paris, July 
9-15); round table discussions of Fluid Dynamics 
Panel on previously selected topics (Paris, July 
9-11); “Sound, Light and Heat Sensing’ (Paris, 
July 9-11); Flight Mechanics Panel Meeting (Paris, 
July 9-11); twelfth AGARD general assembly and 
seminar on ““The Manned Aircraft Weapon Syster- 
Past, Present and Future” (Paris, July 12-13); 
“V/STOL Propulsion” (London, September); ‘‘Pro- 
pagation of Low Frequencies and Radio Frequency 
Noise below 300 Kulocycles’” (Munich, October); 
Structures and Materials Panel Meeting (Paris, 
October); ‘‘ Magneto-Fluid-Dynamics Seminar” 
(Paris, October 15-19); “Nuclear Rocket Propulsion” 
(Brussels, Autumn); “Take-off and Landing Sym- 
posium”’ (Autumn); Flight Mechanics Panel meet- 
ing (Autumn); “Cardiovascular Problems” (Paris, 
Autumn). Further information can be obtained from 
Advisory Group for Aeronautical Research and 
Development, North Atlantic Treaty Organization, 
64 rue de Varenne, Paris VII. 


Harwell Course on the Instrumentation of Reactors 


Tue first Harwell reactor school course on the 
instrumentation of reactors will be held at Durley 
Hall, Bournemouth, during February 12-23, 1962. 
This course is designed to replace the control and 
instrumentation of reactors course, which on the six 
occasions it was held was attended by more than 
250 students from Britain and overseas, excluding 
staff from the Atomic Energy Authority. Thesyllabus 
will include: elementary reactor physics; quantities 
to be measured and basic methods of measurement; 
neutron and radiation detectors; pulse and d.c.- 
measurement channels; health physica instrumenta- 
tion; neutron flux scanning; principles and design 
of control mechanisms; design principles of reactor 
safety circuits, relays and other logic devices; tem- 
perature and flow measurements; burst slug detec- 
tion; data processing in large reactors; installation 
aspects and commissioning of reactor instrumentation. 
The fee for the course will be 50 guineas, exclusive of 
accommodation. Details and application forms are 
available from the Manager, Reactor School, Atomic 
Energy Research Establishment, Harwell, Didcot, 
Berks. 
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Carnegie Fellowships in Neurophysiology 


Tue Carnegie Corporation of New York has 
announced that it is making a grant of 75,000 dollars 
(£26,785) to support fellowships in neurophysiology, 
psychology and biophysics to be held at the Aute- 
nomics Division of the National Physica] Laboratory. 
Teddington. The Autonomics Division aims at 
devising self-governing machines to carry out mental 
tasks of increasing complexity and the study of 
related biological problems. Fellowships will be given 
to Americans with recent doctorates in psychology, 
physiology, and other fields who are interested in 
neural organization and intelligence. The grant will 
cover a period of five years and the fellowships will 
be administered by the Carnegie Institution. Tho 
research projects will be a by the Carnegie 
Institution and the National Physical Laboratory. 


The Emmlie Clough Scholarship in Horticulture 


THe Royal Horticultural Society is offering for 
award a scholarship provided out of a bequest from 
the late Mrs. Emmie Clough to enable a girl to take 
@ course of training in horticulture which would 
otherwise be beyond the girl’s means. The first 
scholarship, valued at £352 per annum, will com- 
mence in September 1962. It will be open to women 
between the ages of eighteen and thirty and will be 
tenable for two years at Studley College, Warwick- 
shire. Forms of application and further information 
can be obtained from the Secretary, Royal Horti- 
cultural Society, Vincent Square, London. 8 W.1 


Churchill College Fellowships 


CHURCHILL CoLLEGE, Cambridge, is offermg junior 
research fellowships in arts, mathematics, science and 
engineering to those who have been engaged in 
research in a university for not more than four years. 
The College is also offering a Gulbenkian Fellowship 
to the value of £650 per annum to a graduate of any 
University outside the United Kingdom. Further 
information can be obtained from the Semor Tutor, 
Churchill College, Cambridge. 


Announcements 


Pror. ARNE Tiseiivus, For.Mem.R.5 , professor of 
biochemistry in the Univermty of Uppsala, Nobel 
Laureate in Chemistry (1948), has been awarded the 
Messel Medal of the Society of Chemical Industry for 
1962. 


Pror. Bunet Srromermn, of the Institute of 
Advanced Studies, Princeton, has been awarded the 
Gold Medal of the Royal Astronomical Society for 
his contributions to stellar and interstellar astro- 
physics. Prof. André Lallemand, of the Paris 
Observatory, has been awarded the Society’s Edding- 
ton Medal for his work on photo-multiphers and 
particularly for his development of the electron 
camera. 


THs first award by the Paris Academy of Sciences 
of the Charles-Léopold Mayer Prize of 65,000 N.F. has 
been made to Dr. F. H. C. Cmok, research worker for 
the Medical Research Council at the Council’s Unit 
for Molecular Biology, Cambridge, for his work on 
nucleic acids, polyglycines and collagen. 


Dez. ©. O. MLLER, formerly an executive secretary 
in the Division of Chemistry and Chemical Tech- 
nology. National Academy of Sciences—~National 
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Research Council, has been appointed an executive 
secretary in the Research Fellowships Section of the 
Research Traming Branch, Division of General 
Medical Sciences, National Institutes of Health, 
Bethesda, Maryland. 


Tue U.S. Department of Health, Education and 
Welfare has issued a pamphlet entitled The Publec 
Health Service in Radiological Health, which describes 
the function and aims of the Division and the oppor- 
tunities of careers that ıt offers to professional per- 
sonnel with an interest in radiological health. The 
pamphlet ıs available from the Drvision- of Radio- 
logical Health. Public Health Service, Washington 26, 
D.C. 


Memotrs and Proceedings of the Manchester [nterary 
and Philosophical Soctety, Vol. 103, 1960-61 (Pp. 80+ 
lii. Manchester: Manchester Literary and Phil- 
osophical Society, 1961. 31s. 6d.) mcludea besides 
Sir Cyril Hinshelwood’s address, “The Arts and 
Sciences”, already noted in Nature (188, 448; 1960), 
A. 8. ©. Ross’s Clayton Memorial Lecture, ‘The 
Pitcairnese Language’, B. H. Flowers’s Percival 
Lecture, “The Fundamental Structure of Matter’, 
and papers by Lord Cohen of Birkenhead on “Peaks of 
Medical History”? and Prof. Dorothy Emmet on 
“Social Philosophy in Britain and America’. Some 
biographical notes on Thomas Henry, Thomas Barnes 
and Charles White bv the late Dr. W. H. Brindley 
are also included. 


No. 54 of the Current Bibliography on Analogue 
and Digital Computera and their Applications (‘Titel 
von Veroffentlichunger über Analog und Ziffern- 
rechner und ihre Anwendungen’, 8, 1961/2 quarter. 
Pp. 93. Four issues yearly) contains 616 entries 
classified under four main and twenty secondary 
headings, with numerous subdivisions. In the 
entries the author, or authors, 1s given first, followed 
by title and bibliographical details, including price 
where relevant. The bibliography is obtainable from 
Franz Steinor Verlag, G.m.b.H. (subscription rate 
96 D.M., for Institutes 76.80 D.M.). 


THE annual conference of the Museums Association 
is to be held in Brussels durmg June 25-29. Further 
information can be obtained from the Secretary, The 
Museums Association, 33 Fitzroy Street, Fitzroy 
Square, London, W.1. 


A symposium on “Nitrogen Heterocyclic Chem- 
istry”, arranged by Hatfield College of Technology 
with the support of the Chemical Society, is to be 
held in Hatfield during May 10-11. Further mforma- 
tion can be obtained from Dr. R. F. Robbins, 
Hatfield College of Technology, Hatfield, Herts. 


A symposium on “The Organic Chemistry of 
Natural Products” is being organized by the Société 
Chimique de Belgique, which will be held in Brussels 
during June 12-15. Further information can be 
obtained from the Secretariat du Symposium Inter- 
national de Chimie Organique, c/o Federation dos 
Industries Chimiques de Belgique, 32 rue Joseph I, 
Bruxelles 4. 


Erratum. In the communication entitled ‘‘Chro- 
mium(IIT)-Oxyanion Systems”, by G. M. Lukaszewski 
and J. P. Redfern (Nature, 190, 805; 1961), the heading 
of the column in Tables 1, 2 and 3 at present reading 
“Activation energy (E) kcal.” should read: “E/2 3R, 
where # = activation energy kcal. and RÈ = general 
gas constant”. 
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NUCLEAR ELECTRONICS 


A CONFERENCE on ‘Nuclear Electronics” was 
hold at tho Institution of Electrical Engineers, 
London, during November 30—-December 1. Nearly 
400 scientists and engmeers attended, including a 
fair ropresentation from the near-Continental coun- 
tries, and the two-day presentation of papers and 
discussions must be voted one of the most successful 
conferences of its type ever held. 


Radiation Detectors 


Tho first session of the conference was on ‘Radiation 
Detectors”, and W. Abson (Atomic Energy Research 
Establishment, Harwell) gave the opening paper. 
He spoke about the development of spark chambers 
and imago-intonsifier/luminescent-chamber systems, 
which offer the possibility of obtaining pictures or 
other records of nuclear-particle tracks with a much 
higher degree of resolution than is possible with 
existing techniques. Both techniques offer improved 
_ time resolution over tho cloud-chamber and bubblo- 
chamber methods. Accelerator machine tume can 
bo used move efficiently and data on rare nuclear 
events can be collected more quickly and with less 
interference from unwanted or spurious events. 
Image-intensifier developments also offer the possi- 
bility of spatial resolution of light from Cerenkov 
radiations with consequent identification of particles 
with different velocities. 

In his opening address, Mr. Abson also mentioned 
the development of semi-conductor detectors, provid- 
ing small detectors capable of improving angular 
and spatial resolution m particle detection, and 
capable of measurmg the energy of the shorter-range 
ionizing particles with a very high degree of resolution 
in particle energy. He also referred to papers, which 
had boen presented at the International Atomic 
Energy Agency’s Conference on Nuclear Electronics 
held at Belgrade earlier in the year, to illustrate the 
application of these detection methods in experi- 
montal nuclear physics. Mcasurement of the Ceren- 
kov anglo, that is, the angle between a particle path 
and the direction of its associated Corenkov radiation, 
is the only method applicable for accurate measure- 
ment of velocity for particles travellmg at speeds 
within 0-1 per cent of the speed of light and reference 
was made to some of tho Belgrade papers to illustrato 
this technique. 

J. Birks (Manchester) presonted a paper on 
“Improved Organic Scintillator Detectors”, in which 
he derived oquations for the practical scintillation 
efficiency (photoelectrons/MoV.) of organic crystals 
and solutions in terms of molecular parameters and 
applied them to typical scintillation counter systems. 
His results suggest several improvements, for example, 
the use of binary rathor than ternary solutions, the 
use of ‘quartz rather than glass windows and the 
reconsideration of mixed crystal scintillators based on 
naphthalene. Improvements by a fastor of two in 
the figure of merit are possible. 

R. B. Owen (Harwell) and G. Dearnaley (Harwell) 
spoke on “Image Intensfiers and Scintillation Track 
Imaging’ and ‘“‘Semi-Conductor Detectors” respec- 
tively. The second paper directed special attention to 
the problem of neutron detection and gave details of a 
counter based on the helium-3 (n,p) reaction which he 


concluded 1s the best for neutron spectroscopy and a 
second system based on the proton-recoil method 
which he found gives the greatest efficiency for 
neutron flux monitoring. 


Electronic Circuits and Techniques 


Tho second session of the symposium wadconcerned 
with “Electronic Circuits and Techniquos” and the 
principal speaker was K. Kandiah (Harwell). He 
surveyed a wide rango of electronic circuit techniques 
primarily connected with nuclear physics research, 
and although his contribution was based on papers 
presented at the International Atomic Energy 
Agency’s Conference he also coverod a number of 
additional topics. 

One matter which received special mention was 
low-noise amplifiers for use with semi-condustors. 
Since the energy required to produce an ion pair in a 
semi-conductor is about one-ninth that required m a 
gas, tho statistical fluctuations in the number of ion 
pairs, for a givon particle energy, are reduced to one- 
third in & semi-conductor. Consequently, the noise- 
level of the amplifier, when other conditions remain 
unchanged, should be reduced by a factor of 3 in order 
to take full advantage of the increased number of 
1on pairs. Mr. Kandiah referred to American work 
presented at Belgrade and also new work at Harwell 
on this problem. The main result is thet the mmimum 
in the curve of energy resolution against differentiat- 
ing and integrating time constants of the amplifier 
is obtained when the time constant 1s about 1 or 
2 usec., and the resolution is then about 7-8 keV. 
In the majority of cases, however, the enhanced 
noise in the detector, mainly due to leakage, is greater 
than that due to such low-noise amplifiers. 

Pulse-amplitude discriminators for many purposes 
were discussed at length, including fast discriminators 
and vory sensitive discriminators, comcidence cir- 
cuits and time-delay analysers; pulse-amplitude 
analysers and data-handling systems also received 
mention. . 

The supporting papers in the session dealt respec- 
tively with “Ultra-High Speed Oscillographic Tech- 
niques” and ‘“Data-Logging Equipment for Nuclear 
Physics Experiments’’. 


Radiation Monitors and Instruments 


Tho opening paper m the third session was con- 
tributed by D. Taylor (Plessey Nucleonies). He gave 
a genoral survey of health-physics instrumentation, 
directing attention particularly to new developments 
in contamination monitors (including monitors for 
specific nuclides), gas and particulate contamination 
in the atmosphere, liquid effluent monitors, radiation 
survey meters, and systems for the detection of 
accidental critical reactor excursions. Some of the 
special subjects covered by this paper included the 
use of a scintillation counter system for the determ- 
ination of the direction of the location of a radioactive 
source, the transmission of radiation dose-rate level 
information over the ordinary telephones automatic- 
ally and the design of a difference integrator for use 
in dose-sensitive radiation alarm instruments with 
rate compensation. With this latter system integra- 
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tion in the normal way is obtained for a certain range 
of dose-rates, but for less than a certam pre-set 
limit cancellation is provided. Such a system with 
an alarm operating on the integrated dose appears 
to offer many advantages over the conventional] 
systems. In a complete system three identical 
detector excursion detector units are used operat- 
ing independently. The output of these units 
18 connected into a two-out-of-three matrix such 
that at least two units must alarm to give a true 
excursion signal and initiate personne! evacuation. 

D. E. Barnes (Atomic Weapons Research Estab- 
lishment, Aldermaston) spoke about the important 
problom of monitoring for airborne plutonium and 
considered the instrumental systems under three 
headings: (a) direct, in which the plutonium and 
background particles are collected and measured 
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together; (b) selective, in which an attempt is made 
to collect only the plutonium dust; (c) compensative, 
in which the background and plutonium dusts are 
collected together, but the counting system is designed 
to remove the ‘counts’ due to background before 
readout. D. S5. Hiorns and G. G. Dale (both of the 
Central Electricity Generating Board, London) 
each contributed a specialist paper on “Health 
Physics Instruments”, the latter making ıt clear that 
while the majority of instrumentation problems in 
this field had been satisfactorily solved, two problems 
still remamed for which an mmproved solution was 
still wanted. These were: (a) a dose-rate meter 
capable of monitoring -radiation down to a 
few times background; (b) a fast neutron monitor 
capable of measurement in the presence of a large 
y-radiation background. Denis TAYLOR 


TRENDS IN DENTAL ANTHROPOLOGY 


NTHROPOLOGICAL interest in teeth until a 
few years ago lay primarily in using details of 
dental form to trace phylogenctic relationships 
among Primates present and past, secondly in describ- 
ing the frequencies of dental characters in various 
human populations. How far and in what directions 
dental anthiopology has progressed was well shown by 
the 1961 symposium of the Society for the Study of 
Human Biology, held at the British Museum (Natural 
History) on November 17. In a word, the present 
approach is much more biological than m the older 
descriptive studies; for that reason some of the papers 
will be of interest also to those concerned with human 
genetics, embryology and growth. 

Dr. P. M. Butler directed attention to tbe difficul- 
ties of inferring phylogenetic relationships from 
dentition. In fossil and living Primates too little is 
known of variation within a population; of the 
function of, say, details of cusp pattern, and henco of 
the adaptive significance of observed variations; of 
individual development, and particularly the extent 
of ontogenetic variation; of the genetic basis of 
dental morphology and development. It was still 
not possible to say which hypothetical evolutionary 
progressions could have occurred and which not. 
Some of his own work on tho fiold theory of dental 
development provided some relevant indications. The 
shape of the crown of a mammalian tooth and all ite 
details derive ontogenotically from the folding of a 
sheet of epithelium, which forms the internal surface 
of an ectodermal enamel organ. This can first be 
distinguished as a bud on the dental lamina. Teeth 
buds appear in a characteristic order for a given 
Rpecies, shown by plotting their appearance agamst 
embryo size. The sequence is not from mesial to 
distal but Ja determmed by pre-existing ‘tooth 
districts’; one such controls tho antorior teeth, and 
within it the bud of the first incisor precedes that of 
the second, etc.; another the posteriors, so that the 
graph for the whole primary series shows something 
approaching a wave form. Comparison of the graphs 
for some primates with that of an insectivore shows 
that the latest-appearing buds of the latter have been 
lost. The graphs show, moreover, that teeth developing 
at the same time can be morphologically different, 
while teeth developing at different times may be 
simular if they are next to each other in the jaw. It 
seems that in the embryo jaw there is a continuous 


morphogenetic field or gradient controlling the 
development of the teeth germs according to their 
position within it; this field exists before any teeth 
buds commence to form, and may be under the 
influence of one set of genes; another set of genes 
may be postulated which influence the way in which 
tooth germs respond at any given point in the field. 

Development was also the theme of the paper by 
Dr. B. 8. Kraus (Seattle), who spoke on the morpho- 
genesis of the deciduous molars in man. From an 
examination of a large number of foetuees it appears 
that for each molar there is a characteristic pattern of 
calcification of the crown. In tho lower first molar 
the sequence of appearance of the calcification centres 
is protoconid, metaconid, hypoconid, entacomd, 
hypoconulid. Only when all five centres have 
appeared does bridging between them commence; 
again this ocours in a regular sequence, linking first 
the protoconid and hypoconid, then in succession the 
hypoconid and hypoconulid, the protoconid and mota- 
conid, the hypoconulid and entaconid. In the lower 
second molar the order of appearance of the centres ig 
similar but the bridging sequence 1s different. Tho 
upper first molar ıs very different and developmentally 
is reminiscent of a bicuspid. Not only does each molar 
have its own characteristic pattern of calcification, 
but these also aro interrelated so that a definite 
pattorn is discernible when, all four molars in a single 
fœtus are considered together. The series of fostuses 
was sufficiently large to demonstrate that there were 
relatively few other sequences which any variants 
would follow. Photomicrographs of the undulations 
of the soft tissue surface of the crown showed how 
calcification is affected by them. Dr. Kraus con- 
cluded by directing attention to the probability that 
these sequences of calcification were under genetic 
control, and the possibility of using incidence of 
variants in radiation effect studies. 

Occlusion and malocclusion in the Primates was 
discussed by Dr. J. R. E. Mills (London). Study of 
dynamic occlusion (that is, as in normal chewing 
movements) in the gorilla showed that the large 
canines do not prevent lateral mandibular movement 
as formerly thought, but merely limit it. Balanced 
occlusion, in which on one side of the jaw the lower 
buccal cusps of the posterior teeth come into relation 
with the upper lingual cusps, then slide across the 
crown surface until the lower ingual oppose the 
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upper buccal, is produced by rotation about the two 
mandibular condyles alternately. Rotation about the 
condyles occurs, to varying degrees, throughout the 
Primates down to Tupais notwithstanding differences 
in teeth shape. In msn, where there has been reduction 
in size of jaw, reduction of prognathiam and change 
in jaw shape, jaw movement and the relations 
between cusps remain basically the same as in apes. 
Malosclusion is found throughout the Primates, and 
most frequently in those where the cusps of the 
posterior teeth are low and where it interferes least 
with function; meidence is higher and the degree 
more severe in animals raised in captivity. Man has 
the highest incidence of malocclusion, though there is 
marked variation between races, and indeed some- 
times between small local populations. While severe 
malocclusion is also observed in many Primate 
species, it 18 particularly frequent in civilized man. 
This may be due to environmental influences on bone 
growth; to intermixture of populations, giving rise to 
incongruities of parts of the skull or size diserepancies 
between teeth and jaw; or to the greater likelihood 
of survival of individuals with severe malocclusion. 

Dr. A. A. Dahlberg (Chicago) pointed out that the 
present minimizing of the importance of teeth in 
Western peoples, the reliance on foods prepared to 
require little mastication and on artificial substitutes 
for teeth, tended to lead to underestimation of their 
importance under primitive conditions. The den- 
tition of American Indian peoples, whose morpho- 
logical and metrical features were reviewed, shows 
considerable heterogeneity from group to group. He 
suggested that the observed differences could provide 
clues to the adaptive significance of variations in 
dental detail. Primitive diets containing considerable 
abrasive material led to early obliteration of crown 
patterns, which, it could be argued, were therefore of 
little selective significance; yet the experimental 
study of tooth wear showed that the tooth volume 
expenditure per calorie derived from a given food 
varies considerably with the texture and other 
properties of the food and with morphological details 
ofthe dentition. In primitive man subject to marginal 
availability of food, containing, moreover, appreciable 
indigestible matter, slight dental variations could well 
have affected survival. 

Mr. D. Goose (Liverpool) reviewed some recent 
applications of metrical techniques. He illustrated 
the point, that in some dental studies the only 
approach available lay in measurement, by reference 
to problems of identification of fossil specimens; of 
differences in tooth size and shape between races; and 
of changes in jaw size, contrasting with the absence 
of change in tooth size, in the inhabitants of Britam 
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since Romano-British times. Miss V. M. Carbonnell 
(London) reported variations in moidence and distri- 
bution of the shovel shape of incisors in Old World 
populations, pointing out that the decline m frequency 
in otviized man was compatible with the view that 
the function of this feature was to strengthen the 
incisor. Dr. V. Alexander directed attention, to the 
elevated frequencies of double-rooted lower canines 
in European populations by comparison with non- 
European. This phenomenon he interpreted as 
resulting from a forward extension of the morpho- 
genetic field responsible for the formation of more 
than ono root in the cheek teeth. e 

Age assessment by dentition was discussed by 
Dr. A. E. W. Miles (London). Several newly developed 
methods allow the age of an infant to be estimated 
with a high degree of accuracy. In young infants 
when the neonatal growth line can be discerned, 
counting from it the number of cross-striations of the 
enamel prisms, or measuring the thickness of the 
deciduous dentine, gives estimates {correct within 
weeks. Error increases with the age of the individual, 
and other dental details, for example, length of trans- 
lucency of the root apex, or combinations of these, 
give better results. At later ages crown wear, which 
progresses at a fairly constant rate for each tooth, 
allows the functional age of a tooth to be assessod. 
Of about 150 Saxon skulls, in 26 the ago could be 
estimated from the state of the 1:mmature dentition, 
and these provide a basis for assessing the rate of 
crown attrition. The third molars wear slightly more 
slowly than the second, and these again more slowly 
than the first permanent molars. By comparison of 
the amount of wear on a numbor of teeth, age of 
adults up to about 45-50 years old can be assessed. 
The method applied to the whole Saxon series shows 
the avorage age at death in this population to have 
been about 31 years. 

With Prof. C. F. Ballard and P. O. Pedersen in 
the chair respectively in the morning and afternoon 
seasions the meeting proceeded smoothly. Most 
members of the audience found much that was new in 
most of the papers. There were, of course, topics of 
current interest which did not appear in the pro- 
gramme; for example, variations in dental growth 
among different human populations, secular and 
regional variations in dental disease incidence, the 
relation between chewing habits end dental structure. 
Yet there is a limit to what can be covered in a single 
day’s discussion, and the organizer, Dr. D. R. 
Brothwell, is to be congratulated on a stimulating 
programme as representative of present trends in 
dentel anthropology as time would allow. 

D. F. ROBERTS 


THE VICKERS GROUP RESEARCH ESTABLISHMENT 


ORD HAILSHAM, Minister for Science, visited 
the Vickers Group Research Establishment in 
Sunnmghill, near Ascot, on December 4, when he mot 
the Boards of Directors of Vickers, Ltd., and Vickers 
Research, Ltd., and members of the Research 
Establishment. During his visit he was shown 
examples of the present lines of work, new research 
tools and some novel products which are results of the 
research work. This Establishment is the centre of 
the research organization of the Vickerr Group of 


companies and 1s operated by the Research Company. 
It carries out both fundamental and applied research, 
the results of which are used by the companies of the 
Group when they are likely to yield profitable new 
products or processes. The present work includes. 
among others, medical, chemical, hydraulic and 
electron physics investigations. 

The medical work is based op a combination of 
the disciplines of the biological and physical sciences. 
It is concentrated on the respiratory and eiren- 
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latory systems, some aspects of human biology 
(especially those created by unusual environments) 
and some aspects of social medicine related to the 
design and equipment of hospitals. Comparative 
measurements of the mechanics of respiration have 


shown distinctive differences between conscious, _ 


adult Equidae and certain other species of domestic 
mammals, birds and man. 

Among the new medical equipment shown were 
transparent mobile .oxygen chambers in which 
patients can be treated at pressures up to 60 lb./sq. in., 
and in which human bemgs have been shown capable 
of tolerating rates of rise of ambient pressure as high 
as 5 Ib./sq. in. per min. without subjective sensation. 
These chambers are used to treat industrial gas 
poisoning, oxygen Jack in the newly born and other 
conditions in which hypoxia, central or local, is a 
crucial factor. A new lightweight, ‘positive pressure’ 
breathing set for the fire and rescue services and 
similar examples of fabric engineering devices for 
use In medicine and nursing were demonstrated. 

Chemical investigations are concentrated mainly 
on the kinetics of the pyrolysis and the oxidation 
of hydrocarbons at high temperatures, and on the 
use of fluidized beds both as chemical reactors and 
heat exchangers. A fully instrumented shock-tube 
built for these kinetic investigations, parts of a 
second ahock-tube now being built and a model of a 
fluidized bed were shown. A great deal of work is 
being done at present on the reconciliation of different 
methods of measuring temperatures in the reaction 
zone of the shock tube. 

The hydraulic work is concentrated on power 
transmission systems and servo mechanisms. As 
examples of this work a new type of flow control 
valve and a vibrator capable of shaking a load of 


NATURE 


227 


450 Ib. (a man and all his equipment) were demon- 
strated. The essential element of the flow-control 
valve is a nylon-fibre glass sleeve which permits rates 
of flow sensibly independent of down-stream pressure 
without necessitating close manufacturing tolerances. 
The vibrator was built for human biological research. 
It has a maximum displacement in the vertical plane 
of about 2 ft. and a frequency response of 20 cycles 
per sec. It is used to study the effects of random, 
vertical accelerations, similar to those encountered in 
high-speed flight at low altitudes. A profound 
difference has been found between the effect on the 
human body of cyclic and random vibration. 

The electron physics work is principally concerned. 
with atomic particle accelerators, especially the linear 
ecoelerator, as an intense source of high-energy 
electrons, positrons and X-rays. As already reported 
in Nature’ (and afterwards discussed by other 
workers*), it has been shown that pulse break-up can 
be prevented and beam currents can be increased by 
the use of accelerator structures which prevent the 
propagation of the backward wave mode. 

A sealed-off 6-million-volt X-ray tube (basically 
a linear electron accelerator working on the X-band), 
similar to others now incorporated in operational 
radiographic and radiotherapeutic X-ray machines, 
was shown. A radio-frequency particle separator (to 
be used with the CERN 30-GeV. synchrotron) for the 
separation of particles of almost equal momentum was 
also shown. This separator is operated at 2,856' 
megacycles per sec. and delivers 20-MW. pulses of 
10 usec. duration to each of the cavities. 

C., F. BAREFORD 


1 Kelliher, M. G., and eee ER., Nature, 187, 1099 (1960). 


a Crowley-Milling, M. Jarvis, T. R., Miller, ©. W., and Saxon, G., 
Nature, 191, 483 (iden. 


THE MEDICAL RESEARCH COUNCIL 


EADERS of the successive reports of the Medical 

Research Council have learned, especially dur- 

ing the past few years, to look on these reports as 

guides to progress in the numerous branches of 

medical science which the Council nowadays under- 

takes. The latest report * maimtains the high quality 
of its predecessors. 

It follows m general the plan of previous reports, 
but unhappily has to record the deaths of Sir Geoffrey 
Jefferson, whose great contributions to surgery, 
especially to that of the brain, are so well known 
that they need no comment here, and of Prof. T. R. 
Elhott, who was the last surviving member of the 
Medical Research Committee which preceded the 
present Council; it was Elliott who advised the 
appointment of Sir Walter Fletcher as the original 
secretary of the Medical Research Committee and so 
made possible the great services which Sir Walter 
later gave to medical research. This report also 
records the death of Dr. James Reid, director of 
the recently established Clinical Chemotherapy 
Research Unit lat Glasgow. It also pays a well- 
deserved tribute to the work of Lord Limerick, 
who retired from its chairmanship in November 1960. 
During his chairmanship great advances were made. 
In 1953 the Council set up its Clinical Research 


* Committes of Pri Ponad for Arodical Research. Report of 
the Medical Researoh. il for the 059-60. Omad; 1422.) 
Pp. viu +828. (London: TEME. 0., 1981 ise 6d. n - 


Board, which has now been succeeded by the Clinical 
Research Centre to be estabhshed in the proposed 
new District Hospital at Northwick Park, Middlesex, 
and also during the chairmanship of Lord Limerick, 
the Tropical Medicine Research Board was estab- 
lished in 1960 to succeed the former Colonial Medical 
Research Committee. 

Much of the report is necessarily occupied with the 
full details it gives of the administrative structure of 
the Council, together with summaries of the work 
of its numerous research units, details of its external 
staff, and of the institutions and research workers it 
supports by block grants, and of research work helped 
by these grants, and also of the numerous personnel 
employed by the Council, and of its publications. 
This year the report does not give, as its predecessors 
did, detaila of the work of the Public Health Labor- 
atory Service, because this Service now operates under 
the new Public Health Laboratory Service Board, the 
chairman of which is Sir Landsborough Thomson. 
Thus, this new Board will benefit from the wide 
experience gained by Sir Landsborough during the 
years when he served the Medical Research Council. 

An outstanding feature of the Council’s reports 
during the past few years has been the section 
entitled ‘Some Aspects of Medical Research”, in 
which certain of the Couneil’s work are 
selected each year for special comment and summary. 
This section is, as many readers will know, published 
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separately under the title Current Medical Research, 
end this year’s issue (H.M.8.0., 1961. 4s. net) will 
be a valuable addition to any medical or biological 
library. It deals with: the viruses of the common 
cold; the causation of chronic bronchitis; a changing 
outlook on the surgical treatment of duodenal ulcer; 
auto-immune reactions and disease; the skin: normal 
and abnormal reactions in relation to disease; the 
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pathogenesis and treatment of glaucoma; schisto- 
somiasis: culture of parasitic flukes in the laboratory ; 
the applications of fluorescence microscopy (illus- 
trated); energy expenditure in man (illustrated); 
and physiological research m epilepsy. All these 
summaries of research are accompanied by references 
to some of the literature on each of these subjects. 
G. LAPAGE 


SCIENTIFIC RESEARCH AND DEVELOPMENT BY FOUNDATIONS 


AND HEALTH AGENCIES 


SURVEY of Nonprofit Organszations—Hazpends- 

tures and Manpower, 1957*, made by the 
National Science Foundation, estimates total expendi- 
ture in 1957 on scientific research and development 
by foundations and health agencies in the United 
States at 94-6 million dollars, of which 71-8 million 
dollars came from the foundations. Educational 
institutions received 56-1 million dollars and non- 
profit research institutes 6-5 million dollars. About 
54:8 million dollars was for research and development 
in the biological sciences, and of the 1,000 scientists 
and engineers employed, more than 600 were engaged 
in research and development. Private foundations 
spent 71-5 million dollars either in research grante to 
others or in execution of research and development 
projects, two-thirds of the total being widely dis- 
tributed among the biological, physical and social 
sciences in support of basic research, and some 12 of 
the 438 foundations provided 36-7 million dollars. 
Expenditure by private foundations on their own 
research was only 12-7 millon dollars, but they 
employed 892 scientists and engineers, of whom 593 
were engaged in conducting or administering these 
research and development programmes and 200 were 
engaged in the biological sciences. 

Twenty-five voluntary health agencies reported 
expenditure on research and development, four 
accounting for 84 per cent of the total expenditure, 
which was almost entirely in the biological sciences, 
and 91 scientists and engineers were employed, 24 in 
research or development. Independent non-profit 


* National Science Foundation. NSF-61-37: Scientific Research and 

a Norron Organwations—Eapenditures and Manpower, 

Sons p vii nt 58. ashington, D.C.: Government Printing Offiea, 
š centa. 


RESEARCH IN 


HE five years from 1956 to 1961 have seen 

nations, men and money involved in research 
in Antarctica on an unprecedented scale, and the 
rewards of new knowledge gained have accumulated 
rapidly. The kind of investigations and the results 
obtained have been described by Dr. G. De Q. Robin, 
director of the Scott Polar Research Institute, 
Cambridge, in a recent issue of IOSU Review (3, No. 4; 
October 1961). 

The scale of effort made on research in Antarctica 
is illustrated by the fact that nine wintering stations 
were established in inland regions during one-or both 
of the years of the International Geophysical Year, 
compared with the previous total of one man who had 
spent one winter a ehort distance in from the coast. 


IN THE UNITED STATES 


research institutions expended 89-9 million dollars on 
research and development, 36 per cent being on basic 
research and 80 per cent in the physical sciences. Of 
the 4,111 scientists and engineers employed, 4,046 
were en in research and development, 40 per 
cent of them being physical scientists. Almost 30 per 
cent of this expenditure on research and development 
came from industrial contracts and 61 per cent from 
Federal contracts and grants. 

The combined expenditure on research and develop- 
ment of the four Federal contract research centres was 
25-1 million dollars, more than four-fifths being in 
the physical sciences, 14:6 million dollars repre- 
senting basic research. Of the 1,051 scientists and 
engineers employed, 1,045 were engaged in research 
and development. Of 131 professional and technical 
scientists covered by the survey, 49 either conducted 
or supported research and development, total expendi- 
ture for this purpose amounting to 6-7 million dollars, 
of which 4-7 million dollars was on that conducted 
by the societies themselves; slightly more than 1-2 
million dollars went to educational institutions, 56 per 
cent of the expenditure represented basic research, 
mostly in the biological sciences. The societies em- 

loyed 736 engineers and scientista, 451 being full-time 
ut only 204 were engaged in research and develop- 
ment; physical scientists far outnumber the others. 

Science museums, zoological and botanical gardens 
and arboretums, totalling 23 organizations, together 
expended 1-8 million dollars on research and develop- 
ment, some 80 per cent being for basic research, 
mostly in the hfe sciences and conducted within the 
organizations themselves, who employed 264 scientists 
and engineers, 142 being full-time workers. 


ANTARCTICA 


Extensive oversnow traverses and aircraft flights 
have now sighted the major part of the 12,000,000 
km.? of the continent and surrounding ice-shelves. 
Only one major gap remains to be seen, namely an 
area of more than 1,000,000 km.* between the South 
Pole and the coastline of Antarctica between the 
meridians of 20’ west and 60’ east. Elsewhere, 
explorers have at least an approximate idea of the 
surface contours of the vast ice sheet covering this 
continent. A rough idea of the form of the rock 
surface beneath the ice has been obtained. Much 
has been learned about the climate of the continent, 
both at the surface and in the high atmosphere, while 
at still greater heights knowledge of the aurora and 
the ionosphere over Antarctica, has been greatly 


No. 4812 January 20, 1962 


increased. Although much remains to be discovered, 
1t is clear that the past five years have seen the 
unveilng of many of the most interesting physical 
phenomena of Antarctica. 

The development of research in Antarctica during 
the International Geophysical Year was so successful 
that the International Council of Scientific Unions 
decided that it should encourage the continuation 
of an international pro in Antarctica after 
the conolusion of the International Geophysical Year. 
The Special Committee on Antarctic Research was set 
up for thig purpose, and international co-ordination 
of Antarctic programmes is still continuing under the 
auspices of the International Council on this basis. 

In his article, Dr. Robin describes a number of the 
achievements of the past five years ın the disciplines 
of meteorology, geomagnetism, upper atmosphere 
physios, glaciology, crustal investigations, oceano- 
graphy, cartography and biology. Much remains 
to be done to complete the straightforward explora- 
tion of the interior of the continent, and to collect 
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sufficient data for the thorough analysis of scientific 
probiems at present under investigation. More 
fields needing investigation are apparent, and tho 
present work will reveal still further horizons. So 
long a8 expeditions to Antarctica continue to ‘con- 
centrate on. fields of study which cannot be under- 
taken at less cost in more accessible lands, support for 
such efforts will be justified. Even so, the general 
public end Governments may look for direct financial 
returns on their antarctic investments in terms of 
rich mineral deposits or other forms of wealth. 
Such returns may not be impossible, but it would 
seem a short-sighted policy to stress this aspect too 
much in obtaining support for long-term investiga- 
tions. Although its value may not always be obvious, 
research in Antarctica must be viewed as offering 
the type of return one may expect from pure 
rather than applied science. By adding to the whole 
field of physical and biological knowledge of our 
globe, this research may well help to uncover some 
basic truths. 


SUB-ACOUSTIC WAVES FROM LARGE EXPLOSIONS 


By Pror. R. V. JONES, C.B., C.B.E. 
Natural Philosophy Department, University of Aberdeen 


HE Krakatoa volcanic explosion of August 27, 

1883, gave rise to repeated barographic disturb- 
ances all over Earth, from which it was possible to 
plot the development of the wave-front of the atmo- 
spheric pressure wave resulting from the explosion. 
This wave went around Earth three times before it 
became too weak to affect barographs of normal 
sensitivity; the data are available in the Report of the 
Krakatoa Committee of the Royal Soctety!. Typically, 
the disturbance on its first passage over Earth was 
reported to consist of a sudden pressure rise, followed 
sometimes by oscillations, and then by a deep 
depression and & further rise; the whole phenomenon 
took about 1 hr. The velocity of the waves over 
Earth varied in different directions, and at different 
times in the same direction, between the limits of 
674 and 726 m.p.h. The direct wave from Krakatoa 
to Europe took times of 36 h. 24 m., 36 h. 30 m. and 
36 h. 50 m. to encircle Earth on successive transits. 
The wave that reached Europe by the path through 
Krakatoa’s antipode took times of 34 h. 46 m. and 
36 b. 04 m. for its two complete recorded circuits. The 
difference ın velocity in the forward (westward) and 
reverse (eastward) directions was presumably due to 
the effects of upper atmospheric currents. 

The disturbance that originated in Siberia on 
June 30, 1908, also gave rise to strong atmospheric 
waves which were recorded on microbarographs in 
many parts of the world. Kulik? appears to say that 
this wave “travelled twice round the world” ; but the 
data published by Whipple’ indicate that the most 
distant recording was that made at the Potsdam 
Observatory, which alone recorded the antipodal 
wave as well as the direct one, and there is no sugges- 
tion that either wave was detected anywhere more 
than once. The peak amplitude of the direct wave at 
Potsdam was thought to be about 760 microbars 
and that of the antipodal wave 170 microbars. 
Whipple* gave a diagram compiled from the records 
at several stations in Britain, indicating the structure 
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Fig. 1. Microbarographic disturbance In Britain on 30.6.08, after 
Whipple 


of the disturbance (Fig. 1); he stated that the velocity 
of the front of the disturbance was 323 m./sec., and 
that of the main trough 318 m./sec. This compares 
with a mean velocity of about 315 m./sec. for the 
Krakatoa waves. 

The Russian nuclear explosion of October 30, 1961, 
is thought to have been of more than 60 megatons 
TNT equivalent, and to have occurred in the Novaya 
Zemlya region at about 0830 a.m.r. This explosion 
gavo rise to a strong atmospheric wave, which was 
widely detected. At Aberdeen it was recorded on two 
microbarographs of a new design, details of which 
will be duly published. Mr. 8. T. Forbes has helped 
with their design, construction, and calibration. The 
instruments are differential ones, capable of a record- 
ing sensitivity of 0-1 microbar per division. They are 
normally operated at one-tenth or less of this sensi- 
tivity, since atmospheric conditions are rarely steady 
enough to justify more; the instruments can be made 
insensitive to very rapid and very slow disturbances, 
and they were set to respond uniformly to disturbances 
with periods between about 25 sec. and 10 min. 
Local atmospheric conditions were unfavourable at 
some of the relevant observation times, and other 
stations may well have obtained better records; but 
the Aberdeen records are reproduced here in the hope 
that they may be of some general interest. 

On the first passage of the direct wave (Fig. 2), the 
atmosphere was locally disturbed, giving a ‘noisy’ 
background. The disturbance from the explosion, 
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Fig. 2. Miorobarograph record at Aberdeen, 30.10.61. Numbered ordinate at 1200 @.3.7.; chart speed, 1 small horizontal division = 
2 min. Full-scale vertical deflexion = 400 miorobars 
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Fig. 3. Microbarograph record 81.10.61. Numbered ordinates at 1700 and 1800 G.m.t. Fuoll-scale defiexion before 1710 G.T. = 400 
microbars; sensitivity halved after 1710 q. M. æ. 
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Fig. 4. Miorobarograph record 31.10.81-1.11.61. Numbered — at 2300 and 2400 aT. Full-acale vertical defiexion = 800 
7 orobars 


some 2,000 miles distant, began to arrive at about 
1123 G. . P. the immediate effect being a pressure 
rise which took the recording pen off scale. Four 
minutes later, this was followed by a very sharp fall, 
the trough occurring at 1129 h.; the recording 
system was so arranged that negative defloxions were 
in effect rectified, and thus were recorded as positive, 
to give the equivalent of using a recording chart of 
twice the width. The trough therefore appears as a 
peak on the record, interposed between the first two 


genuine peaks at 1127 am.t. (off scale) and 1136 
a.M.T. The maximum peak to trough amplitude was 
about 1,000 microbars. Thereafter there was a 
succession of waves, decreasing in amplitude and 
period; about twenty of these could be identified, the 
last being at 1228 a.m.r. and having a period of less 
than 2 min., as compared with 4 min. for the first 
wave. 

At 1702 a.m.r. on Ootober 31, 1961, a strong wave 
began to arrive, presumably from the opposite 
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direction, and having travelled over the antipode of 
Novaya Zemlya in Antarctica. Fig. 3 shows this 
wave-train—the sensitivity of the recording system 
was halved at 1710 a.m.t. to keep the recording on 
scale. The first effect appears to have been a pressure 
fall (unless the rise starting at 1650 G.m.T. was in 
fact part of the same train), and the maximum peak- 
to-trough amplitude was about 580 microbars. This 
train was therefore surprisingly strong, being more 
than half the amplitude of the direct wave, after 
having travelled about 23,000 miles. The record is in 
fact clearer than that of the direct wave, since the 
local conditions were quieter. About twenty-six peaks 
can be distinguished, the last being at 1828 a.m.T.; 
there is evidence of dispersion, but it is surprising how 
well the wave-form has been preserved, the earliest 
wave to arrive having e period of 9 min., and the last 
less than 2 min. The focusing in the neighbourhood 
of the antipode must have been appreciable. 

At about 2340 c.m.T. on the same day, a disturbance 
was recorded that may have been due to the wave 
re-diverging from Novaya Zemlya after encircling 
Earth (Fig. 4). The wave-form was much degraded, 
with a maximum peak-to-trough amplitude of about 
220 microbars. It is, however, well above the local 
fluctuations at the time, and no other disturbance of 
such magnitude arrived between 2100 a.m.tT. on that 
day and 0300 a.m.r. on the following day. These 
limits are well outside the scatter of times to be 
expected on the Krakatoa evidence, and it thus 
appears that if the direct wave was detected at 


NATURE 


231 


Aberdeen on its second transit (and from the magni- 
tude of the antipodal wave 6 hr. before, it should 
have been) the disturbance beginning at 2340 a.m.r. 
was the result. This gives a time of 36h. 17 m. fore 
complete passage round Earth. 

A strong disturbance was detected at 0422 a.m.T. 
on November 2, which could have been due to the 
second passage of the indirect wave (Fig. 5). The 
maximum amplitude was about 200 microbars, and 
the wave-form was again much degraded. Similar 
degradation on s larger scale had been observed on the 
Krakatoa waves. If this disturbance was in fact due 
to the explosion, the time for the first complete 
reversed circuit from Aberdeen was 35 h. 20 m. 

At 1100 a.m.z. on the same day, another strong 
disturbance was detected (Fig. 6). This was of a 
similar form to that received at 2340 h. on October 31 
and of amplitude 160 microbars. If it was due to the 
third passage of the direct wave over Aberdeen, the 
time for the second complete forward transit would 
have been 35 h. 20 m., nearly 1 hr. shorter than 
that for the preceding transit. While such a variation 
is surprising, the 1100 a.m.T. disturbance was unmis- 
takably the largest within the bracket of times at 
which the wave would have been expected back at 
Aberdeen, and it occurred when local conditions were 
fairly quiet. There was a small disturbance of 
amplitude 100 microbars at 1144-1210 G. M. P. when 
the signal had been expected; if this was in fact the 
wave from the explosion, the time for the second 
encirclement was 36 h. 04 m. 
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Fig. 5. Microbarograph record 2.11.61. Numbered ordinates at 0400 and 0500 G.T. Ful-scale vertical deflaxion = 800 miorobars 
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Fig 6. Microbarograph record 2.11.61. Numbered ordinates 1100 and 1200 G.u.7. Full-scale vertical deflexion - 800 microbam 
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Fig. 7. Alicrobarograph reoord 5.11.61. Numbered ordinates 0000 and 1000 a.x.. Full-scale vertical deflexion = 400 microbars 


On November 3, conditions were very disturbed, 
with snowstorms over north Scotland, and no recog- 
nition was possible. The fourth passage of the reverse 
wave would have been due at about 0330 a.m.7. on 
November 6, if the times for the second and third 
transits had been the same as that for the first. Local 
conditions were quiet at this time, but no disturbance 
was observed. A wave-train lasting about 100 min. 
after 0440 a.m.T. was recorded; but there is no 
reason to associate this with the previously observed 
passages. A wave-form arriving at 0940 G.m.T. on 
November 5 bore some resemblance (Fig. 7) to the 
disturbances observed on previous passages; the 
amplitude was about 120 microbars. If this was due 
to the explosion on October 30, ıt would have represen- 
ted the fifth passage of the direct wave over Aberdeen, 
giving an average of 35 h. 20 m. for the third and 
fourth encirclements. The evidence, however, is 
slender. 

The times of passage of the first and second direct 
and reverse disturbances over Aberdeen can be used to 
estimate the time of the explosion and its distance 
from Aberdeen. The former comes out to be 0829 
G.Mm.T. and the latter 1,990 miles. This estimate allows 
for the apparently different velocities of the forward 
and reverse waves. Rather cruder estimates, not 
making this allowance, give explosion times of up 
to 6 min. earlier and distances up to 90 miles 
greater. 

As regards scale, the explosion produced a dis- 
turbance of amplitude about three times as great as 
that registered after the large explosion of October 23. 
The time between the first two peaks oaused by that 

losion was about 4 min., compared with 6 min. 
for that of October 30. 

The most remarkable point about the Aberdeen 
records is the strength and clarity of the first antipodal 
wave, which had more than 50 per cent of the ampli- 
tude of the direct wave. It is not yet known whether 
this was a common experience, or whether ıt was due 
to unusual propagation conditions. The comparison 
of the wave-form with that observed after the 1908 
incident, while showing some similarities, indicates 
that the latter had an extra train of short-period waves 
at the tail of the main train. This feature of the 1908 
mcident was recorded at several stations in England. 
Whipple suggested that the main train was dus to the 
bow wave of a meteorite as it fell through the atmo- 
sphere, while the later train was caused by the impact 
of the meteor with the ground. Both trains are 
thought to have originated almost simultaneously, 


and to have become separated by atmospheric dıs- 
persion, the shorter waves travelling more slowly. 
On this view, they could even have originated slightly 
earlier than the longer waves of the main train, and ıt 
would be permissible to identify the shorter waves 
with the shook caused by the meteorite traversing 
the atmosphere; the main train could then have been 
caused by the meteorite exploding in the lower 
atmosphere. 

It is possible to estimate the minimum mass of a 
meteorite sufficient to have caused the Siberian 
incident. The amplitude of the pressure wave over 
Britain in 1908 was about 200 microbars, the range 
being 5,700 km.; at Slutsk, 3,740 km. from the 
incident, the amplitude was about 300 microbars. 
The nuclear explosion of October 23, 1961, near 
Novaya Zemlya, thought to have been of 30 megatons 
TNT equivalent, produced an amplitude of about 
350 microbars at Aberdeen, about 3,200 km. distant. 
The 1908 incident thus appears to have released 
energy of about 30 megatons equivalent; Penney 
et al., using the statement of Whipple* that trees had 
been continuously felled te 20 km. radius, estimated 
the energy release as 13 megatons equivalent. Kulik’, 
however, reported that continuous windfall of trees 
extended ‘‘from the centre to distances up to 30 km.”, 
and that traces of burns were visible out to “15 to 
20 km.”’; this evidence might double Penney’s 
estimate. 

Taking the 1908 energy release as being of 30 
megatons equivalent, withm a factor of two either 
way, and assuming that 1 gm. of TNT gives about 
4 x 101° ergs, the release was thus about 10 ergs. 
Scorer’, incidentally, estimated the release as about 
5 x 10™ orgs. on the microbarographic evidence prior 
to 1950. Radio-astronomical evidence stron gly indi- 
cates that the maximum velocity for meteorites 
entering Earth’s atmosphere is about 80 km./sec. 
(consistent with the view that all observed meteorites 
are members of the solar system). Assuming that the 
Siberian incident was due to a meteorite member of 
the solar system, and that the air waves were caused 
by its kinetie energy alone, its mass was probably at 
least 30,000 tons. 


1 Rep. Krakatoa Comm. . Soc., edit. by Symons, G. J. (Trabner 
and Oo., London, 1888). 


1 Kulik, L. A., OR. Acad. Soi. URS S., 28, 516 (1989). 

3 Whipple, F. J. W., Quart. J. Roy. Met. 506., 60, 505 (1984), 

‘Whipple, F, J. W., Quart. J. Roy. Met. Soo., 88, 287 (1980). 

* Hunt, J. N., Palmer, R., and Penney, Sir William, PRH. Prans., 
252, 275 (1860). 

t Soorer, E. 8., Proc. Roy. Soc., A, 801, 187 (1860). 
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RUBIDIUM-STRONTIUM CORRELATION OF THREE TEKTITES AND 
THEIR SUPPOSED SEDIMENTARY MATRICES 


By Pror. W. H. PINSON, jun., and C. C. SCHNETZLER 


Department of Geology and Geophysics, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 


HE peculiar geographical distribution and 

similarities in chemical compositions of and 
within several groups of tektites has suggested an 
extraterrestrial origin for tektites to many investiga- 
tors. However, a serious challenge to the extra- 
terrestrial theories was made by the meteorite splash 
theory of Spencer’. Spencer suggested that tektites 
were composed of terrestrial material which had been 
fused by meteorite impacts on Earth. Barnes’, 
reviving an earlier hypothesis by Rutley*, proposed 
that tektites may be formed by lightning striking 
sedimentary rocks—that is, they are a form of 
fulgurite. Recently, Hawkins‘ has supported this 
theory. 

The purpose of this rubidium-strontium work is to 
test the hypothesis that tektites are the fusion 
products of the local material in which they are 
found. To our knowledge no tektite has actually 
been found indisputably in situ, except in surficial 
matorials®. However, some tektites, notably the 
Georgia tektites, the bediasites and the moldavites 
are so closely associated with certain Tertiary 
formations that they may reasonably be thought to 
have weathered out of.these sediments. Dr. A. J. 
Cohen of the Mellon Institute and Prof. G. 8. Hawkins 
of Boston University recently collected samples of 
sedimentary material from Czechoslovakia, Georgia 
and Texas which are believed to be the sedimentary 
matrices of the associated tektites. Fusion inves- 
tigations have been made on these matrix samples 
by Hawkins and Wolfson’ and Friedman et al.?. The 
samples are nated and described : 


4287 Sand from Nechov, Oxechosl Ueoted by Dr. J. 

' Cohen of the Mellon Institute, pirti Pa, July 6, Lon, at 
site of toktite No. 4090, 

4000 Moldavite from Nechov, AONO TAKIS: Collected by Dr. A. J. 
Cohen. Approximately 46 gm. 

4109 — y sand from the Welborn Formation of the J — 

exas of Upper Hocene Age. Donated by Pro ated 

Hawkins of Boston University. 

4106 Bediasite from Grimes County, Texas. A by Prof. 
Hawkins. B.U. sample No. 10. 12-05 

4300 Bediasito from Grimes County, — Donated by Prof. 
Hawkins. B.U. sample No. 9. 9 65 gm. 

4110 Clayey Snes collected immediately oe the to 
ap where severs! Georgia tektites bora a a 
Donated by Prof. Hawking, 

4271 Tektite from Empire, Georgia. Donated by Dr. B. P. Hender- 


son, National Museum Specimen No. 1306. 

If these tektites are fusion products of the asso- 
ciated sediments there should be. expected some 
similarities in chemical compositions. However, high- 
temperature fusion might conceivably alter the 
chemical composition, but the alteration should be 
in the direction of enrichment of a refractory element 
over a volatile one. For example, the enrichment of 
strontium relative to rubidium might be expected. 
Although elemental ratios might be altered during 


fusion, the isotopic ratios, as, for example, the stron- 
tium-87 : 86 ratio, should be expected to remam 
unchanged. On this basis we have analysed the seven 
tektites and associated sediments for rubidium and 
strontium, and for one pair have measured the 
strontium-87 : 86 ratios. The results of these 
analyses are presented In Table 1. Table 2 reports 
partial major element analyses for a bediasite and its 
supposed matrix sediment. These analyses were by 
the rapid silicate method, except that alumina in 
4106 was determined by X-ray fluorescence analysis. 
These results are a by-product of a larger investigation. 
we have made on tektites by Schnetzler®, and because 
of the obtruse sampling problem, and the negative 
indication of the present results to the local fusion 
hypothesis, we do not plan to pursue this subject 
further. However, we are following, by the rubidium— 
strontium correlation method®’*, the testing of the 
more promising hypothesis that tektites may be the 
fusion products of large meteoritic splashes of 
continental proportions as, for example, was recently 
proposed by Cohen**. He suggested that the Ries 
Kassel crater may be the source of the moldavites. 
The rubidium-strontium test might also be applied 
to the Ivory Coast tektites (impactites?) and the 
hypothetically associated Bosumtivi crater in Ghana. 
Since this crater is in granite of Precambrian age, the 
crater rocks should have relatively large strontium- 
87 : 86 ratios compared with tektites measured to 
date, the ratios of which range only from 0-715 to 
0-725 (ref. 8). The test should be conclusive in this 
Case. 

The rubidium : strontium ratios reported in Table 1 
serve as rubidium—strontium correlation tests on 
three pairs of tektites and their associated matrix 
materials. There is no correlation for the Czecho- 
slovakia and Georgia pairs, but in both these cases 
the refractory element is enriched more than the 
volatile element, agreeing with expectation in a high 
temperature fusion process, namely, strontium is 
enriched more than rubidium in the tektites. For 
the two bediasites which are compared with the 
supposed matrix material there is not only a near 
identity in rubidium : strontium ratios but also near 
identity in the elemental contents of rubidium and 
strontium. However, in view of the marked dis- 
similarity in major element analyses as reported in 
Table 2 for those same samples, the similarity in 
rubidium : strontium ratios and elemental contents 
is rendered coincidental. 

The strontium-87 : 86 ratios reported in Table 1 
have been corrected for instrumental isotopic frac- 
tionation on the assumption that the strontium- 
86 : 88 ratio is a constant and equal to 0-1194. The 
run-to-run variations from this value are attributed 
to instrumental fractionation, chiefly fractionation of 
the isotopes of different mass off the hot filament in 
the solid source mass spectrometer. Half any 
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Table 1. RUBIDIUH-STRONTIUM DATA FOR TEETITES AND ASSOCIATED SEDIMENTB 


234 
i 
aoe 
Sample Description Rb Sr 
num p-p.m. D.p m. Tatlo 
4106 Bedtasite from 70 152 0-46 
Grimes Co., Texas 
4800 Bediasite from 66 * 158 * 0:43 
Grimes Co., Texas 
4109 Matrix; olayey 68 168 0-88 
sand, Wellborn 
formation, Grimes 
. Texas. Age: 
Eocene 
4271 Tektite from 74 170 0 44 
Empire, Georgia 
4110 Bandstone from 85* 19” 1 84 
4080 Moldavite from 146 136 1:07 
Neohov, Bohemia 
42.67 Sand from Nechov, 90* 52* 1:78 
Bohemia 





* X-ray fluorescence analysis. Other Rb and Sr contents determined by mass spectrometric isotope dilution. 
E percent = o x 100/M, where M = EXjn, endo = 4/Z¢3/n(n — 1), for Sr*"/8r**. 


Table 2. PARTIAL ANALYSES OF A BHDIASITH AND ITS ASSOCIATED 


SEDIMENT 
4106 4109 
Bediasite from Associa 
Grimes Co sediment 
810 — — 
Al, 12-7 = 
TÒ 0-74 0-85 
Fos), 0-77 0-81 
Fe 8'15 0-51 
MgO 0-61 0-44 
Cad 0-56 0-47 
Na,0 1:54 0-90 
K,0 210 1-56 
O 0-042 0-012 
ag heed 26 20 
K/Rb 249 205 
Fet+/Fet+ 0-2 1'48 


correction necessary to re-adjust the strontium-86 : 88 
ratio to 0-1194 was applied to the strontium-87 : 86 
on the basis of the mass difference between strontium- 
87 and strontium-86 being only half the difference 
between strontium-86 and strontium-88. For an 
example of empirical justification of this procedure 
see Faure!!. 

The column labelled Æ per cent in Table 1 is a 
measure of the precision of the instrumental and 
measurement errors only. It does not represent the 
true precision of the analysis; that is, it 18 not the 
precision of the strontium-87 : 86 ratio derived from 
independent replicate analyses. When the mass 
spectrometric record was measured the isotopic 
ratios were averaged for each set of six scans (one 
scan being the 84, 86, 87 and 88 peaks). These 
groups were then used to calculate average ratios for 
strontium-86 : 88 and strontium-87 : 86. The differ- 
ences between the groups of six were used to calculate 
E per cent. Therefore Æ per cent is a measure of the 
variation of the instrument and measurement errors 
and is reported solely to judge the quality of the run. 
For our own purposes of qualitatively comparing 
analyses, runs having E per cent between 0-08-0-2 
per cent are classed as ‘good’, ‘fair’ or ‘poor’ on the 
basis of criteria such as pressure during the analysis, 
evidence of -excessive instrumental fractionation, 
stability of ion emission and the number of scans 
recorded. Runs with errors in excess of 0-2 per cent 
aro genorally discarded or repeated. 

Our experience from replicate analyses of the 
strontium-87 : 86 corr. ratio indicates that the 
standard deviation of a single analysis for a mass 
spectrometric run of ‘good’ quality is slightly better 
than +0-001. For documentation see Faure! and 
Schnetzler’. 

The strontium isotopic ratios reported in Table 1 
for the bediasite 4106 and its associated sediment 


Sree Sri? — is 
—— — No. of per 
Bree Bree oorr. BOADS cent 
0 1187 0 7207 0:7186 110 0-09 
0:1199 0:7178 0:7193 50 0 15 
0-1197 0:7152 0°7161 48 0-20 
Average 0:7177 
® 
4109 are identical within expermmental error. This 


identity, coupled with the similar rubidium : stron- 
tium ratios in this pair, is, however, rendered much 
less noteworthy than superficial consideration might 
suggest by two other considerations. These are the 
above-mentioned radical differences in chemical com- 
positions, and the scant rubidium-—strontium data 
which we have on shales, which indicate that a 
rubidium : strontium ratio of about 0-4 and a stron- 
tium-87 : 86 ratio of about 0-720 is common in 
marine sediments. Faure" analysed two composite 
shale samples with this result, while a rubidium : 
strontium ratio of 0-4 is in general agreement 
with the average found from a survey of the 
literature! 

Friedman et al.” measured the magnetic suscep- 
tibilities in the unheated and the fused rocks with 
which tektites have been found associated and in 
tektites. Their results reflected the wide differences 
in the iron contents between the tektites and their 
associated rocks, a result further confirmed by our 
analyses in Table 2, in which the total iron content 
of the bediasite is much higher than in the associated 
sediment, and the ferric : ferrous ion ratios are 
markedly different. From the magnetic suscep- 
tibility and saturation magnetism measurements 
Friedman and his associates concluded that the 
tektites were not formed from the fusion of local 
rock ın or on which they are found, for example by 
surface heating or the effects of lightning. 

This work was sponsored by the Lunar-Plan- 
etary Exploration Branch of the Geophysics Research 
Directorate, Air Force Cambridge Research Labora- 
tories, under contract AF 19(604)-6135. Prof. P. M. 
Hurley permitted us to use the mass spectrometric 
facilities at Massachusetts Institute of Technology in 
the Geochronology Laboratory, which are financially 
sponsored by the United States Atomic Energy 
Commission under contract AT (30-1)-1381. To 
these organizations, the donors of the samples, and 
Prof. Hurley we express our appreciation. 
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ENERGY TO FORM AND TO MOVE VACANT LATTICE SITES 
IN GRAPHITE 


By C. BAKER and Dr. A. KELLY 
Department of Metallurgy, University of Cambridge 


NUMBER of workers!-? have shown that 

graphite single crystals, quenched from about 
3,000° ©, and later annealed ın the range 1,200- 
1,400° O., contain circular loops of dislocation lying 
in the basal plane. The diameters of the loops vary 
between 50 A.—lu and their number observed in 
transmission between 1—500/u", depending on the 
temperature of annealing. On further annealing at 
higher temperatures the loops disappear. Contrast 
experiments in the electron microscope are completely 
consistent with the explanation that the loops corre- 
spond to disk-shaped voids lying on the basal plane 
of the structure about which tho lattice has collapsed 
and shesred!*, Loops have never been observed in 
unquenched graphite. Entirely equivalent experi- 
ments on many metals are interpreted as indicating 
that vacancies formed ın thermal equilibrium at high 
temperatures are quenched into the lattice on rapid 
cooling. On annealing at a low temperature the 
isolated vacancies coagulate to form disks about 
which the lattice collapses leaving a ring of disloca- 
tion. On annealing at a temperature higher than that 
necessary to form the loops they anneal out by a 
process of self-diffusion. 

The thickness of the foils examined in the electron 
microscope, measured using an interference micro- 
scope, hes between 1000-2000 A. ‘The size and 
number of loops observed correspond to vacancy 
concentrations between 10-* and 2 x 10°. The 
fractional concentration of vacancies (c) is given by: 

c = yp exp(— U;/KT) (1) 
For metals the value of yß is between 1-10 (rof. 4) and 
for gormaninum a value of 6-7 has been quoted’. 
Assuming a value for yf of 10 and taking the quench- 
ing temperature as 3,000° C., with o = 10-4, 
U; = 3-3 eV., and with c = 2 x 104, U; = 2-4 eV. 
Mott and Gurney! have shown how to estimate yf, 
which depends on the change in the lattice vibration 
frequencies around & vacant. lattice site and on the 
thermal expansion of the crystal. Using their method 
an upper limit for yB.of 300 is obtained, which gives 
an upper limit for Up of 4-2 eV. From these estimates 
we conclude that the value of Uy; les in the range 
2:4-42 eV. The temperature from which quenching 
has been carried out has been measured with an 
optical pyrometer. This is maccurate, but even if the 
quenching temperature had been 4,000° K., the 
sublimation temperature, with y8 = 300ande = 104, 
U; is less than 5-1 eV. 

The activation energy to move a vacancy is 
estimated as follows: If vacancies move by a random 
walk the number of jumps (n) made by a vacancy 
before it joins a loop is: 

n = Azvi exp(-Um/ET) (2) 
A is an entropy factor, t the time of annealing, z the 
co-ordination number, and v the atomic vibration 
frequency. If 1 is half the average distance between 
loops in the basal plane and b the carbon-carbon 
soparation we have : 


Vnb = 1 (3) 


Substituting in (2) we have: 
2 
Arv i = exp(Un/KT) 

In & typical case loops are observed after an anneal 
for 90 min. at 1,390° C. If A is assumed to be 10 
(ref. 7),z = 3, v = 4-8 x 10" gec.-! (from the Debye 
temperature of graphite) } lies between 1:1 and 6 x 
10-4 em., whence U m lies between 3:2-3-7 oV., t is an 
upper limit to the time of annealing necessary to 
observe loops. 

If the loops had formed after 54 sec., Um= 2-6 eV. 
Um then lies in the range 2-6-3-7 eV. If diffusion 
occurs by a vacancy mechanism the activation 
energy for self-diffusion, Usp, should be given by the 
sum (Uy + Um). Thus Usp = 645 + 1:46 eV. 
Kanter? measured the activation energy for self- 
diffusion in single crystal graphite from measure 
ments of the uptake of carbon-l4. He obtained 
zl + 0:5 eV. We conclude from this that self- 
diffusion does occur by & vacancy mechanism in 
graphite. 

From the time and temperature necessary to 
anneal out the dislocation loops in graphite an 
independent estimate can be made of the activation 
energy for self-diffusion if a vacancy mechanism were 
assumed, The loop is treated as a ring of dislocation 
which can climb and shrink by emittmg vacancies, 
following the theory of Friedel’, and modifying it 
for the present case. The probability per unit time of 
reducing the loop area by one atomic ares is the 
probability of forming a vacancy and of this vacancy 
moving away into the lattice. This is proportional to: 
vz exp(—(Un + U; — Foa)/KT) — vee oxp(— Un/KT) 
where J’, is the force per unit length making the 
dislocation loop climb, a is the area per atom in the 
basal plane and c is the concentration of vacancies in 
the lattice near the dislocation loop. If we assume 
no build up of vacancy concentration close to the 
loop,e = exp(—U;/KT). If N is the number of atom 
areas in the loop and Ny the number of atoms at the 
perimeter of the loop, then: 


dN 
— Gp = Ne 2 v oxp(-Ugn/KT) {exp(F.a/KT) — 1} 


Here æ is the fraction of the number of atom sites at 
the perimeter of the loop at which vacancies can be 
formed, Writing the last expression in terms of radiua 
of a loop (R) we have: 


ak — 
— Gy = Vaeve exp(— Usp/KT){exp(F.a/KT) — 1} (4) 
F, can be found from the energy of the loop (E): 
l dE 
Pe= — eR dR 
The energy of a dislocation loop lying ın the basal 
plane of a hexagonal crystal with Burgera vector 
having componente in and perpendicular to the basal 
plane has been given by Chou and Eshelby*. Using 


their expressions and taking the clastic moduli of 
graphite and the stacking fault energy derived by 
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Baker et al.: the function involving Fe has been 
evaluated with T = 2,473° C. For the range of values 


of R of interest it reduces to 2 (following Silcox and 


Whelan") where 6 is the carbon—carbon separation in 
graphite (1:42 A.) and the constant a = 4-4. Bub- 
stituting this into equation (4) and integrating we find 
the time ¢ for a loop of radius # to shrink to zero is 
given by: 
FR 

t= 24/abavaz exp( Usp/KT) (5) 
Loops of radius 875 A. have been annealed out in 
times of 1 hr. at 2,200° C. Substituting the values in 
equation (5) and taking x = 4, which is reasonable for 
a circular loop in graphite, we find Usp = 6:3 eV. 
This independent estimate is quite consistent with the 
values found above from the energies to form and 
move vacancies and confirms the conclusion that 
diffusion occurs by a vacancy mechanism. 

The value of U; found above, namely ~ 3-4 eV., is 
about half the energy of sublimation of graphite, 
which is 7-4 eV. (ref. 13). This ıs usually taken as the 
value of U; (ref. 14), since to sublime an atom from the 
surface requires the breaking of 1-5 bonds on average, 
and to form a vacancy one breaks 3 bonds and 
restores 1-5 on average at the surface. This estimate 
neglects any relaxation around the vacancy which 
may lower the value of Uy. The experimental values of 
U; deduced here indicate that the value of Uy is 
considerably lower than the heat of sublumation and 
hence poses the theoretical problem of how the 


NATURE 


January 20, 1962 vor 193 


relaxation comes about. It might be noted that a 
similar discrepancy with the bond-breaking argument 
exists in the case of germanium, another homopolar 
crystal. The value of the heat of sublimation is 3-9 eV. 
(ref. 15), the activation energy for self diffusion 
is 3 eV. (ref. 18) and the energy to form a vacancy is 
1-8-2-0 eV. (refs. 17, 18); thatis, about half the heat 
of sublimation. 

We are grateful to Dr. G. K. Wilhamson and Prof. 8. 
Amelinckx for correspondence, to Mrs. Cosslett 
(Cavendish Laboratory) for helpful discussion and 
the use of her interference microscope, and to the 
United Kingdom Atomic Energy Auth8rity for 
financial support for one of us (C. B.). 
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INFRA-RED ABSORPTION MODES CHARACTERISTIC OF THE 
AMORPHOUS PHASE IN KERATIN 
By E. G. BENDIT 


Commonwealth Sclentlfic and Industrial Research Organization, Wool Research Laboratories, 
Division of Textile Physics, Sydney 


SYSTEMATIC investigation of various aspects 

of the infra-red absorption spectrum of keratin 
in the fundamental spectral region is being carried 
out in these Laboratories, and reports of the experi- 
mental technique and of some preliminary findings, 
using polarization and deuteration methods, are at 
present in preparation. 

An interesting feature, which is the subject of this 
article, concerns the weak absorption band which 
occurs a8 a shoulder on the low-frequency side of the 
3,290 cm.~! NH stretching mode (Fig. la). This band 
has not received much attention in protein spectra 
published in the literature, but has been observed 
and commented on in polyamides!~* and in N-methyl 
acetamide’. Holliday! speculated that the shoulder 
near 3,200 cm.-! represents bonded NH groups in 
the amorphous region of the material. Cannon? 
assigned this band to a combmation mode of the amide 
I (1,650 em.~) and amide IT (1,550 om.~') frequencies, 
- but thore are certain difficulties with this assignment. 
Davies ef al.4 favour a combination of the 3,300 am.-} 
band and a low-frequency mode as the origin of the 
band near 3,200 om.-1, but, as has been pointed out 
by Cannon’, the frequency shifts of the NH stretching 
modes with temperature in nylon films do not accord 
well with this explanation. It should also be men- 
tioned that the early work of Tsuboi* and Darmon 


and Sutherland’ on simple amides and oyclie struc- 
tures containing amide groups led to the assignment 
of the band at 3,300 om.-! to the trans-form of 
the hydrogen-bonded amide group, and that of 
the band at about 38,175 om.i to the cts-form. 
However, in recent years the presence of the latter 
form has not been seriously considered for proteins 
or polypeptides, although it was at one time 
suggested as a possible structural component in 
collagen”. 

A second interesting observation concerns the 
absorption modes in the vicinity of 2,450 om.-}, 
which appear when proteins and polyamides are 
exposed to deuterium oxide. These modes, which are 
usually in the form of a double peak of separation 
about 60 om.-?, have been assigned by Cannon? to 
Fermi resonance of vyp (the hypothetical frequency 
which resulta on deuteration from the vyg band at 
8,300 cm.-1) with a combination frequency of the 
amide II’ mode at 1,470 om.- and the amide IO’ mode 
at 975 om.-!; again, this assignment raises certain 
difficulties. Beer et al.*, on the other hand, assigned 
these modes to a combination of 1,290 cm.— and 
1,126 cm.-1, but this has been criticized by Cannon’, 
as these two bands are very weak. 

The followmg observations suggest that the bands 
at about 3,190 cm.~ and at 2,400 em.-! arise in the 
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amorphous region of keratin, and allow reconsidera- 
tion of the question of definite assignments: 

(a) When keratin in the form of a section of horse 
tail hair is treated with liquid deuterium oxide for a 
few minutes at 40° O., the intensity of the NH band 
at 3,290 cm.~ is reduced and the shoulder near 8,190 
cm.-! disappears. At the same time, two bands 
appear at 2,460 cm. and 2,400 cm. (Fig. 15), 
which seem to be the corresponding frequencies 
obtained on deuteration, as both have nearly the 
same NH/ND frequency ratio (1:33, and 1-33, 
respectively). At this stage the dichroism of the 
ND frequencies is very small, so that only the amor- 
phous phase of the material is involved in the H-D 
exchange; this indicates that the band near 3,180 
em.-1 is associated with the amorphous phase only. 

(6) Further treatment in liquid deuterium oxide 
at 40° C. (up to three days) progressively involves the 

ə phase; this is shown by the ND absorption, 
which exhibits increasing parallel dichroism (due to 
aligned «-helices). (It is also important to note that, 
except during the first few minutes of deuteration, 
the dichroism of the 2,460 om.-! band is always 
higher than that of the 2,400 om.~? band.) If the 
deuterated material is allewed to back exchange m 
water vapour for about 1 hr. at any stage of the 
deuteration process, the intensity of the ND frequen- 
cies is reduced, while that of the NH frequencies is 
increased; the shoulder near 3,190 cm. re-appears, 
and, the 2,400 cm. band becomes weak relative to 
the band at 2,460 om.~!. It is therefore reasonable 
to infer that whereas the band at 2,460 cm.- is 
associated with both amorphous and orystalline 
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phases, that at 2,400 cm.-! is associated with the. 
amorphous phase only. 

(c) The shape of the perpendicular component of 
the ND absorption remains virtually unchanged 
during progressive douteration. This is again 
consistent with the assignment of the 2,400 cm.-} 
frequency to the amorphous phase, as the 
material (in the form of «a-helices, which absorbs at 
2,460 om.~') has parallel dichroism, and would not 
be expected to contribute strongly to the perpendicu- 
lar curves. 

These teste show that while the absorption bands at 
3,290 om.~? and 2,460 om.-! probably arise from both. 

ine and amorphous regions of keratin, the 
bands at about 3,190 cm.-! and at 2,400 em.— are - 
caused by absorption i in the amorphous regions only. 

It is difficult to assign the absorption modes at 
about 3,190 cm. and at 2,400 cm.-! with any cer- 
tamty. ‘They may well involve very strong hydrogen 
bonds of the type C=O . .. H—N, as suggested by 
Holliday’; this is not unreasonable, as strong hydro- 
gen bonds are more likely to occur in the non-crystal- 
line regions, where lack of regularity of molecular 
configurations permits a closer approach of some of ' 
the CO and NH groups. However, the difficulty 
with this assignment (R. D. B. Fraser, private com- 
munication) is the fact that the peak at 2,400 em.- is 
rather distinct, whilo even a strongly hydrogen- 
bounded group could be expected to have a spread of 
force constants, and therefore exhibit a broader peak. 
In fact, a sharp peak is more indicative of a combina- 
tion of frequencies, such as suggested by Miyazawa 
and Blout**, or Cannon*, but while this 1s an attrac- 
tive suggestion, it ia not easy to see why this type of 
combination should be restricted to the amorphous 
regions of keratin only. Finally, serious consideration 
must be given to the possibility that some of the 
amide groups in the amorphous phase exist in the 
cts-form, for which the lower frequency has been 
established with some certainty**. This suggestion 
receives some support from a report by Russell and 
Thompson", who investigated a range of N-substi- 
tuted amides in dilute solution and found that the 

cts-form was present in most cases. It is worth noting 
that if any cts amide groups are present in keratin, 
they are unlikely to occur in the crystalline region, 
where the trans-form is required for the formation 
of the «-helix. Further, since the presence of a cis 
residue in a polypeptide chain would prevent «-heli 
formation for a number of residues on either side, 
only a small amount of cts material would result in a 
relatively large amorphous component. 

It is now appropriate to comment further on 
Cannon’s"* suggestion that the band near 3,200 
cm.-! is a combination mode of the 1,550 cm.— and 
1,650 om.-! frequencies. His argument is based 
largely on the observation that the frequency of the 
3,200 cm.-' band in nylon does not change with rise 
in temperature. (This behaviour would be expected, 
as the observed increase in frequency of the 1,650 
cm.-! mode approximately balances the decrease in 


“ frequency of the 1,650 om.-! mode when the tempera- 


ture is raised.) However, the 3,200 cm.-! band appears © 
only as a small and ill-defined shoulder on the side of 
the main 3,300 om.~! absorption peak, and small fre- 
quency changes would be difficult to detect. Cannon’s 
claim that the frequency “remains roughly constant” 
can therefore be given only limited weight. Further- 
more, the complete disappearance of the band on 
partial deuteration (Fig. 1b), when the 3,050 cm.~! 
band, which is claimed to have a similar origin (see 
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above) is still very much in evidence, and when the 
1,550 cm.-? band (not shown in Fig. 1b) has only 
partly disappeared, does not accord well with 
Cannon’s assignment. Finally, concerning the 
assignment of the ND modes near 2,400 cm.-1, it is 
not easy to see why the relative intensity of the two 
bands should depend on the degree of deuteration. 
If my interpretation of the evidence is correct, 
the absorption modes at about 3,180 om. and at 
2,400 cm.~-t may well prove useful as a probe to dis- 
tinguish between crystalline and non-crystalline 
material in keratin, where it is assumed that the 
ine component corresponds to non-exchange- 
able material and vice versa. Unfortunately, the 
intensity of these modes is relatively small, so that 
they may be of use only for qualitative or semi- 
quantitative work. Tests are at present in progress 
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to investigate the phenomenon further, and in particu- 
lar to check if these modes are characteristic of non- 
crystalline absorption in other proteins. 
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ACTION OF LOW DOSES OF IONIZING RADIATIONS ON THE 
ELECTROPHORETIC MOBILITY OF EHRLICH ASCITES 
TUMOUR CELLS 


By Pror. G. STEIN*, Dra. G. V. F. SEAMANT and Mars. D. H. HEARD 
Department of Radlotherapeutics, University of Cambridge 


REVIOUS investigators! have shown that tho 

electrophoretic mobility of Khrlich ascites tumour 
cells is reproducible. Thecells, washed under controlled 
conditions (3 washes, at 25° O., in 0:145 M aqueous 
sodium chloride made 3 x 104 M with respect to 
sodium bicarbonate pH 7-0 + 0-2) and termed 
standard washed cells, have a mobility of 1-05 + 
0-08 u sec.~! volt! om. (ref. Id). 

When standard washed Ehrlich ascites tumour 
colls were irradiated with small doses of y- or X-rays, 
it was found that as the dose increased the electro- 
phoretio mobility also increased up to a maximum 
value. Fig. 1 shows the results of one such series of 
experiments. Standard washed cells which had been 
irradiated prior to washing in the presence of ascitic 
fluid immediately after its withdrawal from the 
mouse gave the same results (Table 1), as also did 
washed cells which had been obtained from a mouse 
immediately after it had been subjected to various 
doses (150-450 rads at 60 rads/min.) of whole-body 
irradiation (Table 2). 

If, however, mice were irradiated, and the irradi- 
ated tumour cells examined in saline, it was noted 
that the electrophoretic mobility gradually returned, 
over @ period of 15 hr., to normal. Cells irradiated 
after washing remained constant in their behaviour 
for the 90 min. during which the behaviour of control 
Ehrlich ascites tumour oells is reproducible. 

The cells were irradiated at varying dose-rates: 
1 and 6 rads min.~ using radium y-rays and 60, 180, 
540 and 7,000 rads min. using 210 kVp. X-rays 
unfiltered or through appropriate filters. It was 
found that with in ing doge-rate, the total dose 
required to reach the same effect increased. Thus at 
6 rads min.~! the maximum increase in mobility was 
reached at a total dose of approximately 300 rads, 
but at 540 rads min. approximately 1,200 rads 
were needed to reach the same effect. The affect 
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increased, regularly with dose-rate and was not due to 
any difference in effect between y- and X-rays. Two 
factors limit the range of dose-rate which is practic- 
able. The electrophoretic mobility of the cells 
remains constant for only about 90 min. after the 
cells have been put into saline: and at high dose-rates 
the doses required to produce the effect become so 
great that other effects on the cell outweigh these on 
the surface properties. 

When, at a dose-rate of 60 rads/min., irradiation 
was carried beyond 450-600 rads, the electrophoretic 
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Table 1. Kuriton Asorras TUMOUR OBLLS IRRADIATED WITH X-RAYS 
(60 RADS/MIN.) IN AsOrmio FLUID 
Cells washed anny after Irradiation and mobility measured at 
26° 0., pH 5. 0 in 6-146 Af sodium shloride 


Dose Unirradiated 
(rads) control 800 456 600 900 
Mobility 1-05 40°8 1-23 1-25 1:24407 Ill +0 0-7 
* (max, dev.) 1°94 (max, dev.) (max. dev.) 
volt-? om.) 


Table 2. Huron Asorres TUMOUR IRRADIATHD WITH X-RAYS AT 
60 RADB/MIN. IN MOUSE (in vivo) WHOLE-BODY DOSES GIVAN 


Asut liquor withdrawn immediately after irradiation, cells washed 
ty measured at 25° 0., 9H 7-0 in 0145 M sodium ohloride, 


and mob 
ted controls. 106 + 0 02 ASeo.- volt om. 
Dose in rads 
150 800 450 600 760 
Mobility 119 1°21 1 26 1 22 1:26 
(aseo? yolt“*om,) 1°22 1-22 1 24 1°20 1 24 


mobility was observed to decrease until at 900 rads 
the mobilty recorded was slightly lower than the 
value for unirradiated controls. On further increase 
of the dose, the mobility moreased again, reaching 
anew maximum at 1,200 rads, equal to that obtamed 
with a dose of 600 rads. Thereafter the mobility 
decreased again, reaching another minimum at about 
1,500 rads. Similar effects were observed at other 
dose-rates within the limitations imposed, at every 
dose-rate, by the time factor. Thus, using inappro- 
priate dose-rates or total doses, the effects now 
described may not be observed. 

To indicate whether the increase in net negative 
mobility after urradiation was due to an effect com- 
parable to the coating of the erythrocyte with hamo- 
lysate products which occurs in some circumstances’, 
the supernatant fluid recovered after centrifugation 
of radiated tumour cells was examined by ultra- 
violet spectroscopy. Non-specific protein leakage 
occurred in samples from irradiated and contro! cells. 

It had been found (ref. Id) that treatment with 
formaldehyde increases the mobility of Ehrlich 
ascites tumour cells. It is now noted that the limit 
of the increase produced by irradiation at physiologi- 
cal pH is the same as that reached by formaldehyde 
treatment. When cells treated with formaldehyde 
were irradiated, or when irradiated cells were 
treated with formaldehyde, no further increase in 
mobility was observed at neutral pH. Previous 
observations (ref. I a, b, d) are consistent with the 
assumption that the surface of the Ehrlich ascites 
tumour cell contains both positive and negative 
groups, the gross negative charge outweighing the 
positive one. If some or all of the positive charges 
are due to chemical groups with which formaldehyde 
may react, then this reaction wil eliminate such 
positive groups. Some weight is lent to this proposi- 
tion by the comparison of the electrokmetic behaviour 
of Ehrlich ascites tumour cells following treatment 
with formaldehyde and low-dose irradiation with 
that of the human erythrocyte. The electrophoretic 
mobility of human erythrocytes is reproducible under 
controlled experimental conditions’, the surface has 
been shown. to contain negative groups but no demon- 
strable positive groups‘, and the electrophoretic 
mobility of human erythrocytes is unaffected at 
physiological pH values by treatment with formalde- 
hyde’. It has now been found that irradiation with 
doses between 0 and 20,000 rads, at dose-rates 
comparable with those used for the Ehrlich ascites 
cell, has no effect on the electrophoretic mobility of 
human erythrocytes, though irradiation does affect 
the activity of erythrocyte enzyme systems as 
measured by observations on guanosine utilization 
by extracts of irradiated rat erythrocytes’. 
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This proposition would also accord with the 
observed effects of irradiation. Amino groups in 
dilute aqueous solution at neutral pH are readily 
affected by ionizing radiations? and eliminated with a 
high yield. 

In some respects there 1s a similarity between the 
present observations and the instability of colloidal 
systems at low doses of radiations. Positively charged 
colloids are in general less stable to the influence of 
radiations than those negatively charged’, and this 
may indicate that in both systems, colloidal and 
single cells, electron capture proceases by surface 
charges may be of importance. If this is so, tho‘ 
efficiency of this process in both cases is worthy of 
comment. 

From the mobility data, the number of positive 
charges on the surfaco of a single Ehrlich ascites | 
tumour cell may be calculated approximately. If 
we assume that the effects observed are due to indirect 
action by intermediates formed in the aqueous 
medium, the number of active intermediates required 
may be calculated. Assuming that under the present 
experimental conditions 3-5 ion pairs are initially 
formed by every 100 eV. absorbed in the aqueous 
system, & rough calculation shows that the cell, 
having & radius of 8u, would have to capture all the 
electron equivalents formed within a volume of 
approximately 14y radius, concentric with the cell, 
to eliminate the required number of positive groups. 

Two considerations would reduce the volume given 
by this rough calculation: the elimination of the 
positive charges may be due to the action of the 
hydroxyl radicals, too, in part, and the observed 
change in mobility may be due partly to configura- 
tional changes resulting after charge elimination. 
If so, the true number of positive charges to be 
eliminated will be smaller than previously calculated. 
The evidence now available does not warrant con- 
sideration of other possible mechaniams of the 
radiation effects. 

The results establish the possibility of efficient 
modification of the electrophoretic mobility of 
Ehrlich ascites tumour cells by low doses of radiations 
both tn vivo and tn vitro. The strong dependence of 
the dose required to produce the effect on the dose- 
rate indicates that the high efficiency of interaction of 
the surface groups with the intermediates produced 
by radiation is in competition with the recombination 
of these intermediates. 

Preliminary experiments show that the phenomena 
observed occur in other types of cells too. 

We thank Prof. J. 8. Mitchell for valuable discus- 
sions and encouragement, and Mr. E. King for pro- 
viding inoculated mice. 


1 (a) Somir J. V., and Hummel, F. P., Couer HA. 21.8, 913 (1959). 

b) Baugham, A. D., and Pethica, B. oe Roy. Phys. ' Soo. Edin., 

, 48 (1960). (0) Ruhenatroth-Bauer, G., Kubler, , Fuhrmann, 

. F., and Bueff, Klin. Woch., 39, 764 1961). (a) Cook, 

G. M. W., Heard, D. H., and Seaman, G. V. F, (in preparation). 

2 Heard, D. H., and Seaman, G. V. F., J. Gen, Phystol., 43, 885 (1960). 
* Furchgott, R. F., and Ponder, E., J. — — oe — (1 

Hartman, R. B., Bate kg B., itech: 


man, 
Biochem, ’ Biop ji, 3 ok 56 (1952), — y 
R., Heard, D. d Seaman, G. V. F., bam, A. lease 
‘Seaman, Q. V. F., ad Rand, D.H., J. Gen. Phystol., 44, 251 (1960), 
‘Heard, D. H., and Seaman, G. V. y Biochim. Biophys. Acta, 53, 
866 (1961). 
— D. A., and Sewell, B. W., Nature, 184, 864 (1059). 


‘piel G and Weiss, J., J. Chem. Bot., $256 (1949). Scholes, G., 
d Weiss, J., Nature, 167, 698 (1951). Rabani, J., and Stein, G. 


e — a publication) 
"Crowther, J bmann, H., and Jones, R., Phi. Mag., Ser. 
28, 120 i988); 28, 64 (1939). Orowther, J. A., Nature, 149, 568 
Dessauer, F., Q 1 ‘(Springer Verlag, 


1988). uantenbiologre 
Berlia, 1954). Nanobhachwli, E. M., and Bach, . À., mn Arbeiten 
Sirahlenchemie, 128, 142 (Akademie Verlag, Berlin, 1960). 


NATURE January 20, 1962 voi 193 


DERIVATIVES OF 1,4-DIOXO-CYCLOHEXANE AS POSSIBLE 
INTERMEDIATES IN ISOMERIC CHANGES DEPENDENT 
ON COBAMIDE COENZYMES 


By Dr. HEDLEY R. MARSTON, F.R-S., JOHN A. MILLS and RICHARD M., SMITH 


Division of Biochemistry and General Nutrition, Commonwealth Sclentific and Industrial 
Research Organization, University of Adelaide, South Australla 


HE nature of the mechanisms which effect the (a) l (b) ° 
isomeric intraconversions of glutamate and o 4 
B-methylaspartate and of succinate and methyl- I i 
h C--OH C-S-CoA 
malonate by enzyme systems dependent on the 
. s i ; CoAS-OCHC* CH HOOC HC* CH3 
cobamide-containing co-isomerases is unknown. 3 
The possibility that derivatives of 1,4-dioxo-cyclo- HaC  *CHCO-S-CoA CH, *CH.COOH 
hexane are intermediates in these isomeric inter- — EN 
changes 18 an attractive hypothesis, as hydrolytio i 7 
cleavages of ag'-diamino-2,5-dioxo-cyclohoxane-1,4- O (0) P 
diacetic acid could yield either glutamic acid or Eeti eet 2 methyl-malonyl Co 
8-methylaspartic acid (Fig. la), and analogous (4c2) (c2) 
cleavages of 2,5-dioxo-cyclohexane-1,4-dicarborylic {| ‘| 
acid. (that is, succino-succmic acid) could yield either H-OH HS-CoA 
methylmalonic acid or succinic acid (Fig. 1b). ( Q ( 7 ) 
C C 
H ZN “oN 
, i, CoA-S-OC HC® CH, HOOC.HC® CHa 
COOH yE / NH2 l j i 
cH H,C"\ / CH.CH COOH CHy HC, $CH CO-S-CoA HC, #CH.COOH 
C c 
¢Ha HOOCHC.HC,/ CHa CH COOH ( i) (3) 
t ` 
—— Nua y t x To Nh HO-H CoA-SH 
COOH i Gr eP COOH Succino-succiny] CoA +2H20 Suceino-succmuc acid + 2 CoA-SH 
Ghutamie acid (a) A methyl-aspartic acid {| {| 
O o 
oO i i 
TEJ Ho- CoA-$-C 
A-S-OC\H2C*® “CH HOOC.HeC* CH 
HOOG.HC’\ / “CH, coon oe Gena 2 a j 
CH, j l CHCOOH CHa HaC.  *CH3 CO-S-CoA HC #CHz-COOH 
— ere i Ou, C-OH C-S-Coa 
. / 
| | 
coon — oOo — COOH © = — 
28 1 CoA 2 8u o 
Methyl-maionic acid (b) Succime acid “(has s (403) 
xiC 
Fig. 1 
Fig. 2 


The isomeric conversion of methylmalonyl co- 
enzyme A to succinyl coenzyme A by the enzyme 
system in which the 56,6-dimethyl-benziminazole 
cobamide co-isomerase takes an essential role in 
mammalian tissues!? might thus proceed through 
such a cyclization, effected by condensation of two 
molecules of methylmalonyl coenzyme A, either: 
(a) through an induced interaction between the 
methyl groups and the free carboxyl groups, with the 
elimination of two molecules of water (Fig. 2a); or, 
(b) through an induced interaction between the 
methyl groups and the coenzyme A-esterified carboxyl 
groups, with the elimination of 
two molecules of coenzyme A 


in the resulting succinyl coenzyme A. Thus, the 
course taken by the oyclization suggested here might 
be expected to be that indicated in Fig. 26, that is, 
the supposed intermediate, free or enzyme-bound, 
would be succino-sucsinic acid and not the corre- 
sponding coenzyme A-dithio ester. On such a basis, 
the equilibria indicated in Fig. 3 might be expected 
to occur in the enzymatic conversion of methyl- 
malonyl coenzyme A to succiny] coenzyme A. 

It is not improbable that a cychzed mtermediate 
of the nature suggested would exist only transitorily 


(Fig. 2b) 2 methyl-malony! CoA 2CoA 2 succinyl CoA 
Fc 3 + co-lzomerase us co-lsomerase +- 
Eggerer, Overath and Lynen’, — —— isd abd 

isco ioe der E eg (1) | euceino-succinate] (2) 

tum shermanit, in conjunction with (3) {I 

5,86 - dimethylbenziminazole cob- 

amide co-isomerase, examined the 

fate of the C-labelled C2 atom of oF 

succino - succinate 


methylmalonyl coenzyme A and 
found it occupied the C3 position 


Fig. 8 


No.ast2 January 20, 1962 


and only in combination with the enzyme complex. 
In such circumstances equilibrium (3) in Fig. 3 
would not occur, and there would be no exchange 
with an added pool of succino-succinate. 

The experiment reported here was designed to 
determine whether equilibrium (3) prevails in this 
isomerization. The back-reaction, succinyl coenzyme 
A to methylmalonyl] coenzyme A, was exploited to 
yield this information. 

In the following reactions, succino-succinic acid 
was added as a pool at two levels to mixtures contain- 
ing, in a Volume of 1 ml., potassium phosphate 
buffer, 80 umol.; “C-labelled succinyl coenzyme A, 
2 pmol. (contaming 2 uo.), and where applicablo, 
4:7 mgm. of protein-equivalent of a partially purified 
preparation of methylmalonyl isomerase from sheep's 
kidney; 5,6-dimethyl-benziminazole cobamide co- 
isomerase, 3 x 10-7? molar; succino-succinic acid, 
2 or 4 mgm., or equivalent potassium chloride; and 
sodium bicarbonate, 20 umol. 

The reaction mixtures comprised, essentially: 
(1) succinyl coenzyme A, no enzyme, no succino- 
succinic acid; (2) succinyl coenzyme A, no enzyme, 
4 mgm. succino-succinioc acid; (3) succinyl coenzyme 
A, enzyme, no succino-sucoinic acid pool; (4) and 
(5) succinyl coenzyme A, enzyme, and 2 mgm. or 
4 mgm. succino-succinic acid pools, respectively. 

Immediately subsequent to incubation of the reac- 
tion mixtures for 30 min. at 30° O., 200 mgm. of 
succino-succinic acid to act as a carrier was added to 
each, and then precipitated by rendering the solution 
acid. As succino-succinic acid is unstable in aqueous 
solution, repeated precipitations, necessary in these 
circumstances to separate small quantities of it from 
entrained radioactive contaminants, were not feasible: 
and so, after three precipitations, the free acid was 
converted to its more stable and much more tractable 
dimethyl ester by treatment with diazomethane in 
ether. Afterwards, the ester was re-crystallized four 
times from a mixture of chloroform (55 per cent) and 
methanol (45 per cent) v/v. 

The results of measurements of specific radioactivity 
of the succino-succinio acid recovered and purified 
in this way are set out in Table 1. 
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Table 1 


Counte/min./mgm. sucomo-succinie acid 
recovered * 


110) succinyl 


coenzyme 
imoubated 
with: 


Thence re-crystal- 
lization of its 
dimethyl ester 


“aaa 


800 |16) 5| 2] 2 


mentee Hon 
of the 

acid 
Ist 2nd 
4,410 | 1,720 


5,470 | 1,470 


8,650 | 1,950 


750 į 13 
850 | 14 


8,640 | 1,860 920 į 18 


Bucouc acid | 8,340 | 1,720 | 1,400 | 15 





* After addition of 200 mgm. of suocino-succinic acid as carrier 
subsequent to incubation of reaction mixture, 


The +“O-methylmalonate produced under these 
conditions was separated by chromatography from a 
duplicate of reaction mixture (3) to which neither 
pool nor carrier succino-succinic acid had been added. 
Its radioactivity was 80,000 o./min. 

The recovered carrier, after subjection to adequate 
purification, was not significantly radioactive. Thus, 
freo succino-succinic acid is unlikely to occur aa an 
intermediate in the conversion of methylmalonyl 
coenzyme A to succinyl coenzyme A by methyl- 
malonyl co-isomerase. The results presented here do 
not preclude the possibility that the enzyme may be 
inhibited by the succino-succinic acid added as a 
pool or by unknown decomposition products arising 
from this pool; however, it seems more probable that 
the isomeric change might proceed via a transitory, 
undissociated enzyme : succino-succinate complex. 
Experimental evidence of this is being sought. 


1 smith R. M., and Monty, K. J., Biochem. Biophys. Res. Comm., 1, 


06 (1959). 
t Marston, H. R., and Smith, E, M., in Marston, H. R., Allen, B. HE., 
and Smith, R. M., Nature, 190, 1085 (1981). 
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A SIMPLIFIED STRATEGY FOR SEQUENCE ANALYSIS OF 
LARGE PROTEINS 


By RICHARD V. ECK 


National Cancer institute, National Institutes of Health, Bethesda, Maryland 


STRATEGY which appears theoretically much 

more efficient than the usual stepwise procedures 
for determining amino-acid sequences has been tested 
in a ‘paper experiment’ with a ‘protein’ of 400 links. 
This strategy suggested itself during work in prepara- 
tion for the protein cryptogram"4, 

In compiling published data on amino-acid sequen- 
ces, no attempt was usually made to evaluate the 
1elative reliability of each datum. Instead, the 
cryptogram calculations were planned in such a way 
that occasional errors in the data could be tolerated. 
However, an exception had to be made in the case of 
the structure of lysozyme. 


Two laboratories had reported voluminous results, 
each accounting for almost all the empirical 
formula, which showed quite extensive disagreement. 
Jollés and his school had used various enzymes and 
special treatments of the original protein. The intact 
protein (132 links) was considered to be too large for 
direct analysis, so enzymes were used to reduce it to 
medium-sized chains, which were then seperated, 
purified, and analysed by acid hydrolysis and other 
methods. About half the linkages were finally identi- 
fled, and most of the remainder represented by com- 
position analyses of large products of enzyme 
digestion’. 
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Thompson, on the other hand, used a simpler and 
more direct approach‘. She applied partial acid 
hydrolysis directly to the original protem, and 
attempted to collect a sufficiently large number of the 
resulting small fragments to solve the whole chain as a 
single ‘jigsaw puzzle’. She analysed these short 
peptide fragments only for their amino-acid content 
and amino end-groups. This greatly reduced the 
labour and amount of material required, but at the 
sacrifice of some potential information. After identi- 
fying about 40 per cent of the possible di- and tri- 
peptides, and about 20 per cent of the tetrapeptides, 
she found that many of these could be assembled into 
apparently unequivocal short sequences, which she 
published as presumably occurring in lysozyme‘. It is 
these implied sequences many of which were later 
found to be in disagreement with the reports of Jollés 
et al.2, They remarked that her method produced a 
mixture too complex to be practicable, implying that 
the method of reducing large proteins to & series of 
smaller enzyme digestion products was much more 
suitable. Apparently, this opinion is generally held, 
because no attempt such as hers has since appeared. 
However, the favoured method has also run into 
difficulties, particularly because of the greatly 
reduced amount of material available after a series of 
successive stages of digestion, isolation, and purifica- 
tion. 

An attempt was made to reconcile the reports of 
these two laboratories, in the hope of correcting some 
of the presumed errors and eliciting some new infor- 
mation. For this purpose we used the method of 
Keil, with which he correlated reports from a number 
of different sources*. The result was highly successful. 
The fragments reported by Thompson generally 
fitted perfectly into the empirical formule of the 
enzyme digestion products reported by Jollés. 
Finally, all 250 reported fragments were used, resulting 
in ten sequences, the relative order of which remained 
undetermined. The total of these sequences 
almost, but not exactly, corresponds to the empirical 
formula of lysozyme. Apparently, the data from each 
laboratory contained nearly half the required 
information. These sorrelated results imply about 70 
new tripeptide sequences, and identify about 40 old 
ones as probably false. A few of these new implied 
linkages may be false, since there is not enough infor- 
mation for full confidence. The result was useful for 
my special purpose—to produce a list of naturally 
occurring tripeptides in which a few errors could be 
tolerated. 

This success suggested the possibilty that 
Thompson’s approach was entirely workable in 
principle, but that she had obtained an insufficient 
number of fragments. 

To test this conjecture, some ‘paper experiments’ 
were undertaken. Published protein sequences were 
broken into ‘acid hydrolysis fragments’ by means of a 
table of random numbers, to obtain a designated 
proportion of each sized fragment. (It was assumed 
that tryptophan would be destroyed and that glut- 
amine and asparagine would become indistinguish- 
able from glutamic and aspartic acids.) These were 
rewritten ss empirical formule except for the amino- 
end, so that, for example, the sequence P.K.S.S.A. 
became P(A,K,S,S). This resulted in an array of 
data superficially like that which Thompson obtained 
from lysozyme. ‘Keysort’ edge-punched cards (McBee 
Co., Athens, Ohio) were used, one card for each frag- 
ment, punched according to the included letters. An 
attempt was then made to reconstruct the original 
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complete sequence using only these cards and the 
empirical formula (amino-acid composition) of the 
whole. The problem was effectively reduced to a 
series of amaller problems by considering each letter in 
turn. From the empirical formula, the least common 
letter was identified, and all cards having fragments 
containing that letter were pulled. These were then 
assembled, fitting them so far as could be done 
unambiguously, into exactly as many s te 
sequences as there were occurrences of that letter in 
the empirical formula. The resulting implied 
sequences were written on new cards. ‘These were 
punched and added to the remaming deck? The used 
cards were set aside. The next least common letter 
was then pulled, and the process repeated. Each 
stage tended to be more complicated because of the 
larger number of simultaneous puzzles to be solved 
(one for each occurrence of the letter in the empirical 
formula). To compensate, each stage was simplified 
by the sequences assembled in the previous stages. 

These conclusions were reached: 

(1) If there are not enough data, the problem is 
unsolvable. 

(2) If there are enough data, the problem can be 
solved completely (except for the gaps left by the 
destruction of tryptophan and for the deamina- 
tion of glutamine and asparagine) with no special 
difficulty. 

(3) The dividing line between these two conditions 
is quite sharp. The approximate number needed is 
twice as many fragments as there are links in the 
entire chain. (Thompson had only half this required 
number.) 

For example, using tobacco mosaic virus protein 
(167 links), a list of 298 fragments was insufficient, 
but 336 barely sufficient for its solution. These 
consisted of: (randomly chosen) 80 per cent of the di- 
and tri-peptides, 55 per cent of the tetrapeptides, 
35 per cent of the pentapeptides, and 15 per cent of the 
hexapeptides. 

(4) Lf, in addition to the empirical formula and the 
numerous small acid hydrolysis fragments, one also 
has the empirical formule of all the products of 
tryptic digestion, the-problem becomes much easier, 
smaller numbers of fragments are needed, and much 
longer chains can be solved. (On paper, one can 
readily construct ‘tryptic digestion products’ by 
breaking the chain on the carboxyl side of every 
arginine and lysine link except those followed by 
proline.) 

With this addition, the tobacco mosaic virus 
puzzle was easily and completely solved. No gaps were 
left, and the 298 fragments were more than sufficient. 

In order to test this procedure on a much longer 
chain, æ ‘composite protein’ was constructed by 
writing several published sequences, a total of 400 
Imks, as if they were one protein. This composite 
had 35 ‘tryptic digestion products’, some of them 
about 40 units long. The proportions of ‘acid hydro- 
lysis fragments’ chosen were: 80 per cent di- and tri- 
peptides, 50 per cent tetrapeptides, and 30 per cent 
pentapeptides—a total of 780 cards, after discarding 
apparent duplicates. Working this much larger 
puzzle by the same process as before, the original 
chain was completely reconstructed, except for six 
linkages. The 400 links were placed in seven sequen- 
ces, all correct. The order of these seven sequences 
could not be determined, but a slight mcrease in the 
amount of data would have sufficed. 

(5) Larger fragments (even when of mostly unde- 
termined sequence, as assumed here), contain more 
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information than shorter ones. In the 400-link puzzle 
the dipeptides were practically useless. 

On the other hand, if the recovery of small frag- 
ments could be made complete and quantitative, so 
that, for example, all the included dipeptides 
were identified (this could be checked with the 
empirical formula), the solution would be greatly 
facilitated. 

(6) No difficulty was found in handling the data of 
nearly 800 ‘peptides’ when they were coded on edge- 
punched cards. All the data relating to any choson 
letter (‘amino-acid’) were instantly available in a 
form convenient for comparing, rearranging, etc., as 
the puzzlé required. 

(7) There seems to be no limit to the size of chain 
which could readily be solved by this process, as a 
mathematical puzzle. The practical limitation would 
be a matter of laboratory technique. 

A complicating factor which was not included in 
these calculations is the unequal sensitivity of the 
various peptide bonds to acid hydrolysis. In par- 
ticular, the amino linkages of serine and threonine 
are more labile than the others*. This results in con- 
siderable disproportion in yield of the fragments 
containing these amivo-acids, so that many would 
remain undetected. However, a modification of the 
hydrolysis time with this limitation in mind would 
make these relative yields more nearly equal, and 
probably permit identification of a sufficient number 
of these fragments. 

The labour of undertaking the extensive analysis 
which this strategy requires seems very great. 
However, if the object of a project were the com- 
plete sequential analysis of a particular protein, 
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all the stages except the original fractionation of the 
complex hydrolysis mixture would have to be dono in 
any case. Some of them would have to be done 
several times over, and ordinarily, & second enzyme 
digestion would also be needed. As for the possibility 
of fractionating such a complex mixture, the fact 
seems very encouraging that Thompson, even in her 
pioneering attempts, obtained about half as many 
fragments as would have boen necessary for the 
complete sequential analysis of lysozyme (132 hnks, 
130 fragments). 

For a given protein, this strategy requires fewer 
steps, sunpler book-keeping, and smaller amounts of 
materials than the present procedures. It should be 
much easier to accomplish, provided that it can be 
done at all. 

It is to be hoped that improved strategic planning 
as well as the several important recont improvements 
in equipment and procedures will enable protein 
sequence analyses to be done on a larger scale. We 
can expect that the cumulativo data from all such 
analyses will oventually permit the solution to the 
nucleic acid-protem cryptogram. 

Fuller details of the lysozyme correlation and of 
these ‘paper experiments’ are being prepared for 
publication elsewhere. 

1 Eck, R. V., Nature, 181, 1284 (1961). 
3 Eok, R. Y., J. Theoret. Biol (in the press). 
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. and Vanttek,J., ‘Coll. Ozachoslov. C hem. Commun., 
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INFRA-RED AND ULTRA-VIOLET SPECTRA OF PRIMYCIN 


By I. SZILAGYI, T. VALYI-NAGY, 


|. SZABO and T. KERESZTES 


Research Institute of Experimental Medical Sciences, 
Hungarian Academy of Sciences, Debrecen, [2 


ECENTLY, we reported! on primycin 

(C\,H,,0;,N)s, an antibiotic of strong anti- 
tuberculotic effect (0-02 ugm./ml.) which has been 
determined, similarly to other guanidine antibiotics, 
with N-bromosuccinimide, by the modified Sakaguchi 
colour reaction. 

Although in the field of nitrogen-bearing chromo- 
phors the electron absorption behaviour of the ezome- 
thin group (=C=N—) has already been discussed in 
several papers?, until now it has not been examined 
adequately in the aliphatic series. Recently, results 
of importance were obtained by Saidel et al.* in the 
region of wave-lengths of 200-230 my, on subjecting 
amino-acids, peptides and proteins to spectroscopical 
investigations. Guanidine and its aliphatic deriva- 
tives are known to disclose m the ultra-violet region 
(up to 220 my) at least end-absorptions, without any 
maximum values. In the case of primycin, we found 
earlier’ that “the active substance has no characteris- 
tio absorption maximum either ın the visible or in 
the ultra-violet region”. However, our earlier results 
were subjected to revision as our Measurements were 
extended to the region of 190 mp wave-length. The 
optical characterization of primycin wil be com- 
pleted, in addition to its infra-red absorption, also 
by describing 1ts behaviour in respect to ultra-violet 
absorption. 


The infra-red spectrum of primycin was established 
in Nujol and potassium chloride, by a Unicam 
SP. 100 infra-red spectrometer. It can be concluded 
from the potassium chloride curve of more character- 
istic nature (Fig. 1) that the bands pertaining to the 
OH or NH group measured at wave numbers 3,250- 
3,300 om.-? may originate from various OH groups, 
in a fair accordance with the colour reactions of 
primycin (the vanilline and concentrated sulphuric 
acid test and Molisch test giving positive, while the 
Elson—Morgan test giving negative results). The 
broad band with two inflexions at 1,665 em.-! 
appears to be weaker than bands of C=O groups 
used to be, and eventually it may be considered as an 
amide, «,3-unsaturated ketone or rather as a C=N 
band. Also, the broad group of bands at about 
1,060 cm.-! points to the presence of an OH group. 

Data of ultra-violet absorption were established 
by a Beckman DU spectrophotometer (model 2400). 
In general, 10-100 pgm./ml. dilutions (c = gm./100 
ml.) were prepared from the stock solutions of acetox- 
ime, arginine hydrochloride, guanidine hydrochloride, 
urea, (analytical grade) and primycin (N: 3-65 per 
cent) of a concentration of 200 uegm./ml. Extinction 
values were read (E = log I°/I) against the applied 
solvent as reference liquid, in silica cuvette (l = 1 
em.), taking throughout the mean value of two 
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observations of at least two parallel dilutions. Also, 
the values of the molecular extinction coefficient 


(e = AS x were calculated. Of these values, 


only the changes in the ‘H-values’ (ny, — 
were plotted, due to the knowledge of only the 
approximative molecular weight of primycin. 

The solutions of primycin and, in general, of 
guanidine derivatives in distilled water disclosed in 
the region 190-200 mu a non-specific spectrum of a 
fine structure, ?msx.:192, 194, 196 (e = 0-005). 
Urea showed an end-absorption. 

Primycin proved to be rather an antibiotic soluble 
in alcohol homologues, being insoluble in apolar 
solvents, similarly to other guanidines. In anhydrous 
ethanol] (E. Merck, analytical grade) primycin was 
slightly soluble (e = 0:01), while guanidine and 
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acetoxime readily dissolved and disclosed well- 
defined spectra (Fig. 2). The selective constants of 
guanidine (I) are: Amax. 209 mu, H}*, 96-8 (Emax. 927) 
(curve 2). Under identical conditions, primycin 
showed the data: Amex. 206 mp, H/%, 64:06 (and 
approximately emax. 2111) (curve 3). Acetoxime 
(IIT), in turn, which similarly possesses an azomethin 
group, disclosed a maximum at 209-211 mu (curve 1). 


In respect to the structure conditions of basic 
chromogens, the established spectra unambiguously 
proved that both primyoin (II) and the representa- 
tives of the two types of compounds (I and HI) 
possess the same N-chromophors (=C==-N—), while 
urea (IV) showed only an end-absorption in water 
and in aqueous alcohol (curve 7). The data of primy- 
cin measured in the ultra-violet region are in fair 
accordance with the values of its infra-red s 
at the band 1,665 cm.~, referring to a C==N bond. 

Our investigations were also extended to aqueous 
alcoholic solvent systems. Of these, the system 
n-butanolj/ethanol/water (1:1 :2, v/v) (abbreviated 
as BEW) could be applied from 199 my, readily 
dissolving all guanidine derivatives soluble in 
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ethanol and water. Similarly to anhydrous ethanol, 
selective constant maxima were also observed in 
solvent BEW at the concentrations 0-001-0-01 : 
Amax. ranged 207 my with guanidine (curve 4), 
Amax. 202 mp with primycin (curve 5) and Amax. 201 
mu with arginine (curve 6). In the case of the N- 
chromogens examined, from water to anhydrous 
ethanol, the maximum values showed a ‘bathochrome 
shift’ to higher wave-lengths, while absorption intensi- 
ties disclored a ‘hypochrome shift’. 

On examining the constancy of ‘H#-values’ plotted 
against dilutions, deviations from the Beer rule were 
given by the relative error (+ A per cent) of the mean 
values of Hi*%, In the region of 200-220 mu, 
changes in the extinction values of the same dilution 
series of guanidine (BEW) were measured in intervals 
of 5 mp (Fig. 3). The section of curves utilizable 
(‘straight’) became wider on raising wave-lengths. 
The linearity of ourves was, in addition to the 
dissociation conditions prevailing in agueoussolutions, 
also affected by various external factors such as 
weighing errors and errors due to stray radiation 
caused by the apparatus. Below 205 mu, these 
errors amount to approximately + 10 per cent, 
‘against only 2—4 per cent in the range 2056-220 mu. 
Thus, the separate correction of curves appears to be 
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superfluous‘, for example, the aqueous solutions of 
the mentioned compounds did not follow the Beer 
rule, although their dilutions, measured in anhydrous 
ethanol, disclosed linear extinction (Fig. 4). In 
anhydrous ethanol, it is possible to determine primy- 
cin at 206 mp at an error of + 2:67 per cent (curve 1), 
while guanidine at 209 mu with an error of + 28 
per cent (curve 5), or, for example, promycin in BEW 
at 202 mu (curve 3) does not still obey the Beer rule, 
while the same solution is suitable for practical use 
at 206 my (curve 2), with an error of + 3-6 per cent. 

ginine cannot be measured at 201 my (curve 4). 
Four parallel dilution series of guanidine in BEW 
obeyed the Beer rule at 207 mp (curve 6) within a 
relative error of + 1-32 per cent. 

Details of the present work will be published elge- 
where. We are indebted to Dr. R. Callow, Mill Hill, 
London, for infra-red spectroscopy and to Dr. 8. 
Torok, Debrecen, for the mathematical analysis of 
the data. 

1 An To Szabó, L, Nature, 181, 52 (1958); Arineim. Forsch. 


iania A., and Stern, B, S., An Introduction to Blectronte Absorption 

Spectroscopy in Organis Chemistry, second ed., 62 (London, 1957). 
are D J., and Lieberman, H., Arca. Biochem. Biophys., 76, 401 
‘Satide! {e J. Goldfarb, A. R., and Kalt, W. B., Sctence, 113, 688 


SOME ISSUES IN MOLECULAR BIOLOGY AND RECENT ADVANCES 
IN THE ORGANIC CHEMISTRY OF SMALL PEPTIDES 


By Dr. DOROTHY WRINCH 
Smith College, Northampton, Massachusetts 


WO issues ın the peptide structure problem are 

of profound importance for molecular biology. 
(A) What are the structures of the active sites carried 
by enzymatic proteins ? (8) What chemical events 
occur during the synthesis and degradation of pep- 
tides ? It has long been presumed that the amide 
hypothesis of peptide structure is universally valid 
and that, in consequence, it may be asserted with 
virtual certainty that the active sites, like other 
peptide fragments, are composed of polypeptide 
ohains and that the synthesis and degradation of 
peptides consist simply in the making and breaking 
of amide groupings. However, some of the recent 
data uncovered ın investigations in both these fields 
are in conflict with these views, indicatmg that the 
amide hypothesis is inadequate as a guide to the 
jnterpretation of peptide data. How then are the 
data bearing on these crucially important issues in 
molecular biology to be interpreted ? 

A simular situation earlier presented itself in 4 
study of recent advances in the organic chemistry of 
small peptidest*, It was found that the various 
observations which are anomalous in the amide 
system plus the other data on peptides can be 
accounted for by s& hypothesis consisting of two 
postulates: (1) The amino-acid components of pep- 
tides are united not only in the one-bond peptide 
or amide grouping, —-CO—-NH—, but also in the 
two-bond and three-bond peptide groupings: 


—CO—N— —C(OH)—NH— —C(OH)—N— 


CO—- —HN O— 


and higher peptide groupings. (2) Various reactive 
R side-groups maske ring-closures: these in the case 


—— 


of hydroxy and sulphydryl amino-acids introduce 
two-bond groupings of the form: 


—C(OH)—-O— ~--C(OH)—8— 


This cyclol hypothesis (1961), which has evolved 
from the original cyclol hypothesis’ over the years, 
appears to be the simplest generalization of the amide 
hypothesis which covers all the facte. It has now? . 
been formulated ab initio and developed as a guide to 
the interpretation of peptide data, special emphasis 
being laid on the presumed lability of the multiple 
groupings, the reactivity of the amide groupmg and 
the expectation that peptides are likely to undergo 
amine and carboxyl transfers, these terms being used 
in the sense defined by Hanes et al.‘. 

The question arises whether the new findings 
relating to issves 4 and B can elso be accounted for 
in this way. It ia the purpose of this article to show 
that this is indeed the case and to indicate, in a pre- 
liminary manner‘, the significance, for the biological 
issues, of the broader interpretations which are given 
to such data within the cyclol system. 


(A) In various researches concerned with the active 
sites of chymotrypsin and other ‘serine inases’®, 
to use Hartley’s designation, all of which contain a 
serine residue which reacts uniquely with organo- 
phosphorous compounds. the resulta have until recently 
been interpreted to mean that these undisturbed 
peptide fragments which lie embedded in the surfaces 
of the large protem bodies have their amino-acid 
residues arranged tail-to-head in a sequence, forming, 
for example, the polypeptide chain Gly-Asp-Ser-Gly. 
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Now, however, as the result of findings which do not 
fit into the amide system’, doubts arise re 

any such claim. In recent researches in which the 
diisopropoxy[**P]phosphinyl derivates of shymo- 
trypsin, trypsin, and elastase were subjected to partial 
acid hydrolysis and the products investigated chroma- 
tographically after ionophoretic fractionation, con- 
siderable difficulties arose in the attempt to identify 
all the various radioactive spots present in the hydro- 
lysates: the mixture proved to be “much more com- 
plex than would have been expected”. Further- 
more, “the results could not be explained on the 
simple assumption that the only reaction taking 
place during the partial hydrolysis of a protein by 
acid was the splitting of peptide and amide bonds”, 
that is, the opening of —-CO—-NH— or —CO—NH, 
groupings, & conclusion which was earlier reached 
by Stoll e al.* in their work on the piperazine-ring 
containi tricyclic peptide moiety of the ergot 
alkaloids (Fig. Ia). Also unexplained was the 
observed conversion of a certain a-aspartyl peptide 
into «f- and B-aspartyl peptides and the conclusion 
that the l residue may be in any of these 
three different forms as it lies embedded in the protein 
surface’. 

These findings constitute difficulties only because 
the interpretations of the data were restricted to 
the amide system, in which amide groupings are 
unreactive and peptides containing succinoyl (or 
piperazine) rings find no place. All, however, are re- 
solved within the cyclol system, which systematically 
formulates the structures which have to be considered 
in any such case. After the chains come peptides 
containing two-bond, peptide groupings, in particular 
(in the case under discussion) the af-aspartyl peptide 
shown in Fig. lc, the transitions between the a- and 
8-aspartyl peptides (Figs. 1b, d) being amine transfers 
which are predicted on the cyclo] hypothesis (comp. 
ref. 2, p. 88). Regarding this aæß-type of aspartyl 
peptide, some information was earlier obtained: 
Swallow and Abraham?’ isolated from the acid 
hydrolysate of bacitracin-4 and afterwards synthe- 
sized, the af-aspartyl. lysine dipeptide m which the 
tertiary nitrogen atom is supplied by the c-amino 
group of lysine; in 1958, Young and Pimlott™ 
synthesized the af-dipeptide in which the tertiary 
nitrogen atom is supplied by the «-amino group. 
Also included in the list of structures routinely to be 
considered are those which contain a seryl R ring- 
closure and the two structures depicted in Figs. le, f, 
in which both seryl and aspartyl R ring-closures are 
present. A systematic approach by way of the wider 
range of structures suggested by the cyclol hypothe- 
sis, all of which are compatible with the data available 
at present, fits well with the far more comprehensive 
inquiry now in pro 13, Special attention is 
to-day being given to the possibility that active sites 
may involve some chemical modification of the 
simple peptide chain, to use Rydon’s p 13. Thus, 
for example, now under discussion is Rydon’s own 
oxazoline hypothesis!‘-'*, There is also Bernhard’s 
ideal’ that the sspartyl and seryl residues form a 
bicyclic fragment which is closely related to that 
already shown in Fig. 1f (comp. ref. 2, p. 159). 

I conclude that the cyclol hypothesis not only 
resolves the supposed difficulties but also provides 
clearly defined seta of possible structure types for 
the active sites on these and other enzymatic proteins 
which require consideration before conclusions of 
value can be drawn. Evidently it is unjustifiable, 
in interpreting facts relating to the active sites, to 
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take it as given that these crucially important, 
biologically specific, peptide fragments of enzymatic 
proteins are composed of polypeptide chains. Other 
types of structure (comp., for example, Figs. le, d, e, f) 
are also possibilities. 


(B) In a series of organic chemical investigational: 
which heve as a remote ancestor the O- to N-acetyl 
salicylic acid amide re-arrangement discovered by 
Auwers in 19052, Brenner has uncovered some 
hitherto unknown chemical properties of peptides. 

Among the novel re-arrangements which have been 
observed, are those between (Figs. lg, $): eè 


O-Gly-N-Bz.Ser.NH, and N-Bz.Ser.@ly.NH, (I) 
O-Phe-N-Bz.Ser.Gly.NH, and N-Bz.Ser.Phe.Gly.NH, 
(If) 


In these aminoacyl! insertion reactions, recognizable 
as double carboxyl transfers‘ when we examine 
Fig. 1h, an amino-acid is inserted within a —CO--NH, 
or —CO--NH— grouping. Reaction occurs by 
proton migration, presumably by way of an inter- 
mediate containing a four-bond grouping of the 
cyclol system (comp. Figs. 6 and 7 given by Brenner’’*, 
which suggest an mtermediate of the form: 


—C(OH)(—O—)—|—C(OH)(—NH—)—]JN— 


with one or other of the carbinol groups in the ionized 
form ’C(O-). 


Bz. CO Bzy 


ans y — o 


Fig. 1. a, The recently synthesized peptide D ne of the ergot 
alkaloid rolade 5 9), whioh contains th lable thr ee-bond 
oyclol grouping, HO 0) (00-8 b, o, d, the 
a-form — me aß- an forms of a artyl’ tide; 
— ryl fragments in which R Ting osures O 
ponents have taken place (ref. 2); g, A, +, com 
re-arrangementa, for I, -F m —R = — or IT 
—OH,—CO—NH, and —& = —CH,—C,H, ” 
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As Brenner points out}*, his aminoacyl insertions 
mark @ new stage in the chemical approach to 
peptide synthesis which has, until recently, been 
considered exclusively within the framework of the 
idea that a peptide is “in some ways analogous to 4 
string of pearls”. “The analogy”, says Brenner, 
“must have been felt quite strongly. Until now, tbis 
situation has been reflected in all approaches to 
peptide synthesis and degradation and in a firm 
belief in sequence stability. Synthesis, for example, 
has been exclusively considered in terms of end-to-end 
addition of chain components. Degradation has always 
been seem as a cutting process, and imtramolecu- 
lar sequence changes in a completed peptide chain 
have been thought impossible.” ‘“‘These views”, 
continues Brenner, ‘‘are not broad enough. Peptides 
do have properties that fit in with the analogy of the 
string of pearls, but they possess others that clearly 
are at variance with it.” In other words, some of 
the interpretetions in terms of chains given to data 
relating to the synthesis and the degradatioa of 
peptides need reconsideration within a framework 
broader than that of the amide hypothesis. 

Complementing these negative conclusions, we 
examine the interpretations which such findings have 
within the cyclol system. A peptide which is a poly- 
peptide chain cen be re-arranged by the formation 
of multiple groupings of the types specified in postu- 
lates (1) and (2). Such re-arrangements are far from 
being random: on the contrary, they are the expres- 
sion of various specific reactivities of the amide 
grouping which can be demonstrated if, as in the 
striking results obtained by Brenner, appropriate 
conditions can be found. Such present-day triumphs 
in the organic chemistry of small peptides call for a 
new picture of polypeptide chains replacing the 
image of such a chain as a stable sequence of amino- 
acid residues which can be modified only by cleavage 
at an amide grouping or by growth by terminal 
additions of residues held by amide groupings. As 
Brenner himself sees the situation, re-arrangements 
on the basis of the aminoacyl insertion reaction 
constitute a special feature of the chemistry of poly- 
amides. Once we perceive what Brenner’s results 
imply regarding the synthesis, isomerization and 
degradation of peptide chains, we will also perceive 
the need to broaden the interpretations customarily 
given to facts in the innumerable cases in which, up 
to now, the traditional picture of a polypeptide chain 
has been taken for granted. 
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Whether the problem is of the A or B type, the 
crucially important contribution of recent organic 
chemical studies to molecular biology is the new 
knowledge concerning the reactivity of the amide 
grouping in intra- as well as inter-molecular situations. 
In seeking a more adequate understanding of the fact 
that amide groupings in peptides can be brought into 
reaction under very mild conditions, by nucleophilic 
reagents attacking the carbonyl group and by 
electrophilic ts attacking the nitrogen atom, 
we should not overlook the many earlier contribu- 
tions to the development of the idea. (See, for 
example, Kenner’s review article.) Perhaps the 
best starting point for such an investigation is Emil 
Fischer’s historic lecture to the German Chemical 
Society in 190611, Certainly (comp. ref. 2, p. 100) 
the great master had this theme in mind on this 
great occasion as he explained to his listeners that 
proteins probably contain piperazine rings, and 
remarked that the OH groups carried by many of 
the amino-ecids in peptides are presumably not 
unreactive. 


This work was supported by a grant from the 
National Science Foundation. 
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REDUCTION OF NITRATE, NITRITE AND HYDROXYLAMINE 
TO AMMONIA BY ENZYMES EXTRACTED FROM 
HIGHER PLANTS 


By Pror. R. H. HAGEMAN*, C. F. CRESSWELL and Dr. E. J. HEWITT 
Department of Plant Physlology, Long Ashton Research Station, University of Bristol 


HE reduction of nitrate and its assimilation to 
ammonia by higher plants depends on several 
factors, including light}~*, mineral elements**-* and 
professor — the Department of Agronomy, ——— 


+ Boots Research Bene 


source of nitrogen supply*®*. A metabolic pathway 
was suggested by Meyer and Schultze in 18947 to be 
NO; —> NO; -> H,N,0,— HONH,— NH,. Nitrate 
reductase which catalyses the first step is a flavin- 
dependent molybdo-protein®:* which accepts elec- 
trons from reduced pyridine nucleotides with varying 
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specificity according to origin?®1°, A significant 
feature of nitrate reductase systems is that both crude 
extracts and partially purified preparations are 
normally assayed by measuring nitrite production, 
as only rarely has nitrite reduction also occurred at 
appreciable rates in the same assay systems, though 
slow disappearance was reported with soybean 
preparations in the presence of reduced triphospho- 
pyridine nucleotide (TPNH). 

In contrast, it is common experience that while 
nitrate accumulation may occur in plants for several 
reasons, nitrite seldom reaches appreciable concentra- 
tions, and normal levels are low compared with nitrate. 
In exceptional circumstances, for example, when 
molybdenum-deficient plants containing high con- 
centrations of nitrate are given molybdenum, nitrite 
accumulation may be detected for a few hours", 
Reduction of nitrite introduced by vacuum infiltra- 
tion into detached leaf tissues is rapid in light with 
rates up to 3,000 mumoles/hr./gm. freah weight for 
vegetable marrow, but proceeds very slowly in 
darkness'*. 

The available evidence indicates that in intact 
plants, nitrite reductase activity is commensurate 
with, or exceeds, that of nitrate reductase, and 18, 
therefore, either not extracted, or is impaired, or 
lacks some essential co-factors in preparations which 
yield an active nitrate reductase system. 

We have now obtained an enzymatic system from 
leaves of vegetable marrow. Cucurbita pepo and 
Zea mays, which catalyses the rapid and quantitative 
conversion of nitrite to ammonia. Before describing 
our work some earlier experiments with nitrite, 
hyponitrite, and hydroxylamine in plant enzyme 
systems require comment in relation to our 
results. 

Nason, Abraham and Averbach!* reported briefly 
that a partially purified soybean leaf protein, 
extracted by their method, contained an active nitrate 
reductase, and would also catalyse ammonia formation 
from nitrite in the presence of reduced diphosphopy- 
ridine nucleotide (DPNH) and manganese ions. The 
activity was slightly stimulated by flavin adenine 
dinucleotide (FAD). Frear' found that 1*N-labelled 
hyponitrite was converted to ammonia by soybean 
plants, but Frear and Burrell! suggested that hypo- 
nitrite was initially oxidized to nitrate before reduc- 
tion by a separate pathway. Frear and Burrell’ 
observed that manganese ions stimulated the disap- 
pearance of hydroxylamine in the presence of soy- 
bean leaf extracts under eerobic conditions and 
concluded that hydroxylamine reductase was involved 
without having shown whether ammonia formation 
occurred. Recently, Roussos!” and Roussos and 
Nason?! reported that an enzymatic system obtained 
from soybean leaves stimulated the oxidation of 
TPNH and DPNH on addition of substrate levels of 
nitrite or hydroxylamine in the presence of manganese 
ions and an unidentified heat-stable co-factor, which 
was not replaceable by a wide range of compounds. 
The oxidation of TPNH and DPNH was stated 
(without experimental detail) to occur in the absence 
of air and not to involve oxygen uptake. Hydroxyl- 
amine disappeared during the reaction but no loss of 
nitrite was observed, and neither substrate resulted 
in ammonia formation. Roussos and Nason were of 
tho opinion that reductase activities wore responsible 
for their observations and did not, as inferred by 
Fewson and Nicholas’, invoke manganese-dependent 
poroxidation to explain their findings. Cresswell and 
Howitt? have found that hydroxylamine is rapidly 
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oxidized by peroxidase in the presence of manganese 
ions and a monophenol co-factor in a Kenten and 
Mann-type system?!-**, This provides a more likely 
explanation both of Roussos and Nason’s results?® 
and of those obtained by Frear and Burrell’. The 
oxidation of hydroxylamine is inhibited completely 
under anaerobic conditions only with systems that 
contain no endogenous hydrogen peroxide**. Our 
experience has shown that these conditions, especially 
the complete exclusion of hydrogen peroxide, are 
obtamed with difficulty. Oxidation of hydroxylamine 
could therefore occur under anaerobic conditions 
where small amounts of endogenous *hydrogen 
peroxide were present and when sesays were done 
aerobically!®. The oritical observation of Roussos 
and Nason!* that DPNH- and TPNH-omdation was 
stimulated by adding substrate amounts of hydroxyl- 
amine or nitrite may be related to the observation by 
Klebanofi™ that DPNH-oxidation is similarly stimu- 
lated by the addition of sulphite to a manganese ion 
and monophenol-dependent peroxidase system. 

Vaidyanathan and Street®* found that extracts of 
cultured excised tomato roots reduced nitrite, hypo- 
nitrite and hydroxylamine in the presence of DPNH. 
Ammonia formation from the first two was extremely 
slow (40 and 8 myumoles/hr./gm. fresh weight, respec- 
tively) and accounted for only 2 per cent of the loss 
of nitrite. The loss of nitrite was greatly acceler- 
ated (> 1,500 myumoles/hr./gm. fresh weight) when 
manganese ions (2 x 10-* M) were added to the 
reaction mixture, and a compound resembling 
hyponitrite accumulated. Hydroxylamine reduction 
to ammonia occurred in air at a rate of about 3,000 
mpumoles/hr./gm. fresh weight, but in only 30-35 
per cent yield of the hydroxyalmine lost. 


Activity of Vegetable Marrow Preparations 


Our work arose from the observation that when 
reduced benzylviologen (N-N’-dibenzyl-4,4’-dipyri- 
dylumdichloride) was used in place of DPNH as an 
electron donor for nitrate reductase under anaerobic 
conditions, nitrite sometimes failed to appear. This 
suggested the presence of an active nitrite reductase 
system which could accept electrons from reduced 
benzylviologen. No loss of nitrite was observed 
when DPNH was used as the electron donor with 
these same preparations under either aerobic or 
anaerobic conditions. 

Rapidly expanding leaves of well-iJuminated 
nitrate-grown plants were extracted by the method 
of Hageman and Waygood"*, except that the cysteine 
concentration was 5 x 10 M. Protein was pro- 
cipitated by adding 2 volumes of cold, metal-free 
saturated ammonium sulphate solution containing 
10 M oysteme at pH 7-5, redissolved in 0:2 initial 
volumes of cold, 0-1 M potassium phosphate solution, 
pH 7-5, and dialysed at 2° for 16-24 hr. in sevoral 
litres of 0-03 M phosphate buffer containing 10-* M 
cysteine at pH 7-5. 

Assay systems comprised 4-6 ml. benzylviologen 
solution (1-6 mgm./ml. in 0-05 M phosphate buffer. 
pH 7-5) partially reduced by hydrogen and palladized 
asbestos, and introduced under hydrogen from the 
apparatus shown in Fig. 1 into an evacuated Thunberg 
tube containmg 0-2 mi. 10-* M sodium nitrite or 
hydroxylamine hydrochloride (freshly prepared), 
0-2-0-4 ml. enzyme and 1 ml. phosphate buffer, 
0-1 M, pH 7-5. Incubation was for 20 or 30 min. 
at 21°-27° and zero time and boiled enzyme tests 
were regularly included. 
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a 1. Dye reduction apparatus, A, de-oxy tor; B, Bunsen 
valve; C, filter gauze; D, dye reservolr; &, burette (2, 4 or 
or 10 mL); F, l-way stopoook; G, 8-way stopcock; H, 


asbestos; K, reduction vessel; L, hydrogen inlet (from oylin r) 


The extent of dye reduction was critical for the 
assay. Over-reduced dye’ resulted in loss of non- 
enzymatic nitrite, but in no case did this result in the 
formation of ammonia. Dye-reduction values ranging 
between 30 and 66 per cent as estimated by titration 
under hydrogen with permanganate were satis- 
factory for nitrite reductase assays. 

Nitrite was reduced at rates of about 6,000 
mymoles/hr./gm. fresh weight and rates up to 
15,000 mymoles were recorded. The recovery of 
nitrite as ammonia was usually between 85 and 100 
per cent and rarely below 50 per cent (Table 1). 

Table 1. KwsYMATIO RuDUOTION OF NITRITR AND HYDROXLAMINE 


Net values as mumoles (means of duplicate assays) 
Nitrite reductase Hydroxylamine reductase. 


NO, NH, covery Enzyme NH,OH NH, oovery 
Bxp. vol. lost formed (per vol. loat formed (per 
(ml.) cent)* (mL) cent) * 
18 02 1,672 1,430 86 04 862 159 44 
82. 0: 966 830 86 02 140 170 122 
22 O4 708 379 48 0'4 0 0 0 
24 02 720 604 84 0-4 0 0 0 
20 O82 270 246 91 O4 534 171 32 
80 ta 200 220 110 0-4 122 120 98 
31 œi 116 116 1065 Qi 122 55 45 


* Calculated in terms of ammonia formed per mole of substrate lost. 
This value co nds to a rate of approximately 15,000 mmoles 
NO, reduced/hr./gm. weight, 


The rate of reduction of hydroxylamine was 
generally slower than that of mtrite, ranging from 
about 3,000 mumoles/hr./gm. fresh weight’down to 
zero for preparations which rapidly converted nitrite 
to ammonia with good yields (Tablo 1). The recovery 
as ammonia from hydroxylamine ranged from 30 to 
100 per cent, and was generally less than for nitrite 
with identical enzyme preparations. Oxume formation 
was considered to be excluded. Reduction of nitrite 
and subsequent ammonia formation were not, how- 
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ever, appreciably inhibited in the presence of sub- 
strate concentrations of hydroxylamine. 

The accumulation or non-appearance of nitrite in 
nitrate reductase assays mentioned earlier was found 
to be related to the critical effect of reduced dye con- 
centrations. When dye was ‘titrated’ in 0:2—0-5 ml. 
aliquots over a 20-min. period into an evacuated 
Thunberg tube containing enzyme and nitrate as a 
substrate, nitrite was the end product and ammonia 
formation was negligible (Table 2). When the same 
total volume of dye which was about 30 per cent 
reduced was added at one time, much less nitrite 
appeared and the end product was ammonia (Table 
2). 


Table 2. RNEYMATIC REDUCTION OY NITRATE TO NIYRITH AND AMMONIA 
BY MARROW-LBAF ENZYME USING REDUCRHD BENZYLVICLOGREN AS 


— cnet Poro ia ) 
et values a3 mmoles (means of four assays 
Utilization 
Conditions Time NO, NH, available 
(min.) produced produced electron 
onor 
1 (per cent) * 
4 ml. dye* ‘titrated’ 20 1,480 11 58 
4-5 mL dye * added all at 
once 430 360 73 
2-2 mi. dye ‘titrated’ in 6 min, 
followed by 2-8 mil. all at 
15:5 1,060 172 87 


once 
45 ml. dye added all at once. 
boiled enzyme 20 0 0 0 


i *0-5 ml. 2 x 107 M KMnO, m 4t ml. dyos 583 uM reduced 
ye, 


In contrast, nitrite reduction was greatly stimulated 
as increased proportions of reduced dye were added 
to the system (Fig. 2). Negligible amounts of 
nitrite were reduced until the ratio of reduced : oxid- 
ized dye exceeded a critical value (Fig. 2), which was 
of the order of 0-2 molar proportion reduced. Later 
experiments confirmed that ammonia formation 
followed the loss of nitrite. No reduction of nitrito 
or hydroxylamine was observed with the same 
marrow enzyme, using TPNH or DPNH in tho 
presonce or absence of added flavins. : 

In the presence of a small amount (0-3 uM) reduced 
benzylviologen, which alone would be ineffective for 
nitrite reductase activity, TPNH served as an electron 
donor for nitrite reductase with quantitative produc- 
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140 





100 
my moles 
NO, lost 
a 
20 
3 
mis Benzyl Viclogen 
Smns 27°C pH 7-5 
Fig. 2. Effect of increasing proportions of reduced : oxidized 


benxylviologen on reduction of nitnte by marrow-leaf enzyme. 
(Assay conditions asin text.) Dye was initially about 60 per cant 
reduced in volumes of solution shown in upper lme of figures 
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Table 8. ENSYMATIO REDUCTION OF NITRATE AND NITRITH BY MARROW- 
LAAF UsING TPNH AS ELECTRON DONOR AND BBNEYI- 
VIOLOGBN AS DVTERMEDIATS CO-FAOTOB 


Net values as mumoles lost or ay. in 80 min. (means of duplicate 
ASBRYB 


Electron donor system Substrate NO, NOs NE, 
formed lost formod 
Reduoed benrylviologen —— 
a 
6 ml. (9 6 amales) all at rer i iaa eee 
` moles — 5 

TPNH 6'8 umoles + * 

0-6 umoles benzyl- 

viologen F — 510 600 
TPNH 186 wmoles + 

0'3 moles benzyl- 

viologen * — §40 506 * 
TPNH alone, 6-8 zmoles — 0 0 
TPN + 2 8-phosphate — 

ucose-8-phosp 
and Zwrsckenferment + 
1:9 «moles benszyl- 
viologen 4,000 mumoles 1,180 =-= 620 
8* 2,000 mumoles 700 — 684 
1:9 ganoles reduced bensyl- 
TEN ty on — cee eee 200 — 0 
* dfn acose aj Aapa 
—— oe 4,000 maumoles 164 — 0 


* This value corresponds to a rate of approximately 4,000 mumoles/ 
hr./gm. fresh weight. 


tion of ammonia (Table 3). The benzylviologen 
functioned as a catalytic co-factor since 0'5 uM 
ammonia formed would require 3:0 M of a single 
electron donor such as benzylviologen. When 
TPNH 18 the electron donor, oxidized dye is rapidly 
reduced and functions equally well as intermediate 
co-factor. The specificity of the dye for TPNH was 
the same as reported by Jagendorf** and we presume 
that it is the same diaphorase. If TPNH is generated 
by glucose-6-phosphate and its dehydrogenase, the 
complete reaction will proceed quite rapidly in an 
open tube. Rates up to 4,000 mumoles nitrite 
reduction/hr./gm. fresh weight have been observed 
under these conditions. 

The single preparation containing all relovant 
enzymes will also reduce nitrate to ammonia at a 
rapid rate when TPN, glucose-6-phosphate, Zwischen- 
ferment, and catalytic amounts of oxidized dye are 
used, as shown in Table 3. Omission of either dye or 
TPN results in no ammonia formation and a lower 
rate of nitrite formation. 

We have observed no response to manganese ions 
for nitrite or hydroxylamine reduction by dialysed 
marrow-leaf enzyme in spite of the requirement in 
other comparable systems?5:19,39, Ag similar prepara- 
tions catalysing the peroxidation of hydroxylamine" 
respond to 10-* M manganous ions, a dissociable 
manganese-lon requirement seems unlikely and 
preparations from manganese-deficiont plants are 
more active on a protem basis than those from 
normal plants. The enzyme is totally inhibited by 
10 M cyanide, and 10 M p-chloromercuribenzoate 
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or phenylmercuriacetate produced 80 per cent in 
hibition. 

Our finding that nitrite reductase activity in vitro, 
as Tevealed by the quantitative conversion of nitrite 
to ammonia, exceeds the activity of hydroxylamine 
reductase does not support the idea that free hydro- 
xylamine 1s & natural intermediate in the pathway 
of nitrate and nitrite reduction in leaves. If a 
‘bound’ form of hydroxylamime, or a related com- 
pound, is involved in nitrite reduction, ıt would 
appear unable to equilibrate easily with free hydro- 
xylamine, which may be reduced by a separate system. 
Nitrite reductase probably depends on TBNH as a 
primary electron donor with an unidentified co-factor, 
which can be replaced by benzylviologen tn viro. 
The ın vttro activity (as measured here) of nitrite 
reductase, which may exceed 10 pmoles/hr./gm. fresh 
weight, and of nitrate reduction to nitrite and 
ammonia can account fully for the rate of nitrate 
assimilation observed in intact plants. The relative 
activities, electron transfer systems and metal 
requirements of leaf and root systems! 18:38 involved 
in the metabolism of nitrate and 1ts intermediates in 
ammonia formation appear to differ. 

A full account of this work will be presented else- 
where. 
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BIPHENYL GROUP IN LIGNIN 


By JOHN C. PEW 
Forest Service, U.S. Department of Agriculture, and University of Wisconsin, Madison 


HAT coniferous lignin is a polymer of coniferyl 
alcohol and that the lmkages occurrmg in 
dehydrodiconifery] alcohol, in guaiacylglycerol-f- 
coniferylether and in pinoresinol! are important con- 
tributors 1s now widely accepted. Biphenyl groups, 


on the other hand, though they have been detected?, 
are gonerally assumed to occupy a minor role. Obser- 
vations made during the past two years indicate 
that a substantial number of such groups are pre- 
sent. 
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Like coniferous lignin (Fig. 1, I), the simple model 
substance 4-propyl-guaiacol (Fig. 1, TZ) has an ultra- 
violet absorption maximum at 280 mu, but unlike that 
for lignin, the curve falls abruptly to zero at 300 my 
and nearly to zero at 250 mu before rising again, 
forming a deep trough. (The spectra of the model 
compounds are on the basis of absorbance per unit 
containing one aromatic nucleus, a method preferable 
to molar extinction coefficients for the particular 
purpose.) Work on numerous other gusiacylpropane 
compounds and related structures showed that they 
invariably give similar and often almost identical 
curves, provided they do not have a C=C or C=O 
group conjugated with the aromatic ring. Substitu- 
tion of the aromatic ring in the 6-position with 
oxygen suppresses the absorption decidedly, shifts 
the maximum to lower wave-length, and decreases 
the trough. This is illustrated with 3,5-dimethoxy- 
4-hydroxy-phenylpropane (Fig. 1, ITI). Such struc- 
tures are not commonly believed to occur in coniferous 
lignin. Substrtution with carbon m this position has 
much lees effect, prmecipally that of somewhat 
suppressing the maximum and narrowing the trough. 
In the model dihydrodehydrodisceugenol (Fig. 1, IV), 
with one of the two aromatic rings so substituted, the 
effect is scarcely noticeable except for narrowing the 
trough. 

As for the conjugated compounds, coniferylalde- 
hyde has at the maximum about 8 times the absorp- 
tion of 4-propylguaiacol, and the absorption occurs 
mostly in the 300-400 myu range. 2-Hthoxy-1-(4- 
hydroxy-3-methoxypheny])-1-propanone has about a 
3-fold absorption, with a maximum at 305 my in 
addition to the one at 280 mu. These types are known 
to be present in lignin to a limited extent and, while 
they no doubt contribute to the shoulder occurring 
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Fig. 1. 


Comparison of the ultra-violet spectra of model com- 
pounds with that of spraoce lignin 
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m the 300-400 mu range of lignin curves, they cannot 
explain tho filling-in of the trough. Conifery] alcohol, 
with ite maximum at 265 my and about 4 times the 
absorption of the non-conjugated structures, could 
have some filling-in effect, but this grouping is not 
believed to be present in isolated hgnins*. The effect 
of conjugated C=O systems im lignin can be elimina- 
ted by reduction with sodium borohydride and is 
discernible by decreasing the shoulder in the ultra- 
violet curve. This is shown in V (Fig. 1), a spruce 
lignin derived by treating wood with cellulytic enzyme 
and then reduced with borohydride. This lignin was 
chosen. because it is prepared by mild treatment and 
represents practically all the lignin in the wood. 

A search was made for relevant structures that 
would decrease the trough shown by the simple 
models. Since lignin is widely regarded as the result 
of enzymatic dehydrogenation of coniferyl alcohol, 
models which could be produced by analogous means 
were investigated. When dilute hydrogen peroxide was 
gradually added to a solution of 4-propylguaiacol in 
50 per cent aqueous alcohol contaming a little peroxi- 
daso, clouding began almost at once, and soon crystals 
formed. The known, 6,6’ bipheny! derivative (Fig. I, 
VI) could be isolated in high yield. Although the 
ultra-violet maximum of this compound is at 290 
rather than 280 my, the curve has a more lignin-like 
appearance than guaiacylpropane models, but, more 
unportant, absorption starts at 320 rather than 300 
my, and the absorption at 250 mu is extremely high. 
Dihydroconifery] alcohol reacts in a similar manner, 
and the product has an identical ultra-violet curve. 
Compounds with other non-conjugated side-chains 
give similar curves. Such structures could well con- 
tribute to filling m the trough which curves of simple 
models contain. i 

When dihydrodehydrodiisoeugenol was treated in a 
similar manner, an amorphous product was formed. 
Molecular weight and analytical values (C, H, OCH, 
on the original material and C, H, OCH,, CH,C—O 
on the diacetate derivative) suggest an analogous 
coupling as in compound VII (Fig. 1). The ultra- 
violet spectrum has a maximum at 283 mu, a rela- 
tively shallow trough and appreciable absorption in 
the 300-320 mu region. Moreover, a material with 
the same spectra as well as physical and analytical 
properties can be obtained by starting with dehydro- 
diisoougenol (model for the corresponding coniferyl 
dimer) and .hydrogenating the product. Structures 
such as compound VII (but in the coniferyl series) 
may well constitute a considerable part of coniferous 
lignin, being jomed to each other by linkages such as 
the B-phenylether type, or more likely in a similar 
manner by means of monomers. True, the absorption 
maximum is at slightly higher wave-lengths than 
lignin, but with simple models the introduction of 
oxygen on the a-carbon atom of the side-chain shifts 
the maximum. to slightly lowor wave-lengths, and 
admixture with uncondensed units (to explain vanillin 
formation) could cause still further shift. The 
spectrum of a mixture of compound VII with veratryl- 
glycerol in a ratio of L mole of the former to 2 moles 
of the latter (33 per cent biphenyl-linked aromatic 
rings) has a maximum at 280 mp (VII, see Fig. 1). 

The dehydrodipinoresinol of Freudenberg and 
Sakakibara‘ (Fig. 1, IX) was prepared by means of 
hydrogen peroxide and peroxidase in the manner 
described above. Since ıt consists of an equal number 
of units with and without biphenyl linkages, it too 
has absorption in the 300-320 my region and reduced 
trough height, more like that of hgnin. 
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Experiments with other lignm models containing a 
free hydroxy! and an unsubstituted 3-position indicate, 
that biphenyl coupling is quite general. Vanillin 
gave an 88 per cent yield of dehydrodivanillin and 
acetovanillone 66 per cent of the analogous product. 
Bugenol gave dehydrodieugenol in appreciable yield. 
With. a restricted amount of peroxide vanilly] alcohol 
(a simple model for the guaiacylglycerol type dimer) 
gave 19 per cent dehydrodivanillyl alcohol and no 
dehydrodivanillin. Thus it appears that all three of 
the major dimeric products of Freudenberg may 
undergo biphenyl condensation. 

It is possible that, in lignin formation, the primary 
dehydrogenation by molecular oxygen produces 
hydrogen peroxido, which, in turn, further dehydro- 
genates, largely by ring coupling. Coniferous lignin 
may well contain 25 per cent or more of biphenyl- 
linked units. While it is true that only small yields of 
dehydrodivanillin have been isolated by oxidation of 
lignin by nitrobenzene’, some confirmatory evidence 
it to be found in the literature. Freudenberg, Lautsch 
and Piazolo® solubilized spruce cuoxam lignin by 
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treatment with metallic potassium in liquid ammonia 
solution, methylated the product, and oxidized it 
with potassium permanganate. Though yields were 
small, as is usual with such experiments, almost 
equal amounts of veratric, isohemipinio, and dehydro- 
diveratric acids resulted. Since biphenyl-linked 
structures might conceivably produce isohemipinic 
acid as well as dehydrodiveratric acid, substantial 
quantities of biphenyl structures are indicated. 

This work is continuing and is being extended to the 
degradation of lignin in an attempt to isolate biphenyl- 
hnked structures. 

Thanks are due Prof. E. Adler, Dr. J. A. F.“Gardner, 
and Dr. I. A. Pearl for providing some of the model 
compounds investigated. 
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PARTICULATE ENZYME SYSTEM FOR THE SYNTHESIS OF 
SQUALENE FROM 2-('4C)-MEVALONIC ACID 


By Dr. L. GOSSELIN, E. PODBER-WAGNER and A. WALTREGNY 
Department of General Pathology, University of Liège, Belgium 


ISCREPANOIES in tho literature concerning 
the ability of a ‘particle free supernatant’ of 
rat liver homogenate to synthesize squalene from 
mevalonic acid have been attributed by Bucher! to 
the differences in fractionation techniques used by 
various authors. (In some instances, the centrifugal 
forces used were not large enough to sediment the 
e-containing particles or the enzyme was 
easily detached from the particles). 

Goodman and Popjék* have demonstrated that the 
conversion of farnesy!|pyrophosphate into squalene by 
liver preparations requires only the microsomes, and 
Lynen et al. have reported that yeast particles are 
capablo of catalysing this reaction if the reduced 
form of the triphosphopyridine nucleotide is added. 
Recently, Anderson, Rice and Porter‘ described tho 
preparation of a liver microsomal extract containing 
the enzyme required for squalene formation from 
farnesylpyrophosphate and they concluded that the 
microsomal enzyme was solubilized. We believe that 
in the study of microsomal enzymes it is a mistake 
to assume that an enzyme is solubilized simply 
becauso it is no longer sedimentable when subjected 
to a given centrifugal force. 

We have shown that, by slightly altering the 
fractionation medium of a rat liver homogenate, a 
high-speed supernatant (105,000g for 1 hr.) can be 
obtained which is able to synthesize squalene from 
mevalonic acid, but that the last stages of this 
synthesis still depend on small particles of the 
microsomal type which could afterwards be isolated 
by prolonged centrifugation at 105,000g (ref. 5). 

High-speed supernatants of rat liver homogenate 
prepared according to Bucher and McGarrahan‘, but 
without addition of sucrose or magnesium (S 1065), 
wero found to synthesize only small amounts of 


squalene from mevalonic acid. However, the addition 
of adenosine triphosphate (ATP) to the fractionation 
medium after the removal of the mitochondria greatly 
enhanced the synthetic capacity of the S 105 and 
also resulted in a small increase of its ribonucleic acid 
(RNA) content (20 per cent). Addition of ATP in 
the incubation medium does not enhance the activity 
and even sometimes inhibits the reaction. The 
addition of microsomes to such an ‘active S 105’ 
never significantly increases the rate of synthesis, and 
at high concentrations the microsome suspension 
may even inhibit the activity; this inhibition can be 
overcome by increasing the concentration of the S 105. 

Table 1 shows the effect of the pH of the homogenate 
and addition of ATP on the RNA content and activity 
of the resulting S 105. 0-1 M phosphate buffer is 
incapable of maintaining the pH of such concentrated 
homogenates (28 per cent) and it was necessary to 
adjust the pH by dropwise addition of N potassium 
hydroxide after homogenization. We should like to 
point out that the pH of the homogenate and its 
endogenous ATP content are two variables which are 
difficult to control and which could differ from one 


Sable 1. INFLUENON OF THE pH OF HOMOGENATS AND THE EFFROT 
OF ADDITION OF ATP ON THE $ O ACTIVITY oF THE 8 105 
AND 178 RNA CONTHNY 


ATP in Total 10 
pH of fractionation ugm. RNA in squalene 

homogenate medium por mi. $165 counts/mim.* 

68 none 304 640 

6-8 0-002 M 366 1,510 

73 0 002 M 412 3,250 
4 mL containing 16 «moles: pace rare buffer pH 7-4 

ole; 


: MgCl, 
400 umole; DPN, 1 umole: TPN. 1 ~(“C}-mevalonis acid 
(0 2 ue.fumole), 1 mole; and S$ 105, 2 ml. were incubated for 1 hr. 
at 87°, i 


* After saponification, aqualene extracted by iight petroleum ether 
then purified through alumina column, ~ 
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Table 2, EFFECT OF PROLONGHD CRBNTRIFUGATION (106. 000g FOR 
$ HH.) OF AN ‘ACTIVH’ S 105 ON Irs SYNTHETIO ACTIVITY 


MC in 
ugm. agm., RNA TotalO hydrophilic 
Horyme system protem per mi, pare ba ene ecid-labile 
per ml. S 105 /min. — 
}min. 
Original S 105 23:4 540 9,450 4,130 
Supernatant 
centrifogation of 
8 195 5 286 1,880 6,670 
Same + — 7,825 4,680 
4 ml. co ; zph hate buffer pH 7:4, 
460 amokas: DENE, 1 pa 2 PNG 5 molo; 2-(14C)-mevalonic 
ral; were tnowbated for 


ae (0-2 ee,{umole), ’ pmole; and $ 108 


preparation to another, and this might also account 
for the discrepancies found in the literature. 

The experiment presented ın Table 2 clearly shows 
that recentrifugation of a ‘synthetically active’ S 105 
for 3 hr. at 105,000g results in a loss of squalene- 
forming activity, but that with such a preparation 
the hydrophilic, acid-labile mtermediates which can 
be extracted by petroleum ether after acidification of 
the saponified incubation mixture accumulate. The 
pellet obtained after this centrifugation contains 45 per 
cent of the RNA originally present in the 8 105 and 
its absorption spectrum in the ultra-violet and ratio 
RNA : protein (0-1) are simular to those found in 
microsomal suspensions. This ‘post microsomal’ 
sediment is undoubtedly still of microsomal nature 
and is definitely not pure ribonucleoprotein. In 
contrast to microsomal fractions, this pellet has 
negligible glucose-6-phosphatase activity. Almost 
all the original squalene-forming activity can be 
reconstituted by recombination of the final super- 
natant and the pellet. 

A relatively clear enzymatically active solution can 
be obtained by adjusting the pH of an ‘active S 105’ 
to 52, redissolvng the resulting precipitate in 
phosphate buffer (pH 7-4) and centrifuging (10,000g 
for 10 min.) to remove the small amount of denatured 
material. The ultra-violet spectrum of this solution 
was examined at neutral pH; the ratios, Æ 260/E 280 
31-48 and E 260/H 245=1:125, closely resemble 
those of the usual microsome suspensions, so there is 
no indication that this procedure results in a purifica- 
tion of the ribonucleoprotein. 

Microsomes were separated into 3 sub-fractions by 
differential centrifugation in 0:25 M sucrose (a non- 
electrolyte medium of higher density). Table 3 shows 
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that all three fractions are sumilar m their RNA: 
protein ratio and, therefore, none can be considered 
to consist predommantly of membranous com- 
ponents er of ribosomes. Nevertheless, their specific 
activities, 80 far as squalene synthesis is concerned, 
do differ; the maximum activity is found in that 
fraction which sediments between 30,000 and 60,000g. 
The distribution of the glucose-6-phosphatase activity 
does not parallel the biosynthetic capacity. 


Table 8. Syvwrueric CAPACITY AND GQLUOOSE-6- PHOSPHATASE ACTIVITY 

OF THREW MICROSOMAL SUB-FRAOTIONS SHPARATED BY D 

CENTRIBUGATION FROM ee — — (10 PER OENT) IN 
UOROBE 


Seon were combined with a concentrated soluble enzyme 

mon and co-factors asg in Table 2 for estimation of squalene-ayn- 

esizing capacity. — ed Siecle activity was measured 
ccording to Swanson (ref. 7) 


Phosphorns liberated 
ug in —— from —— 
Bub-fraotlon RNA: protein counts/min. phate pgm. prosen 


mgm. protein 
P 30 0-108 1,754 BO 9 
P 60 0-11 3,800 50· 8 
P 105 0-11 891 6 


P 30 is that sub-fraction ger ted between 4,000 and 80,000¢.P 60 
between 30,000 and 60,000g, P 105 between 60,000 and 165,000¢ 


On the basis of these preliminary experiments, it 
would seem that each fraction represents different 
particle populations and that the last stage of squalene 
synthesis would depend on a type of microsomal 
particle which does not have glucose-6-phosphatase 
activity and which, under certain experimental 
conditions, would not sediment when subjected to 
the centrifugal forces generally used to sediment 
microsomes. 

Experiments are now in progress to determine 
whether or not the RNA is directly involved in the 
synthetic process. 

This work was supported by a grant to one of us 
(L. G.) from the Fonds National de la Recherche 


Scientifique and the Laboratoire de Recherches pour 


la Protection des Populations civiles. 


1 Bucher, N. L. R., Ciba Sympossum on Biosynthesis of Terpenes and 
Sisrols, 46 (J. and A. Churchill, London, 1969). 


* Goodman, DeW. 8., and Popjak, G., J. Lipid Research, 1, 286 (1960). 


t Lynen, E., Eggerer, E., Henning, U.. and Kessel, I., Angew. Chem., 
70, "239 (1958). 


+ Anderson, D. Q., Rice, M. 8., and Porter, J. W., Biochem Biophys 
Research Comm., 3, 501 (1980). 


t Gosselin, L., and Podber-Wagner, E., Biochem. J., 78, 1P (1981). 
* Bucher, N. L. R., and McGarraham, K., J. Biol, Chem., 228, 1 (1956). 
! Swanson, M. A.n Methodi in Enzymology, 2, 541 (1955). 


BRAIN AMMONIA DURING CONVULSIONS IN 
THIAMINE-DEFICIENT MICE 


By KENNETH S. WARREN and STEVEN SCHENKER 


Laboratory of Parasitic Diseases and Laboratory of Clinica! Investigation, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Bethesda, Maryland 


ENERALIZED seizures induced ın experimental 

animals by a wide variety of methods!-* have 
invariably been accompanied by markedly elevated 
cerebral concentrations of ammonia. Ammonia has 
also been. considered to be “‘an index of the two basic 
functional states of the brain, those of excitation and 
inhibition” (see ref. 6), a point of view supported by 
several investigators’*. We have recently investi- 
gated the concentration of ammonia in the brain of 
convulsing thiamime-deficient mice, and our results 


do not conform with the above findings. (‘Thiamine- 
dafiaient’ refers to a state induced by a deficient diet 
plus daily subcutaneous injections of neopyrithiamine 
hydrobromide.) 

Swiss albino female mice, 23-25 gm. in weight, 
were placed on a thiamine-deficient diet supplemented 
with the usual vitamins (Nutritional Biochemicals 
Corp.). For the first two days, 50 ugm. noopytithi- 
amine hydrobromide® was administered subcutane- 
ously to each mouse. This dose was then raised to 
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100 pgm. per mouse osch day until the end of the 
experiment. Since loss of weight waa a prominent 
aspect of the thiamine deficiency, a group of control 
mice were starved. Water was provided ad lib. 
In order to initiate control convulsions, pentylene- 
tetrazol (700 ugm.) was injected imtravenously into 
mice weighing 18-22 gm. Brain ammonia concentra- 
tions were measured by the method of Nathan and 
Warren!’. 

Mice on the deficient diet accompanied by neo- 
pyrithiamine injections showed no change in weight or 
signs of thiamine deficiency for the first five days. 
Thereafter, there was a rapid decline in weight from 
an average of 24 gm. to 19 gm. on the tenth day. 
Paralysis appeared on the eighth and nmth days. 
On the tenth day, in addition to paroxysms of running 
and turning movements, generalized clonic—tonic 
convulsions were seen in most of the animals. Tho 
average brain ammonia concentration at five days, 
when the mice appeared woll, was slightly, though 
insignificantly, higher than the normal figure (Fig. 1). 
During the ninth day, when the animals were partially 
paralysed, though active, the concentrations were 
lower than. that of the normal control mice, and this 
difference was statistically significant at the 0-05 
level (Fig. 1). The ammonia-levels in a group of 
starved mice (with a loss of weight similar to that of 
the thiamine-deficient animals) were also somewhat 
diminished (Table 1). On the tenth day of thiamine 
deprivation the average brain ammonia concentra- 
tion in the convulsing animals rose slightly, but was 
still considerably lower than the normal level (Fig. 1). 

Normal control mice given a convusant 
(pentylenetetrazol) had a marked elevation. of brain 
ammonia concentration 10-30 sec. after the onset of 
convulsions (Table 1). When pentylenetetrazol was 
injected into starved animals the increase in ammonia 
concentration was identical to that of the above 
normal animals (Table 1). However, when this 
convulsant agent was injected into partially paralysed 
thiamine-deficient animals there was only a slight 
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Table 1. BRAIN AMMONIA CONOBNTRATIONS IN NORMAL, STARVED 
OCLENT MICH BEFORE AND 10-30 SEO, FOLLOWING 
RNTYLENETETRALOL 


DEFI 
THA ONSET OF CONVULSIONS INDUCED BY P 
Brain ammonia concentration ugm. [100 gm. 
Pentylene- 


Baseline tetrazol Difference 
Normal 439+ 87* 755 +46 816 
Starved 869 +10 675 +40 804 
Thiamine-deficient 839 + 33 417 + 28 78 
* Standard error of the mean. 


increase 1n the level of anamonia in the brain (Table 1). 
It should be added that to induce convulsions m the 
thiamme-deficient mice ıt was necessary to raise the 
dosage of pentylenetetrazol to 800 pgm. per mouse. 

Ammonia has been impheated in the development 
of clinical convulsions ever since Bisgaard put forth 
his ammonia dysregulation theory in 1925 %, 
Although his findings have not been confirmed!’ 
several investigators have found elevated blood and 
cerebrospinal fluid ammonia concentrations in patients 
following seizures!?—1, 

Investigations on animals have further suggested 
a relation between ammonia and convulsions. 
Ammonia itself has frequently been shown to be a 
convulsant agent!*:?, Moreover, the cerebral 
ammonia concentration is elevated when seizures 
are induced by many compounds—pentylenetetrazol, 


plcrotoxin, sodium fluoroacetate, methyl ethyl 
glutarimide, physostigmine salicylate, and cam- 
phor??-*, The concentration of ammonia in the 


brain is also increased by electro-shock!, and by see- 
saw stimulation leading to convulsions in a suscept- 
ible strain of mice’. The only controversial issue m 
this field is whether the ammonia moreases before 
the onset of the seizures, and is. therefore a factor 
initiating them!?4, or whether its rise is only second- 
ary to the hyperactivity of the convulsion®. In keep- 
ing with these hypotheses, it should be noted that the 
concentration. of ammonia in the braim has been con- 
sidered to correlate generally with the state of activity 
of the brain$-*. 

Since the convulsions in all the above experiments 
followed an acute stimulus we attempted to induce 
seizures by a relatively slow method. Previous 
experiments in rats had shown that seizures occurred 
in the later stages of thiamine deficiency (convulsions 
also occur in infantile beriberi45). Our results with 
mice in an induced state of thiamine deficiency were 
different from those described previously, in that the 
brain ammonia concentration during convulsions was 
lower than that found in normal mice. Pentylene- 
tetrazol convulsions in normal control mice increased 
brain ammonia concentration to an extent similar 
to that noted by other mvestigators?:5. 

Since thiamine-deficient animals lose weight before 
the onset of convulsions, the effect of starvation 
(producing an equivalent loss in weight) was investi- 
gated. It was postulated that the sukstance or 
substances from which ammonia evolved might be, 
depleted in starved animals. Therefore, the base- 
line ammonia-level might be low and the response to 
a convulsant agent diminished. We found that 
although baseline brain ammonia concentrations were 
low, the response during convulsions was almost 
identical to that of normal control mice (Table 1). . 
On the other hand, pentylenetetrazol convulsions 
in thiamine-deficient mice caused such a slight rise 
in the level of brain ammoma that it did not attain 
the normal control concentration. These results 
may have been due to a more profound depletion of 
ammonia precursor substances during thiamine 
deficiency than during pure starvation, to inhibition 
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of the tricarboxylic acid cycle preventing the utiiza- 
tion of substrates formed during deamination, or to a 
direct effect on the deamination of ammoniagenic 
substances. 

It may be of interest to note that when thiamine- 
deficient brain was treated with a non-toxic exogenous 
dose of ammonia in vivo its response to this load 
was similar to that of the normal brain'!*. In spite 
of this result, the toxicity of intravenously admini- 
stered ammonia was markedly enhanced by thiamine 
deficiency?*, as might have been expected from some 
recent ¿n vitro work”. 

In surgmary, our results show that the excitation 
and convulsions associated with thiamine deficiency 
are not accompanied by an increase in brain ammonia 
concentration. This provides an exception to the 
results of previous investigators who have found an 
invariable increase in brain ammonia concentration 
durmg convulsions induced by many stimuli. How- 
ever, it should be noted that the actions of moreased 
ammonia and decreased thiamine may be comple- 
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mentary?”, and, therefore, the intracellular mechan- 
isms may be simular. 
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PALATABILITY OF PHALARIS ARUNDINACEA L. 
By R. ROE and B. E. MOTTERSHEAD 


Division of Plant Industry, Commonweath Scientific and Industrial Organization, Armidale, New South Wales 


ARKED differences in the palatability of 

Phalaris arundinacea material from various 
sources have been recorded in this laboratory and 
in the hterature'“. Where unpalatability has been 
recorded it could have been due to factors not 
inherent in the gras, as pointed out by Tribe and 
Gordon’. On the other hand, from our experience, it 
appears that differences in palatability often occur 
between different lines or strains of the grass and 
could well be due to some factor or factors inherent 
in the grass itself. If one strain could be demon- 
strated to be more unpalatable than another, when 
both were grown under identical conditions, it would 
provide useful material from which to attempt to 
isolate the factor or factors responsible for unpalatabil- 
ity. Some investigations slong these lmes have been 
undertaken with interesting results. 

Five strains of P. arundinacea were compared for 
palatability in a ‘cafeteria’ type test. They were 
arranged. in a 6 x 5 Latin square with each plot 
consisting of 5 rows of 6 spaced plants. To test 
palatability these were grazed by 20 Mermo sheep, 
generally for 24 hr. The sheep, which had had no 
previous experience of grazing on this species, were 
starved for a period of: about 18 hr. before each 
grazing test. 

Seven tests were made, extending over three 
summer seasons. The first test was made two months 
after were transplanted into the field and 
the last when the plants were 29 months old. A 
range of stages of growth was thus covered by the 
7 tests, varying from young, entirely vegetative 
growth to fairly advanced growth with some plants 
in head. Close agreement between the results of each 
of the tests showed that relative palatability was 
unaffected by stage of growth. 

At the conclusion of each grazing period, by which 
time practically all the leaf material had been removed 
from the most heavily grazed plote, the extent of 
grazing of each strain was determined by rating each 


plot using a 0-5 scale (0 = entirely ungrazed; 5 = 
grazed to greatest extent). The rating was done by at 
least three ındependent observers on each occasion. 

Large differences in the extent of grazing of the 
various strains were recorded (Table 1). The low 
rating (< 5) of strains IT and V indicates that plots 
of some of the replications of theese strains were 
entirely ungrazed so it is likely that selection, or 
rejection, was made by the sheep through smell 
rather than taste. 


Table 1. RATING FOR RELATIVA PALATABILITY OF FIVE STRAINS OF 
Phaiarws arundinacea. MaxXINUM G FOR HIGH PALATABILITY 
=2S. MEAN VALUES FOR SEVEN TEST GRATINGS 


Strain I II V 8.B. 
Rating 199 28 20 7 137 17 0 256 

Strains I and ILI (palatable) came from West 
Germany. Of the two unpalatable strains, II came 
from the United States and V from Portugal. Strain 
IV, of intermediate palatability, also came from the 
United States. Later it was found that the various 
so-called strains differed in their chromosome number, 
chromosome counts showing 2n = 28 for strains 
I and OI, 2n = 42 for strains I and V, and 2n = 35 
for strain IV. All these counts have been recorded 
previously for P. arundinacea’. 

In addition to the grazing tests with sheep one was 
done with cattle and the same preferences were 
shown for the various ‘strains’ as were exhibited by 
the sheep. Rabbits in pens also showed the same 
preference for the palatable and unpalatable ‘strains’. 

In a ‘cafeteria’ type experiment the preferences 
shown by grazing animals are, of course, strictly 
relative. Some investigators claim that palatability 
is always relative and that it is meaningless to 
ascribe a special measure of palatability to a particu- 
lar species’. However, in our experiments, on one 
occasion when the sheep were maintained on the 
plots beyond the time when the palatability ratings 


` were made, and when they had no forage available 


except the unpalatable ‘strains’, they showed little | 


256 


inclination to eat these. A period of 9 days elapsed 
before the 20 sheep consumed all the green leaf on 
the 250 planta of the two unpalatable ‘strams’. 

This indicated a measure of inherent unpalatability 
in this material, and an experiment has been com- 
menced to obtam further information on this pomt. 
Half-acre plots of puro stands of ‘strains’ IT and IT 
are being grazed by flocks of 10 sheep whose intakes 
are being measured. Results of the first test show 
levels of mtake over a 10-day grazing period of 0-96 
and 1:49 lb. digestible organic matter per head per day 
for ‘strains’ IL and IT respectively, the difference 
being significant at P < 0-01. 

In view of the evidence that ‘strains’ IT and V have 
some degree of inherent or absolute (as distinct from 
relative) unpalatability an attempt was made to 
isolate the substance or substances responsible. 
With a group of 12 sheep in single pens provided 
with paired feed tins, by feeding chopped green 
material it was established that the same preferences 
for the various P. arundinacea ‘strains’ were exhibited 
in pens as in the field, except that in pens the prefor- 
ences shown were less marked. 

Extracts of ‘strains’ I and V were made with various 
organic solvents (ether, ethyl alcohol, othylacetate 
and ‘Shell X40’—a petroleum ether with bouling- 
point range at 39°-126° C.; obtainable from Shell 
Chemical (Australia) Pty., Ltd.) Then with the 
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paired feed tins each containmg a weighed amount 
of ‘strain’ I (palatable), tests were made of the 
amounts eaten when the grass in one tin was sprayed 
with ‘strain’ I extract and that in the other with 
‘strain’ V (unpalatable) extract. In each test less of 
the ‘strain’ I grass was eaten when it had been 
sprayed with the ‘strain’ V extract than when it had 
been sprayed with the extract from ‘strain’? I. The 
differences were significant at P< 0-001. Pre- 
sumably the extract contained the unpalatable 
substance from ‘strain’ V, and proof of this was 
obtained when the residue of ‘strain’ V material after 
extraction was tested against an unextracted sample 
of the same ‘strain’. Significantly more (P < 0-01) 
of the extracted (residue) material was eaten. 
Further work is in progress to ettempt to isolate 
and’ identify the substance or substances which 
are present in these extracts and which are responsible 
for the unpalatability of this ‘strain’ of P. arundinacea. 
We are grateful to Dr. J. R. McWilliam for the 
chromosome counts on the material we have been 
investigating. f 
? Wilkins, F, 8., and Hughes, H. D., J. Amer. Soc. Agron., 24, 18 (1032). 
* Beaumont, A. B., el al., J, Amer. Soc. Agron., 25, 123 (1988). 
* Rogier, G. A., J. Amer. Soo. Agron., 38, 487 (1944). 
t Vose, P. B., Herb. Abat., 89, 77 (1959). 
‘ Tribe, D. K., and Gordon, J. G., Agric., Progr., 25, 99 (1960). 


* Darhngton, 0. D., and Wyle, A. P., Chromosome Atlas of Flowering 
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A RAPID METHOD FOR SYNCHRONIZING DIVISION IN 
THE YEAST, SACCHAROMYCES CEREVISIAE 


By D. H. WILLIAMSON and A. W. SCOPES 
Brewing industry Research Foundation, Nutfleld, Redhill, Surrey 


OST of the processes that have been devised for 
synchronizing division in cultures of miero- 
organisms entail subjecting a population of resting or 
randomly dividing cells to one or more abrupt 
environmental changes, for example, in tempera- 
ture, intensity of illumination or concentration of 
nutrients}. The attainment of an appreciable degree 
of synchrony by such treatment implies that the 
nature of the response of the organism to tho stimuli 
varies among different mdividuals in the population 
according to the progress each has made towards 
division. For this reason, examination of the way in 
which environmental changes bring about synchron- 
ization should provide insight into both the nature of 
the cellular mechanisms controlling growth and 
division and the interaction between these mechan- 
isms and the environment. 

An attempt is bemg made in this laboratory to 
determine the mode of action of a process we devised 
for synchronizing division in Saccharomyces cerevistae?. 
This process involved subjecting a population of rest- 
ing cells to several cycles of treatment comprising 
suspension alternately ın rich and ım starvation media, 
coupled with changes m temperature. It has now been 
found that the changes m temperature were not in 
themselves responsible for the attainment of syn- 
chrony, and the process has been modified so as to 
eliminate them. The modified process 1s simpler to 
operate than its predecessor, requires only 3—4 days 
(as compared with 14) for its completion, and induces 
a marked degree of synchrony in the treated cells. 


The starting population, consisting almost entirely 
of resting single cells without attached buds, is pre- 
pared by inoculating a double-strength version of 
Wickerham’s malt extract medium? with S. cerevisiae 
(N.C.Y.0. strain 239) and incubatmg with shaking 
at 25° C. for 10 days. The stationary phase cultures 
obtained in this way comprise a mixture of individuals 
which can be separated into two distinct groups on 
the basis of their size*. The smaller cells, which 
usually account for about 40 per cent of the popula- 
tion, cannot readily be synchronized by the new 
process. Accordingly, they are first removed by 
differential centrifugation, as described elsewhere’, 
and discarded. 

The residual larger cells are suspended at a density 
of 5-10 mgm. (dry weight) per ml. m Wickerham’s 
malt extract medium! held in a water bath at 25° ©. 
After 40 min., they are rapidly centrifuged, washed 
several times in ‘starvation medium’? previously 
warmed to 25° ©., and finally suspended in this 
medium at about the same cell density as before. 
Precautions are taken to avoid changes in tempera- 
ture at this stage, preferably by carrying out the 
manipulations in a constant-tomperature room. The 
suspension is finally returned to the water bath and 
vigorously acrated for about 6 hr. This sequence of 
events is repeated on subsequent days, the cells being 
stored in starvation medium between each cycle of 
treatment. The entire population remains viable 
during the process, but no buds or daughter cells are 
formed. The organisms are thus effectively main- 
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tained in a ‘resting’ state, and their potentially 
synchronous condition only becomes apparent when 
they are inoculated into a suitable medium. Usually 
& total of 2-3 oyeles 18 sufficient to induce the 
maximum degree of synchrony attainable with a given 
population and, once this is achieved, additional 
treatments have no further effect. 

Part of the growth-curve of a typical culture of cells 
treated by this method is shown in Fig. 1. The 
organisms were counted in ‘Burker’ and ‘Thoma’ 
counting chambers, the conventions adopted for 
distinguishing between single cells in the last stages of 
division and pairs of newly divided, but still adherent, 
individuals being as described previously*. In order to 
permit several generations to develop before changes 
in the medium began to retard the growth of the 
culture, it was desirable either to use a small 
inoculum or to transfer the cells into fresh medium at 
some stage during their growth. The latter course was 
chosen m the example shown here, for it permitted the 
use of an inoculum large enough (1-2 x 10° cells/ml.) 
to be easily counted. Accordingly, at 225 min., 
following one doubling in cell numbers, part of the 
population was rapidly centrifuged and resuspended 
in fresh, pre-warmed medium at a density of 
1:0 x 10* cells/ml. Care was taken to avoid tempera- 
ture changes during this process, which was completed 
in 3-4 min. The first period of division subsequent 
to the transfer occurred in both cultures at the same 
time and with about the same degree of synchrony. 
Apparently, therefore, the transference into fresh 
medium entailed no significant disturbance of the 
growth and division of the cells at this stage. 

From Fig. 1 it will be seen that the first generation 
of buds appeared about 70 min. after moculation. For 
reasons outlined elsewhere’, this interval is regarded 
as a period of preparation for active growth, com- 
parable in some respecte to the lag phase in other 
organisms, and not as part of the first generation. 
On this basis therefore, the growth of this generation, 
starting with the appearance of the first buds, and 
terminating at the first division, is seen to occupy 
about 93 min. Each of the subsequent generations, 
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Fig. 1. Composite ——— chronized population 
vigorously aerated at 26 26° C. in Wike m’s medium (ref. 3). 
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timed between the mid-points of successive bursts of 
division, occupied a similar period which, it.may be 
noted, was closely similar to the mean generation- 
time of randomly dividing exponential cultures of this 
strain. 

In the absence of repeated synchronizing stimuli, 
the inherent variations in generation-time between 
individuals in an initially synchronous population 
inevitably lead to a progressive loss of synchrony 
with time. A quantitative expression of this phenom- 
enon was obtained for the culture depicted in Fig. 1 
by calculating the ‘synchronization index’? for each 
division. The results (Fig. 2) show a steady decline 
from 0:67 at the first division to about 0:41 at the 
fourth. At the fifth division, however, the synchron- 
ization, index dropped abruptly to about 0:20. This 
change is thought to have been due to the onset of 
unfavourable conditions resulting from the growth 
of the population, for in other trials a similar sudden 
loss of synchrony has been accompanied by a marked 
decrease in the rate of metabolic activities such as 
phosphorus uptake and synthesis of protein. For 
this reason, observations made with the aim of deduc- 
ing events in the ‘normal’ cell-cycle should preferably 
be restricted to earlier divisions. 

There are several indications that the behaviour of 
populations synchronized by the present process may 
not differ greatly from that of untreated individuals. 
Preliminary observations of macromolecular-syn- 
thesis support this view, as does the above-mentioned 
finding that the generation-time of the synchronized 
populations approximated to that of randomly divid- 
ing cultures. Moreover, it has been found that the 
mass and gross chemical composition of the cells 
change only slightly during synchronization. There 
is therefore no reason for supposing that the treatment, 
imposes hypothetical ‘strésses’ on the cells or that the 
subsequent synchronous divisions entail a return to an 
‘unstressed’ state. : 

Observations on the mode of action of the new 
process, and on various aspects of the behaviour of 
the populations obtained by ite use, will be reported 
elsewhere. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Origin of the Mare Imbrium 


G. K. GILBERT? proposed that a large-scale collision 
occurred in Mare Imbrium and this hypothesis has 
been supported by R. B. Baldwin? and, ardently, by 
H. C. Urey*. Other authors, however, have preferred. 
to explain the radial symmetry without resort to 
dualiam. Thus, Tomkins‘, Spurr’, Kuiper! and von 
Bülow” considered that parts of the radial system 
were produced by faulting. 

When details of the lunar surface are considered, it 
appears that there is no clear evidence that a collision 
ever occurred in Mare Imbrium. The rock-strin, 
which are roughly radially orientated with respect 
to Mare Imbrum, and which Gilbert? considered to 
be of a ‘pasty’ material which had splashed out from 
the supposed collision centre, are nothing less than 
portions of the walls of much-eroded craters. This 
conclusion is based on protracted visual observations 
which I have made at various observatories, and 
especially at the Pic-du-Midi Observatory. It follows 
that these ridges cannot be splash-deposits. Further- 
more, the forms of some of the ridges in question are 
such that they cannot have been cut from pre-existing 
crater walls by the action of any projectiles which 
may have been ejected from Mare Imbrium. I bave 
illustrated this point by a photograph’. 

Additional evidence, which is strongly against the 
collision hypothesis, has now been assembled. This 
is based on measurements of the orthogonal exes of 
craters in fields near the centre of the Moon’s disk 
and crossed by the striz which are generally asso- 
ciated with Mare Imbrium. One of the axes was 
chosen so as to lie approximately parallel to the 
most prominent family of stris. The ellipticities, IT, of 
590 craters in the Vaporum! and Hipparchus regions 
of the Moon have been computed, after application 
of curvature corrections to the measured axes 2, Y, 
according to the equation: 

I} = 1 — gjy (1) 
It was found that the craters were distorted prefer- 
entially, their longer axes most frequently lying 
parallel to the stris which are under discussion. 

Craters were divided into different size-groups and 
into two or three age-groups. The relative age of a 
crater was decided by combining characteristics such 
as the ease of recognition of a crater and the height 
or degree of erosion of its wails; but not by con- 
sidering the degree of distortion of ite walls. When 
three age-groups were considered it was found that 
independent observers never mixed the old and the 
young craters. Those in the intermediate age-group 
were confused with those in one or othor of the age- 
groups in only 18 per cent of the cases. 

Some results have been published already’: these 
are now compared, with additional data in Table 1. 
Two important conclusions may be drawn from the 

displayed in Table 1: (i) the mean percentage 
ellipticities of the craters generally increase, in & 
given area on the Moon, with the age of the craters; 
(ii) the craters of a given group generally show higher 
ellipticities in the Vaporum region than in the Hipp- 
archus region of the Moon. 


Tablo 1 
¥Yaporum 
region 
mean Hipparchus region 
of ta (per cent) mean {T (per cent) 
r 
(km.) Young Old Young Intermediate Old 
0-20 8 17 1 8 e 6 
20-40 5 17 1 8 8 
40-60 2 15 5 6 Q 


The first result leads to the conclusion that the 
craters were distorted from their original, nearly 
circular shapes by certain stresses in the Moon's 
‘crust’, and that these stresses acted for a longer time 
on an. old crater than on & young crater. It follows 
that the system of striæ which is radial to Mare 
Imbrium cannot have been produced by a sudden 
catastrophe. 

As the Vaporum region is closer to Mare Imbrium 
than the Hipparchus region, result (ii) might indicate 
that the crustal stresses which produced the dis- 
tortions of the craters are in some way to be associated 
with the formation of Mare Imbrrum. It therefore 
appears most plausible to assume that Mare Imbrium 
itself formed over a very long interval of time. 

Further details of this work will appear in Planetary 
and Space Sctence. I am indebted to Imperial 
Chemical Industries for a research fellowship. 

GILBERT FELDER 
University of London Observatory, 
Mill Hill Park, London, N.W.7. 
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RADIOPHYSICS 


Extra-Galactic Radio Emission at 4-8 Mc./s. 


Tom lowest radio frequency at which extensive 
observations of cosmic radio noise have been made 
18 19:7 Mc./s. (ref. 1). These showed that, by com- 
parison with similar pencil beam observations at 
85-5 Me./s. (ref. 2), there are significant differences 
in the pattern of sky brightness and in the appear- 
ance of the discrete sources. At the lower frequency, 
for example, there is greater absorption of the radia- 
tion in galactic ionized hydrogen, while the coronal 
structure of some radio galaxies such as Centaurus 4 
(NGO 5128) appears to be more extensive. 

Much greater spectral effects due to absorption and 
in addition to changes in the emission process*»* may 
be expected at still lower frequencies, and the further 
exploration of the cosmic radio noise spectrum 1s 
likely to produce important information about the 
properties of the interstellar and intergalactic gas. 
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Fig. 1. interferometer record of Centaurus 4 and other objects 
at 4:8 Alc fë. 


The main observational limit at present is the 
opacity of the ionosphere and several groups in the 
world are preparing for observations above the 
ionosphere, using Earth satellites. At the same time, 
the approachmg minimum of solar activity makes 
it possible to conduct observations on the ground 
at suitable places, such as Tasmania, where the low 
ionospheric critical frequencies combined with a low- 
level of man-made interference have already per- 
mitted the detection of the radiation down to 800 
ke./s. (ref. 5). To take advantage of these favourable 
conditions an extensive programme of observations 
in the band from 800 kc./s. to 10 Mc./s. has been 
started in Tasmania. The receiving equipments will 
include two large pencil beam antenna systems, each 
with dimensions of approximately one mile and 
which are expected to be ın operation before the 
winter of 1962. 

* Here some results of an interferometer survey of 
the sky at 4:8 Mc./s. are reported. The equipment 
used was a tunable phase switching interferometer 
with a primary antenna pattern 12° E.~W. by 
45° N.-S. and a fringe separation of 3° in the east- 
west direction, situated at Hobart, Tasmania (147° © 
42-9°8.). The centre of the antenna pattern was 
directed to declination — 43° and the observations 
were made at night durmg June, July and August 
1961. The ionospheric critical frequency, fol,, was 
normally in the vicinity of 2 Mc./s. 

The external galaxies Centaurus A (NGO 5128, 
1322 R.A., —42° 46’) and Fornax A (NGO 1316, 
0318 R.A.. —37° 20’) were identified by their 
measured co-ordinates and by comparison with 
previous observations at 10 Mo./s. (ref. 6) and at 
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vicinity of the galactic centre was noted, while radia- 
tion from Jupiter (to be reported elsewhere) was 
recorded on many occasions. A record of the Centaurus 
A source is shown in Fig. 1. The galactic co-ordmates 
of Centaurus A and Fornax A are +20°, 274° and 
~ 56°, 206°, while their estimated distances’ are 
7-5 x 108 po and 2 x 10 pe, respectively. Both 
are large objects with coronal emission extending 
over several degrees. _ 

A preliminary measurement of their total intensity 
has been made. Since there is yet no information 
about the angular shapes of these objects at 4-8 Mc./s. 
it was assumed that they are the same as at 
19-7 Mo./s. and the observed intensity was then 
corrected for the fringe-width of the antenna pattern. 
A. continuation. of the increase in ther angular width 
with decreasing frequency, observed between 865-5 
Mc./s. and 19-7 Mc./s., would make the calculated 
intensity too small. In addition, broadening of the 
source size by scattering of the radiation by iono- 
spheric irregularities would also lead to an under- 
estimate. It is considered that this effect was small 
for selected nights with quiet ionospheric conditions 
of low critical frequency, absence of spread F, absence 
of triple splitting and absence of sporadic Æ. 

With these uncertainties the spectrum of Fornax A 
appears to follow the same law between 19-7 Mc./s. 
and 48 Mc./s. as at higher frequencies (spectral 
index, — 1). Centaurus A, on the other hand, is 
relatively weaker at 4-8 Mc./s., and Fig. 2 shows the 
ratio of the intensities of these two sources between 
4-8 Mc./s. and 600 Mc./s. 

The absence of absorption effects at the low- 
frequency end of the spectrum of Fornax A implies 
a low electron density in the intergalactic medium. 
For a frequency at which the optical depth of the 
medium is unity, the emission measure : 

[N Nal = 3-3 x 10-8738 (19-8 + 1,78 /%y-1)-1 
(ref. 7, p. 148). If this frequency v is taken to be less 
than 2 Mc./s. and the kinetic temperature T assumed 
to be 100° K. the mean electron density over a path- 
length of 2 x 10* parsec. is less than 2 x 10-‘/c.¢. 
Alternatively, if all the electrons are assumed to be 
in the galactic corona over a distance of 20 kparsec. 
the mean density is less than 2 x 10-‘/c.c. again for 
T = 100°K. For Centaurus A the medium has 
unity optical depth at approximately 10 Mc./s. and 
a coronal electron density greater than 10-*/c.c. is 
umplied for T = 100° K. Since both these objects 
are well away from the galactic disk these coronal 
densities appear to be contradictory. However, the 
density of the ionized gas in the intergalactic medium 
18 consistent with the estimate by Shklovskii (ref. 7. 
p. 402) of 4 x I0-‘/c.0. for the mean density of inter- 
galactic neutral hydrogen surrounding the Galaxy 
and the Magellanic clouds. Reduction of the uncer- 
tainties in the messurements will have to await the 
caroful mapping of the brightness distributions of 
the sources. 

This work is supported financially, in part, by the 
Australian Radio Research Board. 
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Relation between Oblique and Ground 
Path-lengths in lonospheric Propagation 
over a Curved Earth 


For a plane Earth and horizontally stratified 
ionosphere, Breit and Tuve’s theorem! gives the 
relation between the effective oblique path-length P’ 
travelled by a radio-wave packet and the correspond- 


ing ground-range D as: 
P’ = Deec A 


where A is the angle of elevation of the ray path 
relative to the ground. Provided that the electron 
density within the layer is a function of height only 
and that there is no imposed magnetic field, this 
relation is rigorously true for any density—height 
profile. 

With a curved Earth and ionosphere the relation 
between P’ and D is no longer independent of profile 
and the simple form of the foregoing equation cannot 
be used. It does not seem to have been previously 
noted, however, that it is nevertheless possible to 
place close limits on any one of the quantities P’, 
D and A when the other two are known, under the 
same assumption that Earth’s magnetic field can be 
neglected. We also have to assume the equivalent 
of horizontal stratification, that is, that the sleotron 
density is a function of r only, wheré r is the radial 
distance from Earth’s centre. 

For the sake of definiteness, we consider the limits 
that can be put on P’ given D and A. The parts of 
the path below the ionosphere, denoted by a sub- 
script 2, are related by the rigorous equation: 


P; = 2R sin (D,/2R) seo (A + D,/2R) 
where F is the radius of Earth (Fig. 1). 





Fig. 1 


The limits on P,’, the effective path within the 
ionosphere, are obtained as follows: the notation’ and 
basic equations are taken from Appleton and Beynon’. 
We have: : 


py = {2 
B 
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rdx 
Fig. 2 
where ds 1s an element of path-length and a 18 the 
refractive index. Also: 
de _ rår 
p pains 
where r, y and ¢ are as shown in Figs. 1 and 2. Hence: 
reRdy 
T JR(R + ho) sin fo 
since r sin $ = (R + Ay) sin io- 
Also, D, = fRdx. 


All the above integrals are taken over the path 
within the layer. Now suppose that we can put 
definite limits on r within the layer, such that: 


Tmin. S f S Tmax. 


ry 


It follows that: 
rnin, D, Py r$ max. D, 
RR +h,) ani, S +t S RR +S,) sin 
and since 


we have finally: 


min. r? max. 


Fa . Dsc A < P'S Pi 





. D, sec A 


Thus Breit and Tuve’s theorem may be written in 
the form: 


P; = a . D, sec A 


where g = 1 fora plane Earth and is slightly greater 
than one for a curved Earth. Close limits can: be 
placed on « with only very limited information about 
the ionosphere. Suppose, for example, that we know 
the height A, of the lower boundary of a layer and 
the height hm of the level of maximum ionization. 
Then we can put: 


Tmi. = R + hy 
and, for reflexion: 
Tmax. X È + he 


Suppose we put h, = 240 km. and Am = 300 km. to 
obtain some idea of magnitudes. The values of rmin. 
and fmax. then differ by leas than 1 per cent and the 
corresponding limits on « by less than 2 per cent: 


1:077 & a < 1086 


If we take tho mean of the upper and lower limits as 
our estimate of «, the corresponding value of P,’ 
cannot be more than 1 per cent in error in this 
example. The percentage error in P’, the total path, 
will be considerably smaller. 

Just how close we can make the hmits on P; 
depends on how much we know about the ionosphere 
at the relevant place and time. In the absence of 
any information at all, we can uso wide limits that 
are always satisfied: 
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Siaa OA = Roos A sec (a + mm) 


In general, however, much closer limits can be 
educed from very limited information or from 
; plausible assumptions about ionospheric heights. 
The case of penetration through a lower layer and 
reflexion at an upper layer can, of course, be treated 
y substituting the height of the bottom of the lower 
yer for hy and the height of maximum ionization 
the. reflecting layer for hm. The most general 
finition of rmin, is that it is the radial distance at 
the; group velocity begins to depart significantly 
value in free space.. It should be noted that 
o example above in which P’ is determined 
much better than 1 per cent, no assumption that: 
layer was ‘parabolic’ or of any other specific 
m was. made. | 

The limits theorem clarifies the magnitudes of the 
pproximations used in obtaining the relation between 
ao D, for a pa rabolic — Shearman gives: 


) o Dı 


H 


- Pmin. 








. D, sec A 


ae It is clear. that this equation must give a value of 
= Py which is slightly too small, since r is certainly 
greater than fmin, over most of the path. However, 
at is not possible to decide whether Shearman’s 
coo yelation gives a value of P,’ closer to the true value 
than that obtained from a mean value of «: 


+ &max. \/2 


without a close examination of the approximations 
used by Forsterling and Lassen‘ and by Shearman. 
The distinction is probably not important in most 
ee practical applications. 

It seems worth directing attention to this com- 
— paratively simple limits theorem because it may be 
0o useful in interpreting back-scatter measurements, 
bueon as those of McCue’, in which the angle of arrival 
i Ai is determined. 

Tbis communication is published by permission of 
the. Director of the Government, Communications 
‘Headquarters. 
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Radio Emission from TENET 23N5A 
cs on 130-cm. Wave-length | 


RADIO emission from the Cassiopeia 23N5A on a 
e-length of 130. cm. (231. Mc./s.) has been meas- 
“at the Astronomical Institute of the Czecho- 
vak Academy of Sciences at Ondřejov. The 
asurements were carried out to check the verifica- 
‘the sensitivity cf the radio telescope used for 
r observations of the radio emission from the 
ave-length of 130 em. The measurements 
i the utmost accuracy, BO as to peat 
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ber of sensitivity 2 mV. corresponding to full swite 














also the determination of. the — value of the 
flux of the radio emission Cas. 23N5A. a 
The parameters of the receiver A wer 
as follows: Aerial: parabolic mirror, 75 m. i 
diameter in azimuthal mounting, width of- the 
— am of the aerial characteristie for half power. 
12-75° in horizontal plane, 14-25° in vertical. DEAE: 
Aal polarization vertical. 
Recewer: Superheterodyne, noise figure of receive: 
5 db., band-width 1 Mce./s. of 
Recorder: ‘ Elektronischer Kompensationsbas 





of 25 om. (Germany). Time constant 10 sec. | Motio 
of recording tape 1 mm.jsec. | — 
Calibration: Noise generator with noise: diode 
1,200 Mc./s. resonance frequency. > es 
Observations were carried out. at 22: 00 0.7 
September 22, 1961. This time was chosen to 
local disturbances. i 
The height of the aerial mirror was adjusted to have 
the axis of the maximum of the acrial diagram in the 
direction towards the radio source Cas. 23N5A. Then _ 
the radio source was scanned by the aerial so aso 
always to register the aerial characteristic. Hight 
such measurements were made. Registration was. 
carried out with fast tape-motion (1 mm./sec.). The 
entire set was calibrated by means of a noise genera- = 
tor. The resonance frequency of the noise diode was = 
1,200 Mc./a. Calibration was carried out. before and 
during measurements, and at their end. For evalua - 
tion the mean calibration value was taken. To segure 
stability of the whole installation, the stability of the — 
feeder-lme voltage was increased. No marked varia- == 
tions in the line voltage were registered during — 
observation. Eo 
Taking into account all circumstances that might a 
have affected the accuracy of the measurements — =< 
(variation. in the line voltage reading during calibra. — 
tion of the installation, and changing sensitivity of 
the receiver equipment) the intensity of the radio- 
emission from the source Cas. 23N5A on a wave- 
length of 130 cm. was found to be: 


f= 118 + 12 x 10-** W.m.~? {o.a y-t 


A. TLAMICHA 
Astronomical Institute of the Czechoslovak 
Academy of Sciences, Ondřejov. 











PHYSICS 


Some Physical Properties of Glassy 
Carbon 


As is well — carbons are, in general, porous 
and gas-permeable materials. However, © 
impermeable carbon has been recently made : ‘by 
Davidson', named ‘Cellulose-carbon’, which is not an- 
impregnated type and is formed by centrifuging a e 
water suspension of cellulose, followed by calcination. = >. 

Now, starting from another substance, and’ using 
entirely different forming methods from the above, 
@ similar, gas-impermeable, not impregnated carbon 
has been prepared. A main feature of this product. 
lies in its voluntary shape, caused by the “uniqu 
method of formation, not by centrifuging nor by 
moulding and extruding. — 

Some physical properties of this glassy carbon are ~ 
given in Table 1 and compared with those of the 
normal graphite derived from coke-aggregates. =...» 

Oxidation-rate is as shown in Table 2, which waa > = 
determined under the flow (0-5 1./min.) of mixed gas > 
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Fig. 1. A, Glassy carbon; B, normal graphite; C, high-density graphite. 


Table 1. Some PROPERTIES OF GLASSY CARBON 
— Glassy carbon 
carbon 
Heat-proof up to (° C.) 1,800 1,300 3,000 
Apparent density (gm./c.c.) 1:75-1:02 1-46-1-50 1743-1-48 
y 
+ 4 DD (per cent) 


8-15 0-2-0-4 

45-55 (Shore) 4-5 (Mohs) — 
Flexual ——— Jem. 400-500 500—1,000 — 
Electrical tivity 


(10~* ohm, em.) 11 35-50 30-35 
Ash content (per cent) 0-2 01 0-05 + 
Gas bility (em,?/see.) 10-10“ 10-10 10°" 
Thermal conductivity 
oct nt of thermal ex- 

pansion (10-* ° C.) 2-0-2°5 1-8-2-2 — 


* D, Real density by benzene immersion method, 

t After -temperature chemical treatment, the ash content of 
this was per cent, consisting of 2-0 p.p.m. manganese, 0-1 p.p.m., 
magnesium, 0-12 p.p.m. silicon, 259 p.p.m. nickel, 64 p.p.m., 
aluminium, 140 p.p.m. iron, 190 p.p.m, calcium, 4+9 p.p.m. 

copper; boron, 008-5 p.p.m. 


Table 2, COMPARISON OF OXIDATION-RATE 
Reaction time (min.) 


Weight loss 70% % 90% 100% 
Normal graphite 68 95 110 140 
— 120 138 175 250 
H nsity graphite 160 185 225 275 
Glassy carbo 205 255 270 365 


(N: : O, = 81 : 19 by volume) at 800 + 5°C. Each 
sample was cut as large as 15 x 15 x 1 mm, 

Pore-size distribution of the glassy carbon by 
mercury method was quite different from the normal 
graphite. For example, the pore volume percentage to 
the whole sample volume between 10° A. and 7 x 10* Å. 
is as shown in Table 3. 


Table 3. Porr-Stze DISTRIBUTION BY MERCURY METHOD 


Pore-size distribution Maximum 
Total pore r cent) pore size 
volume 7x10- x 10*- 1x 10% (51,000 
= i (per cent) 7x104 Å 7x10Å. 1x10Å. kem./em.*) 
orma 
phite 32 27 4 3 7 10* A, 
h-density 
graphite 11 3-5 15 8 7x 10¢ Å. 
Impregnated 
impervious 
graphite 5 — 2-5 2-5 7x 10° A, 
Glassy car 
n 0-35 — — 0-35 1x 10° A. 


It is of interest that dependence on temperature 
of the internal fraction coefficient of the glassy carbon 
was observed similarly as in the case of the normal 
glass being different from many kinds of graphite 
which coefficient was independent of the temperature®. 

The photomicrograph of the glassy carbon is as 
shown in Fig. 1A, comparing with those of the 
normal B and high-density graphite C. 

SHIGEHIKO YAMADA 
Hrrosur SATO 
Nagoya Plant, 
Tokai Electrode Manufacturing Co., 
Horie-cho, Showa-ku, Nagoya. 
! Davidson, H. W., Brit. Pat. 860,342 (1961). 
* Tsuzuku, T., Fifth Carbon Conf, (1961), 
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Electrical Conductivity of Manganin and 
Iron at High Pressures 


THE properties of materials at high pressures can 
be measured either in static compression apparatus 
or dynamically, using explosively induced shocks. 
Pressure measurement is indirect for static methods, 
but a reliable figure for temperature can usually be 
obtained. With dynamic methods, however, absolute 
pressures can be found from velocity measurements, 
but at the moment there are no known methods for 
the accurate determination of temperature. Resis- 
tance is probably the simplest measurement to make 
in static presses at high pressures, and it was thought 
that a useful contribution might be the extension of 
this measurement by dynamic methods. 

A specimen in a static press is subject to approxi- 
mately uniaxial compression with some variation of 
pressure along its length due to plastic flow and defor- 
mation of the anvil faces. In the corresponding 
dynamic situation the compression is initially uniform 
uniaxial, but is accompanied by a rise in temperature. 
For the more incompressible metals in the range 0-300 
kilobars this rise in temperature is not expected to 
be very large—250° C. as a maximum. 

Initially manganin and iron have been studied. 
Thin wires of each material were mounted between 
two conducting supports and embedded in a thermo- 
setting resin, so that they were parallel to the plane 
of the shock front. This simple configuration elimin- 
ates tension effects which are difficult to avoid in 
static apparatus. Each wire was pulsed from a con- 
stant current supply starting a few microseconds 
before it was shocked. The change in resistance was 
calculated from high-speed oscillograms of the voltage 
across each wire as the pressure pulse passed over it. 
Conductivity in the resin was checked in separate 
experiments and found to be unimportant to 200 kb. 

The resistance pressure curve obtained for man- 
ganin is shown in Fig. 1. This alloy, which has the 
composition 86 per cent copper, 12 per cent man- 
ganese, 2 per cent nickel, appears to have a linear 
relation between pressure and relative resistance up 
to 300 kb. Manganin is known to be unusual in that 
it has a positive pressure coefficient of resistance. 
Bridgman used it as a secondary pressure gauge 
statically, and has reported a linear resistance change 
to 30 kb.*. He also found that the pressure coefficient 
of resistance varied from batch to batch and this 
may account for some of the scatter in Fig. 1. How- 
ever, the evidence is sufficient to indicate that the 
extension of Bridgman’s linear result from 30 kb. 
to 300 kb. is justified, particularly if the same piece 
of wire can be used, Manganin would seem to repre- 
sent a useful secondary pressure gauge, referring for 
absolute calibration to known transitions such as 
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Fig. 1. Manganin relative resistance versus pressure 


-o those found in bismuth (27 kb. at 42° C.)? and iron 
- (181 kb. at 37°. C.) determined from shock-wave 
< pesults. 
A polymorphic transition in iron thought to be the 
-va to y change has been observed by Balchan and 
-  Drickamer as a resistance discontinuity statically at 
133 kb. 20° 0. (ref. 4) and dynamically by Bancroft, 
_ Peterson and Minshall as a volume discontinuity at 
181 kb. and at a temperature of 37° C. calculated 
from thermodynamic consideration of the shock 
— front. Fig. 2 confirms a dynamic resistance tran- 
- sition in. the neighbourhood of 150 kb. 100° C. The 
temperature was estimated from the relative resis- 
tance after a correction for pressure taken from 
Bridgman’s work on iron had been applied®*. Work 
is proceeding on the more accurate evaluation of the 
ransition pressure. This transition is almost certainly 
‘previously observed at 130 kb. The relative 
ge in resistance at the transition point agrees 
that found statically, and, as each point repre- 
ants measurements made within the first 0-1 psec. of 
he pressure pulse being applied to the wire, Fig. 2 
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implies that the « to y transition takes less than 0-1 
usec. to complete. Duff and Minshall? have reported 
that the 27-kb. transition in bismuth under similar _ 
conditions takes less than 1 psec. eee ee 
We wish to thank Dr. D. J. Phillips for his help in 
the preparation of this communication and the _ 
Atomic Weapons Research Establishment, Foulness, f 
for permission to publish it. - 
P. J. A. FULLER 
J. H. Peio cie o 


Atomie Weapons Research Establishment, 

Foulness, 

Essex. 

1 Bridgman, Proc, Roy. Soc., A, 208, 1 (1950). 
2 Duff and Minshall, Phys. Rev.,108, No. © (1957). 0 
* Bancroft, Peterson and Minshall, J. App. Phys., 27, 2 
4 Balchan and Drickamer, Rev. Sci. Inst., 82, 308 (1961) 
s Bridgman, Proc. Amer. Acad., 81, 168 (1952), — 
t Bridgman, J. App. Phys., 27, 659 (1950) 


ENGINEERING 


Convection-free Post-arc Gap Recovery 


THE recovery of the voltage breakdown strength 
of a gap subsequent to an are discharge is of basic = —— 
interest in the performance of cireuit breakers.” 
Experiments using the simplified condition of ‘free = — 
recovery’ (that is, no voltage is applied to the gap — 
until the instant of measuring its breakdown strength) = 
have been performed by Edels and Ettinger’ during 
times 10-100 psec. after current interruption, and 
by Crawford and Edels* for longer delay times. 
During the early stages of recovery the gap still has: __ 
a finite resistance, and. ‘thermal breakdown’ occurs < 
on applying a suitable constant voltage, but at longer = 
delay times the breakdown mechanism is that of a: 
spark. ) | 

A square current pulse was used for the initial arc 
in the foregoing experiments, so that the gap con- 
ditions at the start of the recovery period were those 
of the steady-state arc, and any gas flow was determ- 
ined solely by natural convection. Edels, Shaw and... 
Whittaker® measured recovery characteristics with 
forced gas flow in the gap and found that the recovery _ 
was much more rapid for times 1-100 msec. after 
current interruption when using gas speeds of-a few 
m./see., through gaps greater than 3mm. o 000 

In order to further the examination of the rel: 
importance of the electrodes and gas flow 
recovery, it was decided to make measurer 















the spark breakdown régime under convection-free 
conditions, for by eliminating flow through the gap the 
- gas would cool only by thermal conduction to the elec- 
trodes and surrounding gas—ignoring the small effect © 
of radiation. Natural convection depends on differ- - 
ential pressure gradients, and these may be eliminated. — 
within an enclosed chamber by allowing the chamber 
to move solely under the action of gravitational 
forces. An are chamber was constructed from a 
‘Pyrex’ cylinder, 4 in. diameter and 4 in. long, with ` 
‘Duralumin’ end-pieces sealed by ‘O’ rings. This —— 
could be projected vertically upwards by a spring, | 
guidance being provided by wheels running on vertical = = 
rails. Electrical supplies to the chamber electrodes —_ 
were provided via brushes sliding on vertical con- = 
ductors, and the electrode gap could be varied bya 
micrometer head. After leaving the spring the. 0000 
shamber moves freely under gravity both upwards => 
and downwards, apart from slight frictional forces © 
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Fig. 1. Steady-state characteristics of a horizontal carbon arc 
in air, 5 mm. gap, with and without natural convection 


on the wheels and brushes. The total free flight time 
was 1-1 sec. for a vertical height of 5 ft. 

The are is initiated in a previously set gap by 
means of a spark, and then the chamber is projected 
upwards. Volt-ampere characteristics for a steady 
are under such convection-free conditions were ob- 
tained oscillographically, and compared with a natur- 
ally convective arc. Results for a horizontal 5-mm. 
arc between 4-mm. diameter carbon electrodes in 
air at 1 atmosphere pressure are given in Fig. 1. 
As expected, the voltage for the convection-free are 
is the lower as in this case both the arc-length will be 
slightly less and also the field-strength with reduced 
cooling will be smaller. 

Re-ignition voltage curves for a 20-amp. are with 
the above experimental conditions are shown in Fig. 2. 
Two other curves are included for forced flow con- 
ditions with a gas speed of 1-1 m./sec, either upwards 
or downwards to assist or oppose natural convection. 
For a given experimental condition the spark break- 
down voltage at any instant depends on the spatial 
details of gas density within the gap. The recovery 
of the gap will therefore depend on how quickly the 
hot gas is either cooled or replaced by cold gas. 
It is seen that with the forced flow curves the flow 
of gas through the gap greatly affects the recovery 
during the period 1--100 msec., and that natural con- 
vection has a significant influence in helping or re- 
ducing this effect. 





100 V. 
01 1 10 100 


Time from are interruption (msec.) 


Fig. 2. Re-ignition voltage curves for a horizontal 5-mm. ga 

recovering: (a) under convection-free conditions; 6) with 

natural convection; (c) with a gas speed of 1-1 m./sec. down- 

wards, opposing nat convection (1-1— N); (d) as for (c) with 
flow upwards (1:1+ 4) 
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Assuming that the convection-free curve is con- 
trolled by thermal ¢onduction to the surrounding gas 
and electrodes, the effect of the gas flow caused by 
natural convection is clearly seen. Its main infiuence 
is 4-80 msec., which suggests the naturally con- 
vective gas speed is of the order of 0-4 m./sec. After 
200 msec. the convergence of the set of curves 
indicates that although most of the gap contains air 
at ambient temperature, the air close to the electrodes 
is cooling more slowly because of the larger thermal 
time constant associated with the eleetrodes. Experi- 
ments will proceed with various gap lengths, as the 
effect of convection should be even more pronounced 
at larger gaps. 

H. EDELS 

A. K. HALDER 
A. B. SHaw 
D. WHITTAKER 


Department of Electrical Engineering, 
University of Liverpool. 
1 Edels, H., and Ettinger, S. Y., Proc. Inst. Elec. Eng., 108, A (1961). 
R — F., W., and Edels, H., Proc. Inst. Elec, Eng., 107, A, 202 
( ‘ 


* Edels, H., Shaw, A. B., and Whittaker, D., Fifth Intern. Conf. Ioniza- 
tion Phenomena in Gases (Munich, 1961). 


Electrostatic Motors 


Tue description by Van Wyk and Kühn? of their 
corona motor reminded me that a number of years 
ago I made an electrostatic motor, in basic concept not 
unlike their motor, but fitted with metal electrodes 
on the moving member, to increase the charge- 
holding capacity (Fig. 1). This enabled the motor 
to deliver a perceptible power output at a moderate 
speed. By the kindness of the Tyneside Society of 
Model Engineers, the component parts were machined 
in their Manors premises and the completed motor 
was demonstrated to the Experimental Section of 
the Society in the winter of 1949. 

The principal elements of the motor are the cylin- 
drical stator and rotor made of acetate sheet 0-008 in. 
thick, the longitudinal seams being cemented with 
‘Durofix’. Cemented to the inside of the stator are 
2 lead-foil sectors, spaced at 180°, with connexions 
through to the terminals. The outside of the rotor 
carries 12 similar sectors, equi-spaced. To discharge 
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and re-charge the rotor sectors as they pass under 
the stator sectors, each of the latter carries a sharp 
corona-point, pointing in the direction of rotation. 
The stator is 23 in. outside diameter x 3 in. long. 

Using a small motorized Wimshurst machine to 
provide power, the motor runs light at just under 
1,000 rev./min. at 15 kV., as measured with a sphere 
spark-gap. With an applied potential of 40 kV. and 
at approximately 720 rev./min. a miniaturized rope- 
brake rig indicated a power output of approximately 
11 micro-horsepower. It was not possible to measure 
the current. 

Probabl¢ this motor would work even better if the 
sectors were completely covered with insulating 
material, except at the necessary commutating zones. 
This would cut down losses due to brush discharge 
effects. 

It seems that both my work and that of Van Wyk 
and Kiihn have been antedated by some fifty years. 
There was a primitive kind of electrostatic motor, 
having a rotor with 4 spherical electrodes, supported 
on straws, described in Simple Scientific Experi- 
ments in Static Electricity? My attention was 
directed to this reference following the demonstration 
given to the Model Engineers. 


J. E. CRAWFORD STRINGER 


Lincluden, 
Preston Park, 
North Shields, 

Northumberland. 


+ Nature, 192, 649 (1961). 
* Model Engineer Handbook Series (Percival Marshall, o. 1914). 


METALLURGY 


‘Twinning’ and Fracture in Chromium 


Two types of brittle-to-ductile transition in tension 
have been found in chromium. In the annealed con- 
dition chromium is brittle at relatively elevated 
temperatures and low stresses in the strain-ageing 
region':*, while in the warm-worked condition? or 
after alloying, a transition occurs more typical of 
other body-centred cubic metals, at low temperature 
and high stresses*. Explanations of the high-tem- 
perature brittleness follow well-known models of 
dislocation locking* or modifications involving fine 
precipitates’; however, these mechanisms do not 
wholly explain either the abrupt nature of the transi- 
tion or the low stresses at which it occurs. 

It is clear that some plastic deformation precedes 
brittle fracture during both transitions'® in accord 
with established concepts of brittle fracture; but a 
system of homogeneous slip at elevated temperatures 
would be expected to inhibit cracking, and a model 
involving highly inhomogeneous deformation of the 
matrix is required to explain how a crack may be 
sustained and propagated. Such a mechanism, which 
has received little serious consideration to date, is 
mechanical twinning. 

Mechanical twinning in body-centred-cubic metals 
usually occurs in coarse-grained material at low 
temperatures and at high rates of strain. Twinning 
in chromium has been observed under these condi- 
tions®. In alloys of molybdenum and with 
rhenium, however, it has been found that deforma- 
tion occurs primarily by twinning’, which takes place 
at stresses below the yield point. Chromium appears 
to be an analogous case. 
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Fig. 1. “Twins’ and associated slip in annealed chromium, Strained. 
4:8 per cent at 400° O. (negative phase contrast. x 250) 


Since the term ‘twinning’ is specific, and can be 
analysed in crystallographic terms, the structures 
here described will be referred to as ‘twin-like’ or 
‘twins’ pending further examination, though, as 
described here, many of the characteristics of true 
twins are shown. 

In pure chromium mechanical ‘twins’ are found 
after small strains (3—5 per cent) at all temperatures 
between 200° C. and 600° C., accompanied by highly 
serrated grain boundaries which arise opposite the 
ends of the ‘twins’. These features are clearly visible 
in electropolished and etched sections of tensile 
specimens under phase contrast illumination (Fig. 1). 
In contrast with other body-centred-cubic motals, 
‘twinning’ in chromium occurs at relatively slow 
rates of strain (8 x 10-* in./min.) for medium grain 
sizes (45 grains/mm.*). Below 200° C., in low-nitro 
chromium (0:0004 per cent nitrogen), brittle fracture 
on @ falling load, typical of twin fractures, is frequently 
observed. 

The same behaviour pattern, in more exaggerated 
form, has been found in some dilute chromium 
alloys, for example, chromium-—1l per cent vanadium 
annealed at 1,200° C. and tested in tension at 400° C.; 
in this case tho plastic strain curve consisted entirely 
of highly serrated ‘yields’, and the microstructure. 
contained many lenticular twins and many highly 
stepped grain boundaries. Micro-cracks frequently 
occurred at the steps, as in Fig. 2, which is an 
electron micrograph of grain-boundary steps with 
an associated microcrack in a 1 per cent vanadium 
alloy. Penetration of the microcrack by the methyl- 
methacrylate replica has produced a tongue of plastic 
which on shadowing has been magnified horizontally*. 
These microcracks may develop further either as 
short inter-granular cracks before becoming cleavage. 
cracks, or propagate directly as cleavage cracks, both 
in pure chromium and in dilute alloys. The absence 
of slip or twin markings in Fig. 2 is characteristic of 
the ‘invisible slip’ emitted by twins (as in «-iron), 
which terminate within a grain’, though the ‘twins’ 
in Fig. 1 are clearly associated with deformation 
bands which lead directly to steps. The slip band 
connecting a ‘twin’ with its associated step in the. 
grain boundary may also be revealed by decoration. 
Reheating the sample between 600° and 900°C. 





Electron micrograph of steps in grain boundary, showing 
tongues of intruded replica at sites of microcracks. Chromium- 


Fig. 2. 


1 per cent vanadium alloy. Strained 40 per cent at 400° C. 
(x 6,000) 


followed by slow cooling results in decoration of the 
accommodation dislocations by precipitated nitride 
particles which clearly outline the structure under 
dark-field illumination, or by interference-contrast 
methods'®. Screw dislocations within the ‘twin’ are 
also revealed, indicating the Cottrell—Bilby mechan- 
ism of growth". 

These ‘twins’ are usually lenticular in shape, with 
narrow pointed ends, unlike the parallel-sided twins 
usually found in «-iron, and the slip bands arising 
from accommodation dislocations. and hence the 
stops at grain boundaries where thoy emerge, are very 
narrow. This suggests that the accommodation dis- 
locations in chromium are either very strongly bound 
or are prevented from moving through the grain by 
strong frictional forces, propagation as slip from the 
ends of a ‘twin’ thereby being inhibited until high 
stresses build up. 

These observations emphasize the complex nature 
of high-temperature brittleness in chromium and pro- 
vide a possible third mechanism for the initiation of 
microcracks leading to fracture. 

Thanks are due to Mr. S. Silva for providing the 
electron micrograph and to the Chief Scientist. 
Department of Supply, Australian Defence Scientific 
Service, Melbourne, Victoria, Australia, for per- 
mission to publish this communication. 

C. W. WEAVER 
Department of Supply, 
Australian Defence Scientific Service, 
Defence Standards Laboratories, 
Maribyrnong, Victoria, 
Australia. 
* Weaver, C. W., J. Inst, Met., 89, 385 (1961), 
* Weaver, ©. W., Nature, 180, 806 (1957), 
* Wain, H. L., Henderson, F., Johnstone, S. T. M., and Louat, N., 
J, Inst. Met., 86, 281 (1957). 
‘Stroh, A. N., Fracture, 117 (Chapman and Hall, London, 1959). 
* Weaver, C. W., and Gross, K. A., J. App. Phys., 31, 626 (1960). 
* McNeil, J., and Limb, R., J. Inat. Met., 87, 79 (1958). 
* Geach, G. A., and Hughes, J. R., Plansee Proc., 1955, 245 (Pergamon 
Press, London, 1956). 


* Low, J. R., Fracture, 114 (Chapman and Hall, London, 1959). 

* Sleeswyk, A. W., Emissary Dislocations (doctoral thesis published by 
Shell Laboratories, Amsterdam, 1961). 

** Jacquet, P. A., and Weaver, C. W., C.R. Acad. Sei., Paris (1961). 

*! Cottrell, A. H., and Bilby, B. A., Phil. Mag., 42, 573 (1951). 
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Effect of Infra-Red Illumination on Grain 
Boundaries in Ice 

ALTHOUGH the properties and characteristics ef ice 
are well known, the effect of light on ice blocks seems 
to have been unnoticed, except the phenomenon found 
by John Tyndall, namely, the Tyndall figure. 

In the course of work on the grain structure of an 
ice block, it was found in this Laboratory that ice 
blocks become quite fragile at grain boundaries and 
are easily separated into pieces of single crystals 
when they are illuminated with infra-red radiation. 
Illumination was made by the useof a 250-W. infra-red 
lamp placed 1-2 cm. away from the block of ice. The 
radiation temperature of the lamp was 2,400-2,500 
K. and the wave-length of maximum intensity was 
l-0:8u. Ice blocks were obtained from the market 
and held at room temperature for 1 hr. at least 
before irradiation. 

As soon as an ice block was illuminated, two- 
dimensional networks of boundaries clearly appeared 
on the surface of the block (Figs. la and.b). These 
boundaries then penetrated into the body of the ice 
and the three-dimensional networks of boundaries 
soon became visible through the part that was 
illuminated. When the ice block was about 20 em. 
thick, 15-20 min. were necessary to make all the 
boundaries visible. When the illumination was con- 
tinued for a sufficiently long time, the ice block 
became quite fragile along the visible boundaries and 
was easily crushed into pieces of single crystals by 
hammering or pressing with the fingers. This pheno- 
menon may be used to take a particular crystal grain 
out of a polycrystalline ice block. 





Surface of ice illuminated with infra-red radiation for 
(a) Typical grain structure; (b) columnar grains 


Fig. 1. 
2 min, 
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It may be of interest to note here that three- 
dimensional networks of grain boundaries of ice oan 
be faintly seen in an artificial 1ce block obtained from 
the market. However, the adherence of crystal grains 
at these boundaries is strong and the ice blocks are 
crushed into pieces of irregular shape if hit with a 
hammer. In this case several cracks appear in the 
block. DTumination with infra-red radiation shows 
that these cracks are intragranular and not inter- 
granular, that is, the boundaries are stronger than 
grains before illumination but become weaker after 
the illumination. 

The infft-red -illumination also shows that small 
bubbles of air confined during solidification of water 
exist in grains as well as in boundaries. 

These phenomena seem to be due to the local 
melting of grain boundaries by the absorption of 
infra-red radiation, the boundaries being more 
opaque to the ray than the grains. 

TAKEO FUKUTOMI 


Laboratory of Chemistry, 
Gifu University, Gifu, Japan. 
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CHEMISTRY 


Action of Permanganate on Coal 


Tax reaction of coal with permanganate has often 
been studied in the past for probing into the consti- 
tution of coal, or for the isolation of aromatic and 
heterocyclic poly-carboxylic acids with the object of 
preparing simple organic chemicalst. However, the 
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mechanism of the breakdown of coal into simpler 
products ıs still not fully understood. Recently, in 
the course of preliminary work on this reaction, we 
have observed an effect which may be of significance 
in this regard, especially in relation to the structural 
pattern of coal. 

Whether acidic or alkaline permanganate is used, 
the reaction on coal has been found to be immediate 
and vigorous even at room temperature, and it does 
not cease at any particular point and may well con- 
tinue to the point of complete degradation of coal into 
water-soluble products. Such products have not yet 
been isolated or identified by us, but we find that at 
any stage of the reaction, the msoluble coal residue 
remains virtually a prototype of the origmal coal, in 
so far as its analyses and general properties are 
concerned. The proximate, the elementary analyses, 
and even the carbonization behaviour of the treated 
coals are found to be practically the same as those of 
the original coals, irrespective of the rank of coals 
treated, the method of treatment (acidic or alkalne 
permanganate) or the extent of degradation (Tables 1, 
2). Even at higher temperatures including reflux 
conditions, the action of permanganate leads to 
similar results. 

It has beon found that in spite of varying methods 
or degrees of treatment with permanganate, very little 
or no carboxylic group could be produced in the 
treated samples. This is in sharp contrast to what is 
generally obtained with pther oxidizing agents, for 
example, sir/oxygen*, nitrio acid, etc. Equally 
strange 1s the carbonization behaviour of the treated 
samples. It is well known that any form of oxidation 


Table 1. COMPARATIVH ANALYSIS OF COALS AND PRRWANGANATE-TREATRD COALS AT DIVFERENT STAGHS OF DEGRADATION 


Analysis of coal* (d.m-f.) Analysis of treated coal (d.m f.) 
Time of perman- Loss of 
BL No, — Nature of sann e treatment organic Volatile Natare of 
coke button br. (at matter matter coke button 
Carbon Hydrogen (hoor. — coal) — temp.) t (per Carbon Hydrogen. (600° 0.) (treated oval) 
(per cent) (per cent) per cen cent) (per cent) (per cent) (per cent) 
1 69 2 46 ~~ — 0-5 67 2 69-6 4°8 — — 
24 81 8 5 4 29 6 Medium hard 0 5 19 4 81:0 6 8 — — 
greyish bead 
b F F 5 1:0 25 9 81-8 55 80 4 Weak but 
coherent 
e p i . és 2-0 36-8 82-1 5-4 80-1 4 
d i. — 24 0 861 81:2 55 81 5 H 
e a H > a 0-5 27-0 81-8 54 — — 
i 4 * 0-54 3 68-1 80-0 5-5 — ie 
86 7 58 — Foghly swollen 10 28 -7 86 5 53 — Medium bard 
porous coke rous coke 
4a 89 9 49 14 9 j 1:5 14:6 89-1 47 14-1 ighly swollen 
porous coke 
b ij F a 25 148 89 3 4°7 14 8 yi 
* All vitrain samples. 


t concentrations of potassium permanganate, alkali or acid, and varying ratios of permanganate to coal were used. This had no 


+ Differen 
effect on the analysis of the treated 
t Dilute sulphurio sold medium and the rest alkaline. 


In contrast 
sü 


to the preceding experiment, in this case, more than 60 per cent of the coal could be degraded into soluble producte by three 
ve treatments of 10 min. duration each, instead of a single ean 


Table 2, COMPARATIVE Gray-Kina ASSAY OF GOAL AND PMWRMANGANATE-TRHATED COAL 
Yield per 100 gm., dry basis 


Coal No. Ash OCoke-type 
(per oant dry basis) Coke (gm ) Tar (gm) _ Jaquor (gm.) Gas (co at N.T.P.) 
2 (untreated coal) 6°65 78 1 12 0 5 = 10,140 0 
2b (treated coal) 52 78-1 18-2 5 2 10,560 _ Bd 
Table 8. AOTION OF PERMANGANATE ON SOL TYPICAL SYNTHETIC POLYMORS 
- Analysis of treated polymer 
Analysis (per cent) Time of treatmentt Loss of {per cent) 
8L No. Particulars of polymer with potaastum - organic 
Carbon Hydrogen Oxygen ganate matter Carbon Hydrogen Oxygen 
1 Phenolformaldehyde I* 75 7 5:6 18-4 10 18°5 75 +4 5-5 18-2 
2a Phenolformaldehyds LI 78 1 5 6 16-3 80 9:7 780 5-5 18-6 
b ry) PE) 99 60 25°7 774 5 6 17-0 
3a Cresolformaldehyde I* 78:5 6-6 14°9 10 16-0 78 8 6°6 15-1 
b » 3 us iT) 60 27-9 78 2 6 7 15-1 


* Cured at 200° O, in a nitrogen atmosphere. 
¢ In acid medium and at room temperature. 
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reduces substantially or even completely caking 
properties and the yield of tar. In case of perman- 
ganate treatment, the yield of tar is not reduced. The 
caking property, however, appears to be slightly 

affected. But the retention of caking property even 
after considerable degradation of the coal is iteelf 
surprising. Further, in contrast to other oxidizing 
agente, permanganate does not increase at all the 
solubility of the treated coal in alkah. 

No interpretation of these results can be offered at 
the moment. However, it is of interest to note that the 
action of permanganate on synthetic polymers of 
the phenol-formaldehyde type shows similar results 
(Table 3). 


Central Fuel Research Institute, 
Jealgora, Bihar, 
India. 
> Howard, H. 0., in Oromi of Coal UVislieation, edit, by Lowry, 
E H., 1, — ney York, 1947). 


— 8. N., and Lahiri, A., Brenn- 
stoff-Ohamis, Koa No A E8 ‘B05 hoe” 


Fluorescence Spectrum of Anisole Vapour 


Tam fluorescence spectrum of anisole in the vapour 
state has been developed following the technique of 
Bass and Sponer}. The vapour was contained in a 
cell fitted with quartz windows and the fluorescence 
was excited by the radiation from condensed spark 
between manganese electrodes. The spark was 
produced by a high-voltage transformer rated 1/4 kW. 
at 15,000 V. with a condenser of capacity 0-05 uF., 
placed in the circuit parallel to the spark gap. The 
spectrum of the fluorescent radiation was — 
graphed on Hilger medium quartz spectrograph kept 
at right angles to the incident unfiltered beam. Fora 
satisfactory record of the spectrum on H-0 plate, 
with slit width 35u, an exposure of 110 hr. was 
needed. 

The spectrum extends from 2700 A. to 3100 A., and 
consiste of about 60 bands degraded towards the red. 
A strong continuum covering the whole region mars 
the sharpness of the bands which have been measured 
on a Hilger comparator using low-power objective. 
The mean of three measurements are taken and the 
values of the bands are accurate to about 5 em.~}. 

The anisole molecule belongs to symmetry class 
Ce, and the spectrum under discussion represents the 
electronic transition 1B; A, which is allowed with 
transition moment lying in the molecular plane and 
perpendicular to O--OCH, bond. We expect the 0,0 
band and totally symmetric vibrations, a,, to be 
strong and the ine forming a progression. The 
vibrations of symmetries 6, and a, will give rise to 
weak bands. ‘Transitions involvmg vibrational 
frequencies of symmetry b, are forbidden, except 
(2v, 0) and (v,v) transitions. 

The strong band at 36,386 com.-!, which has 
appeared due to self-absorption, is taken as the 0,0 
band. This is in good agreement with the value 
36,389 cm. measured in ultra-violet absorption". 
The vibrations which are excited in the ground state 
have the frequencies 265, 450, 522, 611, 788, 1,000, 
1,029, 1,178, 1,250 and 1,310 om.-}, which agree well 
with Raman data’. The 522 and 611 om.~* frequen- 
cies arise from the 606 om.-! e+, carbon vibration in 
benzene, when the symmetry is reduced from D,a to 
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Cw. The 522 om.-t vibration belongs to symmetry a,, 
while the vibration 611 om.~? has the symmetry b.. 
The frequencies 1,000 and 1,029 cm.-! are totally 
symmetric vibrations; of these, 1,000 am.-! frequency 
is the strongest, which corresponds to the 992 cm.~} 
‘breathing vibration’ of benzene. The vibrational 
frequency 788 om.-! is probably due to C--OCH, 
stretching. The frequency 1,178 cm.) appears to be 
a non-totally symmetric vibration involving the 
motion of hydrogen atoms predominantly. Bands 


- due to combinations of the above frequencies have 


been observed. In addition the difference frequencies 
30, 56 and 120 cm.-! resulting from v—v*transition 
have also been recorded. 

I am grateful to Dr. N. L. Singh for his valuable 
guidance and to Dr. K. N. Upadhya for discussions 
and suggestions. I also thank the Council of Scienti-, 
fic and Industrial Research, India, for financial 
assistance. 

Sarva PRAKASH 


Department of Spectroscopy, 
Banaras Hindu University, 
Varanasi-5. 
1 Bass, Arnold M., and Sponer, H., Opt. Soo, Amer., 
* Sreeramamurty, E., Indian J. Phys., 24, 421 (1950). 
* Kohlrausch, K. W. F., and Pongratz, å., Monat. Chem., 65, 6 (1084). 


40, 889 (1980), 


Non-ideality of Cyclohexane-Benzene 
Mixtures 


Tam second virial coefficients of benzene—cyclo- 
hexane vapour mixtures have been measured using 
an apparatus of the differential type previously de- 
scribed! and the results used to calculate the inter- 
action coefficient B,, from the expression: 


B = tB, + 29,2,B,, + By, 


where B,,, By, and x, z, are the virial coefficients and 
the mole fractions of the pure components cyclo- 
hexane and benzene respectively. 

Measurements were made at 35° C., 50° O. and 
70° C. on several mixtures and pure cyclohexane. 
Instead of the customary nitrogen, benzene was used 
es the reference gas with B values found from the 
previous work. The slight differences between 
the compressibility of one component, benzene, and 
the mixture were thereby measured more directly. 
Furthermore, with such similar vapours present 
simultaneously on both sides of the apparatus, 
adsorption effects were minimized. Since the 
apparatus was capable of measuring a pressure- 
volume product to 1 in 100,000, the composition of 
the mixtures was determined with more than sufficient 
accuracy by noting the pressure-volume product 
before and after adding the second component. 

Table 1 summarizes the results. 


Table 1 
B values, cm.*/mole [PV = RT (1 + B/V)] 
85° 0. 50° 0. 70° 0. 
(Benzene) (ref. 1) ~ 1,888 —1,186 ~ 1,028 
A — 1,346 —1,216 ~ 1,041 
Oyclohexans ~ 1,457 —1,809 ~ 1,121 


These results, which we regard as accurate within 
10 cm.3/mole at least at the two higher temperatures, 
definitely show that the B,, values are some 30 cm.*/ 
mole less negative than the arithmetical mean of the ` 
values for the two components, but not as small as 
the value for benzene, the least compressible com- 
ponent. Waelbroeck’s? B,, values lie midway 
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between his B,, and B,,, the cyclohexane values being 
some 60-80 cm.*/mole and the benzene values some 
20 om.?/mole more negative then our observations. 
It is not convenient to operate our apparatus at 100° 
C. to permit a direct comparison with Cox and 
Stubley’s work, which appeared as an appendix to 
work by Partington, Rowlinson and Weston’ of the 
critical temperatures of binary mixtures of six 
aliphatic and aromatic substances. These workers 
deduce from the observed minimum in the critical 
temperature-composition plot for cyolohexane and 
benzene that the intermolecular potential well is 
lesa deep fOr the unlike interaction than both the 
like-like interactions: our new viriel coofficient 
measurements do not support such a weak interaction. 
Other binary mixtures from the six components might 
profitably be examined to detect further contra- 
dictions. 
G. A. BOTTOMLEY 
I. H. CoorEg 
Department of Chemistry, 
University of Western Australia, 
Nedlands. 


Bed he Cy . A., Reeves, C. G., and Whytlaw-Gray, R., Proce. Roy. 
246, 604 (1958), 


* Waelbrosck, sa J. Chem. Phys., 23, 749 (1955); J. Chim. Phys., 
‘ Partington, B. J., Rowlinson, J. B., and Weston, J. F , Trans. Farad. 
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BIOCHEMISTRY 
Paramyosin of Rabbit Muscle 


From the point of view of protein content, musoles 
may be divided into two groups: those that contain 
and those that do not contain paramyosin (also 
called tropomyosin A) in the myofibrils. 

So far no paramyosin has been found in vertebrate 
muscles, but molluscan muscles, especially the so- 
called ‘catch’ musoles, contain quite large amounts 
of this protein’. 

This difference in protein composition between. 
vertebrate muscles and molluscan ‘catch’ muscles 
has been considered understandable because a special 
role, the ‘catch’ mechanism, could be assigned to 
paramyosin or tropomyosin A5-*. The ‘catch’ mechan- 
ism, however, does not seem to be restricted to inver- 
tebrate muscles. For example, the glycerol- treated. 
psoas fibres of rabbit also exhibit the ‘catch’ mechan- 
ism. For example, if the salt solution containing 
adenosine triphosphate (ATP), in which the fibres 
contracted, 18 replaced by ATP-free salt solutions, the 
fibres imitate the ‘catch’ mechanism: they retain 
their length and their tension. This finding would 
indicate either that the holding mechanism is not 
necessarily tied to tropomyosin A, or if it is, one ought 
to be able to find this protein in vertebrate muscles as 
well as for muscles of invertebrates. 

It is the purpose of this communication to point out 
the likelihood that vertebrate muscles contain tropo- 
myosin A, not in the free form, but built into the 
myosin molecule as an integral part of it. Neverthe- 
less, because of its resistance to tryptic digestion this 
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protein can be separated from myosin by the action 
of trypsin. 

It has been shown (in ref. 7) that trypsin liberated a 
protein from denatured myosin which in ita chemical 
composition and physico-chemical properties greatly 
resembled tropomyosin. (This protein component of 
myosin is identical with what Szent-Gyorgyi calls the 
“crystalline fraction of 1-meromyosin’’®.) 

It is now possible to ascertain whether this myosin 
fragment belongs to the tropomyosin A, or tropo- 
myosin B group of musele proteins. The classification 
is based on the characteristic differences of amino- 
acid composition that exist between tropomyosin A 
and B+’. These differences, shown by the two tropo- 
myosins of the same animal, are presented in Table 1. 
It is seen that in three invertebrate muscles the 
glutamic acid and lysine contents are lower in tropo- 
myosin A than in tropomyosin B. On the other hand, 
the arginine content is larger. If we now accept that 
the same relationship is applicable to rabbit tropo- 
myosins, then rabbit tropomyosin A, if it exists, 
should show the same deviation from tropomyosin B. 
In other words, knowing the amino-acid composition 
of rabbit tropomyosin B we can predict the amino- 
acid composition of tropomyosin A. 

As Table 1 shows, the tropomyosin-like fragment of 
rabbit myosin when compared with rabbit tropo- 
myosin B falls into the groups of tropomyosin A’s: it 
contains Jess glutamic acid, less lysine and more 
arginine than tropomyosin B. The fact that the 
difference between the glutamic acid contents of the 
two rabbit proteins is not so great as it is in the 
invertebrate tropomyosins may be attributed to an 
admixture of a small peptide rich in glutamic acid 
that trypsin did not remove when it liberated this 
protein from myosin. (That this admixture must be 
small is indicated by the observation that this protein 
crystallizes easily.) Serological tests also indicate a 
close relationship between tropomyosin A of the clam 
and this myosin fragment?°. 

In Table 2 some other pertinent data of the tropo- 
myosin A-like fragment of myosin are compared with 
those of the tropomyosin A from Pinna nobis. The 
optical rotatory power of both proteins indicates high 
helical content. The close similarity of the molecular 
weights and the same sedimentation constante indi- 
cate that under comparable conditions the size and 
shape of the two molecules are similar. Both these 
proteins are highly viscous in salt-free solutions. When 
trichloracetic acid is added to their salt solutions 
instead of precipitating, both these proteins form a 
gel. Such gels can be worked into well-oriented fibres, 
which in the dried state give the «-keratin pattern!. 

These striking similarities strongly suggest that this 
orystalline fragment of myosin is the paramyosin 
analogue of the vertebrate muscles. The main 
difference between invertebrate ‘catch’ muscles and 
rabbit muscle would be that in rabbit muscle the 
paramyosin is built in firmly into the myosin molecule. 
The expectation that rabbit muscle contains para- 
myosin comes also from other considerations. In a 
comparison of the amino-acid composition and other 
data of myosin, actin, tropomyosin and the mero- 


Table 1. DIFFERENOS IN AMINO-ACID COMPOSITION BETWHEN TROPOMYOSIN B AND A. HKRESIDUES IN 10* GM. PROTEIN 


Pecten Bus 
B (4) A (4) A B (9) A (9) 
Glutamic acid 188 158 ~ 40 204 164 
Lysine 05 60 — 26 79 55 
— 60 78 + 23 59 81 


Venus Rabbit 
Â B (9) A (8) å B (15) A (7) A 
AD 205 189 — 86 212 197 —15 
— 24 78 59 — 19 107 83 — 24 
+22 67 81 +14 41 61 +20 


cant difference in glutamic acid, lysine and arginine is exhibited between tropomyosin B and A. The amount of the other 


A signifi 
amino-acids is the same m these protein pairs. 


270 


Table 2. PHYSICAL PARAMETERS OF THE TROPOMYOSIN A-LIKE 
PROTBIN FROM RABBIT MYOSIN AND oF THH TROPOMYOSIN A FROM 
Pinna nobiits 
Tropomyosin A 
from rabbit myosin * 
Molecular 120,000 — Ger. ref, 8) Ee — m.) 
weight (gm.) 112,000 7'000 Cig A) (ref. 12) 


P) Ti ,000 (sed. 
Sap W ‘05 la 11) 


— myosin A 
nna nobilis 


3 is (ref. 12) 
— 138 0° 


~ 118° 


turahon — 


(ref. 8) 


-1170 
(ref, 12) 
— 109° 


* A count o nine-containing spors o on ue: rints’, 
PA of protam gives gm, he mmmal 
The molecule in salt —— may 7 theretote be a 


myosins, I arrived at a model for the myosin molecule 
according to which the myosin monomer (molecular 
weight of about 2-0 x 10° gm.) contained one actin 
and two tropomyosin molecules**15, In order to 
explain the formation of the meromyosins, I had to 
assume that the two tropomyosin molecules in this 
model of myosin were not identical and that trypsin 
could split only one of them. Consequently, the 
existence of a new kind of tropomyosin was postu- 
lated. Subsequent investigation revealed that indeed 
two kinds of tropomyosin (A and B) existed in many 
invertebrate muscles**. The observations presented 
in this communication strongly support the view that 
rabbit myofilaments also contain a tropomyosin-like 
protein. It is conceivable that certain treatments 
could bring about a situation ın which the rabbit 
muscle fibre would give rise to a low-angle X-ray 
pattern similar to that exhibited by the paramyosin 
fibrils of the (molluscan) ‘catch’ muscles. 
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Inhibition of the Phosphofructokinase 
Reaction in Perfused Rat Heart by 
Respiration of Ketone Bodies, Fatty 

Acids and Pyruvate 
In rat heart muscle the conversion of fructose-6- 
phosphate to fructose-1 : 6-diphosphate (catalysed 
by phosphofructokinase) is not capeble of significant 
reversal (because of the extremely low fructose-1 : 6- 
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diphosphatase activity of this tissue'). Conclusions 
may therefore be drawn concerning the activity of the 
phosphofructokinase reaction from measurements of 
the concentrations of glucose-6-phosphate, fructose- 
6-phosphate and fruoctose-1 : 6-diphosphate. An 
increase in the diphosphate concentration m associa- 
tion with a fall in the concentrations of monophos- 
phates ıs interpreted as reflecting an increase in the 
activity of the phosphofructokinase reaction and 
vice versal?. In this way it has been shown that 
anoxia activates the phosphofructokinase reaction 
and that starvation and aslloxan-diabetes, lead to its 
inhibition’. Since in starvation and diabetes the 
availability to muscle of ketone bodies and fatty acids 
is increased it seemed important to investigate the 
effects of these substrates on hexose phosphate con- 
centrations in the perfused rat heart. 

Hearts from male albino Wistar rats of 200-260 
gm. (injected beforehand with 12 mgm. ‘Nembutal’ 
and 2,500 units heparin imtraperitoneally) were per- 
fused for 15 min. as described elsewhere*4 with medium 
containing 1 mgm./ml. glucose and 0-1 unit/ml. 
insulin (to induce maximal rates of membrane trans- 
port of glucose). Concentrations of hexose phos- 
phates, uptake of glucose, glucose space and glycogen 
concentrations were measured by methods given 
elsewhere? 4.5, 

Under serobic conditions the concentrations of 
glucose-6-phosphate, fructose-6-phosphate and fruc- 
tose-1 : 6-diphosphate (umoles/100 gm. of tissue; 
mean, + S.E.) were 29 + 0:8, 6-3 + 0-5 and 5:3 + 0-4. 
The concentrations of the monophosphates were 
increased and that of the diphosphate significantly 
reduced when the perfusion medium contained 
25 mgm./100 ml. acetoacetate (concentrations of 
hexose phosphates 53 + 37, 8-4 + 0-68, 2-8 + 0-13), 
or 70 mgm./100 ml. pi-f-hydroxybutyrate (56 + 1-4, 
87 + 1, 2-21 + 1), or 22-4 mgm./100 ml. n-butyrate 
(47 + 2-7, 9-1 + 0-9, 1-8 + 1:4), or 40 mgm./100 ml. 
n-octanoate (53 + 4, 99 + 1-1, 25 + 0-8), or 31 
mgm./100 ml. pyruvate (45 + 4, 10-2 + 1-3, 1-2 + | 
0-3). Similar changes but of smaller magnitude were 
seen with DL-lactate, isovalerate and pL-a-methyl-n- 
butyrate. At lower concentrations of acetoacetate and 
B-hydroxybutyrate the glucose-6-phosphate concen- 
tration was less markedly elevated; the smallest 
amount producing a significant increase im glucose-6- 
phosphate was 1:25 mgm./100 ml. acetoacetate and 
5 mgm./100 ml. §B-hydroxybutyrate. Wo conclude 
from these findings that the phosphofructokimase 
reaction in rat heart is inhibited in the presence of 
acetoacetate, B-hydroxybutyrate, butyrate, octanoate 
or pyruvate. The changes which they induce in 
hearts of normal animals are very similar to those 
previously found in the hearts of starved or diabetic 
rats in the absence of these substrates?3. In view of 
these findings we suggest that inhibition of the phos- 
phofructokinase reaction in perfused hearts from 
starved or alloxan-diabetic rats may result from 
increased oxidation of endogenous fatty acids or 
ketone bodies in hearts from these animals. 

These substrates do not inhibit the phosphofructo- 
kinase reaction directly: the effect appears to 
depend on their oxidation and on respiratory chain 
phosphorylation. Anoxia?, salicylate (5 mM) and 
2: 4-dinitrophenol (50 uM) have been found to 
stimulate the phosphofructokinase reaction in per- 
fused ret heart (that is, they decrease the concentra- 
tion of hexose monophosphates and increase that of 
the diphosphete). Under anaerobic conditions or in 
the presence of salicylate or 2 : 4 dinitrophenol the 


no.zsi2 January 20, 1962 


phosphofructokinase reaction is no longer inhibited 
by the presence of acetoacetate, B-hydroxybutyrate 
or octanoate (that 1s, their effects on hexose phosphate 
concentrations are lacking). These findmgs could 
suggest that the opposite actions on the phospho- 
fructokinase reaction of anoxia, salicylate and 
2:4-dinitrophenol and of starvation, diabetes, 
ketone bodies, fatty acids and pyruvate havo a 
common basis in their effects on or participation in 
mitochondrial respiration. 

The extent to which these substrates reduce the rato 
of flow of glucose residues through the phospho- 
fructokmas$ reaction may be calculated from tho 
changes in glucose uptake and glycogen concentration 
which they induce. ing that the proportion of 
glucose metabolized in heart by direct oxidation of 
glucose-6-phosphate 18 small, then the rate of flow 
through the phosphofructokinase reaction is tho 
amount of glucose phosphorylated less the nett 
synthesis of glycogen. In confirmation of earlier 
findings of Williamson and Krebs! acetoacetate and 
§-hydroxybutyrate reduced glucose uptake (from a 
control-level of about 2-5 mgm./gm./15 min. by 0-6 
and 0:5 respectively); the glycogen concentration 
was also found to be increased during this time by 0:8 
and 0-7 mgm./gm. Octenoate similarly reduced 
glucose uptake by 0-8 mgm./gm. in 15 min. and 
increased the glycogen content by 0-3 mgm./gm. The 
reductions in flow through the phosphofructokinase 
reaction are therefore (in mgm. glucose/gm./15 min.) 
for acetoacetate 1:4, for B-hydroxybutyrate 1:2 and 
for octanoate 1-1. This represents about 50 per cent 
of the rate of flow in their absence. Inhibition of tho 
phosphofructokinase reaction may contribute to the 
increment in the glycogen content in the presence of 
ketone bodies and octanoate in two ways. First, 
acoumulating glucose residues, which would other- 
wise be metabolized by glycolysis, may now be diverted 
to glycogen synthesis, and secondly the higher con- 
centration of glucose-6-phosphate may activate the 
enzyme which transfers glucose residues from uridine 
diphosphateglucose to glycogen’. 

Tho diminution of glucose uptake in the presence of 
acetoacetate, B-hydroxybutyrate and octanoate was 
found to be associated with marked intracollular 
accumulation of glucose (intracellular glucose space 
increased from 6 to 23, 22 and 21 ml./100 gm. respec- 
tively). We conclude from this finding that these 
substrates inhibit glucose uptake by inhibiting the 
intracellular phosphorylation of -glucose by bexo- 
kinase*. This inhibition may be due to the increased 
concentration of glucose-6-phosphate (a known 
inhibitor of muscle hexokinase—for full discussion 
see ref. 2) or it could be that the metabolic change 
which inhibits the phosphofructokinase reaction also 
inhibits the hexokinase reaction. 

The present studies appear to show that in rat 
heart the oxidation of ketone bodies and fatty acids is 
associated with mhibition of the phosphofructolonase 
reaction, which may in turn lead to an increased 
concentration of glycogen and to inhibition of glucose 
phosphorylation. Since starvation, diabetes and 
administration of growth hormone to hypophysecto- 
mized rats are conditions each associated with 
increased metabolism of fatty acids and availabilty 
of ketone bodies, our findings would provide a com- 
mon explanation for the defect in glucose phosphoryl- 
ation in hearts of starved or alloxan-diabetic rate?§. 
for the hugh glycogen concentration of the heart in 
these conditions’ and for the myoglycostatic effect of 
growth~hormone*® (maintenance of cardiac muscle 
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glycogen by growth hormone in hypophysectomized 
rate during starvation). 

We wish to thank the British Diabetic Association, 
the Medical Research Council and the Royal Society 
for grants which contributed to the cost of this 
investigation. We thank Prof. F. G. Young for his 
interest and encouragement. 
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Biochemical Changes in FL Cell-Cultures 
infected with a Trachoma Agent 


THe multiplication of a trachom aagentin FL cell- 
cultures has recently been reported?. In an investiga- 
tion of the growth cycle in FL cell-cultures? it was 
found that the agent passes through a non-infective 
phase, lasting 24 hr. Newly formed infective particles 
were first demonstrated after 28 hr. and then they 
increased rapidly in number. In the present work, 
examinations for deoxyribonucleic acid (DNA), 
ribonucleic acid (RNA), and a high polymer carbo- 
hydrate in cell-cultures were carried out and related 
to the appearance of infectivity. 

FL cell-cultures grown on coverslips in Leighton 
tubes were infected with the T’ang strain? of trachoma 
agent which had undergone more than twenty con- 
tinuous passages in these cells. At various intervals 
after infection, cultures were stained with Feulgen 
reagent and ‘Lugol’ solution and examined micro- 
scopically. Staming with acridine orange and exami- 
nation in the fluorescence microscope! was also carried 
out. A number of examinations were made after 
penicillin had been added to the infected cultures. 
To other cultures tritiated uridine or thymidine were 
added at various intervals after mfection. Their 
presence in the inclusions was determined by suto- 
radiography’ after previous extraction of acid-soluble 
nucleotides with cold 5 per cent perchloric acid. 
Quantitative determinations of DNA‘ in infected and 
normal control cultures were also carried out. 

It was found that the inclusions were Feulgen- 
negative at 16 hr. after infection, became weakly 
positive at 20 hr. and strongly positive at 24 hr. and 
later. When penicillin was added to the cultures the 
inclusions remained Feulgen-negative for 36 hr. after 
infection, and became positive at 40 hr. only. In the 
presence of penicillin, DNA synthesis was apparently 
delayed. ~ 

In preparations stained with acridine orange and 
examined in the fluorescence microscope, structures 
containing RNA appeared in various intensities of 
red, while the nuclei and other structures containing 
DNA appeared green or yellow-green. It was found 
that the melusion bodies of the agent in the infested 
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cells, 16-28 hr. after infection, contained large 
developmental stages which stained a bright red. 
Yellow-green particles appeared only at 32 hr., at 
the same time when infectivity could again be 
demonstrated, and from then on rapidly increased in 
number. A few larger red-staining bodies were, 
however, still present at 72 hbr., showing that not all 
particles in the inclusions underwent maturation at 
the same time. DNA in the inclusions became demon- 
strable by the Feulgen method while the inclusions 
still stained red with acridine orange, indicating the 
simultaneous presence of RNA and DNA at an early 
stage of development (20-24 hr.), and also the greater 
sensitivity of the Feulgen method for the determina- 
tion of DNA. In the presence of penicillin (1,000 
unita/ml.), green-staining material appeared in the 
inclusions at 72 hr. It was seen in separate irregular 
messes and it surrounded the few red-staming bodies 
which had developed. Incorporation of this material 
into mature yellow-green elementary bodies did not 
ocour. 

Addition of radioactive uridine or thymidine to 
infected cell-cultures showed that active synthesis of 
RNA and DNA occurred in the inclusions. Uridine is 
used as @ building block for RNA while thymidine 
appears only in DNA. When uridine was added to 
the cultures 16 hr. after infection, it appeared 8 hr. 
later at a higher concentration in the inclusions than 
in the cytoplasm. Thymidine, on the other hand, 
when added to cultures at the time of infection, did 
not appear in the inclusions before 44-48 hr., when 
infective particles were present in large numbers. 
When thymidine was added to the cultures at 40 hr., 
it appeared in both nuclei and inclusions within 4 hr. 
These findings indicate that RNA is synthesized at an 
earlier stage than DNA. Demonstration of tritiated 
thymidine by autoradiography, which is a highly 
specific method for detection of DNA synthesis, 
seems to be less sensitive than the Feulgen and aori- 
dine orange methods. 

Determinations of total DNA in infected and 
control cultures showed a marked rise of DNA in the 
infected cultures as late as 40 hr. after infection 
(Fig. 1). This is another indication that DNA 1s 
synthesized mostly towards the end of the develop- 
mental cycle of the agent. 

Staining of infected cultures with “Lugol’ solution 
demonstrated the presence of a brown- 
material in the inclusions. This material, which is 
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Table 1. PHROGERTAGH OF INCLUSIONS CONTAINING “LUGOL’-PosiTIvA 
MATERIAL IN FL O8LLS INFROT WITH TRAGQHOMA AGBN 


Time after infection —*— inclusions (pe (per cent) 
mr.) ntreated Peniallim- ted 
18 0 0 
20 0 0 
24 18 0 
28 68 0 
36 40 5 
48 0:75 45 
60 0 8°65 
72 0 13-0 


also present in inclusions in the trachomatous human 
conjunctiva, is composed of glycogen and possibly 
another high polymer earbohydrate’. The*percentage 
of ‘Lugol’-stainmg inclusions was determined at 
different intervals after infection (Table 1). ‘Lugol’- 
positive inclusions were not found during the first 
developmental stages of the agent. More than 50 per 
cent of the inclusions were positive at 26-28 hr., and 
their number decreased towards the end of the 
developmental cycle. This energy-rich material is 
apparently first synthesized in, and probably by, the © 
inclusions, and is then used up during the later stages 
of maturation of the agent, when DNA synthesis is 
atitsmaximum. In the presence of penicillin, ‘Lugol’- 
positive material did not appear before 48 hr. after 
infection and in a small number of inclusions only. 
This work was aided by grant B-2824 from the 

U.8. Public Health Service and a grant of the World 
Health Organization. 
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Sterile Penicillinase from Phage-lysed 
Staphylococci 


PHENICILLINASH is more difficult to prepare from 
Staphylococci than from Bacillus cereus because 
staphylococcal penicillinase diffuses little, if at all, 
from the bacterial cells into the medium in which 
they are grown, whereas that produced from B. cereus 
diffuses freely. In fact, some authors state that they 
could not detect ‘extracellular’ staphylococcal penicil- 
linase'-§, although others claim that they could 
detect it in supernatant fluids*:? or filtrates*-* or by 
its diffusion into agar’. Some of the preparations 
used as staphylococcal penicillinase consisted of 
whole culture or cells? 4, acetone and ether extracts}3, 
or cells disrupted by sonic vibration}? or in a Nossal 
tissue disintegration’. The possibility of using phage- 
lysed Staphylococct as & source of penicillinase was 
suggested by Wallmark, G. (personal communication), 
while he was working in this laboratory. The follow- 
ing method was evolved. 

The strain of Staphylococcus aureus (BCH 60-1)" 
was of phage type 80/81/KS6 and had been isolated 
from a hospital-acquired infection. It was hemolytic, 
coagulase-positive, produced penicillinase, grew 
uninhibited from a moderate-sized inoculum in 200 
ugm./ml. of benzyl penicillin, and was completely 


No 4812 January 20, 1962 


inhibited by 3-1 ugm./ml. but not by 1-6 pgm./ml. of 
methicillin (dimethoxyphenyl! penicillin). The phage 
preparation was type 80 and at a 10~ dilution pro- 
duced confluent lysis of its propagating strain. 

The lysate was prepared in small lots. To 25 ml. of 
trypticase soya broth were added: 1:0 ml. of 1 per 
cent aqueous calcium chloride solution; 0-2 ml. of 
1 : 10 dilution of the phage 80 suspension; 3-0 ml. 
of a 5-6 hr. culture of Staphylococcus 80-1 and 25 
ugm. of methicillin (to enhance penicillinase produc- 
tion). The mixture was incubated in a 50-ml. Erlen- 
meyer flask with intermittent swirling at 37° O. for 
6 hr., after which it was refrigerated at 4° C. overnight. 
Tho resulting lysate was grossly clear and bacterio- 
logically sterile. 

Penicillinase activity was assayed by one of two 
methods. In one method, the phage lysate, in amounts 
of 1-0 ml. or less, was added to each of a series of 
flasks containing phosphate buffer and benzyl 
penicillin in concentrations ranging from 0:2~1,000 
ugm.jml. A range of pH of 6:0-8:0 was explored and 
pH 6:4 was found to be optimum. The flasks were 
incubated at 37° C. for 1 hr. after which their contents 
were Seitz filtered—a process which removes all 
detectable penicillinase but allows all the active 
penicillin to filter through. The residual penicillin in 
the filtrate was then assayed by the cylinder plate 
method, using Sarcina lutea as the test organism}. 
Controls of penicillm in uninoculated broth were 
included and any decrease in concentration of peni- 
cillin in the lysate was considered as indicating 
penicillinase activity. 

The second method was a variation of that of Wise 
and Twigg? and consisted of titrating the acid 
(presumably penicilloic acid) produced by the reaction 
of the benzyl pemiecillin with penicillinase, using 
0-0164.N sodium hydroxide and a pH meter. Substrate 
concentrations of 900-16,000 fool. in 5-10 ml. 
volumes were used. The reaction could be observed 
either in the alkaline range by adding an excess of 
alkali, or in the acid range by permitting it to proceed 
before back titrating. 

This method permitted the production regularly of 
sterile staphylococcal lysates capable of inactivating 
up to 16,000 ugm. (0-043 m.equiv.) of benzylpenicillin 
per ml. of lysate in 1 hr. at 22° C. and pH 6-4-6-7. 
Concentration of these lysates was not attempted. 

Using the Spinco model L preparative ultracentri- 
fuge at 10,000 r.p.m. and 2° C., very little penicillinase 
activity could be detected in the supernatant fluid 
of the lysate, whereas virtually all the activity was 
recoverable in the sediment which on Gram staining 
showed only Gram-negative debris and no whole cells 
or Gram-positive material. This suggests that the 
staphylococcal penicillinase is either incorporated in 
or attached to large particles. As with whole cultures 
or mechanically disrupted cells, penicillinase activity 
could not be detected in filtrates of the lysate that had 
passed through Seitz or sintered glass (0-9-1-4u 
maximum pore size) filters, indicating either the 
localization of the activity in or on particles larger 
than 0-9-1-4p in size or adsorption of activity on the 
filters. Saz*, using disintegrated Staphylococcs, 
concluded that his penicillinase was in “particulate” 
form, but did not estimate its size. : 

The optimum pH of the penicillinase activity of the 
lysate was about 6-4. The preparation lost about 65 
per cent of its activity after boiling for 5 min. and 
88 per cent after 30 or 60 min., the residual activity 
being measured by the cylinder-plate, S. lutea 
method. 
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Several other combinations of different strains of 
Staphylococcus aureus and their corresponding phages 
treated in the same manner were also found to yield 
preparations with similar activity, so long as the 
strain was a penicillinase producer capable of being 
lysed completely by the phage used. The lysate of a 
penicillin-sensitive, | non-penicillinase producing 
Staphylococcus 209P (A.T.C.C. 4538P) and phage 42D 
yielded no measurable penicillinase activity. 

The sterile penicillinase preparations have the 
obvious advantage that the amount of enzyme present 
cannot increase during the reaction, as might well 
occur if living organisms were still present. 


Leon D. SABATH 
FINLAND 
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Possible Presence of Indolyl-3-Acetic Acid 
` in Malus 


A SUBSTANTIAL number of reports has appeared 
indicating failure in the detection of indolyl-3-acetic 
acid (LIAA) in some plant tissues!-§. Luckwill! and 
Luckwill and Powell? were unable to detect IAA in the 
leaves, seeds and flesh of several varieties of apples. 
Working with McIntosh and Cortland varieties under 
various storage conditions, we have detected a 
substance in the fruit the chromatographic behaviour 
and colour reactions of which are identical with IAA. 

Seeds and fruit tissue were extracted with peroxide- 
free diethyl] ether at 0° C. The acid fractions of these 
extracts were subjected to paper partition chromato- 
graphy on Whatman No. 1 paper. The solvents used 
were: (a) isopropanol/ammonia/water (8 : 1: 1) and 
(b) butanol/acetic acid/water (4: 1:1). Irrigation 
in these solvents was carried out for 16 hr. at 24° C. 
by the ascending method. The papers were air-dried 
and the spots revealed by spraying with either 
p-dimethylaminobenzaldehyde (Ehrlich’s reagent), 
p-dimethylaminocinnamaldehyde, or the Salkowski 
reagent. 

The chromatograms of extracts of the fruit tissue 
gave a purple spot (Ehrlich), blue-purple (p-dimethyl- 
aminocinnamaldehyde) and pink (Salkowski) appear- 
ing at Rre 0-50 (isopropanol-ammonia—water) and 
Rr 0-88 (butanol—acetic acid—water), agreeing with 
Rr values of synthetic [AA markers in these solvents. 
To obtain further confirmation, IAA (10 ugm.) was 
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added directly to one extract. After chromatography 
in both solvents the same spot appeared in the 
enriched extract and was larger but agreed with 
Ry values of the spot in the non-enriched extract and 
the IAA marker. 

Sections of unsprayed chromatograms from Rr 
0-40—0-55 (isopropanol-ammonia—water) and Rr 0-80- 
0:90 (butanol—acetic acid—water) were cut out and 
tested for growth promotion in the pea-stem elonga- 
tion test. The results of the test on these sections 
indicated that a growth promoter was present. The 
approximate concentration of IAA in the tissue 
was about 0-03-0:05 p.p.m. (fresh-weight basis) 
determined by comparison with standard markers 
both by colour reaction and bio-assay. 

However, no chemically detectable TAA could be 
demonstrated in this manner from seed extracts, 
which is in agreement with the findings of Luckwill 
and, Powell?. These experiments seem to indicate that 
small amounte of indolyl-3-acetic acid are produced 
in the fruit under certain storage conditions. 


A. B. DURKEÐ 
P. A. POAPST 
Plant Research Institute, 
Canada Department of Agriculture, 
Ottawa. 
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Species Differences in Animal Deoxy- 
ribonucleic Acids as revealed by 
Equilibrium Sedimentation in Density 
Gradients 


THe deoxyribonucleic acid (DNA) molar nucleotide 
composition varies greatly among bacterial species, 
and certain pyrimidine deoxyribonucleotides are 
present ın the DNA of bacterial vifuses which are not 
found in the DNA of the host bacteria!'*. Conversely, 
rather similar DNA nucleotide compositions are found 
for a number of animal species and for the different 
tissues of the same animal*-*. A single animal cell 
may, however, contain as many as 300,000 DNA 


Table 1. BUOYANT DENSITIES OF DNA FROM DIFFERENT ANIMAL 
SPECIES * 


Band 1 Band 2 
Source of DNA ip. op p=? 
— 1:702 
Top 1:708 0:0843 
— er, brain, spleen) 1°708 0 0087 
—— or chorioallantoie 
-700 0:0048 
Rat mirana or kidney) 1:701 0-0045 
Golden hamster (hver) 1 700 00044 
Ohiness hamster o culture 
strain B14 FA ) 1-701 00087 
Rabbit (appendix) “700 ‘0047 
Mongolian gerbil (liver or brain) 
Me ungurculaius) 1:701 0 0046 
ouse -701 0-003 1-690 
Guinea pii pig Giver, kidney, spleen) 1 oer 1:708 
og . 
Monkey G esus} (liver, brain, spleen) 1700 0-0046 
Human (lass liver tissue culture 
1-700 00046 


* Values are expressed as gm.om.*. The symbols, p™° and op 
signify, respectively, the buoyant density at 25° and the standard 
deviation of the DNA band. Ali p™° valnes were calculated relative 
to a Streptomyces viridochromogenss DNA marker having a density of 
1:729 gm,om.-*, 

t Brain, lung, Kldney, spleen. Hver, dtplotd and tetraploid carol- 
nomes, diploid and tetraploid lymphomas, and strain LM-fibroblasts 
which were grown in tissue oultiure. 
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viridochromogenes DN NA (ptt? = 1-729), was valirifiged with 
animal DNA preparation 


24 Hours, 25°C (Cs Cl-p*1-7208) 









Straptomyces 3H Brun 


24 Hours, 25°C (Cs Cl- p= 17165) 


Streptomyces C3H Lung 


Fig. 2. Resolution of ATOIY viridochromogenes 
DNA. by density radien centrifugation 


and mouse 


molecular types. It is reasonable to assume that some 
of these are distinctive for animal species. Data 
supporting this hypothesis are presented here. 

Equilibrium sedimentation experiments in cæsium. 
chloride density gradients’ have been carried out with 
the DNA of fourteen animal species. During centri- 
fugation, the centrifugal field tends to drive the 
macromolecules into the region where the sum of the 
forces acting on a given molecule is zero. The effective 
buoyant density of the macromolecules is defined as 
the density of the solution in that region. Three DNA. 
banding patterns have been encountered with fourteen 
animal species: 

(1) In most instances, a single DNA band was 
observed (Fig. 1). The DNA of Streptomyces virido- 
chromogenes (Figs. 1, 2) and numerous other bacterial 
species also manifest one DNA band”, Frog, turtle, 
and alligator DNA have effective buoyant densities of 
1-702-1:703 gm.cm.-* The values for rat, chick, 
golden hamster, Chinese hamster, rabbit, mongolian 
gerbil, dog, monkey, and human DNA were slightly 
lower and ranged from 1:699 to 1:701 gm.cm.“ 
(Table 1). The standard deviation of the alligator 
DNA band, however, greatly exceeded that of frog 
DNA and the standard deviations of golden hamster 
or rat DNA. were greater than that of Chinese hamster 
DNA. The bands obtained with chick, rabbit, 
monkey, and human DNA preparations (Fig. 1) 
showed pronounced skewing at higher densities, 

(2) Two bands were found with mouse DNA (Fig. 2, 
Table 1) (ref. 9 and personal communication from 
W. Szybalski). Five adult mouse tissues, one strain 
of mouse cells cultivated in tissue culture, two mouse 
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carcinomas, and two mouse lymphomas all showed a 
principal DNA band?! with an effective buoyant 
density of 1-701 gm.cm.-, corresponding to that of rat 
or hamster DNA, but also a minor satellite band with 
a mean buoyant density of about 1-690 gm.cm.~. The 
minor band accounted for about 8 per cent of the 
total DNA. 

(3) Two overlapping bands were observed for guinea 
pig DNA. The principal guineas pig DNA band was 
the lighter density band, whereas in the case of mouse 
DNA, the principal DNA band was the heavier band. 
The major guinea pig DNA band had an effective 
buoyant dénsity of 1-697 gm.cm.~, slightly less than 
that of the principal mouse or rat DNA band, and the 
minor guinea pig DNA band had an effective buoyant 
density similar to that of turtle or alligator DNA 
(p%° = 1-703 gm.cm.-). 

Several interpretations to account for the different 
DNA banding patterns may be suggested: 

(1) The differences in the buoyant densities of the 
various DNA bands may be attributable to differences 
in molar nucleotide base composition. As shown in 
refs. 6 and 7 a linear relationship exists between the 
effective buoyant densities and the base compositions 
of the DNA from various sources. One might estimate, 
for example, that the principal mouse DNA band 
contains about 42-5 molar per cent guanine plus 
cytosine, whereas the satellite mouse DNA band may 
contain 31:5 molar per cent guanine plus cytosine, 
and alligator or turtle DNA might contain an average 
content of 44:5 molar per cent guanine plus cytosine. 
Moreover, the heterogeneity of composition may be 
least for frog DNA and greatest for rabbit appendix 
and monkey DNA??9, 

(2) The satellite mouse DNA band (p?5° = 1-690 
gm.cm.-*) might contain tightly bound protein. As the 
density of protein is about 1:3 gm.om.-, the buoyant 
density of this mouse DNA-protein complex would be 
displaced from the main DNA band towards lighter 
densities. The satellite band has always been observed 
with the DNA from all the murine tissues which have 
been investigated and with the DNA of mouse 
tumours but never with the DNA from tissues from 
other species. Since all DNA samples were prepared 
by the same method?-”, it would still be necessary to 
account for the postulated unique binding of protein 
by 8 per cent of the mouse DNA. 

(3) The minor mouse DNA band might be hydrated 
to a greater degree than the bulk of the mouse DNA. 

(4) Differences in density could be ascribed to the 
presence of methyl cytosine or other ‘trace’ pyrimidine 
or Fae bases in particular DNA molecules. 

fifth possibility, namely that mouse DNA Band 2 
is an artefact resulting from the interaction of ribo- 
nuclease with DNA, is not indicated. Although ribo- 
nuclease is normally used in the DNA preparative 
procedure to eliminate contaminating RNA, the 
1-690 gm.cm.~* density mouse DNA band is present 
even when ribonuclease is not used and the DNA 
preparations from other species do not manifest the 
band despite the fact that ribonuclease is used in the 
latter preparations. It will be necessary to isolate the 
satellite mouse DNA band in pure form in order to 
investigate these possibilities further. 

The following experiment su that both the 
mouse DNA bands contain double-stranded DNA: 
DNA was heated at 97° for 30 min. m 0:15 M sodium 
chloride, 10> M phosphate, pH 7, and then quickly 
cooled to room temperature. The hyperchromicity 
after heating and cooling was 20 per cent greater than 
the control value. When the latter DNA was centri- 
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fuged for 24 hr. in a cæsium chloride density gradient, 
the expected increase in buoyant density character- 
istic of denatured DNA. was observed (p%° = 1-717 
and 1:702 gm.cm.-*). The variance of the bands was 
also increased. 

The characteristic mouse DNA banding pattern. 
persists despite environmental and karyotypic 
selection pressures. Strain LM mouse tissue culture 
cells have been grown for 161 days in the presence of 
25 ugm./ml. of bromodeoxyuridine, a known muta- 
gen which also induces chromosome breakage in LM 
celis'*, The DNA was very ‘heavily substituted with 
bromouracil as shown by density gradient centrifu- 
gation experiments (p%° = 1-73 — 1:77). However, 
when the cells were transferred afterwards to normal 
growth medium for 17 days so that the bromouracil 
was eliminated and replaced by thymine, the DNA 
bands were found to be indistinguishable from those 
of normal mouse DNA preparations. 

This work was aided in parts by grants from the 
American Cancer Society, the Leukemia Society 
Ino., and the National Cancer Institute (0-4064, 
0-4238). 

SAUL Krr 


Department of Biochemistry, 
University of Texas, 
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Houston. 


er ene a ee ere edit. — Charyaif, E., and Davidson, 
J 1, 307 Aa ie 


Inc., New York, DE: 
* Belozersky, A. N., and — À. 8. The edit. by 


Nucleic A 
' B., and Davidson, J. N., 3, 147 aT Press, Inc., 
New York, 1960). 
* Kit, 8., Arch. Biochem. Biophys., 87, 318 (1960). 
‘Kit, S., Brochem. Btophys. Res. Comm., 3, 861 (1960). 
5 Meselson , AL, Stahl, F. W., and Vinograd, J., Proc. U.S. Nat. Acad. 
Set., 43, 581 087). 
* Rolfe, R., and Meselson, M., Proe. U.S. Nat. Acad. Sci., 45, 1089 


(19 he) 
1 Doty, P., Marmur and Sucoka, N., Brookhaven Symposia in 
, No. 12/1 TaS. 


* Kit, 8., Biochim. Biophys. en 51, 198 (1963). 

* Kit, B., Fed. Proc , 20, 854 (1961). 

10 Kit, 8., J. Molecular Biology (in the press). 

11 Freese, E., Brookhaven Sympona in Biology, No. 12, 68 (1959). 
1a ai — and Somers, O. B., Proo. U.S. Nat. Acad. Soi., 47, 306 


Purification of Anti-Thyroglobin 
Antibodies 


We: wish to report a simple method for obtaining 
highly purified anti-thyroglobulim antibodies. We 
are prompted to communicate our findings because 
of the interest at present in thyroglobulin antibodies— 
particularly with respect to human ‘auto-immune’ 
disease; the fact that the purification of these anti- 
bodies has not been previously described; and finally 
because of the ease with which good yields of purified 
antibody may be obtained. 

The method involves the separation of antibody 
from a specific precipitate at an acid pH where the 
antigen-antibody complex is largely dissociated and 
thyroglobulin is denatured and rendered insoluble. 

Thyroglobulins were purified by an ultracentrifuga- 
tion method!. Antisera were prepared in rabbits by 
combining the thyroglobulin with complete Freund’s 
adjuvant. We are indebted to Dr. G. C. Sharp of 
the National Cancer Institute for these preparations. 

A specifo precipitate of thyroglobulin and un- 
fractionated antiserum was formed at the equivalence 
point and washed in the cold in the usual manner. 
The time of incubation was kept to a minimum 
since older precipitates tend to be more resistant to 
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dissolution. 
sufficient. 

The washed precipitate was suspended in a pH 3-0 
buffer (05 M glycine and 0-03 M sulphuric acid). 
After stirring for 15 mun. at room temperature the 
mixture was centrifuged in an angle-head centrifuge 
at 24,000g for 30 min. at 4° O. The supernatant 
solution then was carefully titrated to pH 7 with dilute 
base and the solution then dialysed against a buffer 
or salt solution. The small amount of additional 
precipitate that frequently formed during neutraliz- 
ation and dialysis was easly removed by centrifug- 
ation. 

Complete precipitation of the thyroglobulin is 
critical since any antigen present in solution after 
neutralization will tend to recombine with the 
antibody. For beef thyroglobulin the conditions 
outlined here were nocessary to effect complete 
separation. Glycine~nitrate, disodium phosphate- 
citrate, glycine-trichloracetate buffers, other pHs 
between 2:4 and 4:0, separation at 4° ©. or 37° C. 
either decreased or at least did not increase the 
yield. The conditions chosen were the mildest for 
good recoveries. 

Using these methods, 50-60 per cent yields of 
precipitating antibody have been obtained. The 
potency and purity of the antibody obtained was 
demonstrated by the fact that about 90 per cent of 
the protein was precipitable with thyroglobulin. 
Concentrations of the antibody similar to those found 
in whole serum gave procipitin curves identical to 
those obtained with the whole serum. Similarly at 
equivalent concentrations of antibody, a tanned 
red-coll agglutination test, performed by Dr. Sharp, 
showed comparable titres for the whole serum and 
the purified antibody. Cross-reactions (human, dog, 
rabbit, rat and chick) of purified antibody compared 
with those of whole serum, utilizing the Ouchterlony 
gel-diffusion technique, were also identical. 

Physical investigations demonstrated a high degree 
of homogeneity. A single pesk was seen in the 
analytical ultracentrifuge and in free electrophoresis. 
Impurities as determined from the schleren boundary 
(ultracentrifuge) and Rayleigh fringes (electro- 
phoresis) were less than 6 per cent of the total protein 
concentration. Results obtained on a single pre- 
paration of purified rabbit antibody are summarized 
in Table 1, and are consistent with those obtained on 
y-giobulins by other investigators. 

It was of interest to attempt the purification of 
human auto-antibody directed against thyroglobulin. 
20 o.c. of serum was obtamed from a patient with 
Hashimoto’s thyroiditis. Because of the low level of 
precipitins in the serum, the y-globulin fraction was 
concentrated by precipitating with 40 per cent 
saturated ammonium sulphate and then redissolving 


With rabbit sera 1 hr. at 37° was 


the precipitate in a small volume of saline. After 
Table 1 
Senne (0 1 AL ‘Veronal’, pH 8 6)* 7-2 x 10-)* sec. 
Dyas (0-1 AL Veronal’, pH 8 6)T 88 x 10-7 om." sec, 
Electrophoretic mobility (descending) 18 x 10* omu? seo = VA 
01M ‘Veronal’, pH 8 6) 
al Dts 526° 
220 mu 
Molecular — 1:72 x 105 
*‘Veronal’ solution: OO21 Af barbiturlo acid, 01M sodium 


diethylbarbiturate n ‘Veronal’/n water: 1077 at 20°C, p ‘Veronal’/p 
water: 1-008 at 26° 0. 

+ Determined by the Rayleigh interference fringe method. Tem- 
— 22° 0. a diffusion coefficient was corrected to 20° 0. by 

e Stokes—Hinstein equation. The protem concentration wos 0 14 per 
eni This value should not differ significantly from the extrapola 
value. 

t 24. is tho Drude dispersion constant determined from optical 
rotation data between 450 and 600 š 

$ Determined from the sedimentation and difusion coefficients 


using the Svedberg equation and assummg a P of 0 782 (ref. 2). 
` 
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Fig. 1. Ultracentrifuge pattern of purifled human auto-antibody 


to thyroglobulin in 0:2.N sodium chlorde after 45 mim. at 
69,780 r p.m. Protem concentration, 0-9 per cent 


dialysis this y-globulin solution was incubated with 
human thyroglobulin, 24 hr. being necessary to 
achieve adequate precipitation. Human thyroglobulin 
did not precipitate with the glycme-sulphate buffer 
but a buffer of pH 3-0 (0-5 M glycme and 0-08 M 
trichloracetate) was effective. The specific precipitate 
of auto-antibody and human thyroglobulin was 
therefore dissolved in this latter buffer. Otherwise 
the procedure was the same as that used for the 
purification of rabbit antibody. 

Fig. 1 shows the ultracentrifuge pattern obtained 
on this preparation. A sedimentation coofficient 
(9.5.0) of 7-2 is consistent with the previous findings 
that human anti-thyroglobulin auto-antibodies are 
found in the 7S serum globulin fraction. No trace ofa 
195 component was observed. 

The dissociation of antigen-antibody precipitates 
at acid pH’s has been amply documented and in 4 
number of instances has been used to prepare purified 
antibodies. In these investigations pH’s between 
2-4 and 3:0 were used, and the question arises as to 
the sensitivity of y-globulins to these pH’s. 

Increased viscosity and lavorotation of y-globulins 
at »H’s lesa than 4 have been demonstrated*:* but at 
pH 3-0 these changes are small and are reversible‘. 
Ultracentrifugel and electrophoretic investigations 
on soluble antigen-antibody complexes have failed 
to demonstrate irreversible changes in antibodies 
exposed to acid pH’s’. When the antibodies 
prepared by our method were subjected to con- 
ditions more stringent than those used in their 
preparation (lower pH’s, for longer periods, at higher 
temperatures) no fall in activity was noted. Moreover, 
all the physico-chemical and immunological tests we 
applied failed to reveal any evidence of antibody 
alteration. 

H. Merzarr* 
H. EDELHOOH 
National Institute of Arthritis 
and Metabolic Diseases, 
National Institutes of Health, 

Bethesda 14, Maryland. 
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Effect of Chlorpromazine, Ether, and 
Phenobarbital on the Active-Phosphate 
Level of Rat Brain: an Improved Extraction 
Technique for Acid-soluble Phosphates 


DEPRESSANTS of cerebral activity haye been repor- 
ted to increase the level of adenosme triphosphate 
(ATP) and phosphocreatine (PC) in the brains 
of treated animals. This effect has been observed, 
for example, with barbiturates*:* and chlorpromazine! 
in rats and with reserpine in mice’. However, with 
the use of an improved extraction technique for 
nucleotides which prevents their degradation during 
isolation, we have been unable to confirm these 
observations. Furthermore, we have found an ex- 
planation for these observations in that depressant 

retard a very rapid degradation of ATP and PC 
by the brain tissue which occurs immediately follow- 
ing decapitation; the drugs also apparently retard a 
degradation of ATP and PC which can occur during 
their isolation at 0°C. In accord with the work 
reported here, Mandel and Harth‘ and Gerlach et al.’ 
found no elevation of the level of ATP in the brains 
of sedated rate. 

Male Sprague-Dawley rata (250-400 gm.) were 
treated with selected depressant drugs for half an 
hr. and then plunged head first into liquid nitrogen. 
After the entire brains had been chiselled from the 
skull, they were powdered and homogenized at 
— 78° C. (dry-ice temperature) in a 10 per cent solu- 
tion of trichloracetic acid in acetone. The extraction 
mixture was then warmed to 0°C., and after the 
addition of an equal volume of a 10 per cent solution 
of trichloracetic acid in water, the acetone was 
removed by evaporation. Following centrifugation 
in the cold, the trichloracetic acid was removed from 
the acid-soluble fraction by several extractions with 
ether. The solution of the acid-soluble phosphates 
was chromatographed on a column of ‘Dowex-1- 
formate’ with the use of a formic acid—ammonium 
formate elution system. Phosphocreatine and the 
nucleotides were determined in the eluted fractions 
by phosphate analysis and by light absorbance at 
260 my, respectively. 


yn MOLE/gm. BRAIN (WET WEIGHT) 


i: 15 30 2-05 





SECONDS AFTER SEVERING HEAD 


Retardation of the breakdown of high-energy phosphates in rat brain after 
drug treatment ASe A a 10 


Fig. 1. 
30 min, 


eatment. O, Controls; CJ, 
peritoneally); A, ether (by mask); ©, phenobarbital (180 mgm. 
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Table 1. LEVELS OF ADENOSINE PHOSPHATES AND PHOSPHOOREATINGE 
IN Rat BRAIN AFTER ADMINISTRATION OF DEPRESSANT DRUGS 
xHmole/gm. brain wet welght (mean value + standard error of mean) 


No. of 
animals ADP ATP PO 
Controls 8 [0084008 0-24+0-02 2:054+0-06 3454020 


008, 006 024, 0-24 
0-02, 0-05 028, 0-23 


toto 


peritoneally) 2 0-03 0-08 0:27, 025 213, 208 298, 2-82 

Treatment of the brain tissue in the manner de- 
scribed with acidic acetone at — 78° C. was found to 
be critical, since in contrast to the resulta obtained 
by the extraction of frozen brain with aqueous per- 
chloric acid at 0° C.*8, the present method gives a 
much higher proportion of the adenine nucleotides 
as ATP. In addition, collection of the column 
eluates in calibrated tubes with the aid of a drop 
counter permitted accurate determination of the total 
absorbancy units in each peak by an integration of the 
fraction volumes and absorbancies. To illustrate the 
precision possible with these techniques (and also the 
uniformity in a rat population) the following data 
from 45 brains are of interest: Total absorbancy 
units of eluted nucleotides, 49-8 + 0-27/gm. brain fresh 
weight; total adenine nucleotides (AMP, ADP, ATP), 
2°30 + 0-020 umole/gm. brain fresh weight. These 45 
brains were taken from control animals and also 
from animals which had been subjected to a variety 
of treatments, such as anoxia, depressants, and 
convulsive seizures from metrazol and electric shock. 

The results obtained with the above techniques 
(Table 1) clearly demonstrate that the three depress- 
ants, chlorpromazine, ether, and phenobarbital, do 
not raise the level of ATP in the brains of rats. On 
the other hand, the level of PC in the bram is appar- 
ently elevated slightly by ether and depressed slightly 
by phenobarbital. 

An explanation for the previously cited observations 
of elevated levels of ATP and PC in the depressed 
brain is given by the following set of expermments: 
Rats were treated with drugs as 
described above, but instead of 
being frozen after balf an hr., their 
heads were severed with a single 
knife blow. Fifteen or thirty sec. 
later the heads were dropped into 
liquid nitrogen and the acid-soluble 
phosphates from each brain were 
analysed as before. The data in 
Fig. 1 show that depressants retard 
the degradation of high-energy 
phosphates; thus, if brains were 
removed from unfrozen animals, 
higher levels of ATP and PC would 
be observed in those from drug- 
treated animals than in those from 
controls. Furthermore, the finding 
of higher ATP and PC values after 
extraction at — 78° C., as compared 
to 0° C.*, suggests that, even 
at 0° C., there is appreciable degra- 
dation of high-energy phosphates 
by brain tissue. A consideration 
of the present data, and those cited 
in the references, suggests that this 
latter degradation is also retarded 
by depressant drugs. In this re- 
gard, it should be noted in each of the 
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references cited that the level of ATP found in the 
brain tissue was lower than that reported in the pre- 
sent communication. Although the reason for the 
slower degradation of ATP and PC in the brains of 
animals treated with depressants is unknown at pre- 
sent, a part of the retardation is probably due to 
depressed body temperatures in some of the animals. 


FREDERIOK N. MINARD 
RAayĒoND VY. DaAvIs 


Department of Biochemistry, 
Researoh Division, Abbott Laboratories, 


North Chicago, Illinois. 


1 LePage, G. A., Amer. J. Physiol., 148, 267 (1946). 


Da G., Tranguutsing Drugs, 61 (Amer. Assoc. Adv. Sol, 


*Schwemmle, K., and Helm, F., Med. Eaperimentalis, 1, 351 (1959), 
t Mandel, a and Harth, 8., J. Physiol, (Paris), 62, 166 (1960). 
*Gerlach, B., Domng, H. J., and Fleckenstein, À., Pflug. Arch. ges, 
Physiol., 268, 266 (1958). 
— bil Arch. Exp. Path Pharmak., 284, 46 (1958), 


"ROE Knopp, A., and Martin, T., Pflug. Arch, ges. Physiol., 
875 “igsay 
*Minard, F. N., and Davis, R. V. (unpublished results). 


PHYSIOLOGY 


Effect of ‘Metrazol’ on the Isolated, 
Perfused Mammalian Heart 


CONTEMPORARY pharmacological tests state that 
“Metrazol’ (pentamethylene-tetrazole) has no direct 
effect on the myocardium. Conflicting opinions are 
recorded in the literature?. Goodman and Gilman’ 
claim that the electrocardiographic changes are due 
to central nervous system influences, an opinion 
shared by Bircher et al.3. Since the direct role of 
‘Metrazol’ on the heart did not seem to be settled, 
we undertook the following experiments. 

Rabbit and cat hearts were rapidly removed from 
animals killed by pentobarbital and perfused through 
the aorta (Langendorff preparation) with mammalian 
Ringer’s solution. The preparation would remain 
stable for several hours. Several concentrations of 
‘Metrazol’ were injected imto the perfusion tube 
immediately before the aorta so that a ‘slug’ of 
‘Metrazol’ passed quickly through the coronary art- 
eries one time and was not recirculated. No experi- 
ments were done with uniform concentrations of 
‘Metrazol’ in the perfusate. Recordings were made 
with Sanborn equipment from the auricle and the 
ventricle. Depending on the quantity of ‘Metrazol’ 
injected, cardiac slowing, dysrhythmias, or arrest 
were produced. Fresh preparations fully recovered 
in 2-3 min. 200 mgm. ‘“Metrazol’ produced 22 per 
cent slowing when injected over 8 sec., with com- 
plete recovery in 90 sec., while 250 mgm. produced 
first slowing, then complete asystole after 18 sec. that 
lasted 10 sec. Recovery was initiated in the auricle 
with a regular rate of 45 beats/min. without auricular— 
ventricular conduction. Ther occasional ventricular 
extrasystoles appeared, followed by a short period 
of irregular suricular—ventricular dissociation with 
normal ventricular complexes appearmg after P- 
waves, followed for 60 sec. by a 2-1 auricular— 
ventricular block, with complete recovery in 3-5 min. 
This series of alterations could be repeated several 
times in any one preparation reliably. When doses 
greater than 250 mgm. were used, slowing and asystole 
occurred more rapidly and recovery was delayed. 

We attempted to block these effects with atropine 
(0-1-1-0 mgm.) injected immediately before or with 
the ‘Metrazol’. Only incomplete protectien occurred. 
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‘UK-738 (n-ethyl-nortropine-benzydrylother-hydro- 
bromide) also afforded incomplete protection from 
the ‘Metrazol’. More complete studies regarding pro- 
tection and mechanism are ın progress. 

Rabbits’ hearts appear to be more sensitive to 
‘Metrazol’ than cats’ hearts. Smaller doses consist- 
ently produced comparable changes. No attempt 
was made to relate injection-rate with effect beyond 
one test when the rate was reduced by a factor of 
ten for a 250-mgm. dose, and no effects ware seen. 


‘No attempt was made to relate effect with heart 


weight or perfusion-rate. 

A specific interpretation of these expériments is 
premature. The conflicting data recorded in the litera- 
ture suggest that the experiments are not comparable, 
In all our experiments the P-—& interval increased 
after “Metrazol’, while the QRS complex did not 
seem altered when present until isolated extra- 
systoles occurred., These were usually seen during 
recovery and may represent evidences of metabolic 
changes rather than the specific recovery pattern 
after ‘Metrazol’. As recovery times were always 
longer than induction times one might suspect that 
‘Metrazol’ dissociates from a receptor site more 
slowly than it combines. 

Dr. R. P. Bircher, Sandoz Pharmaceuticals, Ineo., 
Hanover, N.J., kindly supphed the ‘UK-738’, 

This research was partially sapported by Contract 
Nonr 969 (04) of the Office of Naval Research and 
by Sandoz Pharmaceuticals, Inc. 


H. WIIAM GILLEN 
Benzamin G. Covrno 


Departments of Neurology and Physiology, 
Edward J. Meyer Memorial Hospital, 
and. A 


University of Buffalo School of Medicine, 
— Now York. 


1 Haury, V. ruber, ©, — —— a Therap., 
ain 227 ESN — Areh. 


Exp. 
e 10 (1026 Tod Ginsberg, 
rigt M., “To nd ep — 80, 9.8 (1987). 


* Goodman, I. — — Pharmacological Basis of 
Therapeutics, second ed. —ã— New York, 066) 


a E Kanai, T., and Wang, B. O., Fod. Proc., 18 (1), 111 


Transplantation Non-antigenicity of the 
Fætal Placenta 


Tue fotal part of the placenta may be looked on 
as & homograft. With the exception of mtra-inbred 
matings, it should possess a different genetic ocon- 
stitution from the mother’s tissues, and ite syncyt- 
ium is in close contact with maternal blood in the 
intervillous spaces and to some extent with the 
endometrium and even the myometrium. 

Mature female mice of the inbred strain A, mated 
with males of CBA strain, were used. Under sterile 
conditions, A x OBA F, hybrid placente of the 
16th-2lst day of pregnancy were deprived of the 
remnants of fostal membranes, weighed, cut into 
fragments ın physiological saline and injected 
subcutaneously or intraperitoneally into normal 
adult (2 to 7 months old) male or female recipients 
of the parent strains. A dose of 100-200 mgm. corre- 
sponded to 2—3 placentx per recipient. Three to six 
days after application, skin from the back of 2—4 
month old 4 x OBA F, hybrids or OBA strain mice 
was grafted on the recipient, following the technique 
of Billingham, Brent and Medawar. Seven days after 

lantation, grafte were fixed in 10 per cent 
formol, embedded and examined histologically. 


* 
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Table 1. TRANSFHR OF PLACHNTM AND KMBRYORIO TISSUES INTO 
REOOPISNTS OF THR PARENTAL STRAINS 
pollen of the female — 
Percentage survival o 

Injected No.of œ eeu of the test o Results 

tissue transfers 50 75 100 
Placentss 16 2 2 1 9 No aiea 
Embryos 9 l 2 — — Strong immunity 
Control 14 1 10 No immunity 

Reoipionta o of the mele — 

Plasentee 8 Immunity 
Embryos 8 7 — 1 — — £§strong :mmunity 
Control 16 — 1 — — 15 No mmumty 


Transplantation immunity of the recipient was 
evaluated ‘according to the state of the epithelium of 
the test graft. Parallel skin transplantations of the 
recipients receiving half the amount of embryonic 
tissues (skin, liver or cut whole embryos) under the 
game conditions were positive controls, and grafts 
placed on non-treated animals were negative controls. 
The percentage of epithelial survival was determmed 
according to the state of the epithelium in two series of 
sections taken from the fitst and the second third of 
the graft. 

After transfer of the placents into the recipients of 
the female strain, the recipients did not display 
significant immunity (Table 1); the survival of the 
epithehum of the test grafts was similar to that in the 
case of negative controls, whereas following injections 
of embryonic tissues, strong transplantation unmunity 
was found. Transfer of the placentæ into the recip- 
ients of the male strain induced a good immunity. 
It appeared that neither the age of placents and 
embryos nor the interval between the injection and 
the test graft nor the route of administration affected 
the results obtained. 

Various causes of the physiological tolerance of the 
placenta and fostus were considered?. It is clear, 
however, that in spite of considerable evidence, 
largely embryological in nature, concerning the 
foatal origin of the cytotrophoblast and the syncytio- 
trophoblast, the male transplantation antigens in the 
foatal part of the mouse placenta are not effective or 
the foetal part of the placenta contains, if any at all, 
a much reduced amount of strain-specific transplan- 
tation antigens of the male. 

Full experimental details are being published in 


Folia btol. (Prague). 


Institute of Biology, 
Czechoslovak Academy of Sciences, 
Na evitisti 2, 
Prague, 6 
' Aledawar, P. B., Symp. Soe. Erp. Brol , 7, 320 (1958). Park, W W., 
Modern Trends in Pathology, 180 (London 1959). Breyere E. J., 
and Barrett, M. K., J. Nat. Cancer Inst., $4, 669 (1960). Galton, 


M., Lancet "498 (1960). Gordon, I., 1074 (1960). Prehn, 
R J. Nat. Cancer Insi., 25, 888° pee) 


Vira HAŠKOVÁ 


Are Glucosidic Antibiotics, such as 
Neomycin, Part of the Actinomycete 
Cell Wall? 


In a recent treatise on the actinomycetes Waksman! 
suggests that the glucosidic antibiotics, strepto- 
thricin, streptomycin and neomycin, are constituents 
of the cell wall of the organisms producing them. 
Apart from their polysaccharide-like structure the 
main reason for this contention is the report of Perl- 
man and Langlykke*? i 
from the mycelium by extraction with acid, alkali 
and neutral salts, but not by physical disintegration. 
Actually these results can be explained by the union 
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of antibiotic and nucleic acids to form insoluble but 
readily dissociable complexes, as I demonstrated in 
some unpublished work carried out several years ago. 

In this work the amount of neomycin which re- 
mained bound to the hyphx of the producing 
organism, Streptomyres fradtae, was found to be 
inversely proportional to the salt concentration of 
the medium. The antibiotic was released from 
washed mycelial suspensions by a series of neutral 
salts and also by adjusting the pH above 9 or below 4. 
No gross morphological change was produced by 
these treatments, but ammo-acids leaked from the 
mycelium, indicating impairment of the cell mem- 
brane. Since streptomycin was known to combine 
with nucleic acids to form msoluble complexes which 
are dissociated by salts and extremes of pH (ref. 4), 
an attempt was made to determine whether neo- 
mycin behaved similarly. Neomycin indeed formed 
precipitates with RNA, DNA and protamine nuclein- 
ate, but not with hydrolysed RNA, nucleotides, 
peptones or casein hydrolysate. Under the conditions 
used, 1 mgm. RNA precipitated up to 275 ugm. 
neomycin. 

Salts which released only small amounts of neo- 
mycin from the mycelium were required in relatively 
high concentration to dissociate the RNA-neomycin 
complex and vice versa. In fact, the order in which 
salts acted on the two systems was identical (Table 1). 
Simuarly, raising or lowering the pH dissociated the 
RNA-neomycin complex as well as releasing neo- 
mycin from the mycelium. These results suggest 
that extraction of neomycin from the mycelium at 
some point involves the dissociation of such & com- 
plex, either present in the mycelium as such, or 
formed in the medium after release of the two 
individual components. 


Table 1 
Least 
Least concentration 
Neomyon concentration of salt causing 
lib from of salt causing complete 
mycelium by release of dissociation of 
0-1 M salt neomyan from RNA-neomvoin 
Balt (ugm./mL) mycelium (molar) complex (molar) 
None 0 
Naodl 12 08 
KOL 16 03 
Na,S0, 72 0-1 0 06 
Sodium oltrate 104 0-1 0 01 
HPO, 104 0 0l 


While the action of salts and pH was qualitatively 
similar on the two systems, ea considerably higher 
concentration of sodium sulphate and sodium citrate 
was required to release antibiotic from mycelium 
than to dissociate the complex (Table 1). Greater 
extremes of pH, particularly on the alkaline side, 
were required for extraction than for dissociation; 
maximum release of neomycin from mycelium re- 
quired pH 10-9, but dissociation of complex was com- 
plete at pH 8-8. These quantitative differences 
suggest that the alkali, acid and salts, although re- 
quired to dissociate the complex, only do so second- 
arily. Their primary action may be to damage the 
cell membrane so that the antibiotic can escape. 

Evidence that neomycin is located withm the cell 
and not in the cell wall was provided by disintegrating 
the mycelium with a Mickle vibrator. This apparatus 
breaks open the cells but does not fragment the walls 
further. On centrifuging down the broken cell walls, 
2/3 of the neomycin demonstrable by extraction 
with sodium citrate was found in the supernatant. 
The pH of the homogenate was 7:3. At this pH the 
RNA-neomycin complex is 2/3 dissociated, so this 
proportion is the maxımum that could be expected. 
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The failure of Perlman and Langlykke to liberate 
streptomycin by physical means may have heen due 
to an unsuitable pH; one at which the RNA-strepto- 
mycin complex was relatively undissociated. 

Formation of insoluble complexes of nucleic acids 
and neomycin could also explam apparent readsorp- 
tion of neomycin when the pH is restored to neu- 
trality. What probably occurs is reformation of the 
insoluble complex, which is then centrifuged down 
with the mycelium. 


R. B. L. QWATEIN 


King Rench Laboratory of 
Reproductive Physiology, 
University of Pennsylvania. 
' Waksman, S. A. The Actinomeycetes, 1, 168, 242 (Willams and Wilkins, 
Baltimore. 1959 


1 Perlman, D., and Ua ykke, A. F., Abstract, 116th Meeting Amer. 
Ohem. Soe., 184, 19.4 (1949). 


“Perlman, eu Bot. Rev., 18, 46 (1953), 


‘Donovick, — —— P., Canales, P., 


and Pansy, F, J. Baci, 
56, 125 (194 


Effect of Early and Late Weaning on 
Learning in Adult Rats 


Ar the time of weaning the mother rat ceases to 
be a necessary part of tho external environment 
onsuring, among other things, a stable body tempera- 
ture!, micturition’, etc. In addition, milk is the only 
food supplied before weaning. Quantitative’ and 
qualitatives changes in the food supplied, at a time 
when milk is normally the only source. may have late 
effects that become apparent only in the adult anmal. 
Tho time at which rate are weaned is also of impor- 
tanco. Thus premature weaning (when the infant rat 
can. survive without the mother, but normally still 
lives predominantly on milk—about day 15-18 post- 
natally) causes impairment of spermiogenesis in male 
rats® and also decreases fertility in female rats’. 

In the experiment reported here the effect of 
promature weaning on learning in adult male rats 
was examined. Male rats were weaned either on day 
15 (prematurely) or day 30 (normally) after birth. 
All litters were reduced to 6 immediately after birth 
and anmals were divided into the experimental 
groups in such a way that rats from the same litter 
never were in the same group. At the age of 8 months 
a conditioned alimentary reflex to an acoustic 
stimulus (the sound of an electric bell) was elaborated. 
Water was the unconditioned stimulus. Conditioned 
reflexes were elaborated in an apparatus designed by 
Hunt and Schlossberg’ as modified by us. The forma- 
tion of a conditioned reflex served as a quantitative 
measure, that is, the number of connexions of the con- 
ditioned and unconditioned stimuli necessary to 
achieve a 100 per cent positive alimentary reaction 
to the conditioned stimulus in ono experimental 
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It is evident that premature weaning decreases the 
learning ability of rats fed the stock diet (Table 1, 
col. 1). 

Since milk contains a very high percentage of fat? 
it was thought possible that the premature decrease 
in fat supply due to early weaning may have had a 
deleterious effect (col. 2). This is borne out by the 
fact that when a hypercaloric high fat diet was 
supplied to the rate instead of the stock diet, no 
deleterious effect of early weaning on learning ability 
was observed (col. 3). It was even sufficient to supply 
an isocaloric high fat diet for 15 days during the period 
between day 165 and 30 (or from day 1640 day 90) 
postnatally to achieve the same effect (cols. 4, 5). 
Surprisingly enough the same diet supplied through- 
out the life of the rats did not show this effect. 
Perhaps the agar agar contained in this diet has a 
deleterious effect later in life. This is being further 
examined 

V. NovAKovéA 
J. FALTIN 
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Striation Patterns in Active and Passive 
Shortening of Muscle 


It is now widely agreed that changes in length 
in vertebrate striated muscle, whether due to passive 
stretch and release or to active contraction, take 
place with little or no alteration in the length of 
the A bands (about 1-54), so long as the repeat 
distance of the striation pattern does not fall much 
below 2u, about the minimum value in a relaxed 
isolated fibre. On further shortening, however, dis- 
cordant results have been reported. The sequence 
of formation of contraction bands described by 
Jordan! in fixed and stained preparations was seen 
by A. F. Huxley and Niedergerke* in living isolated 
fibres and by H. E. Huxley and Hanson‘ in sep- 
arated myofibrils, and was taken by these authors 
as evidence that contraction takes place by a relative 


session. Results of the experiment are shown in sliding motion of two sets of flaments. On the other 
Table 1. hand, later experiments, also on isolated fibres, by 
Table 1. RATR OF ELABORATION OF CONDITIONBD REFLEXES IX RATS BEXPRESSRD AS THR NUMBER OF CONNEXIONS OF THE UNCONDITIONRD 
AND CONDITIONED STIMULUS NRBOESSARY TO BSTABLISH THA CONDITIONED REFLEX 
Rate of No. 
Diet elaboration of Weight on Weight when 
rats weaned rais P againatt P against * day 0 aged 8 months 
1 Standard 34-3 -+4°6* 28 0 001 5 8+0 1* 410:0 482 
13 641 1ł 25 — 0-001 5-640 1f 406 0+6 8 
2. High fat isccaloric 27 1+-4-4* 24 0 05 S. 5-56+0-1* 468 6410 7 
18 741-87 24 0 02 0 O01 5 56+0-1+ 449 0411 4 
8. High fat hypercal. 15-8 4-3 °1* 16 na. 0 01 5 7+0 1* 465 0412 9 
19-2+2:1 13 0 02 0 01 5'5+0'It 422 011:3 
4. High fat isocal. up to day 30, then standard 11 242 a Ds. 0-001 5-64-01 410 047 2 
5. Nigh fat isocal up to day 90, then standard 12i a ar ns. 6 001 5940-1 420 0471 
n day 
t On day 80. 


1 22 cal. per cent fat; 2 and 3: 70 caL per cont fat. land 2 contain about 2-4 oal /gm.; 8 contains 6-2caL/gm. For details, see ref, 9. 
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A. F. Huxley and Niedergerke** and several electron 
microscope investigations®:* have shown progressive 


shortening of the A bands without disappearance of 


the J band. 

This discrepancy appears to be resolved by the 
folowing observation. Living fibres were isolated 
from the semitendinosus muscle of the frog (Rana 
lemporaria), mounted under the interference micro- 
scope and stimulated by applying a slowly increasing 
eurrent through an electrode system the cathode of 
which was near one side of the fibre, level with the 
field of view. As the fibre shortened, it was seen 
that the fibrils near the edge of the fibre facing the 
cathode remained straight, while in the rest of the 
cross-section of the fibre the fibrils assumed a wavy 
arrangement. In the straight fibrils the contraction- 
band pattern developed, while in the wavy fibrils 
narrow J bands remained and the A bands shortened 
progressively. These features can be seen in Fig. 1. 

It is difficult to imagine that the wavy fibrils carry 
any part of the tension being developed by the fibre. 
It therefore appears that the contraction-band 
pattern corresponds to active shortening, while the 
pattern with shortened A bands corresponds to 
passive shortening which is imposed on the fibrils 
by contraction of another part of the cross-section 
of the fibre. 

This conclusion supports the — sliding-filament 
theory of muscular contraction. At the same time 
it implies that the shortening and thickening of the 
A band filaments found by Sjéstrand and Andersson- 
Cedergren® to accompany the shortening of the A 
bands is a passive phenomenon; this is of interest 





Fig. 1. Single frame from ciné micrograph (32 frames/sec.) showing one side of an 


isolated muscle fibre during contraction of the type described in the text. 
wavy fibrils with 
Positive contrast (high refractive index dark). 


librila with contraction band pattern at edge of fibre (bottom); 
narrow 7 bands (light) in upper part. 


Seale bar: 10”. Striation spacing, 1-5-1-64 
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in connexion with the manner in which the A band 
filaments are built up from molecules of myosin 
and perhaps other proteins. 

This work was done during the tenure by one of 
us (A. M.G.) of a postdoctoral research fellowship 
of the National Foundation, New York. 


A. F. HUXLEY 
A. M. GORDON 
Department of Physiology, 
University College London, 
Gower Street, London, W.C.1. 
‘Jordan, H. E., Amer. J. Anat., 55, 117 (1934). 
* Huxley, A. F., and Niedergerke, R., Nature, 173, 971 (1954). 
* Huxley, A. F., and Niedergerke, R., J. Physiol., 144, 403 (1958). 
t Huxley, H. E., and Hanson, J., Nature, 173, 973 (1954), 


* Sjöstrand, F. S., and Andersson-Cedergren, E., J. Ultrastr. Res., 1, 
74 (1957). 


* Frank, G. M., Abstr. Int. Biophys. Congr., 252 (1901). 


Induced Innervation of End-plate Free 
Muscle Segments 


Ir motor nerve fibres are allowed to grow into a 
denervated muscle, the regenerating axons find their 
way to the sito of the original end-plate region and 
re-establish functional contact with muscle fibres'. 
[t was, therefore, interesting to inquire whether nerve 
fibres would establish connexion with muscle fibres 
if these had no end-plates. 

The frog sartortus muscle was transected near its 
pelvic tendon so as to divide all the fibres into two 
segments. The distal part, containing the end- 
plates, was removed from tho animal and the sartorius 
nerve was attached to the remain- 
ing, end-plate free, muscle portion. 

About 3 months later the muscle 
—only a few mm. long—was dis- 
sected out together with the nerve 
and mounted for intracellular 
recording. It was found that 
stimulation of the nerve evoked 
action potentials (Fig. 14) and 
contractions in most fibres. Spon- 
taneous electrical activity was 
recorded if the microelectrode was 
inserted near the site of nerve 
implantation (Fig. 1B). These 
potentials resemble in most respects 
the miniature end-plate potentials 
seen at normal nerve-muscle junc- 
tions*, 

Transected, un-innervated musele 
fibres become highly sensitive to 
acetylcholine”. Their response to 
acetylcholine is not potentiated by 
edrophonium (a fast-acting cholin- 
esterase inhibitor). On the other 
hand, a potentiation is obtained 
when the acetylcholine is applied 


near the site of induced nerve- 
muscle contact in innervated muscle 
segments. 


At the end of the clectro-phys- 
iological experiments the muscles 
were fixed and prepared for electron- 
microscope observation. Neuro- 
muscular junctions, which have 
many of the normal characteristics, 
were found in the regions where 
spontaneous potentials could be 
recorded, 


Straight 
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These experiments show: (a) that motor nerve 
fibres can form functional nerve-muscle junctions at 
sites other than the original neuromuscular junction ; 
(6) that the nerve induces the appearance of cholin- 


—— R. MEDI 
Department of Biophysics, 

University College, London. 

' Miledi, R., J. Physiol., 154, 190 (1960). 


* Katz, B., Johns Hopkins Hosp. Bull., 102, 275 (1958). 
‘ Katz, B., and Miledi, R., J. Physiol., 156, 24, P (1961). 


Effect of Antibodies against Rat 
y-Globulin or Rat Albumin on Isolated 
Peritoneal Rat Mast Cells 


Ir HAS recently been shown? that rabbit anti-rat 
sorum causes typical anaphylaxis in albino rats on 
intravenous injection; on isolated peritoneal mast 
cells this anti-serum induces characteristic morpho- 
logical modifications? and the release of histamine. 
Recent experiments* have shown that it is possible 
to produce an anaphylactic reaction in rats, similar 
to that in guinea pigs‘, after application of human 
y-globulin as antigen and intravenous injection of the 
corresponding anti-serum 48 hr. later (reversed 
passivo anaphylaxis). Anti-rat y-globulin serum 





Fig.1. A, Intracellular musele action potential evoked by nerve obtained by fractionation of rat serum and immuniza- 

stimulation and recorded about 4 mm. from the site of nervi i . i ri > : ` 

implantation 103 days after muscle transection: BR, spontaneous tion of rabbits > y ith tho Components é also caused 

electrical activity at the site of an induced nerve-musecle con- anaphylaxis* while the application of anti-rat albumin 
tact; O7 days after musele transection had no such effects 


Assaying the amount of histamine released, I have 
now examined whether the said anti-sera are capable 
of affecting isolated peritoneal mast cells of the albino 
rat in a similar way. Mast cells were obtained, as 
described earlier, by differential centrifugation of the 
peritoneal fluid of normal albino rats over 50 per 
cent Dubos bovine albumin. carefully washed with 
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Fig. 2. Electron micrographs of nerve-musele junctions. A, from Fig. 1. Histamine released (per cent) from isolated peritoneal 
control musele, transverse section; B, induced junction in origin- mast cells of the normal albino rat by: (1) anti-rat sernm: 
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Fig. 2. Influence of temperature on histamine release by anti-rat 
y-globulin 


buffered physiological solution (0-864 per cent 
sodium chloride, 0-02 per cent potassium chloride, 
0-01 per cent calcium chlorido, 0-2 per cont glucose, 
10 per cent Sorensen phosphate buffer pH 7:60, 
2 per cent guinea pig serum, 10 mgm. per cent 
: in’ (Roche)), and counted. The suspended 
cells were then incubated with anti-rat serum, anti- 


rat y-globulin or anti-rat albumin serum for 10 min. 


at 37° C.; after closo centrifugation the supernatant 
was completely drainod. 10 per cent trichloroacetic 
acid was added to the sediment and the supernatant, 
both kept frozen and, prior to assaying, brought to a 
pH value of 7-5-7-6, and the histamine content com- 
pared with a standard solution of 
histamine dihydrochloride directly 
on the isolated atropinized guinea 
pig ileum. The comparison of the 
values obtained in an individual 
test for sediment and supernatant 
revealed the histamine percentage 
released on consideration of the 
control (only mast cells and buffered 
physiological solution). 

The results of the experiments are 
presented in Fig. 1. The results 
indicated for the individual anti- 
sera are mean values determined in 
15-25 double measurements. While 
the action of total anti-rat serum 
caused 36 per cent on the average 
of the total histamine present in the 
mast cells to be released, the 
corresponding value of the y-glob- 
ulin serum is 78 per cent, anti-rat 
albumin not being capable of 
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releasing histamine from the mast cells (4 per cent). 
Supplementary investigations have shown further 
that the release of histamine caused by anti- 
rat y-globulin serum is similarly dependent on 
temperature (Fig. 2) as the reaction of isolated mast 
cells in other immunological systems'*’?. The 
amounts of histamine released from the mast cells 
of normal albino rats by the action of anti-rat y- 
globulin serum are substantially larger than those 
determined in earlier procedures (active and passive 
sensitization, reversed passive sensitization). This 
procedure may therefore be regarded as particularly 
suitable to investigate the mechanism of anaphylaxis 
of isolated peritoneal mast cells of the albino rat. 

This work was supported by the Swiss National 
Foundation for Scientific Research, 
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Macro-Radioautographic Localization 
of Bromine-82, Rubidium-86 and 
Phosphorus-32 in the Canine Kidney 


Ir is known that a counter-current system exists in 
kidney'-* due to the fact that the concentration of 
some materials in the medulla is greater than in the 
cortex and that this concentration increases from the 
base towards the tip of the papilla. This type of 
dislocation was proved in chlorides*, sodium***, 
urea?:*, exogenous creatine’, and amino-acids*. On 
the other hand, potassium, calcium, magnesium and 
inorganic phosphorus do not favour this type of 
distribution®. 

The subject of our work was to find out the system 
of distribution of bromides (which are, from the 
biological point of view, very similar to chlorides) and 
of rubidium (being similar to potassium so far as its 
biological character is concerned) and to ascertain 
the nature of the phosphorus distribution. 





. Macro-autoradiograph of the canine kidney after injection with 1 me. sodium 
bromide-82 


Fig. 2. Macro-autoradiograph of the canine kidney after 200 we. rubidium-86 chloride 
Fig. 3. Macro-autoradiograph of the canine kidney after 200 ne. NasgH™ PO, 
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_ Fig. 1 shows an autoradiograph of the kidney after 

he application of 1 me. sodium bromide-82. The 

increase of concentration in the medulla is shown. 

The autoradiograph is similar to that found for 

 sodium-24. From previous communications it is well 

known that the oxeretion of bromides by the kidney 

-<is similar in character to the excretion of chlorides?. 

-= Our results prove this finding also so far as distribu- 

tion of this ion in the medulla is concerned. We 

deduce that the sodium transported actively from the 

> aseonding limb of the loop of Henle into the inter- 

atitium can be accompanied by bromides instead of 

chlorides. | 

= Fig. 2 represents an autoradiograph of the kidney 

after the application of 200 ue. rubidium-86 chloride. 

> It appears that this ion is collected predominantly in 

= the cortex. The concentration in the medulla is 

~ lower and there is no indication of an increase towards 

_ the tip.of the papilla. This is most probably caused 

by the fact that rubidium as well as potassium is 
absorbed almost completely in the proximal tubule. 

In Fig. 3 is shown an autoradiograph of the kidney 

after application of 200 uc. Na, HPO, by means of 

injection. From Fig. 3 it is seen that phosphorus is 

= collected chiefly in the cortex. The concentration in 

‘the medulla is lower and there is no sign of an increase. 

In Fig. 3 we can distinguish several zones of blacken- 

ing. The external zone has the most intensive 

blackening, the second zone on the side towards the 

cotio papilla is less intensive and it is limited by a small 

strip of stronger blackening. At present we are 

~~~ unable to explain the zonal dislocation. On the basis of 

investigations of erythrocyte distribution using 

~ phosphorus-32 labelling and under the same condi- 

ons, we presume that these zones cannot be inter- 

preted as the more intensive blood supply of the 

arious cortical layers. 
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Distribution of Haptoglobins among 
_ Chinese in Taiwan 

In view of the widespread interest in the distribu- 
tion of haptoglobin types among various ethnic x 
groups, we wish to report preliminary results from 
work with Chinese residents in Taiwan. These results . 
agree with those of Kirk et alt, with the exception ` 
that no instances of the so-called 0-0 type were. 
found among the 172 individuals tested (see Table 1). - 
Nevertheless, we wish to comment on the stri king © 
similarity between the haptoglobin distribution in 
Chinese and those of the African Bushmen. The use | 
of the distribution of haptoglobin types as an addi- 
tional tool for genetic and anthropological studios — 
has woll-recognized possibilities’, and may eventually. 
allow reconstruction of more distant racial interrela- 
tionships too subtle for recognition with the present: 
fragmentary data. An example of such a relationship 
is that of the possible Mongoloid character of the | 
Bushmen at present found in the southern portion of 
Africa, and exemplified by the Bushmen of the 
Kalahari Desert region in Bechuanaland and those in 
South-West Africa. As mentioned by Weiner and 
Zoutendyk*, the concept of a possible Mongoloid 
component in the Bushmen heritage is based primarily 
on the skin colour of the Bushmen and the frequent 
occurrence of an internal epicanthric fold. Although 
their general physiognomy is recognized to be 
distinct from other ethnic groups in Africa, the Bush- 
mon generally are regarded by anthropologists to be 
related to the Negroid races. Recent support for this 
position is provided, for example, by the blood group 
studies on the Central Kalahari Bushmen made by 
Weiner and Zoutendyk*®, who concluded that the 
Central Kalahari Bushmen, as well as the Bushmen 
from South-West Africa, “exhibit in general a N egroid 
pattern in their blood groups”, 

These findings support work by Zoutendyk et al.*. 
They cite, in particular, the absence of the Diego 
antigen, the low incidence of blood-type B and the s 
Negroid Rh pattern as relevant evidence against ^ 
Mongoloid admixture. It is interesting, therefore, to 
consider the Bushmen haptoglobin results obtained 
during the same work®. It was concluded tentatively 
that- the Bushmen haptoglobin frequencies may be - 
unusual when compared with other Africans. When — 
the Bushmen haptoglobin results are compared with 
those of Chinese people, as summarized in Table 1, it is 
apparent that the two groups show a striking simi- 
larity. In this respect. therefore, the possibility of a 
Mongoloid character in the Bushmen is supported. It 
is necessary, however, to have information on larger 
numbers of both groups. In the case of the Chinese 
people it is necessary, for example, to determino 
whether or not the haptoglobin types are distributed 
throughout the population as uniformly as thev 
appear to be in the Caucasian peoples. The present 
population in Taiwan, where there are representative 


Table 1 

No. of Percentage distribution 
Ethnie groups subjects of haptoglobin types Gene frequency 

tested 0-0 1-1 2-1°°2-2 Hp Hp 
Bushmen 113 18 106 354 522 0283 9-890 
Chinese (ref. 1) 
(in Malaya and . 
Anstralia) 187 b3 108 341 530 0278 0-716 
Chinese in 
Taiwan (present E 
work} 172 +) T3 377 42-9 O-PR2 0718 
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Chinese groups from many provinces, provides an 
excellent opportunity for such an investigation. 

The views expressed here are those of the authors 
and are not to be construed as official or reflecting the 
views of the U.S. Navy Department or the Naval 
Service at large. This work Is being supported in 
part by contract Nonr—1228(14) between the Office of 
Naval Research and Northwestern University, and in 
part by funding under Public Law 480, Section 
104(c). 
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Estimation of Haptoglobin using 
Hzmoglobin labelled with Radioactive 
Iron-59 


QUANTITATIVE estimation of haptoglobins, a group 
of serum alpha-2 mucoproteins capable of binding 
hæmoglobin, 18 at present based either directly or 
indirectly on the peroxidase activity of the hæmo- 
globin-haptoglobin complex}. Recent investigations 
in this laboratory into the characteristics and forma- 
tion of this complex emphasized the need for a more 
direct analytical method. The most appropriate 
characteristic of haptoglobin, its ability to bind 
hæmoglobin, was selected as the basis for an analytical 
procedure using hemoglobin labelled with radioactive 
iron-69. 

Mouse hemoglobin was prepared by the intra- 
peritoneal admunistration of 20-100 uc. of ferrous-59 
citrate per animal, approximately 10-15 days before 
killing them. ‘The red cells were obtained by ex- 
sanguination, washed three times with saline and 
lysed by the addition of 1:5 volumes of distilled 
water. Particulate matter was removed by centri- 
fugation at 2,500 r.p.m. for 15 min. and the clear 
hemolysate was stored in small aliquots at — 20° C. 

For electrophoresis, labelled hamoglobin was added 
to serum or other unknown to a final concentration 
of 400 mgm./100 mi., unless otherwise indicated. A 
0:01-ml. aliquot of this mixture was subjected to 
electrophoresis in 0-05 ionic strength phosphate buffer, 
pH 6-8. A Spinco inverted-V type apparatus accom- 
plished satisfactory separation in 16 hr. at 90 V., 
2-5 m.amp. After drying by hot air at 100° C., the 
patterns were stamed with a spray of benzidine in 
acetic acid plus peroxide*. Under these conditions, 
free hemoglobin invariably moved from the origm 
toward the cathode, whereas the hæmoglobin- 
haptoglobin complex displayed anodic mobility". 
Although visualization with benzidine was unnecos- 
sary after the correct conditions had been established, 
it was used in our early experiments to permit 
separation of the paper strips into three sections 
containing (1) the free hemoglobin, (2) the hæmo- 
globin-haptogiobin complex and (3) the remainder 
of the pattern, which included the methmmalbumin 
band. The papers were folded, inserted into the 
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bottoms of 18 mm. by 200 mm. test-tubes and the 
radioactivity counted in an automatic Sherman- 
Willams scintillation well-counter. The hemoglobin 
content of the second fraction, equivalent to the 
haptoglobin content by definition’, was estimated 
from the ratio of the radioactivity of this band to the 
total radioactivity found. 

Estimations of the haptoglobm content of various 
dilutions of serum gave a direct, linear relationship 
between the amount of serum and the haptoglobin- 
level (Table 1). Replicate analyses on eight samples 
of serum on two or more occasions gave a mean 
variation of 3:9 mgm./100 ml. with a maximum of 
7 mgm./100 ml. 


Table 1. EPFEOCT OF DILUTION ON ESTIMATION OF HAPTOGLOBIX- 
LEVELS 


Dilution Haptogiobin ( 7100 mi.) 
measured Mixpected 
Nons 189 — 
8:10 149 151 
8:10 111 113 
4°10 76 76 
2:10 34 88 


The electrophoretic titration procedure for the 
estimation of haptoglobin! on which this procedure 
is based assumes that the affinity of haptoglobin for 
hemoglobin is such that all haptoglobin 1s saturated 
as soon af any free hemoglobm can be detected. The 
present procedure requires the addition of labelled 
hæmoglobin in substantial excess of the bindmg 
capacity of the serum and assumes that this excess 
would have no effect on the amount of hemoglobin 
tagged with radioiron appearing in the hemoglobin- 
haptoglobin complex. This assumption was tested 
by analysing serum after the addition of increasing 
amounts of hæmoglobin labelled with iron-59. The 
rosulte in Table 2 indicate that a three-fold mecrease 
in the amount of added hemoglobin had no effect on 
the amount of haptoglobin estimated. 


Table 2, ERFEOT OF ADDED LRON-59-HAMOGLOBIN ON HAPTOGLOBIN 
RSTIMATION 


Tron-59-hamoglobin Haptoglobin 
Sample No. = te 


(mgm./100 ml.) (mgm./100 ml.) 
1 6 854 
2 976 861 
8 1, 365 
4 1,625 849 
5 1,850 839 


To determine the effect of partial saturation, 
serum samples were analysed after the addition of 
variable amounts of normal unlabelled hæmoglobin 
insufficient to bind all available haptoglobin. The 
expected values obtained were within the experi- 
mental error of the method in every case (Table 3). 
These findings suggest that the reaction between 
hæmoglobin and haptoglobin is complete and stable ` 
even in the presence of sub-optimal amounts of 
hemoglobin. 

Table 8. Erreor OF PARTIAL ——— ON HAPTOGLOBIN ESTIMA- 
Unlabelled 


Ket Haptoglobin 


Sample Available hemo haptoglobin m 
No. h — = F oka * (mgm./100 mL) 
mgm. mgm, mgm. 
100 ml.) 100 mL) 100 mL) 

1 835 45 270 200 

2 835 63 268 267 

3 33 91 236 244 

4 835 136 181 199 

5 835 226 116 108 


Although the increased peroxidase activity of the 
hemogiobin—haptoglobin complex was the character- 
istic that led to its discovery®, haptoglobm 1s at present 
defined in terms of its ability to bind hæmoglobin. 
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It appears to be accepted that these proteins account 
for most of the hamoglobin-binding capacity of the 
serum??, Some additional bmding of hæmoglobin 
or its hem moiety can be demonstrated to occur with 
two other serum proteins. The complex of one of these. 
methwmalbumin, is clearly separable from the 
hemoglobin-haptoglobi complex by its rapid electro- 
phoretic mobility’. The absolute quantity of ham 
bound in this way can be calculated in a manner 
sunilar to that used for the calculation of haptoglobin. 
The other, the so-called ‘hem-binding globulin’, 
demonstrated by a number of investigators! may 
account for the binding of hæmoglobin up to approxi- 
mately 10 mgm./100 ml. At present ıt ış not clear 
whether the mobility of this component is such as to 
include ıt in the amount costumated as haptoglobin. 
This could account for a minimal error. 

The advantages of the analytical method presentod 
here are clear and significant. It eliminates the need 
for the laborious electrophoretic titration as well as 
the limitation to the number of analyses that can be 
run at one time. Although ıt does require facilities 
for the handling of radioactive materials, this would 
not appear to be a factor in any but the smallest 
institutions. Finally, since it is not dependent on the 
peroxidase activity of the hamoglobin—-haptoglobin 
complex, it is not affected by the many known and 
unknown influences! that have been demonstrated to 
interfere with the oxidation of benzidine or other 
sunilar substrates. This fact alone permite the study 
of the reaction. between hemoglobin and haptoglobin 
for which it was developed and which will be the 
basis for subsequent reports. 
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N-termina! Amino-Acids of Human 
Haptoglobins 


HAPrTOGLOBINS have been prepared from un- 
hæmolysed citrated human plasma, pooled for hapto- 
globin type, by a modification of the method of 
Connell and Shaw!. After dialysis against acetate 
buffer (0-01 M pH 4-7) the plasma was applied to a 
DEAE cellulose column at 3°C. previously equil- 
ibrated with the acetate buffer. Most of the non- 
haptoglobin material was removed by washing the 
column with the same acetate buffer containing 
0-01 M sodium chloride. The column was then treated 
with acetate buffer contaming 0:04 M sodium chloride 
adjusted to pH 4-7, and the effluent collected. After 
adjustment of the pH to 7-0 + 0-5, the volume was 
reduced on 9 rotary film evaporator, dialysed against 
water and the resulting solution lyophilized. The 
product was finally fractionated with ammonium 
sulphate dialysed and lyophilized. 
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In the case of haptoglobins type 2-1 and 2-2, starch- 
gel electrophoresis of the material (3 gm./100 ml.) 
revealed no components other than multiple hapto- 
globin bands. However, the pattern of haptoglobin 
1-1 consisted of one main band with traces of three 
other bands. One minor component corresponded 
electrophoretically with albumin. The second 
migrated between albumin and the haptoglobin. A 
third minor component, which appeared to bind 
hemoglobin, migrated just behind the haptoglobin 
band. Attempts to obtam a purer 1-1 preparation by 
varying the conditions of column operations were 
unsuccessful. 

N-terminal amino-acids were identified by the 
phenylisothiocyanate procedure’ ?. The purest 
1-1 preparation contained approximately equimolar 
amounts of valine and isoleucine, accounting together 
for 75 per cent of the N-terminal amino-acid. The 
remainder consisted of traces of glycine, alanine. 
aspartic acid and glutamic acid. Haptoglobins 2-1 
and 2:2 yielded equimolar amounts of valine and 
isoleucine, accounting in each type for approximately 
95 per cent of the N-terminal amino-acid. The results 
are summarized in Table 1. 


Table 1, N-TRRMINAL AMINO-ACIDS OF HAPTOGLOBIN PREPARATIONS 
(4A1/gm.) 


Valmo 
Tgoloucine 





Hommes‘, who used the diitrofiuorobenzene 
method, has reported that the N-terminal amino-acids 
of the hmmoglobin-haptoglobin complex (types 2-1 
and 2:2) are valine and leucine or isoleucine in a 
molecular ratio of approximately 4: 1. Since hæmo- 
globin possesses four N-terminal valine residues’, 
Hommes concluded that the N-terminal amino-acid 
of haptoglobin was leucine or isoleucine. Our find- 
ings, however, show that haptoglobin has also an 
N-terminal valine residue. 

Our observations allow some conclusions about 
the structure of the haptoglobins. The molecular 
weight of haptoglobin 1-1 as determined by ultra- 
centrifugation is 85,000 (refs. 6 and 7) whereas the 
N-terminal determinations lead to a minimum mole- 
cular weight of 80,000. The latter figure may be the 
subject of some correction when a purer haptoglobin 
preparation becomes svailable. However, the agree- 
ment is sufficiently close to warrant the conclusion 
that haptoglobin 1-1 contains two polypeptide chains 
with valine and isoleucine as the respective N-termuni. 
Furthermore, the results of the N-terminal determ- 
nations for the three types of the haptoglobins are 
the same considering the sources of experimental 
error. ‘This result is consistent with the idea® that 
the various haptoglobin types differ only in the 
degree of polymerization of an essentially identical 
sub-unit. 

The finding of valine and isoleucine as the N- 
terminal amino-acids of human haptoglobins 18 of 
interest in that we have found a strong correlation 
in pathological conditions between the N-terminal 
leucine/isoleucine content of human plasma proteins 
and the serum haptoglobin concentration. A correla- 
tion between the N-terminal valine concentration 
and haptoglobin content was also present although 
it was less apparent. 
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PATHOLOGY 


Development of Mast Cell Reaction 
during Chemical Skin Carcinogenesis of 
Mouse 


In skin carcinogenesis induced in the mouse by 
chemical means & accumulation of mast cells 
hes been observed in the altered dermis during the 
‘precancerous’ stages of tumour formation!:*. Unlike 
the mast cells of normal mouse skin these accumulat- 
ing mast cells have been reported to exhibit a strong 
primary golden-yellow fluorescence when the speci- 
mens are examined in ultra-violet light, after formol 
fixation. Since normal’ as well as tumorous*® mast 
cella of mouse are known to contain significant stores 
of 5-hydroxytryptamine (5-HT), together with 
histamine and heparin, it has been suggested that the 
fluorescence acquired by dermal mast cells in skin 
carcinogenesis was due to a remarkable increase of 
the 56-HT cellular content? *. However, a number of 
questions regarding the morphology and the func- 
tional significance of the mast cell response associated 
with hyperplastic and neoplastic changes of skin 
remains to be elucidated. 

In the work described here, which is a part of a 
larger programme of research designed to investigate 
the part played by masi cells in skin carcinogenesis, 
the morphology of the mast cell reaction occurring in 
the dermis has closely been followed from the early 
skin changes induced by the carcinogen to the full 
development of papillomas. The 5-HT content of the 
treated areas of skin has also been determined at 
different subsequent stages of the carcinogenic process. 

84 Swiss female mice bred at random in this 
laboratory received on the unclipped skin of the back 
& single application of 0-05 ml. of a 0-5 per cent 
solution of 9: 10-dimethyl-1 : 2-benzanthracene 
(DMBA) in acetone (thus containing 250 ugm. of the 
substance). The application was made while the 
animals were in the resting phase of the second hair 
cycle. The hair cycle was determined by the hair 
dyeing method’. The animals wore killed in groups of 
6 every few days from the fourth day after painting 
to the stage of the papilloma development. Treated 
portions of skin were excised, slightly stretched on 
filter paper and fixed in 10 per cent neutral formalin. 
Frozen sections received an additional fixation 
in formalin vapour at 37° for 3 hr. and were 
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Normalskin 15-20 days 20-86 days 


Papiloma 





0-3 1°85 2-15 4°50 
5-Hydroxytry pltamine (pgm. /gm.) 
Fig. 1. Schematic representation of mast cell changes and 
-hydro tamine content of mouse akin at different stages of 


papiloma formation after a single appheation of 9 : 10-dimethyl- 
: 2-benzanthracene 
è, Konior mast walls: ©, —— mast cells 


examined for ultra-violet fluorescence using a Leitz 
Ortholux microscope with a OS-150 mercury lamp, 
and ultra-violet filters with a maximum of trans- 
mittance of 365 mu. Toluidine blue, 0-001 aqueous 
solution, was then applied on the same section. Other 
fragments from treated skin were pooled and extracted 
with 4 parts (w/v) of acetone for 24 hr., then re- 
extracted with 80 per cent acetone for another 
24 hr. The extracts were assayed on the atropinized 
cestrus uterus of ovariectomized rats according to 

amer®. The standard was 5-HT creatinine 
sulphate (Farmitalia, Milan); the values were, how- 
ever, expressed as 5-H'T base. 

The changes observed in the number, distribution 
and morphology of mast cells as well as the level of 
5-HT in the skim found at different stages of the 
carcinogenic process are outlined in Fig. 1. A more 
detailed description of the histological changes has 
been reported elsewhere’. 

Tho mast cell reaction obtained in our experiments 
becomes evident as early as 15-20 days after DMBA 
painting and progressively increases until the 
appearance of tumours, which occurred after a mean 
latent period of 39 days. The accumulating mast cells 
were found to differ qualitatively from mast cells of 
normal skin in being of very small size, scarcely 
granulated and poorly metachromatic. In addition, 
starting from about the fifteenth day after DMBA 
application, these mast cells acquire a peculiar 
golden-yellow fluorescence, the intensity of which 
gradually increases in the futher development of 
lesions. The mast cell response appears to be a 
cellular reaction strictly localized within the treated 
area and restricted to the superficial part of dermis. 
Mast cells lying in the deepest part of dermis and in 
subcutis, larger in size and heavily granulated, do not 
show any modification in number and morphology, 
and fail to acquire the golden-yellow fluorescence. 
Prolonged treatment with acetone, preceding formol 
fixation, was found to abolish completely the fluores- 
cence, leaving the metachromatic appearance of the 
accumulated mast cells unchanged. 

From these findings it would appear that meta- 
chromasia and golden-yellow fluorescence are appar- 
ently non-related phenomena, depending on the 
presence within the mast cells of different substances. 
No conclusive evidence can be given on the exact 
nature of the fluorescing material. However, the close 
relationship of the increase of mast cell number with 
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the intensity of fluorescence and the rise of 5-HT 
level supports the hypothesis that a high content of 
5-HT accounts for the fluorescing properties of the 
reacting mast cells. ; 

In this respect it is of interest to point out that 
@ similar golden-yellow fluorescence, after formol 
fixation, is exhibited by enterochromaffin cells, the 
physiological cellular source of 5-HT as well as by a 
gelatin model of 5-HT in viro. The lack of fluores- 
cence of normal mast cells of mouse can be ascribed 
to a 5-HT content lower than the minimum required 
for the histochemical visibility of 6-HT?. 

This work was supported by grant O-5489 from the 
National Cancer Institute, National Institutes of 
Health, U.S. Public Health Service. Grants have also 
been received from NATO Research Grants Pro- 
gramme, and Consiglio Nazionale delle Ricerche, 
Roma. 
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A Vaccination Procedure which increases 
the ———— of Regressions of Shope 
lomas of Rabbits 


PAPIMNOMAS of rabbit skin induced by the virus of 
Shope are known to undergo complete regression in 
some animals and to persist indefinitely in others. 
Carcinomatous change is seen in a high proportion at 
6-18 months!. The regression process presents two 
features of broad significance in the field of tumour 
immunology: (1) It constitutes rejection of an 
autologous tumour; (2) The rejection mechanism is 
effective in some aninals and inadequate or absent 
in others. 

The nature of the regression process 1s not under- 
stood. Antiviral neutralizing antibodies are regularly 
present in tumour-bearing animals but have no 
quantitative or temporal relationship to regression. 
Some investigators’ have attributed the rejection of 
the tumours to a specific reaction comparable to a 
homograft response. Others! have interpreted this 
process as due to a simple cessation of multiplication 
of germinal cells of the papilloma. 

An experimental approach to this problem would 
be facilitated by any procedures that would predict- 
ably increase or decrease regression frequency. 
Negative results were obtained in our attempts to 
suppress regression by administration of cortisone or 
of enhancing serum (serum from animals with 
porsistent tumours). Likewise, no change resulted 
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from injection of ‘immune’ serum from rabbits that 
had recently experienced tumour regression or from 
an initial trial of vaccine prepared from domestic 
rabbit papillomas and administered either with or 
without Freund’s adjuvants. Successful results have 
been obtained through the use of a vaccine containing 
papuloma tissue processed ın a manner suitable to 
preserve an antigen as unstable as homograft antigen 
has proved to be in other systems. 

In the preparation of vaccine actively growing 
papilloma tissue removed from three or more domestic 
rabbits was processed at room temperature with 
minimal delay. Tissue suspensions were chilled in an 
ice bath when they were not being subjected to 
manipulation. The time from excision of tissue to 
completion of vaccination of all animals was usually 
4-6 hr. 

Phosphate buffered saline? prepared without 
magnesium or calcium ions was used for washing and 
suspending tissue fragments. A crude suspension of 
tissue fragments was prepared by mincing with sharp 
scissors. Subsequent treatment with 0-5 per cent 
trypsin for 30 min. at 37° C. was used initially to 
improve the dispersion of cells but was later found to 
be unnecessary. A suspension of killed cells of 
Bordetella pertussis was used as adjuvant. Colls from 
a commercially avaiable pertussis vaccme were 
washed in 0°85 per cent sodium chloride and resus- 
pended to give a final concentration of approximately 
1-6 x 10" cells/ml. This suspension was added to an 
equal volume of a 10 per cent suspension of tissue in 
phosphate buffered saline to complete the vaccine. 

The vaccines were administered by two general 
methods: (1) The crude vaccmme was administered 
through a 15-gauge needle into the pads of two toes 
on each foot. Approximately 0-05 ml. was injected 
into each toe. (2) Vaccine containing tumour cells 
dispersed with trypsin was injected with a 27-gauge 
needle into toe pads or intracutaneously into four 
areas of shaved skin, one on each shoulder and one on 
each ear. In each area of shaved skin 0-2 mol. of 
vaccine was distributed into 5 or 6 injection sites so 
that injected amounts would be smali and would 
remain in the intracutaneous position. 

Virus inoculation was accomplished on the day of 
vaccination by applying a 1 per cent suspension of 
tissue from glycerinated papilloma of wild cottonteil 
rabbits to an area of 1-2 sq. om. of scarified skin on 
the right shoulder. The incubation period, rate of 
growth of the papilloma, and time of regression were 
essentially the same in vaccinated and unvaccinated 
rabbits. The only difference was in the proportion 
of tumours that regressed. 

As shown in Table 1, tumour regression-rates were 
substantially higher among vaccinated animals than 


Table 1, EFFHOT OF VACOLYATION ON THA PREQUENOY OF REGRESSIONS 
OF SHOPH PAPILLOMAS OF DONBSTIO RABBITS 


Vaccine * Regressions 
Animal group Tissue t Injeotion sitet No. Percentage 
Controls A3 0 — 20/05 80 
Controls BY 0 — 14/89 86 
Dual vaceme orude ane toes and skin 21/39 54 
— 
Single vaccine toes 9/11 82 
Single vaccine trypsinized toss and skin 8/11 73 


* A suspension of B. pertussis colls was Inaluded jn all vacoines. 

t ‘Orude’ » tissue was prepared by simple minoimg. 

t Toes = vaccine was bea bie into the pads of two toes of each 
of the four feet. Skm ection was made intracutaneously in 
both ears and both aa 

§ Acoumulated data from unvaccinated control animals in many 
earlier experiments 

{Four vaccine experiments are represented in this Table. In all 

riments simultaneous littermate controls were included. They 


expe 
comprise ‘Controls B’. 
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in those not vaccinated. The trypsinized tissue and 
the crude tissue prepared by simple mincing were both 
effective. Considerable variability ın results was seen 
in the groups given both vaccines. In one of four such 
experiments vaccination appeared to have no effect, 
since the tumours of only three of ten rabbits 
regressed. In reviewing the records of this experiment, 
it was noted that rabbits given the two kinds of 
vaccine constituted the last group of animals vac- 
cinated. It seems possible that the vaccine lost 
activity during the time required for the experiment 
to be completed. The stability of these vaccines is 
now under investigation. 

The present findings support the concept that the 
regression of Shope papillomas is mediated by an 
immune mechanism. It is further evident that failure 
of regression in most rabbits is not a consequence of 
inability to respond to adequate stimulation; and 
therefore, persistence of tumours is probably not due 
to enhancement. 

Pertussis vaccine was kindly suppled by Eli Lilly 
and Co., of Indianapolis, Indiana. Papillomas of 
cottontail rabbits were received from Mr. Earl 
Johnson of Rago, Kansas. This work was supported 
in part by a grant from the National Institutes of 
Health, U.S. Public Health Service, and by an 
Institutional Research Grant of the American Cancer 
Society to the University of Washington. 
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RADIOBIOLOGY 


Long-Term Effect of Total-Body 
X-irradiation on the Compensatory 
Hypertrophy of the Rat Kidney 
TEs long-term effect of a single, total-body X-irrad- 


iation on the size of the kidneys in the intact mouse 
has been studied by Kohn, Kallman, Bordjis and 
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De Ome’, Esnouf, Ord and Stocken’ and by Franklin’. 
All were agreed that the kidneys of irradiated male 
animals were smaller than those of the unexposed 
controls whereas those of the irradiated females were 
not appreciably different from the control vatues. 
The growth of the kidney in the adult rodent is 
normally slow, and it seemed of interest to determine 
whether a sub-lethal total-body X-irradiation had 
any long-term effect on the rapid renal growth 
induced by a unilateral nephrectomy. In the present, 
experiment white rats of the Wistar strain were used 
because of their greater convenience. 

Rats of both sexes were used and received 500 r. 
when about 8 weeks old. The irradiated animals 
together with unexposed controls were nephrectom- 
ized on the left side 3 months later. A longer interval 
was not practicable since the compensatory hyper- 
trophy is said to be considerably reduced after tho 
age of about 6 months‘. Following the operation, tho 
animals were maintained on 10 per cent sucrose for 24 
hr. and then returned to the normal diet. Three weeks 
later they were killed, since the size attained by the 
remaiming kidney ıs said to be maximal at this time’. 
The kidneys removed at operation and those remain- 
ing 3 weeks later were compared for dry weights, wet 
weights and the percentage increase in these values 
and also for the concentration of and total amount of 
deoxyribonucleic acid per kidney. The t-test was 
carried out where appropriate, and the results are set 
out in Table 1. The offects of irradiation on the rat 
kidneys removed at operation are similar to those 
observed by Eanouf et al. and Franklin in OBA mice 
since the weights of the kidneys from the irradiated 
male animals were significantly smaller than those 
from the control animals and the concentration of 
deoxyribonucleic acid (DNA) of the former group was 
higher than the control figure. In the female rats, 
however, the values for the kidneys from the irrad- 
iated and unexposed animals were not significantly 
different. Following unilateral nephrectomy the 
percentage increases in wet weights, dry weights and 
DNA contents were not significantly different in male 
rats, but in females, the weights of the kidneys after 
operation were different at a high level of significance. 
On the other hand, the increases in the DNA contents 
of the female kidneys were the same in both exposed 
arid control groups. 

Since the concentration of DNA in the remaining 
kidney was lower than that of the organ removed at 
operation in all groups, ıb seems likely that the 
increase in kidney size following unilateral nephrec- 


Table 1. KIDNEY WEIGHTS AND DNA VALUMS IN IRRADIATED AND CONTROL RATS BRYORH AND AFTHR COMPENSATORY HYPERTROPHY 


/ Resting * 


Controls | Irradiated 


g 
— 


Wet welght (mgm.) 

Dry weight — 

Forcen agt merease in wet ween 
Percentage increase in dry we 





DNA /10 mgm dry we ty 159 + 4 
DNA (mgrm./kidney) 8 68 + 0: 
Percentage Increase 1n DNA/Eidney — 

(24) 
Wet welght — 655 + 14 626 + 11 
Dry weight (mgm. 159 + 3 162 + 8 
Percentage increase in wet welght — — 
Percentage increase in dry ba — — 
DNA — mgm. dry weight} 147 + 8 161 + 2 
DNA (mgm. /kidn 2°34 + 021 2-80 + 013 


Percentage inoreaae in DNA/kidney = — 


© 

w@ 
to miem 
HH 
ea ta 

© 





Significance Post-operation 8 cance 
of difference of difference 
Controls Irradiated 

Not significant 
Not significant 
N P « 6-001 
Not significant P «œ 0-001 
— P < 0-01 
— P < QOL 
Not significant P < 0-01 
Not significant Not significant 


* That is, values for kidneys removed at operation. Figures im parentheses Indicate number of animals used, Results given are means + S.B. 
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tomy in this study was due partly to an increase in the 
size of the renal cells as well as to an increased 
number of cells as evidenced by a higher content of 
DNA in all cases. In the irradiated female, the con- 
centration of DNA fell less after operation than 16 did 
in the control. Since the increase in the total DNA was 
the same in both groups, it seems possible, therefore, 
that while prior irradiation of the female did not 
affect the increase in the number of cells in the 
remaining kidney, the increase in cell size was Bome- 
what reduced. The reason for the sex difference in the 
growth of the kidney after unilateral nephrectomy of 
uradiated animals is not yet apparent. It seems 
unlikely that the irradiation could have any direct, 
permanent effect on the increase in cell size in the 
female kidney. It may be that the rapid growth 
induced by the operation revealed some degree of 
hormone imbalance in the irradiated females which 
might have been responsible for a diminished rate of 
synthesis of extra-nuclear material in the renal cells of 
these animals. However, the full explanation of this 
effect of radiation awaits further investigation as 
must the now well-established sex difference in the 
weights of the kidneys of intact exposed and control 
animals 


I am grateful to the British Empire Cancer Cam- 
paign for financial support. T. J. 
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Radioactivity in Snail Shells due to 
Fall-out 


Tue snail, Helis pomatia, concentrates more 
calcium per unit body-weight in lesser time than most 
terrestrial animals, that is, 20-40 gm. calcium per 
kgm., about 650 per cent of which is deposited in the 
last summer season of the snail’s life and 25 per cent 
in the last but one. Eating mostly green parts of the 
higher plants of low calcium content, and moving 
about only on wet days, the snail is much exposed to 
radioactive fall-out and apt to build in along with the 
calcium any strontium present. ing that the 
shells would yield useful information about con- 
tamination due to strontium-90, specimens kindly 
supplied by P. Agécsy, Hungarian National Museum, 
Budapest, were investigated. 

Shells of adult animals collected alive, weighing 
2-5 gm., had an ash content (ashing at 600° C. for 
5 hr.) of 96-98 per cent containing 95-98 per cent 
calcium carbonate. 5 gm. of the ash along with 100 
mgm. strontium carbonate carrior was dissolved in 
nitric acid and the separation of strontium nitrate 
carried out by Koci’s method!. The strontium car- 
bonate obtained was quantitatively transferred to a 
planchet and assessed with a Geiger counter. The 
amount of strontium-90 was calculated from the 
growth curve of yttrium-80 and expressed as 
strontium-90-yttrium-80 uuo. per gm. calcium. 

` The results given in Table 1 are compatible with the 
values given for plants by many authors and 
especially by the report Stronivum-90 in Milk and 
Agricultural Materials in the United Kingdom, 1958- 
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Table 1. StTRONTIUM-90-—YTrRIUN-90 AOTIVITY IN SHBLLS OF 


Helix pomatia 
Year of Activity 
collection Site Type of soil ulen 
1900 Apsu ——— Limestone 0 
1960 ungary) Brown — soul on 


e8 ligh aan <6 
1961 Mi. Mátra (Hungary) Pale torent soli on gra 


ite — andesite low calcium 89 
1981 Szeged (Hungary) Sand, low calcium 28 
1860 Gyula (Hungary Acidic sand, very low 

iaeo calcium 03 


aE neutral soll, low 


ean) um 4 
1955 Zala district Brown neniral goii, low 
(Hungary) calcium <6 


The mean rainfall in Hungary is 80-35 in./year. 


19597, and the findings of Hawthorn and Duckworth 
on deer’s antlers*. The correlation between the type of 
soil and the strontium-90 activity of the shells is 
evident. 

It is hoped to extend this work on samples from 
different latitudes and climates and perhaps on shells 
of other species, as this material seems to be of special 
value for indication of the contamination by stron- 
tium-90 not only because of its high calcium content 
but also for the ease of its collection, conservation, and 
transport. ; E. Sénvr 

Institute of Nutrition, 

Budapest. 
1 Kool, J., Anal. Chem., 80, 532 (1958). 
3 A.R.O.R.L., No. 2 (H.ML8.0., London, 1960). 
* Hawthorn, J., and Duckworth, R. B., Nature, 182, 1204 (1968). 


Repair of Radiation Damage in a 
Nucleoprotein by Cysteamine 


CYSTEAMINE has been shown by Bacq et al.‘ to be a 
most effective substance for the protection of living 
matter against X- and related radiations. Jn vitro 
experiments have shown that cysteamine can protect 
macromolecules by a variety of different chemical 
reactions™?: by transfer of energy in the case of 
direct action®*, by competitive removal of OH- 
radicals in dilute aqueous solution® or by a repair 
mechanism*?, In the last reaction it is visualized 
that the initial radical formed in the macromolecule 
(RH)—either by direct or indirect action—-is restored 
to its original state by hydrogen transfer from the 
SH group, thus: 





direct — SH 
Ri Pn RH (repaired 
manen q macromolecule) 


undergoes further 
trreveraible changes 

While such ẹ& repair reaction is, strictly speaking, a 
post-irradiation phenomenon and therefore not true 
protection, the lifetime of R° is in most systems very 
short so that the repairing substance must be present 
during irradiation. 

Electron spin resonance has made it possible to 
determine in solid systems (that is, where the action 
of the radiation is direct) whether transfer of energy 
or repair is involved in protection. At the tempera- 
ture of liquid nitrogen (— 195° C.) certain energy- 
transfer processes still ocour, but the bimolecular 
chemical reaction required for repair cannot occur. 
If, therefore, the presence of cysteamine reduces the 
number of radicals seen in the electron spin resonance 
spectrum, when both the irradiation and the measure- 
ment is made at — 195° C., then transfer of energy 
can be deduced, as was found to be the case with 
bovine serum albumin, in the solid state. In dilute 
solutions there are indications that cysteamine 
protects by a repair mechanism’. 
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In this communication we re- Geos 
port evidence obtained by using SPERM HEADS rad | SPERM HEADS PLUS 5% CYSTEAMINE 


electron spin resonance which 
indicates that the prevention of 
radiation-induced cross-linking of 
herring sperm heads by cysteam- * 
ine occurs by a hydrogen trans- 
fer reaction. The herring sperm 
heads were prepared by plasmo- 
_ lysis of sperm and consist of 65 
per cent deoxyribonucleic acid 
and 35 per cent salmine®. The 
mixture of 95 per cent sperm b) 
heads plus 5 per cent cysteamine 
was produced by freeze-drying a 
solution. The samples were 
sealed under vacuum and irradi- 
ated with cobalt-60 y-rays (dose tc) 
= 107 rads, dose-rate = 6 x 
IOG rads/hr.) while cooled by 
liquid nitrogen. They were 
examined in a high-frequency 


—— 
20 GUS 


0'7 07 
0:4 0:35 
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Fig. 1. Electron spin resonance spectra of Irradiated sperm heads and of sperm heades plus 


i B 5 per cont oystcamine. Equal sample welghts were used. The spectra at — 105° O., were 
(400 ko./ 8.) magnetic field modul recorded at one sensitivity and the room tem ture spectra at another. The marker 
ation X-band spectrometer with represents the position of the a,a-diphenyl 8-plory] hydrazy]l resonance. a, At —196° C.; 


@& transmission cavity. All b, on w 
tra are given as the first de- 
rivative of the absorption intensity as a function of 
variation in magnetic field. Free radical concentra- 
tions were determined by numerical integration of the 
derivative curve and by comparison with a standard 
sample of a,a-dipheny! B-pieryl hydrazyl and are ex- 
pressed as Qrad., that is, the number of radicals pro- 
duced for every 100 eV. of absorbed y-ray energy. 
ine prevents the cross-linking by sparsely 

ionizing radiations of deoxyribonucleic acid in the 
nucleoprotein contained in salmon sperm heads*:® and 
Fig. 1 indicates that this protection is achieved by 
repair and not by energy transfer as in the case of the 
albumin. At — 195° C. cysteamine has no effect on 
the electron spin resonance spectrum produced by 
irradiation of dried sperm heads. The electron spin 
resonance spectrum from the sperm heads is that 
given by deoxyribonucleic acid alone’, and from this 
we have deduced that energy is transferred already 
at — 195° C. from the protein to the deoxyribonucleic 
acid moiety. On warming to room temperature the 
electron spin resonance signal immediately changes 
in appearance and then decays slowly. This decay is 
probably the result of radical recombination and this 
may be the reaction responsible for the formation of 
cross-links. In the presence of cysteamine the electron 
spin resonance signal, typical of deoxyribonucleic 
acid, decays more rapidly and is replaced by & new 
signal (indicated by the arrow in Fig. 1) clearly 
visible in the low field side of the spectrum. This 
new signal bears a very close resemblance to that 
obtained from sulphur radicals of the kind —-O—S8° 
(ref. 11). This type of spectrum has never been seen 
when deoxyribonucleic acid or sperm heads have been 
irradiated alone. 

These results indicate that the following series of 
reactions probably occurs. 





RE — f initial damage At —195° 0. 
R + RH -+ RH + R cal movement at room 
R + R -> R—E oross-link formation temperature 


R + -8SH -> RH + ~8- Tepair process 
where RH represente the sperm heads, and Æ is 
one or more species of radicals. 

By observing the build up of the —S: radicals, we 
are following the repair of the sperm heads. 

These ideas are supported by the observation! 
that in nucleoprotein energy migrates from the 


to room temp ; c, after 10‘ min. at room temperature 
protein to the deoxyribonucleic acid, which suggests 
that energy transfer away from deoxyribonucleic 
acid is unlikely to be involved in the protection of 
deoxyribonucleic acid in nucleoprotein by cyste- 
amine. Howard-Flanders! has shown other indica- 
tions that the reduction by cysteamine of the inactiva-_ 
tion of phage by X-rays is of the repair type. Repair 
or hydrogen transfer is not confined to compounds 
containing SH groups, and OH and NH, groups can 
also react In this way though at slower rates. It is 
possible, therefore, that repair also plays a part in the 
protective action of compounds containing OH and 
NH, groups (cf. ref. 2). 

This investigation was supported by grants to the 
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National Cancer Institute of the National Institutes 
of Health, U.S. Public Health Service. 
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Copper-levels in the Milk of a Marsupial 


Ir has been shown that there is a seasonal ansmia, 
during the summer months, in a wild population of 
the quokka Setonix brachyurus Quoy and Gaimard, 
on Rottnest Island, Western Australa?-*, During an 
investigation of the possibility that copper deficiency 
was involved in the seasonal anæmia, 1t was observed 
that, in the spring (October) of 1958, female quokkas 
had lower hemoglobin-levels than did males, in two 
study areas (West End and Lake Bagdad) on the 
island. At the same time, female quokkas in tho 
Lake Bagdad area had significantly lower coppor-levela 
in their blood than did males in the same locality. 
At other times of the year, there were no differences 
between the sexes in hæmoglobin- or copper-levels in 
the blood*. It was thought that the sex difference in 
copper-levels in the blood during the spring could be 
attributed to the fact that, at this season, the females 
are suckling large pouch young. In November, the 
young leave the pouch permanently, and feed mainly 
on solid food. 

To determine copper-levels in milk at this time of 
the year, 25 lactating female quokkas (13 from West 
Kind, 12 from Lake Bagdad) were captured on two 
occasions at the end of September and October 1959. 
All these animals had large pouch young which 
wore separated from their mothers overnight. Milk 
samples were collected on the following morning by 
manipulation of the functional mammary gland and 
_ nipple. At the same time, a blood sample was collected 
from each quokka by cardiac puncture. All samples 
were analysed for copper by the method of Eden and 
Green}. 

The copper-levels in the mik ranged from 0-13 
ugm./ml. to 1-46 ugm./ml. and were, in all but two 
cases, higher than the copper-level in the blood of the 
same animel. There was a significant correlation 
between the copper-levels in the milk and the blood. 
Tho results are presented in Fig. 1. 
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The high levels of copper in the mulk of this species 
aro worthy of note. Mamtenance of these levels could 
impose sufficient strain on the copper reserves of the 
females, after a prolonged period of lactation, to be 
responsible for the low levels of copper in the blood 
observed ın the spring. The differences between 
females from the two areas were probably due to 
different factors operating in the two areas, since 
copper-levels in the blood of Lake Bagdad quokkas 
were usually lower than those in West End quokkas*. 

In an investigation on the sheep and cow, Beck‘ 
found that in both species the copper-levels of the 
milk were dependent on the levels of copper intake, 
and in the sheep, on the stage of lactation. Sheep and 
cows kept on diet low in copper had lower copper- 
levels in their milk, while sheep with a constant 
copper intake showed a gradual decrease of copper- 
levols in their milk during lactation. There was no 
relationship between copper-levels in the blood and 
milk of the same animals, but copper-levela in the 
milk were always lower than copper-levels in the 
blood of both species. The results from the quokka 
indicate that this animal, unlike the sheep and cow, 
but like the rat’, can concentrate copper in the milk. 
More comprehensive data are required to determine 
whether there is a relationship betwoen copper-levels 
in the milk and the stage of lactation in the quokka. 

The work reported is part of a programme on 
marsupial research under the direction of Dr. A. R. 
Main, financed by grants from the Rockefeller 
Foundation, Commonwealth Scientific and Industrial 
Research Organization and the University of Western 
Australia Research Grants Committoe. 


S. BARKER 


Zoology Department, 
University of Western Australia. 
1Shield, J. W., thesis (Umversity of Western Australia, 1958). 
2 Barker, 8., thems (University of Western Australia, 1960). 
*Eden, A., and Green, H. H., Blochem. J., 34, 1202 (1940). 
‘Beck, A. B., Austral. J. Hap. Biol. Med. Sci., 18, 145 (1941), 
s Gox, W. M., and Mueller, A. J., J. Nutruion, 18, 249 (1937). 


Effects of X-rays on the Rat Embryo 
during Mesoderm Formation 


SHVERAL investigators!-" have shown that X-rays 
are an excellent tool in experimental j 
embryology. 

Wilson? and Hickst have shown that irradiation. 
on the ninth day of rat pregnancy elicits a high 
Incidence of malformation, while earlier stages do 
not respond by developmental abnormalities. Russel? 
found similar data in mice, but the onset of responses 
by abnormal development had occurred earlier and 
not so clearly defined as in the rat. On the other 
hand, Rugh et al.**11 has recently shown that mal- 
formation may be produced by irradiating any early 
stage of mouse development. 

Being faced with these partly inconsistent data and 
bearing in mind the well-established fast that the 
eighth and ninth days of pregnancy in rat are critical 
from the morphological!*13 (onset of invagination) 
and the physiological points of view, we have thought . 
it useful to repeat some of the experiments mentioned 
here. Our purpose was to analyse in detail the reac- 
tions of the rat embryo before, and during, the 
mesoderm formation so far as the percentage of 
resorption, the beginning of incidence of malforma- 
tions and the immediate effect of irradiation - were 
concerned. 
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Table 1 

Day of 

wradia- No. of No. of irradiated emb Qontrol 
tion females Normal Malformed jiret Normal Reeorbed 
7 ii 88 0 11 38 5 
7-5 8 22 1 9 81 
8 9 24 0 £0 $4 8 
8°5 10 9 7 80 17 
9 10 2 28 28 $2 6 
9-5 li 15 4 21 40 6 
16 19 80 6 10 38 7 


Seven series of fomale albino rats (of our own 
strain) between the seventh and tenth day of preg- 
nancy were used, the difference between two series 
being 12 hr. of gestation. The method devised by 
Wilson! was used; the ventral abdominal wall was 
opened and some embryos of the right uterine horn 
were irradiated. The other horn and the mother were 
shielded by lead plates. In all, 330 implantation sites 
wero irradiated. Only one dose of 100 r. was given at a 
single exposure to the unshielded embryos (85 kVp., 
10 m.amp., 1:0 mm. aluminium). The shielded 
embryos served as control. Al rats were killed on 
the fifteenth day of pregnancy. 

From Table 1 and Fig. 1 it is readily seen that the 
incidence of resorption shows a peak on day 8:5. 

The number of resorbed embryos irradiated on the 
seventh day was not significantly greater than that of 
controls, while on day 8-5 and 9 the difference was 
significant (x! = 24; P < 0-01;x* = 5; P < 0:08). 
The death-rate of irradiated embryos on day 8-5 is 
significantly greater than on day 7 (x? = 9:7; 
P < 0-01). In order to exclude a technical error as 
the cause of this high death-rate, this series was 
repeated and almost the same number of resorbed 
embryos was obtained (82-5 per cent and 75 per cent). 

Russel’, on the other hand, has shown that the 
radiosensitivity decreases with age of pregnancy in 
mice, whereas Wilson ef al.1 have some data similar 
to our own, if less clearly defined. The malformations 
were produced: following irradiation of the stages 
before the ninth day of pregnancy. The control series 
showed no malformation at all. As to the kind of 
malformations, excencephalia was never observed!®, 
but different kinds of well-known abnormalities of 
the head were noted. 

Whether the high incidence of resorption after 
irradiation on day 8:5 is caused by a relatively great 
number of mitoses during the onset of invagination 
or by differential sensitivity of cells will be the subject 
of future investigations. 

Cytological analysis of the immediate effect of 
X-rays had shown that 3 hr. after irradiation there 
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Fig. A, Inoldence of death, irradiated embryos; B, incidence 
of death, control embryos; O, incidence of of abnormalities 
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were only a few irregular mitoses, the remaining cells 
being normal. After 6 hr. of irradiation many man 
cells were already visible. Having regard to this 
fact we may be inclined to suppose — this dosage 
acts on the cells in mitosis. 

Summarizing, we may state that during the early 
stages of the mesoderm formation in rat, there is a 
great increase of resorption following irradiation. 
Contrary to other data available on the rat embryo, 
there is no definite onset of incidence of malforma- 
tions. 

N. Sxrzs 
N. Brari6 


Institute of Biology, 
Faculty of Medicine, Zagreb, 
Yugoslavia. 
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Formation of the Scab and the Rate of 
Epithelization of Superficial Wounds in 
the Skin of the Young Domestic Pig 


Wuere there is & superficial wound in the skin, 
new epidermis covers the denuded area by migration 
from the hair follicles and sweat gland ducts within 
the wound and from the surface epidermis at the 
wound edges. It has been found that epithelization 
is retarded by the dry scab which normally covers 
a superficial wound, and if the formation of the scab 
is prevented, the rate of epithelization is markedly 
inoreased. 

These observations are derived from investigations 
on wound healing in the akin of pedigree Large White 
pigs 12-14 weeks old, fed on a standard diet without 
antibiotic. The experimental wounds were made with 
a sharp scalpel under surgically clean conditions. 
The wounds were 2-5 cm. square and 0:01-0:03 cm. 
deep. All surface epidermis and the papillary layer 
of the dermis were removed. Wounds were protected 
by & cage worn on the pig’s back, so that no acoidental 
damage was done to them. 

To study the effects of keeping the wound surface 
moist, wounds were covered with polythene film. In 
all experiments control wounds were made on the 
same animal and were left exposed to the sir. 

The total area, of regenerated epidermis on each 
wound was estimated from serial sections. Every 
fifth section ın a series cut at lOp was examined at 
x 80 magnification and the separate lengths of 
regenerated epidermis and the total lengths of the 
sections were measured to within 0-01 mm. 

The results of one such experiment are presented 
in Table 1. This experiment ed that moist 
wounds were epithelialized more rapidly than dry 
wounds. To confirm this suggestion, the experiment 
was repeated on a second pig, taking biopsy speci- 
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OM UNDER NORMAL (DRY) AND EXPERIMENTAL 
CALOIST) CONDITIONS 


¢ Totallength Total length of 


wound of — section examined Percentage of 
(mm. x 1073) (mm, x 10-4) epidermis 
Wounds 
y t 1,608 71,479 2 
3 days 7 26,212 77,001 84 
5 days 8 —— 77,504 72 
days 9 7,9 8,075 100 
is at 9 and 11 daya 100 
Moist wounds 
1 day 11,327 64,405 18 
3 days 8 ee 78,004 98 
5 days 71,721 71,721 100 
Stas ce 7, 9 and 11 days 100 
Pig 48. Superfiolal wounds, 2-5 cm." Skin depflated with w 
3 days before wound making. é wounds, no dressi (aS wounds 


covered with polythene film (mogt), a , paced alternately 
at 10u, every fifth section measur 


Table 2. EYITHELIZATION UNDER NORMAL (DRY) AND EXPRRIMBNTAL 
(MOIST) CONDITIONS 


Total length Total length of 











Time Wound of muan section examined Percentage of 
(mom. x 10?) (mm. x 10?) epidermis 
wounds 
ye 8 59,481 102,865 58 
5 32,940 81,685 40 
6 28, 70,060 
8 24,892 66,119 
9 23,282 65,1 86 
12 30,254 90,756 83 
Total (6 wounds) 194,628 476,608 41 (407) 
Moist wounds 
3 days 1 83,804 84,410 99 
2 87,120 87,120 100 
4 106,804 6,902 100 
7 101,862 101,574 100 
10 78,045 79,089 90 
11 71,567 70,434 94 
Total (6 wounds) 528,892 535,529 23, (987) 
Pig 47. Buperdoiul wounds, 2-5 om a. — y lipped abo PETEN 
immediately before — making. 6 
6 wounds covered wi Be Boyne Un i film aoe). distributed Ate fet 
dom. Serial SOONE. at 19u, every fifth section measured, 


Table 8 '? TEST OF SIGNIFICANCE, DIPFERENOB BREYWEBN DRY 
AND MOIST WOUNDS, DATA 4S IN TABLE 2 

Total length dry 8 32- 6 14 1 4 

of epiderms moist 6 88-1 18-6 6 870 < 0-001 


mens from all the wounds at three days (Table 2). 
There was only about half as much new epidermis 
under the normal dry scab as under the polythene 
film. The difference is statistically highly significant 
(Table 3). 

The conclusion from these experiments is that when 
superficial wounds in the skin of young domestic 
pigs are kept moist under cover of a relatively inert 
and impermeable film, epithelization of the denuded 
surface is about twice as rapid as on wounds exposed 
to the air. 

The explanation for this large difference in the 
rate of epithelization can be deduced from the 
histology of the wounds. Normally, when no dress- 
ing is used, and the wound is freely exposed to the 
air, the wound is covered by @ dry, serous scab 
within 24 br. Within the dermis under the wound, 
extravasated polymorphonuclear leucocytes migrate 
upwards and accumulate within the fibrous tissue 
immediately below the wound surface. Migration of 
epidermis from hair follicles and the wound edges 
has just begun at 24 hr. The moving sheet of epidermal 
cells passes through the fibrous tissue below the leuco- 
cytic layer. Therefore æ superficial layer of the 
fibrous tissue of the dermis is included in the scab, 
and the original wound surface lies within the scab 
above the new epidermis. On the other hand, when 
the’ wound is kept moist under a polythene film, 
epidermis migrates through the serous exudate on 
the wound surface above the fibrous tissue of the 
dermis. A normal scab including fibrous tissue is 
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not formed, and leucocytes migrate out of the dermis 
into the exudate. In contrast to the normal dry 
wound, the original wound surface 1s below the new 
epidermis. 

From the experiments described, it appears that 
where there 1s a superficial wound in the skin a part 
of the dermis is dehydrated by exposure. The 
regenerating epidermis migrates along the outermost 
level, which is sufficiently moist for the life of the cells, 
below the dehydrated layer of the dermis. Leuco- 
cytes are trapped at the surface of the dermis because 
they are unable to move through the dry tissue. The 
normal scab prevents the ingress of dirt and mucro- 
organisms and protects the delicate cells of the new 
epidermis from dehydration. It is formed, however, 
at the expense of some dermal tissue, and the rate of 
epidermal migration is less than the potential maxi- 
mum. Migration is impeded by the bundles of collagen 
in the path of the epidermal cells. 

It is interesting to inquire how the epidermis is 
able to pass through the fibrous bundles. There is 
no histological evidence that a layer of separation 
develops between the leucocytic layer and the under- 
lying tissue. The fibres remain apparently intact 
between the dermis and the leucocytic layer up to 
the very edge of the advancing sheet of epidermis. 
Possibly the epidermal cells push through the collagen, 
the fibres bemg weakened by altered physical con- 
ditions at this level, or the collagen is dissolved 
locally by an enzyme secreted by the epidermal cells 
themselves, or by the leucocytes. 

The demonstration that a sumple change in physical 
conditions at the wound surface can have such a 
marked effect on the rate of epithelization has an 
important bearing on experimental methods in wound. 
healing. Jt would be unwise to draw conclusions about 
the specific effects of various substances on the rate 
of wound healing, where the results may be com- 
plicated by occluson of the wound, for example, by 
dressings or greasy bases. There is histological 
evidence, too, that the effects of keeping the wound 
surface moist extend beyond the phase of epitheliza- 
tion. The new connective tissue under the regen- 
erated epidermis appeais earlier than normal, 
suggesting that the stimulus for its production is 
linked with the presence of epidermis. It is hoped 
to report more fully on these observations in due 
course. 

I wish to thank Dr. John T. Scales for making this 
work possible, Prof. W. 8. Bullough for his advice 
and encouragement, Dr. A. McPherson for advice 
on the statistical analysis and Mrs. 8. E. Barnett for 
assistance. The investigation is assisted by grants 
from the Medical Research Council and Messrs. 
Courtaulds, Ltd. i 
Grorer D. WINTER 
Department of Biomechanics 

and Surgical Materials, 

Institute of Orthopaedics 

(University of London), 

Stanmore, Middlesex. 


A Pair of Compatible Strains of Absidia 
glauca which has become Heterogamous ¢ 
in Culture 


A PAIE of compatible (‘plus’ and ‘minus’) strains of 
the heterothallic mould Absidia glauca which had 
already been maintained for some years in the culture 
collection of the Department of Botany of the Imperial 
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he la-e. Stagea in development of ay Roeporee of a heterogamous 


of strains of Absidia glausa. and — indicate parent 
mycelium of ‘plus’ and ‘minus’ — respectively. P, Pro- 
gametangium; G, gametangium; S, suspensor cell; B, bristles 


College of Science and Technology, London, was first 
observed by me in the autumn of 1932. At that time 
the strains, when mated on a suitable medium, 
produced numerous zygospores of typical form, in 
other words, the gametangia were equal ih size and 
both suspensors bore the characteristic curved 
bristles. By 1945 the number of bristles produced by 
the suspensor cella of the ‘minus’ strain was much 
fewer than the number produced by the ‘plus’ strain. 
At the time of writing the ‘minus’ strain produces 
only small gametangia, the suspensors of which bear 
few (Fig. 1 c) or no bristles (Fig. 1 a, 6. d, e). The 
zygospores, which are still formed freely, resemble 
those of the homothallic Abstdia spinosa. The 
conjugating progametangia are unequal in size from 
an early stage of development (Fig. 1 a). Unfor- 
tunately no camera lucida drawings of these strains in 
the original isogamous condition are available. It is 
clear, however, that a change from an isogamous 
condition to a heterogamous one has occurred. 
L. E. HAWKER 

Department of Botany, l 

University of Bristol. 


Movement of Spores of Pithomyces 
chartarum on Leaves of Rye-grass 


Pithomyces chartarum (Berk and Curt.) M. B. Ellis, 
the fungus associated with the disease known in 
New Zealand as ‘facial eczema’', sporulates abun- 
dantly under suiteble environmental conditions on 
litter in the pastures. The spores are found in large 
numbers on green leaves during periods when pastures 
are toxic to grazing animals. In. this ——— they 
may be ingested with the forage. 

It has been assumed that the — after release 
from the litter, are carried to the leafage by air 
currents and animal movement or by water-splash. 
Another method of spore dispersal, which can be 
readily demonstrated, is suggested. It had been 
observed, by one of us (W. E. C.) that the spore masses 
of the fungus, which are difficult to wet with water, 
would run up @ continuous water film on a clean glass 
column. This is a surface tension effect. It has been 
found that when spore masses produced on grass 
litter are placed at.the bases of perennial rye-grass 
shoots, which after rain support a continuous film of 
water on the glossy abaxial surface, the spores travel 
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up the leaf for a distance of 2-5 mm. It is not easy to 
produce this continuous film of moisture on the 
abaxial surface of rye-grass leaves by immersing in 
or spraying with distilled water. Further move- 
ment upward of spores resulta when drops of water 
applied to the tips of the leaves run down the abaxial 
surface. When the leaves dry the spores remain in 
position and further drops of water applied to the leaf 
tips do not dislodge them. 

So far as we have been able to ascertain, spores do ` 
not migrate in this manner on the abaxial leaf 
surface of rye-grass. This 1s apparently because the 
ribbed and dull abaxial surface will not support a 
continuous film of moisture. This method of spore 
movement is being investigated more fully on other 
pasture species. 

W. E. CRAWLEY 
A. G. CAMPBELL 
J. Drew Ss0TH 


Ruakura Animal Research Station, 
Department of Agriculture, 
Hamilton, New-Zealand. : 
2 Thornton, B. EL, and Percival, J. O., Nature, 188, 68 (1959). 


Phosphorus Fixation in Mangrove Swamp 
Muds 


Ir is generally accepted that much of the beneficial 
effect of phosphate applied to sous is due to fixation 
of aluminium. During a recent examination of mud 
from a mangrove swamp in Sierra Leone it was found 
that despite a high (5 per cent) dilute acid-extractable 
aluminium content, there was practically no alumin- 
ium-bound phosphorus. This was true even in cases 
where added calcium phosphate had been immobilized 
in the mud. This finding has led to a detailed investi- 
gation into the phosphorus relationships existing in 
the mud. 

The distribution of phosphorus in the mud is shown 
in Table 1, from which it can be seen that 87 per cent 
of the total phosphorus is in organic combination and 
that the remainder is almost entirely in association 
with iron and calcium. Tho swamp muds are oom- 
paratively unweathered ; thus, the absence of occluded 
forms of phosphorus is not surprising. 


Table 1. DISTRIBUTION OP PHOSPHORUS IN A MARGROVE SWAMP Mup * 


: p.D.m. phosphorus 
(oven-dry basis) 
Water-soluble phosphorus 2 
Aluminium phosphate 
Tron phosphate 29 
Calcium phosphate 25 
Radactant iron phosphate nil 
Ocoluded aluminium phosphate 6 
Organic phosphorus 485 


* Measured by the method of Chang and Jackson (ref. 1} 


The results of mcoubation experiments have shown 
that inorganic phosphorus mineralized from the 
organic fraction appears in association with iron and 
to a lesser extent with calcium, but never as alumin- 
ium phosphate. The only time aluminium phosphate 
increased in concentration was when the mud was 
incubated serobically in the presence of caloium 
carbonate. 

The fixation of inorganic phosphorus by the freah 
and dried.mud is shown in Fig. 1 and is an extromely 
rapid process. Equilibrium was almost attained 
within 30 min. and considerable fixation had occurred 
within 5 min. The difference in amount of phosphorus 
fixed in 30 min. and 30 days was negligible. 
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0,080 43,200 
à wk.) (1 mth.) 


5 15 30 680 120 1,440 
(24 hr.) 
Log time (min.}) 


1. Adsorption of inorganic phosphorus by — swamp 
mud. x, Dried mud; @, fresh m 


The changes in forms of phosphorus were followed 
by analysis during the time that the muds wero in 
contact with excess avaiable phosphorus, and a 
similar investigation was made using muds washed 
free from excess soluble phosphorus after 24 hr. 
contact. The results, so far as they apply to alumin- 
1um and iron in pre-dried mud, are depicted in Fig. 2. 
In every case where excess soluble phosphorus was 
not continuously present there occurred a loss of 
aluminium phosphate with time, whereas iron phos- 
phate increased in concentration. In the presence of 
excess soluble phosphorus the iron and aluminium 
phosphates remained constant in amount after their 
initial increase. 


500 


8 


S 


8 


P.p.m of phosphorus in mud 
(oven-dry basis) 





0 1 7 80 
Days 


. 2. Changes in iron and aluminium phosphates in dried 
mai ve swamp mud. Excess soluble phosphorus added; 
nous lines show changes when the axceas soluble phosphorus 
hes been washed out after 24 hr., and dotted lines show 
when excess soluble phosphorus ig always present. x, FePoO,; 
’ 4 


When calcium phosphate was added to the mud at 
the lower and more practical rate of 20 p.p.m. 
phosphorus (about 3 cwt. ‘supers’ per acre), the 
aluminium phosphate, after an initial increase, 
decreased again within 30 days to 1te original value. 

Thus, the absence of aluminium-bound phosphorus 
in the mangrove muds appears to be due to s transfer 
to iron of any phosphorus which may have been 
acquired by aluminium. 

Figures reported from British Guiana (H. Greene, 
private communication) show very high contents of 
soluble aluminium in the coastal swamps and often 
this aluminium has proved to be non-toxic to rice 
crops. The corresponding swamps in Sierra Leone 
contain much oxidizable sulphur, and the intense 
acidity produced liberates aluminium which, together 
with the low pH values, have been considered respon- 
sible for the poor growth of rice in empoldered swamps. 
It would now appear that the beneficial effect of 
phosphorus fertilizers on the muds is probably not 
due to fixation of aluminium ions, and thus it is 
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possible that the aluminium in coastal swamps is in 
some form non-toxic to plants. 

The transfer of phosphorus from sluminium to 
iron has also been found by Yuan et al.* to take place 
in acid, sandy soils and they consider this to be due 
to the lower solubility product of iron phosphate. 


P. R. HESSE 


West African Rice Research Station, 
Rokupr, Sierra Leone. 


1 Chang, 8. 0O., and Jackson, M. L., Set? Sei., 84, 188 (1957). 


t Yuan, T. L ‘Robertson, W. K., and Neller, J. R., Sou Sot. Sos, Amer. 
Pros., 24, 447 (1060). 


MICROBIOLOGY 


Transformation to Prototrophic Condition 
in Escherichia coli induced by Deoxy- 
ribonucleic Acid 


Since the demonstration by Avery et al. of 
type transformation induced in Pnewmococcus by 
deoxyribonucleic acid (DNA) several markers have 
been used to study the phenomenon in bacteria 
including drug resistance’, protein specificity®, and 
colony morphology‘. Chargaff et al.: have demonstra- 
ted “redintegration”’, a process of rehabilitation in 
the protoplasts of a lysine-requiring mutant of 
Escherichia col. In the present work it has been 
demonstrated that a biologically active DNA prepa- 
ration can be readily obtained from the cells of 
Hscherschia cols and that intact cells can act as 
recipients of this material and undergo transforma- 
tion. 

Escherichia cols (McLeod’s) was taken as the donor 
strain and Hsechertchta col, methionine/vitamin B12 
auxotroph 113-3 of Davis* as the recipient strain. 
DNA was isolated from the donor strain by the 
method of McCarty and Avery’. The DNA prepara- 
tion thus obtained, when preserved under 95 per cent 
ethano! at 4° O., was found to be stable for as long as 
one year. The DNA preparation was found to be 
devoid of vitamin B12 activity when assayed by the 
Euglena gracths assay method’. 

The mutant strain was grown at 30° C., in the salts— 
glucose medium of Green and Sevag* containing 
optimal methionine concentration (60 ygm.fml.). 
Equal amounte of inoculum (10° cells/ml.) in the early 
logarithmic phase of growth (after approximately 
34 hr. growth) was introduced into four tubes oon- 
taming optimal concentration of methionine and/or 
DNA preparation dissolved in saline as indicated in 
Table 1, and the oulture further incubated for 14 hr. 
The cells were then centrifuged, washed twice with, 
and suspended in, basal medium. The number of 
converted cells was obtained by counting the colonies 
formed after 24 hr. incubation on minimal agar 
lacking methionine. The total number of recipient 
cells was determined by plating on minimal agar to 
which methionine was added in optimal concentra- 


Table 1. TRANSFORMING ACTIVITY OF THOT ROPE DNA IN 
Escherichia coli — EI VCA ITH B12 MUTANT 
Viable cells per mL 
No. Methionine DNA + Methionine — Methionine 
1 s — 21 x 10* nil 
2 ~ + 85 x 108 2-0 x 10° 
8 + _ 40 x 107 1-1 x 10° 
4 + + 26 x 107 2-6 x 105 
Methionine and DNA, wherever added, were at 50 and 6 ugm. jml 
of organo Viable count was carried o — = — composed 
of ino o salts and cose containing 2 t agar. A con 
vee kept in each case to find out the aabo ofn rect iong cells with 
medium containing S Tahioni in optimal concentra 
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tion. The results are reproducible so long as the cells 
are in proper conditions of growth. The biological 
activity of this DNA preparation was found to be 
destroyed by the action of DNase. 

It is evident that the methionme mutant, on 
exposure to DNA of the wild strain, acquires growth 
characteristics of the wild-type and that it no longer 
requires methionine or vitamin B12 for its normal 
growth. A similar DNA preparation obtained from 
the mutant itself under the same experimental con- 
ditions induces no alteration in the genetic pattern of 
the mutant cells. The nutritional independence thus 

j was retained by the converted organism 
throughout repeated subculturing in the minimal 
medium lacking methionine. The mutant strain has 
been found to be quite stable in our experience for 
more than ten years. It is therefore unlikely that this 
is a case of selection rather than transformation. The 
few cells found to survive on basal medium (No. 3, 
Table 1) may possibly be as a result of carry-over of 
methionine. 

Vitamin B12 content and methionine synthesizing 
activity of the wild, mutant and transformed cells 
have been found to be comparable. 
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VIROLOGY 


Some Factors mene A Thermal 
Stability of Mengo Virus 


THERMAL inactivation of the Ool SK strain of 
encephalomyocarditis virus has been studied by 
Bourdillon!. The rapid deterioration of several strains 
of encephalomyocarditis virus at high dilution in 
isotonic sodium chioride*“ but stability in distilled 
water?* or concentrated sodium chloride* has led to 
re-investigation of the thermal stability of the Mengo 
strain of encephalomyocarditis virus in several such 
‘unphysiological’ diluents, using procedures deseribed 
in a previous report. 

Mengo virus prepared from infected mouse brain 
was serially diluted ten-fold in one of the solutions 
under investigation and assayed for infectivity by 
intraperitoneal inoculation of groups of 5 Swiss 
Webster mice per dilution. Tho serial dilutions were 
then incubated for 2 hr. in a thermostatted water bath 
maintained at 40°-65° C. After incubation the serial 
dilutions were again assayed for infectivity. 

Such preparations of Mengo virus wero relatively 
stable after incubation for 2 hr. in distilled water or 
1 M sodium chloride at temperatures up to 45° C. 
(Fig. 1). At higher temperatures there was a gradual 


NATURE 


297 


7 


LDi ( — 1081) 
[ 


«16 
40 45 50 55 60 
Temperature of incubation (° 0.) 
Fig. 1. Infectivity of Mengo virus serially diluted in distilled 


(@) or 1 Mf sodium ohljoride (O), moubated for 2 br. and 
then asasyed by intraperitoneal mouse inoculation. Pre-incubation 
intraperitoneal MIL.D,,/0-05 ml. was 10-"° 


loss of infectivity when diluted in distilled water. In 
0-15 M sodium dihydrogen phosphate or disodium 
hydrogen phosphate results were similar to those 
obtained in distilled water except that above 45° C. 
there was consistently greater inactivation in the 
more alkaline disodium hydrogen phosphate. In 
contrast, when diluted in 1 M sodium chloride there 
was persistence of a high level of infectivity after 
incubation up to 66°, and an abrupt loss at higher 
temperatures. In 2 M sodium chloride some infec- 
tivity was demonstrable after 2 hr. at 64° C., but in 
unbuffered solutions the resulta of mouse titrations 
were erratic after incubation at such high tempera- 
tures. Higher concentrations of sodium chloride were 
less effective in preserving infectivity than 2 M. A 
stabilizing effect of 2 M sodium chloride on Mengo 
virus and poliovirus at 56° C. was also shown when 
they were incubated at low dilution and then assayed 
by further serial dilution in an appropriate isotonic 
medium‘, indicating that this effect of hypertonic 
sodium chloride is on the virus rather than on the 
sensitivity of assay. 

Several salts and non-electrolytes in concentrations 
of 0-2-2 M were used as diluents for incubation for 
2 hr. at 56° C. (Table 1). Of interest is the absence of 
detectable infectivity after incubation in any of the 
diluents at 0-2 M concentration. The lack of infec- 
tivity after incubation in 0-5 M halogen salts may be 
related to their deleterious effect on this virus in lesser 
concentration at 37° (ref. 4). 

Despite high levels of infectivity in urea before 
incubation no infectivity was demonstrable after 
incubation at 56° C. in any of the concentrations 
tested. However, the persistence of some infectivity 


Table 1. Mexao VIRUS SERIALLY DILUTED IN Dirrgnunt BALTS 

AND NON-RLEBOTROLYTES AT (2-2 Af CONORNTRATION, AND ASSAYED 

FOR INTRAPMRITORBAL LETHALITY IN MICH BEFORE AND AFTER 
JNOUBATION FOR 2 HR. AT 56° O, 


Preincubation titres are given as the arithmetic mean and rang- 
for the four concentrations tested. Numbers refer to —log,, intrae 


peritoneal MLD,,/0-05 mL 
Post-incubation titre 

Diluent Pre-insubation Diluent 

titre MH Oh M 1M 2 #¥ 
Nacl 6-0 + 06 @1°5 1-5 4'4 4b 
KOL 67 + O7 @1'5 15 8-6 4% 
NaBr 60 +06 €1-5 1:5 4-4 8-4 
NaNO 6-0 + 02 @1°5 4-6 4°8 8-5 
NaH. FO, 5-5 E07 €15 3-4 43 4-5 
KH,PO, 6-0 + O65 21-6 8-8 4.4 $ 
K,HPO, 68 + 01 “16 #15 €1°5 + 
Urea 70 + O06 @15 165 1:6 € 1-5 
Glucose 70+06 21:5 2-6 8-6 45 
Glycerol 70 +02 €168 26 24 2.6 

* Insoluble. 
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glycerol indicates that concentrated 

may have some stabilizing effect. 

.\ of potassium dihydrogen phosphate 

«ity for mice of dipotassium hydrogen phos- 

suste at high concentration prevented further work 

with these diluents using this method; however, 

other experiments suggest that high pH may be in 

part responsible for the absence of infectivity follow- 

incubation in 0-5 M and 1 M concentrations of 
the dibasic salt. 

This work has been supported in part by a grant 
from the National Cancer Institute, U.S. Public 
Health Service. We gratefully acknowledge the 
advice and encouragement of Dr. C. M. Southam. 
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Neoplasms and Hzmorrhagic Disease 
induced in Adult Hamsters with Polyoma 
Virus 


FoLLoOwInG experiments by Gross! dnd others, it is 
generally accepted that oncogenic viruses are espec- 
ially active when inoculated in new-born or suckling 
animals. Stewart, Eddy ef al." produced a wide 
range of malignancies by moculating polyoma virus 
m new-born or very young mice, hamsters and rats. 
One of the possible explanations of the high recep- 
tivity of anzymals during the perinatal age is absence 
of mature, immunologically competent cells. Accord- 
ingly, we tried, as did Defendi and Koprowski‘, to 
protect sucklmg hamsters against virus action by 
simultaneous inoculation of homologous, mature 
lymph node and spleen cells. Im our hands this 
procedure was without effect. Consequently we 
attempted to verify in a series of experiments whether 
adult hamsters actually respond to the action of the 
polyoma virus. 

A total of 47, 4-6 months old, male and female 
Syrian hamsters were inoculated simultaneously by 
intraperitoneal and subcutaneous routes with virus 
suspensions containing 480-20,000 hemagglutinating 
units of the virus. The SE polyoma strain? was used. 
However, most of the animals (45-47) were moculated 
with one or the other of two clonal substrains derived 
from the SH polyoma virus and obtained previously‘. 

Only 6 hamsters survived more than 220 days after 
virus inoculation without any evidence of disease. 
Thirteen animals were killed between the 34th and the 
149th day after inoculation. Twelve of them showed 
legions evidently due to the polyoma virus. In 28 
animals, dead between the 23rd and the 217th day 
after mooculation, 26 revealed similarly characteristic 
polyoma lesions as outlined in Table 1. 

If the 6 surviving and the 2 accidental deaths in 
hamsters (without speorfic lesions) are eliminated, the 
remaining 39 autopsied animals showed the macro- 
and mioro-scopic histological lesions indicated in 
Table 1. 

The destructive and necrotic character of the 
hsmorrhagic lesions prevailed in most of the cases, 
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Table 1 
Type of lestons No. of hamsters 
Fatal — hemorrhage 16/88 
— hen — ) nodules in the li 38 ise 
Hemorrhage (hemangioma tous m the liver 9 
Hæmorrhage nodules in the lungs 21/38 
Hemorrhagic lesions in the Idney 15/89 
Hemorrhagic lesions In the myocardium 7189 
Suboutancous and intraperitoneal sarcomas 16/80 


but occasionally proliferative reaction of the vascular 
endothelium of hremangiomatous type could be 
observed, especially in the liver and in the lungs. 

The tumours were of rather uniform fibro- or 
reticulo-sarcomatous type and strictly limited to 
subcutaneous or intraperitoneal sites. We have never 
observed disseminated sarcomatous nodules in the 
parenchyme of visceral organs—lkidneys, lungs or 
myocardium—so characteristic for hamsters inocul- 
ated at birth with the polyoma virus’. 

The tumours appeared in the inoculated adult 
animals rather lately: 14-15 of tumour-bearing 
hamsters survived more than 75 days and 9-15 more 
than 125 days after infection. Thirteen of the fifteen 
animals had hæmorrhagic lesions at the same time as 
tumours; but these lesions were less-extensive than 
in animals without sold tumours. The average 
survival-time in hamsters with tumours was 116 days 
and, in hamsters with hemorrhagic lesions only, 
77 days. It ap as if the two mam pathological 
signs of the virus action, the hemorrhagic disease . 
and the proliferating sarcomas, developed indepen- 
dently and as if the tumours could prevail only when 
the hsmorrhagic disease was, in some way, delated or 
le : ~~ 
To verify whether the development of hæmorrhagic 
nodules of the liver was a one-way and fatal process, 
explorative laparotomies were performed on several 
hamsters 70 days after virus inoculation. In at least 
one animal, killed 72 days later, along with a sub- 
cutaneous sarcoma, partial regression of the hæmor- 
rhagic nodules of the liver which were no longer 
recognizable macroscopically were noted. 

No systematic study was performed to establish 
the relation between the titre of inoculated virus and 
the extent of produced lesions. However, most of the 
inoculated animals (27—47) received the lower doses of 
1,280 hemagglutinating units of virus or less per 
inoculum. The proportion of positives between them 
(21-27) proved that these doses were still fully 
effective in adult hamsters. 

All hamsters examined showing hsmorrhagic 
lesions or Malignant tumours had hemagglutination 
inhibiting antibodies ranging from 1 : 320 to 1 : 5,000 
and appearing as soon as 10 days after virus inocula- 
tion. Four checked hamsters between the 6 surviving 
had no detectable antibodies. Neither hæmorrhagic 
lesions nor malignant tumours were observed in a 
group of nearly 50 control adult hamsters maintained 
in the laboratory for 10 months or more. 

It can be concluded that: (1) Adult hamsters of 
both sexes inoculated by subcutaneous and intra- 
peritoneal routes are susceptible to the polyoma 
virus, even at moderate doses. (2) This susceptibility 
is attested by two lands of lesions developing quite 
independently: (a) the rather rapidly appearing 
hemorrhagic disease, localized chiefly in the liver, 
lungs, kidneys and myocardium; (b) the late appear- 
ing proliferating subcutaneous and mtraperitoneal 
sarcomas. This ‘double’ symptomatology is obtained 
with genetically pure virus clones. (3) Presence of 
mature unmunological defence mechanism, confirmed 
by rapid and potent specific antibody response, is 
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visibly unable to block entirely the development of 
erther the hemorrhagic or the malignant manifesta- 
tions of the virus action. 
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Purification of Lettuce Mosaic Virus 


Lerrvor mosaic is found in many parts of the 
world and causes dwarfing, defective hearting and 
mottling or yellowing with some necrosis and dis- 
tortion of the leaves of affected plants. 

Detailed investigations have been made on the 
transmission of the causal virus by aphids! and 
through the seed?. Lettuce plants can also be inocu- 
lated by rubbing their leaves with infected lettuce 
sap, systemic symptoms appearing on the uninocu- 
lated leaves usually after 8-10 days. Similar inocula- 
lations can be made with lettuce sap to Chenopodium 
amaranticolor, causing a few local lesions on the in- 
oculated leaves with subsequent occasional yellow 
spots or flecks on the other leaves. 

Mechanical inoculations with crude sap are not 
always easy to accomplish and the infectivity of such 
sap is largely lost after 2-3 days and at dilutions of 
1/50 (ref. 3). It seems likely that the virus exists in 
only low concentrations m lettuce sap and is readily 
inactivated. Probably for this reason, little work 
hes been carried out on the properties of the virus. 
Electron microscope examination‘ of unpurified in- 
fected leaf homogenates has suggested, however, that 
the virus 1s a long, flexuous rod. 

In the course of research on lettuce mosaic disease 
it was necessary to obtam concentrated preparations 
of the virus. This has now been done using a modi- 
fication of a method developed by me’ for the puri- 
fication. of another labile virus, namely, that causing 
cucumber mosaic. 

The virus was cultured ın lettuce plants (var. 
Cheshunt Early Giant) mechanically inoculated with 
either buffered homogenates of infected lettuce leaves 
or with preparations of the virus as described here. 
The plants were grown during May—October in a glass- 
house at 20-25° C. Their leaves were harvested after 
the appearance of systemic symptoms and homo- 
genized at 3° C. in 0-5 M boric acid buffer (adjusted 
with sodium hydroxide to pH 7-5) containing 0-1 per 
cent thioglycollic acid (1-5 ml. of buffer per 1-0 gm. 
of leaf). The homogenate was filtered through a glass 
wool pad and n-butanol was added dropwise to the 
constantly stirred filtrate until the concentration 
reached 9 per cent. The mixture was stirred for a 
further 45 min. (by which time heavy chloroplastic 
and other precipitation developed) and then centri- 
a for 30 min. at 8,000 r.p.m. in a No. 30 rotor of 

& ‘Spinco’ model L ultracentrifuge. The resulting 
clear, pale yellow supernatant was filtered through 
glass wool and centrifuged for 1 hr. at 30,000 r.p.m. 
The supernatant was then discarded, the centrifuge 
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tubes dramed and the pellet in each tube i 
in 0-5 ml. of 0:05 M borate buffer (pH 7:5) and stored 
at 3° C. for 1 hr. The pellet suspension was centri- 
fuged for 15 min. at 5,000 r.p.m. and the supernatant 
containing the virus was withdrawn with a Pasteur 
pipette. 

Tests on C. amaranticolor showed that moat of the 
preparations had dilution end-points between 10-* and 
10 and the longevity of the virus in them was 
considerably enhanced. Thus one preparation sfter 
storage for 60 days at 3° C. was still about two-thirds 
as infectious as when originally prepared. 

For the preparation of an antiserum, rabbits were 
injected intravenously with 1-5 ml. of virus prepara- 
tion on each of four successive weeks and bled 7 days 
after the last injection. An antiserum was obtained 
which reacted positively in precipitin tests with the 
prepared virus solutions diluted in normal saline 
(titre 1/256). No reaction was obtained, however, in 
similar tests using normal serum or serum from a rab- 
bit injected with comparably purified healthy lettuce 
sap. There was also no reaction between the anti- 
serum and comparably purified healthy lettuce sap. 
The antiserum also caused chloroplastic aggregation 
when suitably mixed with unclarified infected leaf 
extracts in normal saline and thus appears suitable 
for the detection of the virus ın unpurified leaf sap. 

The virus preparations were negatively ‘stamed’ 
with a 2 per cent (w/v) neutrahzed solution of phospho- 
tungstic acid (pH 7-0) and sprayed on to thin carbon 
films on grids for examination with a Siemens Elm- 
iskop I electron microscope. They contained numer- 
ous, long flexuous rods which were not present in 
similar preparations made from healthy leaves. The 
normal size of the virus particles was 746 x 13 mun. 

I wish to thank Mr. H. L. Nixon, Rothamsted 
Experimental Station, Harpenden, Herts, for his 
help with the electron microscopy. 
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GENETICS 


Timing of Spermatogenesis in Drosophila 
melanogaster using Tritiated Thymidine 


In view of the large number of mutation experi- 
ments which have been carried out on the immature 
male germ cells of Drosophila melanogaster, it was 
felt that there was a need to time the spermatogenic 
cycle directly, using tritiated thymidine to label the 

cells. 

Newly emerged males were injected with 0-08 mm.? 
tritiated thymidine (activity .26 uc./ml.) into the 
abdomen, using & fine glass pipette, and most of them 
mated at the rate of two females per day per male. 

“On each successive day following injection, the 
testes of sample males were dissected and fixed in 8 : 1 
absolute alcohol~glacial acetic acid. Before. being 
taken through 95 per cent alcohol, they were stained 
in 0-6 per cent eosin in 95 per cent alcohol for 
30 min. This served to facilitate embedding of 
the testes, and as a suitable stam for the auxocyte 
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Table 1 
Days after injoction* 5 | 6 7 8 9 10 11 
t 
Spermat- 
Stage ORONIA Spermatids Sperm. 
f 
in Testis Semunal vesicle Ejaculate 

Days after irradiation t 19 9 8 7 8 5 | 4 | 2 | i 


* Days after injection of tritiated thymidine on which the 





indicated is heavily labelled. 


ove interpreted ag the number of days after irra on or other treatment of any stage to the appearance of sparm matured from 


t The ab 
that stage in the eJaculata, 


stages which remain almost unstained by the Feulgen 
reaction. 

Serial sections of the testes were cut at 8u and 
stained with Feulgen. The sections were then auto- 
radiographed using Kodak A.R. 10 fine-grain stripping 
film and exposed for 3 weeks. Testes were sampled 
up to 14 days from injection. In addition, from day 
9 onwards, smears were made of sperm from the 
ventral tube of ingeminated females. These were 
examined for the first appearance of labelled sperm 
in the ejaculate. ; 

The last stage expected to incorporate the labelled 
thymidine would be the early spermatocytes just 
following the last spermatogonial mitosis. It was 
found, in fact, that on day 1 (testes removed 24 
hr. after injection) both spermatogonia and cysts of 
young spermatocytes at the proximal end of the 
testis were labelled. On days 2 and 3 the label 
was seen in progressively older spermatocytes, 
farther and farther down the testis. By day 4 the 
chromosomes in diakinesis were labelled and the 
cysts of labelled cells were half-way round the first 
gyre of the two-gyre spiral testis. 

On day 65, labelled spermatids in the earliest 
stage with spherical nuciei appeared for the first 
time and one had been completed in the pro- 
gress down the testis. On days 6 and 7 the labelled 
spermatids were arranged in bundles, and were 
undergoing condensation. The labelling now became 
much more obvious because the label which was 
previously distributed over a large cyst was now 
concentrated into a bundle of 64 sperm heads. 
On days 8 and 9 these same labelled bundles, now 
morphologically mature sperm, were found in the 
seminal vesicle moving towards the neck. In the 
neck region the bundles disintegrated into separate 
sperm and it proved impossible to recognize in- 
dividually labelled sperm heads in sections. After 
this no labelled bundles were found. 

On day 10, however, labelled sperm appeared for 
the first time in smears of ejaculate taken from females. 
On day 11 the frequency of labelled sperm was much 
greater, but it bad dropped right away again on 
day 12. 

Jt is concluded that the period from synthesis of 
deoxyribonucleic acid in the spermatocyte to insem- 
ination in continuously mated males is 10 days. Of 
this interval, 4 days are taken up by spermatocyte 
maturation and 6 days by spermiogenesis, allowing 
one day for insemination. The results are summarized 
in Table 1, where they are also expressed as the 
sequence of irradiated stages present in sperm 
samples on successive days mating following irradia- 
tion—provided that all sperm is inseminated as soon 
as it matures. 

In males which were kept unmated until the 
sperm sampling, the rate of maturation of spermato- 


‘from homozygous Slender sporophytes. 


cytes and spermatids was the same as in continuously 
mated males, but labelled sperm was not detected in 
the ejaculate until day 11 and then contributed a 
much smaller fraction of the sample. 
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Diploid Gametes in Ulva - 

In the course of experiments on Ulva mutabilis! 
some gametophytes are occasionally found forming 
swarmer which copulate neither with + -gametes 
nor with ~—-gametes. These swarmers are diploid, 
as revealed by cytological and genetical examination. 
They are biflagellate and of normal size, and other- 
wise they fully resemble normal gametes. As do 
normal gametes, they also remain mobile for two days; 
then they fix themselves to the glass and develop into 
zoospore-forming plants. From the zoospores normal 
+ and — gametophytes arise in equal numbers. 

Genetical analysis has shown that some of the 
neutral gametophytes were homozygous for a gene 
for which the mother-sporophyte was heterozygous. 
Out of 2,047 gametophytes which developed from a 
sporophyte heterozygous for the dominant gene St 
(Slender)? three Si Sl-gametophytes were found. In 
the same progeny also four Si Sl+-gametophytes were 
present, of which, however, only one formed neutral 
gametes. As to the sex of the others, one was — and 
two were +. The individuals developing partheno- 
genetically at zoospore-formation segregated into 
Slender and wild-type gametophytes, all the same 
sex as the pristine gametophytes. Thus these gameto- 
phytes must have carried two sex chromosomes of 
the same kind. 

Consequently in Ulva as in other organisms which 
have been tested in this respect, no causal relation 
exists between the alternation of the generations and 
the alternation between the haploid and diploid 
phase. 

The diploid gametophytes may be caused by a 
failure of the mechanism separating the chromatids. 
If the view maintained by some authors? is correct, 
that zoospores occasionally may fuse, the formation of 
diploid gametophytes may also be explained in this 
manner. This last possibility can be tested by putting 
together zoospores from wild-type sporophytes and 
A diploid 
heterozygous Slender individual arising among Slen- 
der and wild-type gametophytes will be seen imme- 
diately. Although this experiment has been made 
many times, no such individual has been found so far. 


- 
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A description of tri- and tetra-ploid individuals will 
be published elsewhere. 
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PSYCHOLOGY 


Strain Differences in Picrotoxin Seizure 
Threshold 


Tax purpose of this work was to compare the 
seizure thresholds of two genetically different strains 
of rate. Rosenzweig, Krech and Bennett! have 
shown that the descendants of Tryon’s* maze brights 
(518) are superior in learning ability to the descend- 
ants of Tryon’s maze dulls (S,'s) and that the S,’s 
have higher levels of cerebral cortical acetylcholine 
and cholinesterase activity. These workers believe 
that the S,’s nervous transmission is more efficient 
and prepose this as part of the reason for the superior 
learning ability of the S,’s. 

Timiras and Woolley? have used electroshock 
seizure threshold as a measure of brain excitability, 
and have shown that the administration of certain 
sex steroids produces a lowering of electroshock 
seizure threshold. Recently, Woolley, Timiras, 
Rosenzweig, Krech and Bennett‘ reported that rats 
of the S, strain have lower electroshock seizure 
thresholds than animals from the S, strain, and that 
females of both strains have lower electroshock 
seizure thresholds than males. This finding was 
viewed as evidence that the brains of the maze bright 
Sa were more excitable than those of the S,’s. 

Clark and Sarkaria’ have shown that female mice 
are more susceptible to acid fuchsin-induced con- 
vulsions than are males. Their data also indicate 
that there are strain differences in susceptibility to 
this substance. Picrotoxin is a central nervous 
system stimulant the principal action of which is on 
the midbrain, the medulla, and, to a degree, the cor- 
tex". Sub-convulsive doses of picrotoxin have been 
reported to improve maze learning in rats’, The 
present work represents an attempt to investigate 
possible strain differences similar to those shown by 
Woolley e al., but using picrotoxin as the seizure- 
inducing agent. 

The subjects were twelve S, males and fifteen S, 
males 145 days old. A 1 mgm./kgm. solution of 
picrotoxin was used. (The picrotoxin crystals were 
supplied through the courtesy of Eli Lilly and Co., 
Indianapolis 6.) The animals were given daily intra- 
peritoneal injections of the drug in doses beginning 
at 1 mgm. . Gradually increasing doses were 
administered until all the experimental animals 
had died. The behaviour of each subject was scored 
in three categories: (1) ‘Spasms’, defined as small, 
jerking movements not involving the whole body of 
the animal and not severe enough to threaten the 
animal’s balance; (2) ‘Convulsions’, defined as seizures 
of sufficient severity to involve the whole body and 
to cause the animal to fall over on ite side; (3) ‘Lethal 
Convulsions’, defined as convulsions which were 
terminated by death. No formal attempt was made 
to distinguish between tonic and clonic phases 
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or between flexion and extension phases of tonic 
geizures. 

Spasms appeared among the S,’s at a significantly 
lower dose-level than among the Sys (S, Mdn. = 
1-15 mgm./kgm., 9, Mdn. = 1-38 mgm./kem., Mann- 
Whitney U = 36%, P < 0-02). Ss also 
lower doses to produce convulsions (S, Mdn. = 1:35, 
S, Mdn. = 1:80, v = 40, P < 0-02). In contrast to 
the preceding strain differences the lethal dose-level 
was higher for the S,’s than for the S,’s (9, Mdn. = 
3°95, Sa Mdn. = 3-05, P < 0-002). 

The females of these strains show considerably 
lower picrotoxin seizure thresholds than the males. 
This parallels the findings of Woolley e al. with 
electreshock. The sex difference was repeatedly 
demonstrated during an informal pilot study con- 
ducted immediately prior to the present one. In the 
earlier experiment females of both strains were used 
to verify the strength of the picrotoxin solutions. 
Consistently about half the females showed spasms 
and/or convulsions following injection of a 1-00 
mgm./kgm. dose, a level which produced no visible 
effects on the males of either strain. 

Since females tend to be lighter than males, and 
since the S,’s in the present work tended to be 
lighter than the S,’s, an attempt was made to relate 
individual seizure thresholds to body-weight. None 
of these within-strain correlation coefficients (Ken- 
dall’s Tau’) were significant. 

In so far as the two investigations are comparable, 
the present fmdings are compatible with those of 
Woolley et al. The sharp reversal in strain sgus- 
ceptibility seen when doses were increased to a lethal 
level does not conflict with their findings since lethal 
electroshock determinations were not made. There 
is, in fact, one part of their findings which articulates 
with the reversal found in the present study. Although 
thresholds of electrically induced seizures were lower 
among the Ss, the duration of their seizures was 
not as long. This is true both for clonic and tonic 
seizures. Further, it was noted a number of times 
during the present study that the seizures of the S,’s 
were much more severe and prolonged than those of 
the S,’s given equivalent doses. It seems plausible 
that if lethal electroshock levels were established for 
the S,’s and S,’s, the resulta would be similar to 
those reported here for picrotoxin. 

The finding of lower picrotoxin thresholds for the 
Sı strain supports the concept of braim excitability 
as & variable measured by electroshock seizure 
threshold. It appears possible that drfferences in 
brain excitability can account in part for the S,’s 
superior performance on learning tasks. On the other 
hand, the finding of a reversal at higher dose-levels 
makes theoretical excursions more hazardous. There 
would seem to be no a priori reason for considermg 
bebaviour at a lower dose-level a more valid index 
of brain excitability than behaviour at ae higher or 
vice Versa. 

It might be suggested that there are two differences 
in the neural functioning of these strains. One of 
these differences is responsible for the lowered seizure 
threshold and the other for the existence of a ‘second 
line of defence’ to keep the seizures from being too 
severe or too long. The S,’s have significantly higher 
activity-levels of both astylcholine and _ cholin- 
esterase, 80 we might simply ascribe one effect to 
acetylcholine-level and the other to cholinesterase- 
level. The solution is, however, probably not that 
simple, and it is hoped that future investigations will 
provide the answer. 
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Visual Field Defects in Monkeys 


Ir is wall known that destruction of part of the 
visual striate cortex m man leads to a visual field 
defect??, The defect is usually described as an area 
of total blindness although some workers believe that 
a slight sensitivity to light remains throughout its 
extent?. The existence of such field defects in man 
has provided powerful support for the theory of 
point-to-point projection of the retina to tho striate 
cortex. 

The visual systems of man and rhesus monkey 
look very similar anatomically, and it has therefore 
been thought that removal of parts of the striate 
cortex in the monkey caused field defects akm to 
those in man. This assumption has never been tested 
adequately because of the absence of a method of 
perimetric examination of the visual field in monkeys. 
Non-perimetric tests tell us little about the severity 
of the impairment within a field defect. Moreover, 
they frequently fail to reveal any land of lasting visual 
deficit, yet this 1s usually attributed to the animal’s 
ability to compensate for his field defect by using 
the unaffected part of the field with great skill rather 
than to the possibility that he may not be totally 
blind ın the defective region‘. 

A technique of perimetry with monkeys has now 
been developed and has provided a@ solution to the 
above problem. Rhesus monkeys were taught to 
press one eye to a peep-hole and look at a concave 
perimeter. Each animal learned to press a lever when 
a brief flash of light, subtending one degree, was 
presented at any point of the visual field. The visual 
stimulus was paired with an suditory warning 
stimulus. If the warning stimulus was not accom- 
panied by a visual stimulus the animal had to press 





Fig. 1. AoE korogtion of the viewing eye of a rhesus monkey which 
fixating the centre of ee e Note the four corneal 
reflexions 
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a different lever. On each trial the animal’s viewin 
eye was photographed at the instant the solitary c 
the paired stimulus appeared (Fig. 1). It was possibi 
to determine exactly where the animal was fixatin 
by projecting the photographic negative afterward 
and comparing it with a series of similarly enlarger 
reference photographs. The latter consisted of a se 
of photographs of the right eye of each monkey whe 
it was fixating known pointe in the perimeter. Th 
eye bore four corneal reflexions on it and the orienta 
tion of these with respect to the border of the pupi 
was different for each point fixated. (The methor 
of obtaining these reference photographs will be given 
in detail later.) It was therefore possible to recon 
whether an animal had seen a visual stimulus the 
retinal position of which could be determined after 
wards. 

Four rhesus monkeys were tested perimetrically 
for several months, both before and after operation 
In three of the animals the macular projection aret 
was removed bilaterally; an entire occipital lobe wa: 
taken from the fourth animal. Perimetry revealec 
field defects of the expected shape in all four animals 
but the defective region was far from blind, even 
to the dimmest stimulus used, namely, a flash of 
light lasting 1/20th of a second and reaching a maxi 
mum brightness of 12-15 millilamberts. This stimulus 
had to be detected against the four glare sources 
which provided the corneal reflexions; each of these 
subtended 6 degrees at the animal’s eye and had a 
luminance of more than 5,000 milliamberts. They 
flooded the animal’s eye with light and made it 
extremely unlikely that he could respond to stray 
light from the stimulus. With higher stimulus in- 
tensities it was almost impossible to demonstrate a 
defect except shortly after operation. 

It is concluded that up to half the striate cortex 
may be removed in the rhesus monkey without pro- 
ducing a region of total blindness in the visual field. 
The monkey may therefore be very different from 
man in this respect. The explanation for the residual 
vision is far from clear. Overlap within the retino- 
striate projection would seem a likely explanation 
were it not for the electrophysiological evidence to 
the contrary’ *. A mechanism involving non-striate 
cortex or sub-cortex is even less likely for it ought 
to survive complete removal of the striate cortex, 
yet Kluver’ found that the latter operation pre- 
vented the monkey from perceiving a single light 
unless the animal was dark adapted and the stimulus 
was both large and bright. Further electrophysio- 
logical and behavioural experiments are in progress 
in an effort to resolve this problem. 

I wish to acknowledge the Medical Research 
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A. Cowxry * 

Psychological Laboratory, 

Cambridge. 
a 0 Si address’ Centar for Brain Research, Rochester, New 
ark 
1 Holmes, G., and Lister, W. T., Bran, 39, 34 (1916). 


t Pol az 8., The Vertebrate Visual System, edit by Kluver H., (Univ 
{cago Press, 1957). 


7 Tenber, H. L, Battersby, W. 8., and Bender, AL B. 
Defects a ter Penetrat Missils Wounds of the arar Cy — 
Universi y Prese, 1960). 


t Settiage, P. H., J. Comp. Psychol., 27, 98 (1939). 

SER D A., and Marshall, W. H., Amer. J. Ophikal., 24, 1255 

*  Whittert e Aspects of N 4, edit b 
—SS H., wees a — a Pa}. 

?Khiver, H., J. Payehol , 11, 23 (1941). 


* 24 
BS ç t 


ie 


No, 4612 January 20, 1962 
FORTHCOMING EVENTS 


{Meetings marked with an asterisk * are open to the public) 


Monday, January 22 


UNIVERSTIY COLLEGE, London (in the Large Physics Theatre, 
er Street, London, W 0.1), at 5 p.m.—Dr., R. L. F. Boyd: “Belen- 
¢ Research In Space. 2: Space Vehicle Technique”, * 


INSTILUTION OF ELBOTRIOAL ENGINEERS (at Savoy Place, London, 
¥.0.2), at 5.80 p.m.—Discussion on “Aluminium or Copper Con- 
ductors ?” opened by Mr. J. O. Baley and Mr. T. L. RB: ds. 


UNIVERSITY OCOLLBGH, LONDON (in the Anatomy Theatre, Gower 
street, London, W.0.1)}, at 5.80 p.m.—-Dr. K. F. Roth: “Rational 
Kpproxmmations to Irrational Numbers” (Inaugural Lecture). * 


ELEOTRIOAL ASSOCIATION FOR Women (at the Assembly Hall of 
he Royal Commonwealth Boclety Craven Street, London, W.C.2), 
nt 0 p.m.—Mr. G. 8 Geeves’ “Electrical Houseoraft in France’ 
Eighteenth Caroline Haslett Lecture). 


ROYAL INSTITUTE OF CHEMISTRY (at Enfield Technical Oollege, 
— Ponders End), at 7 p m-—-Dr. A. J. Robinson. “The 
Je of Chemistry ın ADneral Processing”. 


Tuesday, January 23 


UNIVERNYTY COLLEGA, LONDON (in the Anatomy Theatre, Gower 
— — W.0.1), at 1.15 p m.—-Ar. D. Thomas: ‘‘London’s 
reen pe 


ROYAL INSTITUTION OF NAVAL AROHITEOTS (at the Institute of 
Marine — 76 Mark Lane, London, B.O. 8), at 6.80 p. m. - 
Prof. J. Edwards: ‘Initial Problems of the Submarine Pressunzed 
Water Reactor Design and the Related Expenmental 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AMD 
CONTROL SEOTION (at Savoy Place, London, W.0.2), at 5.80 p.m.— 
Ar. P. F. Gunning: ‘Power Supply Control Systems”. 


ROYAL S0CIsTY OF MMDICINE, MEDICINE SECTION (at 1 Wimpole 
Btreet, London, W.1), at 8 p.m.—Dr. Bernard Lennox and Prof. 
P. E. Polam: “Chromosomal Abnormalities’. 


Programme”. 


Wednesday, January 24 


INSTITUTION OF ELEOTRIOAL ENGINBERS, SUPPLY SEOTION (at 
Savoy Place, London, W.0.2), at 5.80 p.m.--Dr. H. Edels; “Aro 
Theory and Circuit Breaking’. 


BRITISH INSTITUTION OF RADIO ENGINEERS, KLECTRO-ACOUSTICS 
GROUP (at the London School of B ne and Tropical Medicine, 
Keppel Street, Gower Street, London, W.C.1), at 5.8 — — 
General gaat or Corporate Members. ee . A. Barlow 
and Mr. H. J. k: “The Development of Very High Quality Loud- 
speaker Systems”. 

INSTITUTION OF MEOHANIOAL ENGINERBS (at 1 Birdcage Walk, 
Westmumster, London, S.W 1), at 6 p.m—AMr. H. Lackenby’ “The 


Resistance of Ships with special reference to Skin Friction and Hull 
Surface Condition’ (Thomas Lowe Gray Leoture). 


SOOLrETY OF CHEMICAL INDUSTRY, Foon GROUP (at 15 B ve 
Square, London, B. W.1), at 615 p.m.—Dr. A. MoM. Taylor: Gas- 
tronomic Chemustry’’. 


Soorety FOR ANALYTICAL OEMISTRY, MICROCHEMISTRY GROUP 
(at “The Feathers”, Tudor Street, London, H,0.4), at 6.80 p.m— 
Discussion Meeting. 


ROYAL INSTITUTH OF CHEMISTRY, LONDON SEOTION noe meeting 
with the SLOUGH COLLEGE SOTENTIFIO Society, at the Slough College 
of Further Education, William Street. Blough), at 7.80 p m.—Dr. 
R. A. Shaw: “Polymers of Phosphorus and Nitrogen”. 


BRITISH PSYCHOLOGIOAL BOOIETY, MEDICAL RECTION (at the Royal 
Society of Medicane, 1 Wimpole Street, London, W 1), at 8.15 pm. 
Annual Meeting. 8.45 p.m.-—~Dr. Joseph Sandler ‘‘Psychology and 
Psycho-Analysis” (Chaurman’s Address). 


Thursday, January 25 


UNIVERSITY COLLEGE, LONDON (in the Anatomy Theatre, Gower 


pares London, W.C.1), at 1.15 pm.-—Dr, P. B. Downing: ‘‘Causa- 
10n"", 
LINNEAN BOOreTY oF LONDON (at Burlington House, Piocadflly, 


London, W.1), at 6 p m.—Mr. G. R. Proctor. “The Upland Savanna 
in Jamaica’, Dr. K. H. Hedley’ “Some Aspects of the Biology of 
Foraminifera”, 


MEDICAL REBSEAROH COUNCIL (at the National Institute for Medical 
Resenrch, Mili Hill, London, N W.7), at 6 p.m,—Prof E., B. Chain, 
F.R.S. (Istituto Bupertore di Sanita, Rome): “Some Rocont De- 
velopments in the Field of Chemical Microbiology”’’. * 


MINERALOGICAL SocretTy — the Geological Society, Burlington 
House, Piccadilly, London, W.1), at 6 p.m.—General Meoting. 


Socrery OF CHEMIOAL INDUSTRY, LONDON SROTION Goint meeting 
with the AGRICULTURB GROUP, at 14 Belgrave equate, London 
BD: at 7 p.m.—Dr. G. W. Cooke: ‘‘Chemical Oontrol of Soil 

e yꝰ. 


Friday, January 26 


ROYAL ASTRONOMICAL Sogmry (at Burlington House, Piccadilly, 
London, W.1), at 4,15 p.m.— Discussion of papers on Palwomagnotism. 
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APPOINTMENTS VACANT 


APPLIOATIONS are invited for the follo appointments on o1 
Verore the dates oro i — 

BSSIBSTAXV CHEMIST (with a in chemistry, cultural 
chemistry or A.R.LO.), for analytloal work on — an solls— 
pe a Rothamsted Exp ental Station, Harpenden, Herts 

DEMONSTRATOR IN GHOGRAPHY at the University of New England, 
Armidale, N.8 W., Australia—The Secretary, Association of Unrver- 
sities of the British Commonwealth (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, January $1). 

JUNIOR (Assistant) LEOTURER (with a good honours degree in 

Sa ae A ee ery 
~The A "8 ege (University o ndon), 
Strand, London, W.O 2 (January 81). 7 ? 

LECTURER or ASSISTANT LECTURER IN PURE ALATHEMATIOS: and 
& LECTURER IN OrVIL ENGINEBRING-——The Registrar, The University, 
Sheffield (January 81), 

LROTURER or ASSISTANT LECTURER IN THE DBPARTMENT OF 
— D ENAN Registrar, The Umversity, Liverpool 

anuary 31). 

LEOTURHE or SENIOR LECTURER (with a special interest in statistical 
methods) IN MATHEMATIOS--The Hegstrar and Secretary, The Unt 
versity, 88 North Bavley, Durham (January $1). 

CHAIR OF VETERINARY SOLENOH in Massey Agricultural College 
uav of New Zealand), Palmerston North, New Zealand—~ 

e Secretary, Association of Univermties of the British Common- 
(fobs — Office), Marlborough House, Pall Mall, London, &.W.1 

ebruary 1). 

RESHAROH ASSOCIATE (Applied Mathematician) IN THE DEPART- 
MENT OV THEORETICAL MECHANIOS (Faculty of Engineerng)}—The 
et The University, Bristol 8 (february 2). 

BNIOR LECTURER IN THR DEPARTHMRNT OF SoCIOLOaY-—The 

trar, The University, Leicester (February 8). 

ENIOR LSOTURHR or LECTURER IN OPHTHALMOLOGY—The Regis- 
trar, The University, Sheffield (February 3). 

JUNIOR or SENIOR RESHARCH FHLLOW IN THE DEPARTMENT OF 
AGRIOULTURM, to review, from an economic standpoint, scientie 
hterature on pig production problems—The Seore , Marischal 
College, The Univermty, Aberdeen Pea 

LECTURER Or ASSISTANT LEOTURER IN PLIED MaTHRMATICS—~ 
The Remstrar, The University, Leeds 2 (February 8). 

LECTURER/SENIOR LECTURER (preferably candidate whose mam 
interest is m p education or in science education) IN EDUCA- 
TION at the University of Sydney, Australa—-The Secretary, Associa- 
tion of Universities of the British Commonwealth (Branch Office), 
Aa boronh House, Pall Mall, London, 8.W.1 (A and London, 
February 9). 

SENIOR LECTURER IN SOCIAL ANTHROPOLOGY, and a SHNIOR TUTOR 
IN ANTHROPOLOGY at the Univeraity of Sydney, Australia—The 
Secretary, Assootion of Universities of the ritish Commonwealth 
veer Office), Marlborough House, Pall Mall, London, 8.W.1 

Austraba and London, February 9). 

FELLOW, and a RESBAROH FELLOW IN THE DEPARTMENT OF 
PHYSIOLOGY, John Curtin School of Medical Research, Australhan 
National University--The Secretary, Association of Universities of 
the British Commonwealth (Branch Office , Marlborough House, Pall 
Mall, London, 8.W.1 (Australia and London, February 12). 

IMPERIAL OAL INDUSTRIES RESHAROH FRLLOWS IN CHEN- 
ISTRY, CHEMICAL ENGINERRING, ENGINERRING, TECHROLOGY, PHYSICS 
and allied subjects —The Registrar, The University, Manchester 18 

ebruary 14). 

TURNER AND NEWALL RESEAROH FELLOWS IN ENGINEERING, 
INORGANIO OBEMISTRY, PHyaics and allied subjeots—The Registrar, 
The University, Manchester 18 (February 14). 

SENIOR LEOTURER (preferably with medical qualifications and with 
a oa intereat in cardiovascular physiology or neuro ons pease 
IN BIOLOGY at the University of Queensland, Aus The 
Aecretary, Association of Universities of the Bntish Commonwealth 
ener Office), Marlborough House, Pall Mall, London, 8.W 1 
Australia and London, February 17). 

LECTURER (with at least a first-class honours degree in chemical 
verre teal oo OXEMIOAL EXGINERRING at the University of &ydney, 
Australia—The Secretary, Association of Universities of the Bntish 
Commonwealth (Branch Office), Marlborough House, Pall Mali, 
London, 8 W.1 (Australia and London, February 19). 

RESKAROH FELLOW (with experience in research m the fields of 
biochemustry or chemustry, and at least a background training In 

hysical chemistry, together with an interest in ita application to 

{ological problems) IN PHYSICAL BIOOHRMISTRY, Jobn School 
of Medical , Australian National Univermty-—The Secretary, 
Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia and 
London, February 28). 

SENIOR LECTURER or LECTURER (honours graduate um medicine 
or science or equivalent qualifications, with experience in teaching 
and research in physiology) IN THE BOHOOL OF PHYSIOLOGY within 
the Faculty of Medicine, arami al New South Wales—-The Agent- 
General for New South Wales, 56-57 Strand, London, W 0.2; and 
The Appominenia Section, The University of New South Wales, Box J, 
Post ce, Kensington, New South W es, Australia (February 28). 

LECTURER IX THY DEPARTMENT OF PsycHOLOGyY-—The Registrar, 
University College of South Wales and Monmouthshire, Cathays Park, 
Carduf (February 26). 

LECTURER (with a good honours degree in mathematics and ex- 
perience of a m schools) IN THR DEPARTMENT OF EDUCATION 
—The Registrar, Tho University, Liverpool, quoting Ref. No. OV8/ 
692/T (February 26). 

SENIOR LwoTURER (medically qualified man or woman) IN THB 
DEPARTMENT OF PUBLIO HEALTH AND SOOLAL AlEDICINE-—The Secre- 

, The University, Edinburgh (February 28 

MMPORARY LECTURER IN APPLIBD MATHEMATIOS—The ecco 
Univeraity College of South Wales and Monmouthshire, thays 
Park, Cardiff (March 2) 
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RHADER IN AGRI ae Li hath SAA Tok: 
trar, Ue yeraley Office, Uateorsliy of Durham, nsington 
race, Newcastle-upon- p 2 (March 5). 

OF THRORWITOAL PHysios in the University of Western 

Secretary, Association of Universities of the Bien 
Commonwealth (Branch Office), Marlboro House, Pall Mall 
London, §.W.1 (Australia and London, Maroh 17). 

ASSISTANT EXPERIMENTAL OFFICER or EXPERDIRNTAL OFFICER 
(graduate ın mathematica or economics with statistics), to work on 
problems of biological statistics—The Becretary, Rothamsted Ex- 
perimental Station, Harpenden, Herts. 

POSTDOCTORAL T or BIOOHEMIST IN THR UNIVERSITY DE- 
PARTMENT OF MRDIOGINE, for the study of protein synthesis in the 
thyroid gland—Prof. Edward * MeGtrr, University Department of 
Medicine, Royal Infirmary, Glasgow, 64. 

RESRARCH ASSISTANT (with good physical or metallurgical know- 
ledge, coupled with an ability to develop test equipment) IN THE 

APARTMENT OF MATERIALS, for work on deformation in metals— 
The Registrar, The College of ‘Aeronautics, Cranfield, Bletchley, Bucks. 

ZOOLOGY INSTRUCTOR to introductory courses at untversity 

level—Dean B. D. Eagle, United Oollege, Winnipeg 2, Manitoba, 


REPORTS and other PUBLICATIONS 
á (not inoluded tn the monikly Books Supplement) 
Great Britain and Ireland 
— — Centre. Anti-Locust Bulletin, No. 87: The 


Pee oleae yd — Thunberg) In in Iran. By 
L. F. Lea "Merton: Pott ates 98, and Locusta in the 
ag Philp Hunter- tone: — (London : — 
Locust Centre, 1961.) 


[21 
— of Blestric —— 1961 Amendments to the 
Thirteenth — or the tions for the Electrical Hquipment 
. (London . Institution of Mectrical eers, 
1961.) 23. 6d. {211 


Technical xperience STR). Fourteenth Annual Report, 1961. 
Pp. 79. Report of STE ın the United Kingdom for year ending 
September 1961, Pp. 14. (London : International ‘Association for the 
Fixchange ence, 1961.) 611 


of Students for Technical 
T Technical Co-o fon 


Departmen 
under m Colombo Plan: Report for 1960-61 of the Council for T 
nical tion in South and Sonth-Hast Asia, Colombo, October 
1961. Pp . (London: H.M Stationery Office, 1961.) 4s, 6d. net [611 
Department o e Scientiio and Industrial Problems of 
erogross, In ustry, No. 12: Human Sclences Ald to Ind 
ER. Sell 27 (London ALM Stationery Office, 1961.) 28. [6 1 
mon of Teachers and the clation of Teachers in 
— Departments of Education. Teachers in Their Firat Posta : 
con robationary Year. Pp. 12. (London: National Union of Teachers 
and the Association of Teachers m Colleges and Departments of 
Education, 1961.) Oe 
Eleventh Report of the Commissioners for the Hhrhibition of 1851 
Fp. — (Omnd. 1502). (London: H.A, Stationery Office, vet 
net, 
Royal Commission for e Hrxhibition of 1851, Record of the Soienco 
Research Commission for the Exhibition of 1851, 


1891-1960. . IY +107. (London * Royal Commission for the Exhibi- 
tion of 1851, 061, ) 12s. [611 
Royal Observatory Bulletins. No. 86. Fundamental Data for 


Southern Stars. 8: A-type Stars near the South Galactic Pole. By 

s á. Wayman Pp. 14181-147. 8a, No. 42: Sades in the 
Eguilibrum of Globular Clusters. 4 

$ Theory. By B. v. A R. Woolley and B. J. Dickens. +201-800, 
28. net. No. 48: Thotosraphio Phe ed of the Globular Cluster 

NGO 6397. By B. v.d.R. er, Linda Mather and 

Elizabeth Kpps. Pp. — Fa T (London : H.M. Station- 


——— 1961.) pu 
very Rapora.. VoL 31, PP. 299-826: The Appendages o 
Halocyprididae. By B J. Ues. 16s. net. Vol. 31, PR., 827-486 -< Re- 
prodanton, Growth i of Sothern Fin Whales. By B. M. Laws. 
5s. net. Vol 82, pp. 1-32-+plates 1 and 2 Salpa fusiformis Cuvier 
and Related Species. By P Foxton. 228, 6d. net. (Cambndge a 
the University Press, 1961.) (61 


— rir of Scientific and Industrial Research. z panang ke 
Station. Principles of Modern Bull Vol. 2: Floors and 
Roofs. Pp. v+189+ plates. (London: H.M. Stationery Office, 
1961.) 17s. 6d. net.; 8.1 [711 
The National Mon for Educational Research in Engiand and 
Wales. Technical Education Abstracts from British sources. January— 
March, 1961, VoL 1, Nos. 2 and 3. Pp. xxii+58-109. Subscription 
tate: 423, per volume of four quarterly issues. (London’ National 
Foundation for Educational Research in England and Wales, i. 
Wumnpole Street, 1961.) [711 
Department of Sclentiflio and Industrial Research. Produotivity 
in Letterpress Printing. Pp. vul+65. (London: H.M., Stationery 
Office, 1961.) 5s. net. {711 


Other Countries 


Federation of Nigeria. Annual Report on the Department of Agrı- 
cultural Research for the year 1959-60. Pp. iu+68. (Lagos. Depart- 
1eultural Research, 1961.) ‘gd. net [211 

amie Nank, Krakow. Folia Quaternaria. Nr. 1: An 
Pielateoane Fauna of Small Mammals from —— — (Poland). 
erz Kowalski. m 24. Cena zL 5. Nr. 2 stocenska 

ora Z Zablocin ned 


PoS. Conn x. &. NE S. Pollen Spoctra oa, Rain Januowscnora 
Srodon. Pp. 17. Cana xl. 6, Nr. 4: Serpenta P nae — 
Fosalles. P at Marian 


dela Pologne ayec la Revue Ontique des Colubridés 
Miynarski. Pp. 45+6 planches. Cena zl. 10. Nr. 5 Piojatocensiio 
Gryzonie Jaskini Nieto w Polsce, By Raziniers Kowalski. 
Pp. 22. Oena sl. 5. Nr, 6: Cgwartorzredowa Fanna Wery (Oolubridas) Z 
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T Kolo Krakowa. By Maman Mlynarskı. Pp, 9 Tatrana nate 
3. Nr. 7° Late-Ple leistgcene Deposits at Bialik 
— > 


). By Marla Sobolewska and — 
(Wes “Carpathians. £ zl 5. (Krakow. eee Abani 
eber : Prof. Dr. Karl son's 


and fob} 
Tranabuch der hb pet Her 
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REORGANIZING HIGHER 


HE Submissions to the Commitiee on Heagher 

Education by the Association of University 
Teachers were presented under the headings of “The 
Universities”, “Other Institutions of Higher Educa- 
tion’ and ‘‘General Matters” *. 

Of the Universities of Oxford and Cambridge, the 
Association recommends that there should be no 
further expansion. Already expansion has sub- 
stantially reduced the collegiate life of the under- 
graduate, and, although growth may produce 
economies of scale, there are substantial social losses 
which reduce the effectiveness of the education pro- 
vided, These Universities have relatively few women 
students and there is a strong case for increasing 
their numbers. Proposals to transform Oxford and 
Cambridge into postgraduate institutions are un- 
desirable. The practice, common in Scotland in some 
subjects, of taking a degree at a Scottish university 
followed by a second degree at Oxford or Cambridge 
has much to commend. it. 

Expansion of university education in Britain has 
gone far enough to show that large total numbers in 
classes bring substantial losses in the quality of 
adadexic life for both staff and studenta; more 
universities rather than larger ones is the better 
policy. The development of universities is a matter 
not only of the division of functions between institu- 
tions but also of the balance of faculties within them 
and of the degree of autonomy possessed by individual 
institutions. The most striking feature of the present 
situation is the expansion in science and engineering. 
Only a small number of the most highly qualified 
graduates use their training in industry; most go to 
minor administrative jobs where they need, but do 
not have, accountancy, economics, social psychology 
and social administration. The low salaries paid for 
first appointments reflect the ‘learning on the job’ 
basis for employment. 

The failure to use skilled man-power is to some 
extent a reflexion of the lack of qualification in higher 
management. The low rate of technical innovation 
is, in part, because industry has almost no applied 
economists and is unable to work out the advantages 
of innovation, and also because the sciences of com- 
munication are not developed and applied. Scientists 
and engineers should not be used unless accompanied 
by economists, statisticians, accountants, social 
scientists and specialists in communications, including 
language. Closer attention should be directed to an 
investigation of industrial subjects. 

Apart from the general case based on the rapid 
growth of travel, the difficulties of international trade 
demand a review of language teaching. A wide area 
of applied biology of great economic importance is 
only slightly represented in British universities and, 
as ‘food-producing ecience’, could expand. The 
universities could contribute more to producing those 


* Association of University Teachets. Submissions to tha Committies 
on Higher Ed . G.184.) Pp. 10. (London: Aasoolation of 
University Teachers, 1961.) 
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who practise in public, industrial and social adminis- 
tration, criminology and the law. Sociology, psycho- 
logy and social psychology could usefully be studied 
by entrants to many more professions than at 
present. Industrial design, with ita connexions in 
science, engineering and architecture, is almost un- 
developed. Economists play a relatively small part 
in the direction of economic activity, and although 
accountants are widely employed, few of these at 
present pass through universities. In a prosperous 
society there is a case for a great expansion of general 
degrees to provide & higher level of literacy, numeracy 
and bumanity, and the possibility of intellectual 
satisfaction both to the student who will get his 
vocational training olsewhere and to those with whom 
he lives. 

There is a need for further consideration of the 
relationship of university courses to the careers of 
graduates. The increase in the numbers of graduates 
will undoubtedly extend the range of occupations 
into which they will go. While in many arts subjects 
direct matching of subjects is not essential, an over- 
production of highly specialized engmeers and 
scientists could be harmful. Attention might, there- 
fore, be directed to proposals like those made by 
Profs. J. H. Horlock and W. 8. Owen, who have 
suggested that engineering courses should be pro- 
vided for three streams: (l) engineering acientiste 
ranging over a wide field of applied science; (2) 
engineers trained in design and development; and (3) 
‘industrial’ engmeers with some training in production 
engineering, industrial administration and work study. 

Tt is doubtful if the individual university is always 
run in the best manner. In many, the ultimate 
power belongs to a body such as a council which is 
predominantly a lay-body, containing a few acad- 
emics. Even in purely academic matters entrusted 
to bodies such as the senaie, the non-professorial 
staff are under-represented. 

It is wrong to regard experienced academics as 
unfitted to take the responsibility for major financial 
and policy decisions affecting their own institution, 
and, though desirmg to retain the advantages of 
having lay-members on the councils, the Association 
believes that their membership is unduly large and 
the number of academics represented on them is 
quite inadequate. 

On the selection of university students, the 
Association insists that it should be possible to 
establish criteria and also supplementary criteria for 
admission to a university, and would wish to see 
research directed to this question. This is especially 
necessary for mature matriculation and for those 
candidates whose education has not followed the 
traditional grammar school pattern. 

Under present assumptions it is anticipated that 
there will be a university population rising to 200,000 
by 1980. This does not take account of a possible 
and desirable movement towards greater equality of 
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numbers of women and men students: in addition to 
all the other factors operating to create a demand for 
university education in the case of women, there is 
one which is sometimes overlooked—that a university 
course offers a superior opportunity for marriage. 

In arts courses at universities, the orientation of 
students towards honours or general courses could 
well be postponed until the end of the first year. In 
science it is often difficult to decide whether a 
moderate performance in the General Certificate of 
Education is simply a reflexion of poor teaching. 
This problem would be overcome if all students took 
the same course in the first year with selection for 
honours occurring at the end of this period. Its 
general application is difficult. Another approach to 
this problem would be to transfer some of the more 
advanced sixth-form teaching to the universities—in 
some schools, particularly those concerned with 
winning open scholarships, the teaching goes well 
beyond the level of the General Certificate of Educa- 
tion. This would enable schools to specialize less and 
students could then begin their first year at university 
with a more uniform background and need not be 
divided into honours and general groups. At the end 
of the first year a division could be made. 

The Association might well consider the effect of 
this in practice. At present, in Great Britain, sixth- 
form pupils are distributed among the schools. If 
they wero transferred to the university, we should 
find first-year classes of 1,000-2,000 students, as is 
now the case in Australia, where few schools have 
sixth-forms. This causes considerable difficulties in 
the universities, especially in the faculty of science, 
‘where a demand for enormous laboratories and 
duplicated and triplicated classes and laboratory work 
have to be met. The desirability of a student entering 
the university at a younger age than at present is 
also very questionable. 

During the present century there has been a 
reduction in the normal length of university courses 
from four years to three, achieved by raising the 
level of school work (as exemplified by the original 
practice of securing exemption from ‘intermediate’ 
or other first university examination) and increasing 
the degree of specialization in both school and 
university. It is widely agreed that this trend should 
be reversed, and the universal four-year course at 
the University College of North Staffordshire is one 
method of doing so. The Association also discusses 
the role of liberal arts colleges in higher education 
and the possibility of establishing a liberal arta degree 
for teachers taking the new three-year courses. 

Discussing colleges of advanced technology, the 
Association recommends that each of these colleges 
should be free to develop individually along the lines 
best suited to iteelf; but a dichotomy with univer- 
sities on the one side and colleges of advanced tech- 
nology on the other is undesirable. If the colleges of 
advanced technology are to prosper, some change of 
_ status is desirable. Some may well attain the status 
of technological universities. Their freedom from 
outside contro] in academic affairs must be as com- 
plete as that of the universities. 
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Their development into independent technologica 
universities is made more difficult because colleges 
other than those of advanced technology can and de 
awad a diploma in technology, often in only one ox 
two subjects. A solution to this problem would bt 
for any college of technology which becomes a, tech. 
nological university to obtain a Royal Charter t< 
enable it to award a B.Tech. degree; the Dip. Tech. 
would then continue to be awarded through the Hives 
Council. Some colleges of advanced technology mignt 
be linked to form one collegiate technological uni- 
versity. Others might expand into multi- faculty 
universities with faculties in pure science, engineering 
and, humanities, and, in some cases, fine arts, archi- 
tecture. etc. In the meantime, there is need for a 
‘technological grants committee’; salaries, status and 
pensions should be the same as in the universities to 
facilitate transfer of staff; working conditions and 
amenities should be as good as in the universities. 

The Association also presented its views on the 
relation between universities and the State and how 
best to reconcile the conflictmg claims of the univer- 
sities’ legitimate desire for autonomy and the State’s 
equally legitimate demand for adequate supervision 
of the expenditure of public funds. The existing 
machinery of the University Grants Committee has 
provided a reasonable compromise, and it is moat 
unlikely that any other form of machinery would 
balance the interests of the universities and the 
community to the same extent. At the same time, 
it is suggested that the composition of the University 
Grants Committee now needs reconsideration, since 
it is unlikely that a Committee with only one full- 
time member will be able, when the universities are 
growing so rapidly both in size and number, to fulfil 
its functions as adequately as in the past. The Com- 
mittee should be reinforced by adding several full- 
time members with special responsibilities, for 
example, the collection and publication ‘of a wide 
range of data concerning universities and their 
problems, univermty planning and building, new 
universities and new disciplines. The Committee 
might further be strengthened by the secondment of 
its academic members to full-time service and by 
expanding its secretariat, which should include some 
members with experience in university teaching and 
administration. 


NOTATION FOR ORGANIC 
COMPOUNDS 


Rules for 1.U.P.A.C. Notation for Organic Com- 
pounds 

(International Union of Pure and Applied Chemistry.) 

Issued by the Commission on Codification, Ciphering, 

and Punched Card Techniques. Pp. viii+ 107. 

(London: Longmans, Green and Co., Ltd., 1961.) 

25s. net. 


BOUT one and a half million organic compounds 

are known and their number is increasing 
yearly. To catalogue such a large number of com- 
pounds and their physical, chemical and biological 
properties is an immense undertaking. To do this in 
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such a way that mformation can be readily retrieved 
demands full use of modern techniques. The struc- 
turel formula—a two-dimensional representation of a 
three-dimensional molecule—is not suitable for cata- 
loguing compounds, and chemists have tried for some 
years to devise a one-dimensional code which can be 
readily prepared, stored and mterpreted. The first 
serious efforts were made by Dyson in 1946, and 
other systems of oiphering and classification have 
since been published. The problem was taken up in 
1947 by the International Union of Pure and Applied 
Chemistry and has been under consideration by the 
Union since that date. The book now under review 
represents the final recommendation of a strong 
expert Commiesion of the Union. 

For anyone who is not an expert in the field to 
criticize these carefully considered proposals would 
indeed be an impertinence. This review therefore 
serves the purpose of directing the attention of 
readers to this important work. Although the pro- 
posals are complex, they are no more complex than 
ia necessary, and we must clearly learn to use them, 
even though a little effort is needed. The desiderata 
for an internationally acceptable form of cipher 
notation were laid down as follows by the Com- 
mission in 1949: simplicity of use; ease of printing 
and typewriting; conciseness; recognizability; ability 
to generate a unique chemical nomenclature; com- 
patibility with the accepted practices of organic 
chemical nomenclature; uniqueness; generation of 
an unambiguous and useful enumeration pattern; 
ease of manipulation by machine methods, for 
example, by punched cards; exhibition of associa- 
tions (descriptiveness); ability to deal with partial 
indeterminates. 

The desiderata were not given in order of relative 
importance, but uniqueness is certainly the most 
important of all; ease of manipulation by machine 
methods probably comes next. 

G. M. Dyson and E. F. Riley (Chem. Eng. News. 
74; November 20, 1961) discuss interesting develop- 
ments in the searching of ciphers after they have 
been put on magnetic tape in notation form. Not 
only can complete structures be recognized, but also 
programmes can be devised by which specific struc- 
tural features, common to a number of compounds, 
can be searched for mechanically on the magnetic 
tape. This electronic retrieval will probably be done 
not by the ordinary organic chemist but by a central 
information agency. However it is done, it will 
provide a further great step forward in enabling us 
to retrieve mformation from the vast mass of data 
which is now available. 

So far as uniqueness is concerned, the Commission 
has done an immense amount of work and most users 
will be prepared to accept 1ts assurance that for any 
one compound there is only one cipher, and vice 
versa. Few organic chemists are likely to take the 
trouble to try to ‘break’ the system. So far as concise- 
ness 18 concerned, few ciphers are more than 30 per 
cent of the length of the systematic names of 
their respective compounds. 

The system makes use only of letters of the 
alphabet, Arabic numerals and some common punc- 
tuation marks. The elements are dicated by their 
usual symbols—-except ‘Ch’ for chlorine, and ‘Q’ for 
oxygen in certain cases; ‘A’ is used for saturated 
ring systems, ‘B’ for conjugated rmg systems, ‘E’ 
for double bonds, ‘X’ for carboxyl. Numerals are 
used to indicate the length of a chain, the size of a 
ring, end the position of a substituent (locant). 
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Punctuation marks (;:()/- and underlining) are used 
to Join and to segregate groups of letters and numerals, 
in order to express the relations between different 
parts of a structure. 

Nearly 600 examples, covering all known types of 
organic compound—and not a few unknown types— 
illustrate the application of the rules in a logical 
step-wise fashion. The reader will appreciate readily 
that C,C,40,5 is the cipher for 5-ethyl-4-propyloctane 
(C, chain at position 5; C, chain at position 4), or 
that C,FIN3 is the cipher for F[CH,],.NH,. On the 
other hand, some hours of practice at the notation 
will be necessary before he can translate the formula 
of strychnine into its cipher: 


A76,5,61310-129-1613-1619bZQ6ZN013E1-7EQ14 


or carry out the reverse operation. It seams probable, 
however, that facility in the use of this system will 
shortly be considered an essential part of the organic 
chemist’s equipment. 

The book is well produced, and its price is such 
that expense cannot be considered a valid excuse for 
any organic ohemist being unfamiliar with the 
notation. W. Kuyne 


AN ASPECT OF DRUG 
METABOLISM 


Chemlstry of Drug Metabolism 

By Dr. William H. Fishman. Monograph in the 
Bannerstone Division of American Lectures in Living 
Chemistry. Pp. xvii+ 235. (Springfield, Hl.: Charles 
— Thomas; Oxford: Blackwell Scientific Publications, 
1961.) 84s. 


R. FISHMAN’S monograph, like other titles in 

the “American Lectures in Living Chemistry” 
series, is conceived with a view “to advance the newer 
knowledge of chemical medicine in the cause of 
clinical practice”. It is only in recent years that it 
has been realized that the overall biological activity 
of a drug on the animal body is the net sum of two 
aspects: the action of the drug on the body, and the 
effect of the body on the drug. 

The original stimulus to the development of the 
study of this second aspect may be traced to the 
publication of the monograph Detozication Mechan- 
tems by R. T. Williams in 1947. Since then, mainly 
because of practical applications, the study of drug 
metabolism has undergone a rapid expansion. Exam. 
ination of the fate and disposition of drugs can help 
in explaining drug action and toxicity, and the 
information can be used to improve drugs and lessen 
their toxicity. The expansion and application of 
drug metabolism investigations has been particularly 
rapid in the United States, and it is now a subject of 
undergraduate study in several American universities. 
An important factor in the development of American 
interest in this fleld has been the legislation intro- 
duced by the Food and Drugs Administration. Food 
additives in the United States are subjected to a more 
rigorous screening schedule than in Great Britain, and 
before a compound can be used as such, adequate 
data regarding ite metabolism and disposition is 
legally required. 

Before discussing specific drugs, Dr. Fishman first 
outhnes the metabolism of the main groups of organic 
chemicals, particularly those which illustrate typical 
metabohe pathways. This is followed by two chapters 
dealing with the in vivo biotransformation of drugs 
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and the biochemical mechanisms involved in reactions 
such as hydroxylation, O- and WN-dealkylation, 
deamination, deacetylation, reduction of nitro and 
azo groups, etc. The chapter on in vivo metabolism 
could with adventage have been amplified to describe 
more correlations between metabolism and pharme- 
ecological activity. Thus, there exists a close relation- 
ship between the rate of metabolism of a substituted 
barbituric acid and the pharmacological response. 
Also, metabolism plays a fundamentally important 
part in limiting drug action, for example, the O- and 
N-methylation of catecholamines and histamine 
to inactive methylated derivatives. Indeed, without 
mechanisms to metabolize foreign compounds, much 
of our present drug therapy would be dangerous 
and impracticable, since the action of most therapeu- 
tic drugs would persist for too long. 

The remainder of the book is largely concerned with 
a discussion of the various metabolic conjugations, 
namely, allylation, acetylation, mercapturic acid 
formation and sulphuric acid, amino-acid and glucu- 
ronic acid conjugation. The author gives special 
emphasis to glucuronic acid and deals at some length 
with its chemistry and role in carbohydrate meta- 
bolism. He also directs attention to several related 
topics, such as the possible role of steroid glucuronide 
conjugates functioning as transport forms, and the 
correlation between drug-induced urinary excretion 
of ascorbic acid and glucuronic acid metabolism. 
There is an interesting consideration of §-glucuronid- 
ase, but I myself am left with the feeling that the 
physiological significance of this ubiquitous enzyme 
is not yet clearly defined. Dr. Fishman appears 
to consider a transfer function more meaningful 
than the classically accepted hydrolytic action. In 
conclusion, the book 1s well laid out and printed on 
excelient-quality paper. It should prove of interest 
to those who require a general background to the 
subject of drug metabolism. ROBERT L. SMITH 


PROTOZOA, AND THE ‘NEW 
SYSTEMATICS OF THE CILIATA 


An Introduction to the Study of Protozoa 

By Doris L. Mackinnon and R. 8. J. Hawes. Pp, 
xvii +506. (Oxford: Clarendon Press; London: 
Oxford University Press, 1961.) 63s. net. 


T is five years since Doris Livingston Mackinnon 

died, and many friends who appreciated the 
excellence of her teaching at King’s College, London, 
have awaited the appearance of this book, which was 
to have been her magnum opus. 

The book has five chapters dealng respectively 
with the classes Rhizopoda, Mastigophora, Sporozoa 
and Ciliata, and with methods used in protozoology. 
At the time of her last illness Prof. Mockinnon had 
“complied descriptions of her types for various 
versions of Chapters 1, 2 and 3, and of some ciliates, 
but she had written little else”. Her former pupil, 
R. S. J. Hawes, has re-written parts dealing with 
amoebæ in Chapter 1 and with osomes and. 
trichomonads in Chapter 2 (pp. 109-132), has added a 
passage on the flagellates of termites (pp. 141-149) 
and has expanded the treatment of the Archigre- 
garina (pp. 160-169). He also wrote short mtroduoc- 
tions to the phylum and its classes, and the chapter on 
methods. We do not know how much of Chapter 4 
was written by the Professor, who taught about ciliates 
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enthusiastically but could not have envisaged the 
‘new systematics’ of E. Fauré-Fremier and of John 
O. Corliss. Ciliates are forms with simple cilia or 
compound. ciliary organelles, and the system is based 
largely on & universal ‘infraciliature’, mainly taking 
the form of ‘kinetosomes’ (basal granules), which are 
cylindrical and tubular rather than spherical. Corliss 
took into consideration also characters such as 
nuclear dualism, the (homothetogenic) mode of 
binary fission which produces anterior and posterior 
filial forms called ‘proter’ and ‘opisthe’ respectively, 
and the absence of a sexual mode of reproduction 
involving syngamy, which is replaced by modes of 
parallel genetic significance, such as conjugation. 

The main alterations of the older schemes of classifi- 
cation of the ciliates can be stated briefly. The 
Protociliata (opalinids) are excluded, because of non- 
ciliate characteristica rather than mastigophoran 
affinities, and the group Euciliata lapses. The sub- 
classes are reduced to two, the Holotricha (with 9 
orders) and the Spirotricha (with 6 orders). Some 
erstwhile orders such as the Perntricha, Chonotricha 
and, Suctoria are reduced to sub-orders within the 
Holotricha, while some sub-orders are now given the 
rank of orders. Uniform endings are adopted, 
‘ida for orders and ‘-ina’ for sub-orders, and 
authorship and dates are retained, but not given in 
this book. Corlies stressed the difficulty of under- 
standing the modern terminology, and in one paper 
he defined about 70 important terms, but without tho 
aid of a glossary many readers of this book will find 
the terminology perplexing. 

In paying tribute to Prof. Mackinnon, Hawes 
was frank and correct when he admitted that ‘the 
book now lacks her touch”. She was “a conscious 
stylist, speaking and writing with crisp authority”, 
and I believe she would have condemned many 
passages in the book as verbose and sometimes 
lacking propriety as well as directness. In addition 
to the circumlocutions there are many expletives— 
“this fine ciliate’, “this charming worm”, “the 
loveliest and most delicate’ —-which irritate a reader 
already immersed in a flood of technical details. 
However, Hawes has kept to Prof. Mackinnon’s plan 
and has tried to maintain her practical approach, 
stating, “her intention was to describe a number of 
representative species of Protozoa, and likely substr- 
tutes for them, and to put down what the student 
with patience and sound advice may be expected to 
see for himself, first in the living, and then in fixed 
and stained preparations’. “In one respect”, 
Hawes says, “I have not repaired an omission which 
I knew to be deliberate. The genus Plasmodium 
and the entire subject of malaria are omitted”. This 
is an understatement, because Haemoproteus and 
Babesia (Ptroplasma) are also excluded, and many 
readers will deplore the decision and rejeet the 
explanation. Much biological research of a non- 
medical nature has assisted ın the conquest of malaria, 
and many of the Haemosporidia are widespread in 
animals. To make space for them the text might 
have been pruned of superfluities. Thirteen pages 
are devoted to & passage on the use of the microscope, 
though the two modern books cited as the sources 
of the Rotes “offer better introductions to the sub- 
ject” (* p. 384), and only about 14 pages were required 
for dealing with the Trypanosom(at)idae. The treat- 
ment of the Sporozoa is very restricted: there is 
much ado about the Telosporidia but little about the 
‘Neosporidia’ and this is confined to the Myzosporidia, 
no details being given about the Microsporidia and 
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the Actinomyxidia. The cocoidians Himeria sardinae 
and Æ. chipearum ere not mentioned, though both are 
common in the herring and have been concerned in 
erroneous diagnoses of human coccidiosis, but the 
monocystid gregarine Apolocystts gigantea is dealt 
with, though it does not occur in Britain. Among 
ciliates, Balantidium cols has been given only trivial 
mention, Yet it is “the most studied form” and the 
medium on which it may be grown is specified. 

In spite of such defects, however, the book is com- 
mendable and will play a useful part in the teaching 
of protozoology. It has a subject index and an index 
of authors’ names and there are 180 figures, many of 
which are excellent, although some are mediocre and 
@ few should have been omitted. The frontispiece 
depicts the cilium of Paramecium and the kinety of 
Stentor without stating magnifications, but, good as 
these electron photomicrographs are, I would have 
preferred a portrait of the gracious lady who laid the 
foundations of this book. Bren DAWES 


ART AND SCIENTIFIC 
ILLUSTRATION 


Art and the Scientist 
By Dr. Geoffrey Lapage. Pp. xii+115+22 plates. 
(Bristol : John Wright and Sons, Ltd., 1961.) 42s, 


T amount of material which Dr. Lepage 
collected. for his book must have been enormous, 
It is obvious that he had great difficulty in selecting 
from ıt the little he could use for a volume of this size, 
If one feels that he has not been wholly successful, 
particularly with some of his coloured iJlustrations, 
one must bear in mind that in such a matter it would 
be hard to find two people in agreement. Everyone 
will be grateful to him for including two hitherto 
unpublished illustrations from Jamacta Studies by 
P. H. Gosse. 

Sections I-IV deal with uUlustrations from works on 
botany, zoology, human and comparative anatomy, 
produced by various deceased scientists, and des- 
cribe their methods and artistic capabilities. They 
consist of innumerable snippets of information, 
liberally sprinkled with anecdotes, from which it is 
difficult to gain any general impression. If the facts 
had been presented differently, either in a historical 
fashion or in tabular form, they would have been more 
useful. 1f only for reference. As it is, apart from 
humorous incidents, it is rather like trying to read an 
unalphabetical directory, written out as an essay. 

Sections V and VI discuss scientific illustrations 
and their characteristics, and although less tiresome 
to read, are still very scrappy. One wonders for whom 
these chapters are really intended. If they were 
given as a series of informal talks, with good lantern 
slidez, they would be very pleasant, but do not seem 
so happy presented as part of a book. 

The last section, ‘“‘Creative Processes in Science and 
Art”, is a far more interesting and sustained study. 
The chapter begins with a discussion of scientific 
and artistic methods and approach, and goes on 
to the most difficult subject of beauty-—what it 18, 
and where 1t may be found. Very extensive and well- 
chosen quotations are taken from Alexander, Kallen, 
Poincaré, Whalley, Wittkower, eto. One cannot, 
of course, always agres with Dr. Lapage. An artist 
does not necessarily care in the least about enabling 
others to experience the reactions which his pamtings 
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aroused in him. He paints for himself and is his own 
audience and critic. If his work satisfies him, it is 
‘off his chest’ as it were, and he can even regard his 
accomplishment with something akin to indiffer- 
ence. 

The comparisons between the mental processes 
of artists and scientists are full of ideas, but to say 
(p. 97) that 1f Newton, Pasteur and Einstein had not 
lived, no one else would have made their several 
discoveries is surely rather dubious. Once a discovery 
has been made, work goes onward from that point; 
identical discoveries can be made by mdependent 
workers; the net of human beings is too wide to 
assert that there can be no repetition or equality of 
one particular person’s powers. 

The final paragraphs, concerning other views on 
the relationships and origin of art and science, 
end in an almost impassioned plea for the synthesis 
of art and science. Leonardo da Vinci made the most 
serious attempt at this, but to-day, with the vast 
increase of knowledge of all kinds, a super-mind far 
beyond even his would be required. Where could this 
be produced in an age so desperate and swiftly 
moving ? ANNE STHrHENsoN 


PHOTOCHEMICAL AIR POLLUTION 


Photochemistry of Air Pollution 
By Philip A. Leighton. Pp. ix+300 (New York: 
Academic Press, Inc.; London: Academic Press, 
Ine. (London), Ltd., 1961.) 88s. 


Aa both the London and Los Angeles 
‘smogs’ are caused by polluted air being trapped 
near the ground by a temperature inversion, the 
other conditions under which these phenomena occur 
are very different. On a cold foggy November day in 
England, it is small consolation to realize that the 
irritants present in Californian smog are produced 
photochemically by the action of sunlight on polluted 
air. 

The group of compounds mainly responsible for 
eye-iritation and plant damage was only discovered 
as a result of investigations on these smogs. The 
structures of these compounds are not yet certain, 
but they are probably related to peroxyacetyl nitrate. 
The mechanism of formation of these compounds and 
of aldehydes and ozone in polluted air is discussed in 
great detail in Prof. Leighton’s book. This detail is 
largely dictated by the complexity of the reactions 
involved, but some simplifying factors emerge, 
notably the dominance of one initial photochemical 
process—the formation of oxygen atoms from 
nitrogen dioxide. These oxygen atoms or the ozone 
formed from them react olefins to form eventually 
the more important pollutants. The blame for smog 
lies clearly with the olefins and nitrogen oxides 
emitted by internal combustion engines. 

Apart from its importance to those concerned with 
air pollution in sunny climates, the main interest of 
this book will be for photochemists and kineticists, 
who will find it a useful source of information on the 
reactions of oxygen atoms and ozone with organic 
materials and nitrogen oxides. Even allowing for the 
complexity of the subject, the amount of detail 
presented too often submerges the conclusions which 
are given at the end of each section, making it 
hard for the more general reader to obtain a broad 
picture of the field. The specialist reader will find 
this book stimulating and useful. B. A. THRUSH 
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Leitfaden der Gewebezuchtung 

Von Dr. Jaroslav ŘÑeřábek und Dr. Emmy Refdbek. 
Pp. xiv+370. (Jena: Gustav Fischer Verlag, 
1960.) 64:90 D.M. 


N this book the authors aim to give not only most 

techniques of tissue culture but also their applica- 
tion to various research problems, for example, 
virology, and methods for the evaluation of experi- 
montal results. The part dealing with methods of 
tissue culture can be recommended to the qualified 
worker who wants to add the method to his research 
tools. Most cell-culture techniques from the now 
largely superseded coverslip method to modern 
cloning techniques for avian, and normal and malig- 
nant mammalian cells. as well as techniques to grow 
amphibian, insect and plant tissues, are well 
covered. The organ culture method is, on the other 
hand, dealt with comparatively briefly. Instruc- 
tions on how to build, equip and run a tissue 
culture laboratory, including the preparation of 
natural and chemically defined media, are given in 
great detail, as well as some histological techniques 
and some biochemical methods for metabolic studies 
of coll cultures. Tho part dealing with the apploa- 
tion of the method is not on the same high level. 
It is often too cursory ; for example, the paragraph on 
radiobiology is much too short, not up to date and 
would have been better omitted in its present form. 
Another drawback of the book is that the references 
are often incomplete. In spite of this it can be recom- 
mended for its detailed descriptions of culture 
techniques and also for the useful addendum dealing 
with statistical evaluation of results. 

I. LASNITZKI 


Progress in Inorganic Chemist 

Vol. 2. Edited by F. Albert Cotton. Pp. vii+ 399. 
(New York: Interscience Publishers, Inc.; London: 
Interscience Publishers, Ltd., 1960.) 79s. 


T is refreshing to see this volume largely devoted 

to conventional inorganic chemustry, although the 
statement on the cover: ‘Inorganic chemistry is the 
science of . . . all wholly or partially inorganic sub- 
stances’, may still leave some readers in doubt as 
to the meaning of this term. 

George covers the broad topic of halides and oxyhal- 
ides of the elements of Group Vb and VIb in & com- 
prehensive review with 437 references. Poimts noted 
by mo were the reference to PCL +IClh (J. Amer. 
Cham. Soc., 74, 6151; 1952, would have been more 
appropriate) and omission of the wnteresting work by 
Kolditz and Hass on Cl- — PCl, exchange. Fluorine 
compounds of the transition elements was written 
with regard to the earlier review by Sharpe and a 
discussion on experimental techniques is included. 
It is unfortunate that Hg(I) compounds are referred 
to as univalent. A valuable survey by Asprey and 
Cunningham on unusual oxidation states of some 
actinide and lanthanide elements is in the form of 
several short articles. A concise and interesting article 
on radioactivation analysis in inorganic geochemistry 
points out that most elements occur naturally with 
abundances below the sensitivity Limit for detection 
by emission spectroscopy. Various methods of 
detection are discussed 

Metal alkoxides by Bradley forms a survey of a 
more organic nature and clearly indicates the need 
for structural work. There is also a rather long 
review by Diamond and Tuck on the extraction of 
inorganic compounds into organic solvents. Finally, 
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a brief article by Ballhausen on intensities of spectral 
bands in transition metal complexes does not seem 
to fit happily mto this series. 

This volume is a valuable, well-referenced addition 
to the literature of inorganic chemistry, and the 
editor 18 to be complimented on the topics selected. 
The number of misprints appears to be greater than 
in Volume 1, but specific to certain articles. None of 
the misprints is likely to lead to confusion. 

I. R. Buarriz 


Launching and Managing O and M 

By G. E. Milward. Pp. xiv+94. (London: Mao- 
millan and Co., Ltd.; New York: 8t. Martin’s Press, 
Inc., 1961.) 158. net. 


HIS is a practical handbook for company 

directors and managers and 1s closely related to 
Organteation and Methods published about two 
years ago and edited by Mr. Milward. It tolls its 
readers how to set up and manage an organization 
and methods department, and does this very well, 
probably because the experience of some fifty com- 
panies has been used as the basis for much of tho 
advice given. 

In a foreword, Mr. J. E. Wall, managing director 
of Electrical and Musical Industries, says “Organise- 
tion and Methods, like all management services, must 
be ‘tailor-made’ to the needs of the company”. 
This is very true, but Mr. Milward’s book will provide 
the basic pattern which determines much of tho 
shape and size of the finished garment. 


Reflections on the Motive Power of Fire 

By Sadi Carnot. With papers on the ‘Second Law of 
Thermodynamics” by E. Clapeyron and R. Clausius. 
Pp. xxi+152. (New York: Dover Publications,” 
Ine.; London: Constable and Co., Ltd., 1960.) 1.50 
dollars. 


A rege is aware of the value of reforring 
back to original papers in science but rogrete 
that the rate of present-day activity leaves little timo 
for doing so. If the difficulty of translation from a 
foreign language is added, the effort becomes intimid- 
atingly large. Wo should therefore be grateful to 
those who first conceived the idea of this book and 
to the translators who have carried out their work so 
well. 

The main part of the book consists of translations 
of four famous papers in thermodynamics, by Carnot, 
Clapeyron and Clausius. The first and most impor- 
tant—and incidentally the only one that Carnot 
wrote—contains his great idea of the thermodynamio 
cycle; no true physicist can fad to feel thrilled by 
meeting the first development of this idea, which has 
had so much influence on physics as a whole. 

Carnot’s paper was not written for the pure physi- 
cist; he pointed out that his conclusions would have 
to be tempered by engineering principles and by the 
economics of power production. The other papers 
are more academic and mathematical. Carnot in 
1824 believed that heat was a fluid, but Clapeyron 
in 1834 and Clausius in 1850 had accepted it as a form 
of energy. Using Carnot’s idea of the cycle, they 
introduced new forms of mathematical treatment of 
thermodynamics which now provide the basis for all 
our text-books. 

This is definitely a teacher's book, and should be 
read by every university teacher of thermodynamics. 
But it should be kept out of the hands of all but the 
very best students. H. Lipson 
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TOWARDS A THEORY OF CONTINENTAL DRIFT 


By Pror. S. K. RUNCORN 
Physics Department, King’s College, Newcastle upon Tyne 


Oa of continental drift have commonly 
made two criticisms of the hypothesis which 
they have evidently felt to be weighty: first, that it 
was difficult to believe that if continental drift had 
taken place it had occurred so late in geological 
time’, and secondly, that no tenable dynamical 
theory of continental drift? had been proposed since 
the hypothesis was first put forward. These points 
are certainly not arguments against studying the 
evidence for continental drift seriously; no one in the 
past few centuries has disbelieved in the existence of 
the Harth’s magnetic field in spite of there being no 
theory of it. Nevertheless, it is desirable to know 
whether our present geophysical knowledge of the 
Earth’s interior can be modified to admit of large 
continental displacements so recently. 

Wegener? took the first step towards understanding 
the mechanism of continental drift by his emphasis 
on the significance of the isostatic equilibrium of the 
continents. The re-adjustment of the heights of 
continental areas consequent on changes of loading 
involves behaviour of a fluid nature in the upper 
mantle below the Moho, and, of course, by the 
continuity equation horizontal as well as vertical flow 
must occur. If, as seems likely, the Earth’s angular 
velocity has decreased considerably throughout its 
history, the ellipticity of the Earth will have changed 
and this again involves flow in the upper mantle. 
The geophysicist studying the response of the Earth 
to short-period stresses (seismic waves of seconds 
and minutes period and the nutations of 12 and 14 
months periods) has not needed to assume other 
than an elastic behaviour of the Earth (for example, 
Jeffreys’). Jeffreys experiments with a delayed 
elastic equation to account for the damping of the 
nutation and the rotation of the satellites of planeta. 
He assumes a behaviour similar to that found experi- 
mentally in many metals and other materials in 
which, on applying & stress p, small compared with 
the yield stress, an instantaneous strain p/H# (as in 
classical theory) occurs, followed by an additional 
strain increasing with time, as shown in Fig. 1, by 
line A, to a constant value. On removing the stress 
the strain decreases with time, as shown by line B, 
leaving no permanent set. 

Jeffreys shows that, as would be expected, a 
material with such delayed elastic behaviour is not 
subject to convection and on these grounds excludes 
the movements in the mantle which will be seen to 
be required to cause continental drift. However, 
Jeffreys’s description of the behaviour of solids is 
incomplete from the point of view of modern physics. 
In the long run, if the stress is maintained, we expect 
to find that the solid creeps, as shown in Fig. 1 by 
line O. Thus, the behaviour of Earth in response 
to the stresses of seismicity and nutation is totally 
irrelevant to stresses applied constantly for millions 
of years: geological field observations of folds and 
contortions in hard rocks are sufficient evidence of this. 

In fact, the behaviour described by classical elastic- 
ity would appear to be quite exceptional and illus- 
trates the difficulty geophysicists frequently have in 
adjusting ther thmking from ordinary experience 
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Time 
Fig. 1. Time response to a constant stress 
in the laboratory to the large scale (both in space / 
and time) of planetary problems. If a solid be put 
under a shearing stress, the resulting distortional 
strain deranges the order in it, but in the long run 
various physical processes occur to re-establish order; 
for example, thermal agitation will re-arrange the 
atoms in states of lower energy. The constantly 
applied stress will, therefore, cause the re-establish- 
ment of fresh strain, and creep or flow will occur. 
Thus it seems incontestable that in the long run any 
material will flow accordingly to curve O. That most 
of the mantle is likely to be at temperatures not 
much below the melting point is further cause for 
suspecting that such behaviour will occur. 

We will therefore assume that when subjected to a 
constant shearing stress over millions of years, the 
mantle flows essentially according to the hydro- 
dynamic equations. In this event the many discus- 
sions of the thermal history of the Earth* have 
omitted a vital consideration, for convection in the 
mantle would probably be a more effective agent for 
removing heat than conduction. Thermal convection 
in a horizontal layer under gravity (as in the atmo- 
sphere), or in a spherical shell under a radial gravita- 
tional field (as in the mantle), will occur when tho 
upward temperature gradient exceeds the adiabatic 
gradient by a value inversely proportional to the 
fourth power of the vertical thickness of the layer 
(Rayleigh’s criterion). This excess temperature 
gradient is almost negligible in geophysical problems; 
it arises because only above it do the differences of 
temperature necessary to drive the convection cur- 
rents maintain themselves against the temperature 
equalizing tendency of the conduction process—and 
the latter is very slowly acting on this scale, as 1R 
evident in all the caloulations made on the thermal 
history of the Earth‘. 

To establish the quantitative possibility of con- 
vection, one equates the viscous and buoyancy forces 
in the mantle. The acceleration of gravity g is nearly 
constant through the mantle. Let a be the coefficient 
of volume expansion and AT the temperature 
difference between the up-going and down-going 
currents on & spherical surface in the mantle: 

v 
gpa AT = OF 5 


where u is the viscosity of the mantle and (R — r) 
its depth and v the velocity of the convection currents. 
Taking u = 10%, g = 103, p = 5, « = 10 we have 
in 0.G.8. unite: 


AT 2 Xx 10* x v 
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There are various ways of estimating v: 

(1) For convection to play any part in geology, 
one might expect one overturn per geological period, 
that is, 10,000 km. in 10° years or 10 cm./year. 

(2) The observed movements along transcurrent 
faults at the present day lead one to infer movements 
of a similar rate in the mantle. Hill and Dibblee® give 
the rate of displacement along the San Andreas fault 
in California as 5 om./year since 1880 from geodetic 
measurements and 0-6 cm./year since the Jurassic. 

(3) The rates of displacement of the continents as 
inferred from palwomagnetic measurements are as 
follows: 30° of westward displacement of North 
America from Europe since the Triassic’: 2 x 10* em. 
in 200 m.y.; 60° of northward displacement of India 
since the Jurassic’: 6 x 10% cm. in 150 m.y.; 60° of 
displacement of Australia away from the pole since 
the Permian’: 6 x 108 cm. in 250 m.y. (Though 
this last-named represents polar wandering and con- 
tinental drift, this is perhaps not too important for 
estimating the velocity of convection in the mantle.) 

These independent methods of estimating v agree 
that its order is 3 cm./year or 10-7 cm./sec. Thus 
AT = 02°, 

The heat carried by such a convection system will 
require a heat-flow out of the core into the mantle 
and, out of the crust of the order of po ATv, where 
c is the specific heat. As po = 1 for most substances, 
the convective heat-flow is 10 cal./sq. cm./sec., 
which is less than the observed heat-flow at the 
Earth’s surface, as it should be for a considerable 
part of the observed flow must be heat generated in 
the crust, which contains a@ higher concentration of 
radioactive material than the mantle. 

In considering the circumstances in which convec- 
tion in the Earth’s core would occur, a necessary con- 
dition for the generation of the geomagnetic field, 
Bullard’ showed that more heat would be carried 
through the core by convection than could be carried 
through the mantle by conduction. Later work haa 
not modified this conclusion, and consequently con- 
vection in the mantle is likely to ocour. 

Speculation that convection currents exist in the 
Earth’s mantle arose from the need to find adequate 
mechanisms for tectonic activity. Griggs’ put 
forward a theory of mountain building, and Vening 
Meinesz" an explanation of the hne of negative gravity 
anomaly along the ocean deep off the East Indies. 
They postulated that the convection consisted of 
cylinders rotating about horizontal axes, their radii 
being of the order of 100 km. and of considerably 
greater length as indicated by the extent of the 
phenomena to be explained. The displacements of 
1,000 km. postulated in continental drift theories 
suggest convection currents much larger than these, 
although, of course, the larger convection cells would 
be likely to be accompanied by smaller ones nearer 
the surface, presumably at places where the up- 
welling has brought heat and raised the temperature 
gradient. Birch!*, in his analysis of the seismic 
data, has shown the mantle to be uniform chemically 
below the depth of 700 km. associated with the 20° 
discontinuity in the seismic velocity—depth curves. 
Above that region, he finds the evidence inadequate to 
draw the same conclusion but does not rule it out. 
The 20° discontinuity has been thought to be either 
an actual change of chemical composition or a phase 
change. In the former case convection currents 
could not cross the boundary, and convection 
occurring above it would consist of cells of the order 
of the depth to the discontinuity, which seem too 
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Fig. 2. Attempted reconstruction of the southern hemisphere for 
mid-Mesozole time. -1 ~, pann position, -——, reconstructed 
positon 


small to be effective in continental drift. We shall 
then assume the phase-change hypothesis; and if the 
motions are slow, the changes of phase, which will 
occur as the mantle material rises and falls through 
the critical depth, will not affect the convection. 

In a new field of inquiry, ıt is necessary to begin 
with simple assumptions the present evidence for 
which will later appear to be inadequate—perhaps 
little more than an instructed guess. Such then are 
the bases of a convection theory of the Earth’s mantle: 
that the mantle acts as a liquid in this problem, 
and that 20° discontinuity can be disregarded and 
that the physical constants of the mantle material 
allow convection without any irreconcilable conflict 
with other geophysical facts. One further assumption 
will be made, that of spherical symmetry, in spite 
of the distribution of the continental rafts the blanket- 
ing effect of which will upset the temperature gradient 
in the mantle to some extent. 

Two lines of thought can bo distinguished con- 
cerning such large-scale convection cells extending 
through the whole of the mantle. The first is due to 
G. F. 8. Hils, who assumed that the present 
concentration of sial in one hemisphere resulted from 
a single convection cell sweeping acidic continental 
material together, as shown in Fig. 4 (n = 1). 
Jeffreys was attracted by this idea, for in his theory of 
the evolution of the Earth, the liquid sphere, con- 
densed from a gas cloud, would naturally cool by 
convection after gravitational separation had rapidly 
formed the core and orust. He showed, however, that 
the single-cell convection assumed by Hills would not 
form in the presence of a dense core of the present, 
radius and that the more complicated convection 
pattern would not concentrate the continental 
material in a single hemisphere. 

The second line of thought is due to Vening 
Meimesz'*, who became interested in Prey’s!5 demon- 
stration that there is a certain regularity about the 
arrangement of the continents. Prey took values of 
the height of the land above and the depths of the 
ocean below sea-level, counting the latter negative, 
and expressed, them as a series of spherical harmonics. 
The predominant term is, of course, of degree n = 1, 
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expressing the fact that the continents are concen- 
trated in a single hemisphere. The terms n = 2 and 
those greater than n = 5 are relatively weak, the 
terms n = 3, 4 and 6 being strong. Terms of odd 
degree have opposite signs at antipodal pointe; 
therefore Prey’s analysis simply gives mathematical 
expression to the fact, which seemed of significance 
to an older generation of geologists, that the con- 
tinents are antipodal to oceans (which was the starting 
point of their theory that the Earth in cooling took 
on a tetrahedral shape, the faces forming the oceans 
and the vertices the continents). This geophysical 
fact that only 3 per cent of the area of continent is 
antipodal to continent demands explanation. Vening 
Meimesz reasoned that this element of regularity in 
the positions of the continents to-day could result 
from a large-scale, regular pattern of convection 
motions in the mantle similar to that predicted by 
the Rayleigh theory. The continental maternal would 
tend to be pushed to the places where the currents 
were descending. Vening Meinesz)* and Chandrasek- 
hart‘ solved the Rayleigh problem of convection in a 
fluid contained in a spherical shell under a radial 
gravitational field. They show, as is intuitively 
obvious, that as the ratio of the radius of the inner 
spherical boundary to that of the outer increases, the 
convection which is excited at marginal stability is 
characterized by harmonics of higher degree. Chan- 
drasekhar shows that for a core of the present radius, 
0-55 of Earth’s radius, harmonics n = 3, 4 and 6 are 
almost equally likely to be excited at margmal 
stability. Vening Memesz argued, therefore, that a 
continental distribution such as Prey found arises 
naturally from the mathematical theory of convection, 
and ag this depends simply on the geometry of the 
problem, Vening Meinesz, in his earlier discussions, 
felt that this showed continental drift to be unlikely. 

The positions of the continents before the most 
recent continental displacements occurred can, how- 
ever, be inferred from etiam, not exactly 
enough to justify a ‘Prey’ analysis but sufficiently to 
see that such an analysis would emphasize the lower 
harmonics more than does the harmonic analysis of 
the present topography of the globe. I have shown!" 
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Fig. 8. Positions of Europe and North America relative to the 
equator for late Palmorois and early Mesozoico (arrows show 
palsowind ions) 
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that paleomagnetic data from South America, Africa, 
indis, Australia and Antarctica, indicate that these 
continents, in the mid-Mesozoic, were grouped closely 
near the south pole, as in Fig. 2. Creer, and 
Ds, from peleomagnetic observations, and Opdyke 
and I° from paleowind observations, have shown 
that Europe and North America were mainly in the 
northern hemisphere, in lower latitudes than at 
present, at the end of the Palwozoic, as is shown in 
Fig. 3. Such a continental distribution would be 
characterized by the n = 3 harmonic being much 
more important relative to the n= 4 and n= 5 
harmonics than at the present day. One may there- 
fore conclude that before continental drift took place 
the continents were arranged essentially by a con- 
vection pattern of the n = 3 type, as shown in Fig. 4, 
and this gave way in the past 200 milion years to 
convection of n = 4 and n = 6 types. 

Urey% has advanced reasons why the Earth must 
have had a cold origin: for example, the volatile 
elements would not otherwise be present in the 
Earth’s crust in their observed abundances. He 
recognized that a theory of the Earth’s evolution 
which envisages it starting from a mixture of 
plenetesimals, presumably similar to the iron and 
stony meteorites, has difficulty in explaining the 
separation of the core, and Urey supposed that this 
occurred slowly: perhaps by the iron creeping down- 
wards along the boundaries of the silicate crystals. 
Urey speculated that the growth of the core might 
still not be complete. Comparison between the 
secular accelerations of the Sun and Moon over the 

two thousand years shows that, apart from the 
deceleration of the Earth by lunar tidal friction, there 
is an acceleration, which Urey attributed to a gradual 
decrease in the Earth’s moment of inertia; but Munk 
and MacDonald! and I” have shown that a more 
hkely explanation lies in the interchange of 
momentum between the core and the mantle result- 
ing from the varying electromagnetic coupling of the 
core and mantle. However, both mechanisms could 
be present. The gradual growth of the core through 
the Earth’s history seems to provide a simple ex- 
planation of why the convection pattern could change 
in the way indicated above. 

The age of the Earth is now given as 4,600 million 
years. Suppose that initially the Earth consisted of 
@ mixture of iron and silicate bodies. If it is assumed 
that the accretion of these bodies has occurred slowly 
enough, their heat of impact will have been lost by 
radiation into space and the temperatures inside the 
Earth will be the result of compression—the tem- 
perature gradient will be the adiabatic one. The 
heat generated by radioactivity will be equally dis- 
tributed initially, but cooling at the Earth’s surface 
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Fig. 5. The growth of the Harth’s core 


will cause the adiabatic gradient to be exceeded and 
a slow convection will set in. This convection will be 
of degree n = 1] as shown in Fig. 4, and if it is sup- 
posed that the sialic material has already separated 
or separates while this mode of convection persists, 
it will be swept to one ares, of the Earth’s surface. 

Convection will, of course, assist in the separation 
of the sialic material and also of the iron core: the 
down-going currents will tend to leave some of their 
denser constituents in the core, and the currents 
near the surface their lighter constituents to form the 
crust. As convection tends to proceed at a rate just 
adequate to carry the heat which cannot be conducted 
under the adiabatic gradient, one assumes that on 
this model the temperature distribution within the 
Earth remains much the same throughout ite life 
and, therefore, the viscosity of the interior and the 
velocity of the currents will remain nearly constant. 
As a first step in the problem let us consider the 
following drastically simplified model, which ignores 
all effects of pressure. 

Let the initial mass of iron in the Earth be M; then 
after time ¢ the amount remaining in the mantle will 
be M minus the mass of the core. Let the radius of 
Earth be R and the radius of the core at time # be r. 

The mass of iron being received by the core per 
unit time at time ż, which is equal to 4xr? dr/di, 
will be proportional to the area of contact between the 
convection currents and the core and to the amount 
of iron remaining in the mantle. If p is the density 
of iron, then 4rpr* dr/dé is proportional to rri (M — 
4nr%o/3). The final radius of the core, gq, equals 
cube root %4/(3M/4re). 

The solution of this equation is: 


In {t/a — 1)/{(r/q)? + r/q + 1} + 
2/3.tan-? [— (2r/q + 1)/ V3] = 
where K and c are constants. 


8,000 


4,000 
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Fig. 5 shows the change of the radius of the eore 
with time : it is found to be nearly linear for mach 
of the life of the Earth. The scale of the abscissa is 
fixed by assuming that not more than about 15 per 
cent of the iron in the Earth still remains in the 
mantle. It will be seen that the radius of the eore 
divided by the radius of the Earth, at present 0-548, 
was at the end of the Palesozoic about 0-54 (or 2 per 
cent less). Interpolation in Chandrasekhar’s!* cal- 
culations shows that the minimum velue of r/R at 
which the growth rate at marginal stability of con- 
vection deseribed by ann = 4 harmonic exceeds that 
for n = 3 is 0-655. Thus it is reasonable to suppose 
that at the end of the Paleozoic the n = 3 harmonic 
in the convection pattern was considerably stronger. 
The minmmum value of r/R for which the n= 3 
harmonic is excited is 0-43 which, as is shown in 
Fig. 5, would have occurred in the early Pre- 
Cambrian, for which we have no geological informe- 
tion. It thus seems reasonable to suppose that the 
growth of the core, as envisaged by Urey could, in 
the comparatively recent life of Earth, have caused 
a fundamental redistribution of the convection 
currents in the mantle, resulting in the dispersal of 
the continents. 
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SPECTROSCOPY AS A BIOCHEMICAL TOOL* 
By Pror. R, A. MORTON, F.R.S. 


Department of Blochemistry, University of Liverpooi 


EVELOPMENTS in absorption spectroscopy 

have centred on (a) techniques, (b) the presenta- 
tion of data and (c) making accessible a body of mfted 
and classified information. 

High-tension sparks between metallic electrodes 
were rich in ultra-violet light and the spectra 
obtained with quartz prism instruments could be 
photographed on ordinary plates sensitive to radia- 


“Substance of a lecture delivered to Section B of the British 
Association meeting at Norwich during August 30-September 6, 1961. 


tions between 220 and 500 mp. The advent of pan- 
chromatic plates extended the range to 700 mu. 
Qualitative work on a variety of organic compounds 
made it clear that the relationships between chemical 
constitution and absorption spectra were likely to be 
useful. 

The next phase was to gather more quantitative 
information by the use of newly designed spectro- 
photometers. Light sources giving in the ultra-violet 
@ continuous spectrum, as distinct from the line 
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spectra of arcs or sparks, allowed very narrow absorp- 
tion bands to be measured. This fine structure led 
to fuller interpretation of the spectra of many key 
substances such as benzene and naphthalene, especi- 
ally in the vapour state. 

The advent of photoelectric cella and photomulti- 
pliers led by stages to present-day photoelectric 
spectrophotometers by means of which absorption 
curves can be plotted with considerable accuracy. 
The compact hydrogen tubes now available give a 
continuous spectrum from 200 mu to the visible. 
Although a photoelectric spectrophotometer was 
built in 1922 by v. Halban, well-designed commercial 
instruments only became widely available some 
20 years later. Modern instruments (both recording 
and non-recording) reflect all-round advances in. 
instrument design and in electronics. 

A serviceable method of presenting data was 
early seen to be a necessity. The notation which 
was invented more than half a century ago has 
stood the test of time. The fundamental expression 
is: 

logio 1,/f = E = eel 


where J, is the intensity of the incident light and I 
is the intensity of the emergent light (of wave-length 
à), Z is the thickness of the absorbing layer in cm. 
and £ is the molecular extinction coefficient. The 
molar concentration c is equivalent to cN/1,000 
molecules per ¢.c. where N is the Avogadro number. 
If a is the (effective) cross-section of a given solute 
molecule and di is a layer so thin that there is no 
superposition of molecules in the light path: 


—daI/I = Nacdl/1,000 
and 
logieLo/I = 0:43 Nacl. 10-* = ecl 
and 
e = 000043 Na = 2:6 x 10.a 


Only a proportion of the solute molecules will be so 
onented as to absorb maximally and a factor of 
1/3 may be introduced to allow for random orienta- 
tion. Physical measurements (X-ray or electron 
diffraction) indicate that 10 A.* or perhaps 10-14 em.* 
would be a ‘representative’ molecular cross-section 
for an organic molecule, so that: 


1 
g = z- 26.10%. 10-7 == 0-87.10 


or of the order 10°. 

On this basis, the absorption (due in the ultra- 
violet to an electronic transition) would exhibit a 
molecular extinction coefficient of 100,000, given 
unit probability for the occurrence of the transition. 
In fact, « values may sometimes be quite low (emar. = 
20 for the ‘forbidden’ electronic transition Amax. ¢. 
273 mu in aliphatic ketones) or as high as 100,000 
in the carotenoids with 9-11 conjugated bonds, or 
50,000 in vitamin A with 5 conjugated double bonds. 

Empirical generalizations have led to a consistent 
picture of the relationship between constitution 
and selective absorption. The latter depends on 
displacements, effected by absorbed ultra-violet 
radiations of m electrons present in groups such as 


the carbonyl (C=O) and ethylenic (C=C) ‘chromo- - 


phores’, The saturated hydrocarbons possessing 
only c electrons found in single bonds are transparent 
to ultra-violet rays. Interpretation of selective 
absorption is further facilitated by generalizations 
concerning the displacement of absorption bands in 
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the direction of longer wave-lengths and the enbance- 
ment of ¢ values, by conjugation of simple ‘chromo- 
phores’. 

Most of the work done before the advent of quanti- 
tatave spectrophotometry is now of only historical 
interest. The middle period of semi-quantitative 
photographic work has often been reviewed, but 
information. published since photoelectric spectro- 
photometry gained momentum during the Second 
World War overshadows everything previously 
recorded. New compulations'** guide the reader to 
the original literature or summarize the measure- 
ments. 

The resources of absorption spectroscopy in respect 
of technique, interpretation and — —— of 
data are adequate for empirical users and challenging 
for theoretical spectroscopiste™. 

It is interesting to consider how ultra-violet 
spectrophotometry rather suddenly became fashion- 
able in @ great variety of laboratories, whereas 
previously it interested only specialists. 

In the first place there was a substantial body of 
ordered knowledge on which to build, in the second 
place effective new instruments were available and 
called for no special skill in use, and thirdly, there was 
æ new awareness that relatively costly laboratory 
equipment could be a good investment. The ordered 
knowledge, alike in respect of inorganic and organic 
compounds, provided many examples of elegance. 
The absorption spectra of the halogens in solution 
and in the vapour state could be explained, and the 
evenly spaced narrow bands in the various perman- 
ganate ion spectra could be accounted for in terms 
of the tetrahedral structure of the ion and the 
‘breathing’ symmetrical vibrations superimposed on 
different electronic transitions. Similarly satisfying 
work on the structure of aromatic hydrocarbons and 
on a whole series of problems involving actual or 
potential tautomerism had persuaded organic chem- 
ists that absorption spectra had at least ‘marginal’ 
utility when more orthodox methods were not quickly 
or wholly successful. 

A good case can be made out that it was the applica- 
tion of spectroscopy to biochemical problems which 
above all stimulated the post-war surge forward. 
Here again the background was favourable. The 
discovery that foods could be made ‘antirachitic’ 
by exposure to ultra-violet light was important and 
intriguing. The detective story element in tracking 
the effect first to lipid, then to cholesterol and then 
to a minute amount of impurity in cholesterol added 
excitement. The impurity had a very characteristic 
absorption spectrum, finally shown to be fully dis- 
played in ergosterol—ea known substance. This 
achievement had a finished look. Further work on 
the irradiation process uncovered. a complex sequence 
of changes and the antirachitic vitamin calciferol 
was, after much effort, isolated and characterized. 
Spectroscopic methods were used in controlling the 
duration of irradiation in the hope that the crude 
product would contain a8 much vitamin D as possible 
before the tedioua separation procedures. The com- 
mercial production of vitamin D which followed 
increased the prestige of the spectroscopic tool. 

Later research provided & wry reminder that the 
whole truth is often elusive. The normal provitamin 
of Nature is not in fact ergosterol but the spectro- 
scopically similar compound 1-dehydrocholesterol 
which, on irradiation, gives the ‘original’ vitemin D of 
fish liver oil (cholecalciferol, vitamin D,). For some 
species, Including man, ergocalciferol (D,) is just as 
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effective as vitamin D,, but domestic poultry respond 
much better to the latter than the former. 

The study of vitamins A has been greatly assisted 
by absorption spectroscopy. The main vitamin A 
(A,) shows very intense selective absorption in the 
near ultra-violet (Amex 328 my; Emax. 50,000) and it 
algo gives a blue colour test with antimony trichloride 
in chloroform (Amsx. 618 mu; Emar. ©. 130,000). 
Many fish liver oils and especially those from fresh- 
water fish also showed a second colour test absorption 
peak (Amax. 693 mu). This observation gave rise to 
the suggestion that another vitamin A existed. In 
fact, vitamin A, turned out to be a dehydrovitamin 
A, that is, OHOH instead of C,,.H,OH. It 
showed a quite distinct ultra-violet absorption curve 
due to ite six conjugated double bonds as compared 
with five in vitamin A. 

One of the most interesting facta about fish liver 
oils is the very wide range of vitamin A content which 
they display. Thus codling liver ol may have 
1/20,000th part of the vitamin content of the richest 
shark liver oils. Biological assays were time-consum- 
ing and costly, and of limited value unless done on 
many animals, 

Spectrophotometric methods based on the intensity 
of absorption (a i) at 325-328 mp were more use- 
ful and gave results in approximate agreement with 
those based on the colour test already referred to. 
The ultra-violet assay suffered from the defect that 
substances other than vitamin A contributed unpre- 
dictably to the absorption intensity while the colour 
test was subject to uncertain degrees of inhibition. 
The relatively high accuracy in ing E values 
(for example, 0-451 + 0-001) attainable with photo- 
electric spectrophotometers permitted a new approach 
to analysis. The absorption spectrum of a pure 
substance is determined carefully and the wave- 
length of the maximum is ascertained accurately. 
Two wave-lengths, one on each side of the peak, are 
then obtained such that their intensities are a fixed 
fraction (for example, 6/7) of Emax. When the 
substance under investigation is vitamin A, in halibut 
liver oil, for example, irrelevant absorption will be 
easily detected from absorption measurements at the 
three chosen wave-lengths. By making the assump- 
tion that over the narrow spectre] range in question 
the irrelevant ebsorption is linear, simple geometric 
considerations lead to a correction formula. The 
Morton—Stubbs procedure, as it is called, has been 
applied to many problems and the pharmacopoeias 
prescribe its use for vitamin A determinations, 
for example: 

EBsagmp (Corr.) = 6'815; Lyysmun — 2°585 Esroma — 

4-26 EB yaqmp 
for unseponifiable matter in isopropanol. Measure- 
ments at three wave-lengths only are needed (see 
British Pharmacopoeia Addendum, 1960). By a 
strange twist of fortune the success of the method 
in this particular problem owes something to com- 
pensation of errors. Natural vitamin A consista of a 
mixture of isomers differing slightly in their absorp- 
tion spectra; this introduces an element of uncer- 
tainty into the correction, but the relative potencies 
of the two main isomers also differ in a manner which 
by accident results in good agreement with the best 
bio-assays! Thus a spectroscopic procedure based 
on & sound argument gained acceptance through a 
problem which turned out to be too complicated, for 
strict validity! It has since been used in many 
unambiguous contexts. 
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Vitamin A was known to be concerned in visual 
processes and the discovery that Wald’s retinene, 
and retinene, derived from retinal pigmentes were 
respectively the aldehydes of vitamin A, and A, 
provided a stimulus to research and attracted 
recruits to spectrophotometry. 

Similar progress was being made in other fields of 
biochemistry such as the study of cytochromes, of 
water-soluble vitamins and of hormones, and interest 
in absorption spectra advanced on @ very broad front 
ranging from highly theoretical work in pure chemis- 
try'4 to very empirical applications. 

A few examples may now be given to illustrate the 
practical utility of spectroscopic methods. 


Determining the Molecular Welghts of Pure 
Substances ; £a) in Familles of Substances ; 
(b) In ‘Transparent’ Substances 


(a) There are several natural vitamins K, belonging 
to a series of compounds which have been synthesized. 
by Isler and his colleagues*. Irrespective of n, that is, 
the length of the side-cham, these substances exhibit 
similar and very characteristic absorption spectra 
with five peaks. The absorption curves are of identi- 
cal shape and the wave-lengths of maxima and minima, 
agree. In fact, the various values of emax. (molecular 
extinction coefficients) are the same for the different 


pure isoprenologues, although the H,” values will 
of course differ, and will fall as n rises. A new 
vitamin K, discovered by Francis ef al.* and later 
investigated by Noll‘5, was obtained from Myco- 
bacterium tuberculosis. When purified, the substance 


showed a low set of values for ye | For all the 


1om. 


synthetic vitamins K, Emar. at 248 mu was 18,900. 
The a” value for the new compound was 240, 


and if ¢max. was again 18,900 the molecular weight 
would be 18,900/24 = 787, of which 616 would be 
attributable to the side-chain. Now if n = 9, the 
side-chain C,,H,, would contribute 613 unite. This 
excellent agreement was confirmed by synthesizing 
the new vitamin K, (n = 9) from menadiol and the 
natural alcohol solanesol C,,H,,OH (ref. 6). Similar 
arguments have been of value in fixing the side-chain 
length in the various ubiquinones obtained from 
animals, planta and micro-organisms. 


Vitamins K, 
n = 4, 6, 7, 8, 9 natural; n = 0, 1,2,3... 
O 


CH; 
(| omon — 


Ubiquinones 
n = 6, 7, 8,9, 10 natural; n=O... 


9 synthetic 


CH, 
OH, 


10 synthetic 


(6) The molecular weight of solanesol was first 
thought to correspond with C,,H,,OH, but the formula 
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is really C,,H,,OH (refs. 7, 8). Classical methods of 
de molecular weights are not at all trust- 
worthy when applied to large molecules of this kind. 
If, however, alcohols are esterified with selectively 
absorbing acid chlorides to yield, for example, 
azobenzoates or nitrobenzoates, the esters will 
exhibit absorption peaks due exclusively to the acid 
radical. The transparent carbon cham of the alcohol 


will merely act as a diluent and the By en value 


will dimish as the molecular weight of the alcohol 
increases. If the emax. values for the esters derived 
from alcohols of known structure such as phytol, 
cholesterol and cetyl alcohol agree, the molecular 
weight of a new ester can be calculated from its 


g value. In this way dolichol? from animal 


i om. 
tissues was shown to be Cyo,H,.,0H, a conclusion 
confirmed by isotope dilution of the “C-acetate and 


by mass spectroscopy. 


Interpreting an Empirical Colour Test 


In the course of work on vitamin E it became 
necessary to be able to determine the amounts of 
certain aldehydes hberated as a result of oxidative 
processes. ‘Thiobarbituric acid, allowed to react with 
aldehydes in acetic acid solution, gives rise to coloured 
compounds which afford a quantitative measure of 
the aldehyde present. A recent investigation by 
Tdufel and Zimmermann! throws much light on the 
process. 


f2 Thio]— barbituric acid 


Table 1 


Absorption maxima for the products of — of (a) hept-2-enal 
and (b) malon-dialdehyde 


— ae pee ee 


yy § ) 
Barbiturio acid 0 85 
2-Thiobarbiturie acid 452 580 
1,3-Dipheny!-2-thiobarbituric acid 458 537 
Sete ee acid 464 
5-Hthy]-2-thiobarbitune acid no colour 


ay Acrolsin, — ODi A 452 my at 70° and 498 my 
reaction temperature; 0b), malondi aldehyde unites with 2 mols. 
2- R acid at position 5 


ych, — e< 


After Táufel, K., and Zimmermann, R., Naisrwiss., 47, 183 (1980) 


Table 1 shows how the mechanism of the reaction 
hes been elucidated and how different groups of 
aldehydes give rise to distinct absorption maxima. 
Adequate calibration allows the method to be made 
quantitative. 


Two-Component Systems. Isosbestic Points 


Many substances exhibit absorption curves which 
change with changing pH in the medium. Thus 
sine at pH 7 shows Amax. near 272 mu and at 
pH 13 the absorption is enhanced and Amar. is dis- 
placed to 295 my (ref. 11). Ribonuclease behaves 
similarly. In the case of tyrosine the two curves 
intersect at 267 and 277-5 my, and all the curves at 
intermediate pH values pass through these two 
isosbestic points. In the case ef mbonuclease a 
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similar family of curves is shown with isosbestic 
points at 270 and 280 mu. This could only happen if 
the system were made up of no more than two com- 
ponents. Dissociation constants and pK values can 
readily be deduced. Other examples are 5-amino- 
quinoline and 6-aminoquinoline™ at acid pH value, 
and pyridoxine, pyridoxamine and pyridoxal’*. In 
some cases the system is virtually a 2-component 
system at pH values > 7 and a different 2-component 
system at pH value < 7. The different pK values 
are readily deduced. 

Isosbestic points are also displayed when a two- 
component system arises as a result of a photochemi- 
cal chenge. 


Discovery of New Naturally Occurring 
Compounds 


Many examples of the recognition of substances in 
natural products could be quoted, but there is only 
time for a few to be mentioned to Mustrate methods 
of approach. 

Salhanick and Berliner investigated the lipids 
and unsaponifiable matter from 523 gm. of an adrenal 
carcinoma. Among the fractions was one (said to 
amount to 23 ugm.) which, in methanol, showed 
absorption peaks at 242, 260 and 295 mu, and, in 
concentrated sulphuric acid, peaks at 240, 265 and 
360 mp. Some of my colleagues (Drs. Fahmy, 
Mervyn and Phillips'*) had obtained from pancreas 
and spleen rather similar materiel. This was purified 
and a minute amount was investigated by mass 
spectrometry to indicate 145 as a possible molecular 
weight. Converging evidence led to 3-formyl indole, 
which was found to show exactly the expected selec- 
tive absorption. In ethanol solution authentic 
3-formy! indole (indole-3-aldehyde) shows 3 maxima 
with reproducible ¢ values (242, 260, 295 mu; £ 1-37, 
1:17, 1-34 x 10-4) and 3 minima (227, 252, 272 mp; 
e 0-47, 1:1, 0-72 x 10). In sulphuric acid there are 
similarly 3 maxima and 3 minima with reproducible 
e values. The aqueous system at pH values > 7 
indicates a two-component system with no less than 
four clear isosbestic points. 

It is worth noting that the complete absorption 
spectrum of 3-formyl indole can be obtained with a 
solution conteining 5 ygm./ml. With the wave-lengths 
of 3 maxima and 3 minima fixed, together with their 
relative intensities, the chance of an erroneous 
identification is remote. When the transfer to sul- 
phuric acid still shows agreement for the displaced 
spectrum the case becomes stronger. 

The Liverpool contribution to work on the ubiqui- 
nones and the ubichromenols arose similarly from 
the detection of unexplained selective absorption in 
separated chromatographic fractions from tissue 
unsaponifiable matter. 

Ubichromenol (ref. 16): 


| Gi * 
ZNR, | om,—om=0—0m, |e 


aN 
CH, N No 7% 


dou, 


was first designated substance C (SQ) and ‘labelled’ 
by absorption peaks at 233, 275, 283 and 232 mp 
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with ascertained relative intensities. This specifica- 
tion was at first no more than an identity ‘tag’. When 
the absolute intensities of absorption could no longer 
be changed by repeated recrystallization the sub- 
stance was deemed to be pure. Various derivatives 
were prepared and it was eventually shown that SC 
was isomeric with ubiquinone 50 and was actually a 
chromene, so that the name ubichromenol became 
appropriate. Since then an isoprenologue related to 
ubiquinone (30) has been isolated from Torula yeast. 
The preparation showed a good optical rotatory 
dispersion curve and on this basis the ubichromenol 
could not be an artefact of isolation. 

Ubichromenol was originally detected in the livers 
of vitamin A-deficient rats and was probably derived 
biologically from ubiquinone 45, which had a solanesyl 
side-chain. Ubichromenol was later obtained from 
human kidney and was related to ubiquinone 50. It 
has recently been shown that p1i-ubichromenol made 
in the laboratory from ubiquinone, fully replaces 
a-tocopherol in the gestation-resorption test on rats. 


Electron Transport ; Mitochondria 


The sequence of processes which begms with 
succinate or reduced diphosphopyridine nucleotide 
and ends with the formation of water at the oyto- 
chrome oxidase ‘terminus’, requires the presence of 
flavin adenine dinucleotides (FAD), the cytochromes, 
and other co-factors. Spectroscopic methods of 
assay applied to mitochondrial and other preparations 
allow very satisfactory comparisons to be made of the 
amount of these catalysts present. Britton Chance, 
and others, have used ingenious and complicated 
methods for following rapid processes, but these can- 
not be described here. There is here, however, a fine 
extension of spectroscopic technique. 

Biochemists are familiar with the fact that the 
oxidation-reduction processes which occur with 
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phosphophyridine nucleotides can be followed by 
changes in absorption at 340 mp. A great many 
enzymatic sequences can be ingeniously brought to a 
conclusion at this point and some of the most sensi- 
tive micro-analytical processes used by Lowry, and 
others, make use of the change. 

Infra-red absorption spectroscopy has also in 
recent years witnessed enormous strides in instru- 
mentation, interpretation of date and documentation. 
The student of natural products can to-day switch 
from ultra-violet to infra-red absorption as the need 
arises, and his efforts can. be supported by the growing 
availability and utility of nuclear magnetic resonance 
spectra and mass spectra. 
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PARASITES OF WORLD IMPORTANCE 


HE Parasitology Group of the Institute of 

Biology has adopted the practice of devoting its 
autumn meeting to a general topic and inviting 
speakers to discuss various aspects of it. At its 
meeting held on November 10 at the National 
Institute for Medical Research, Mili Hill, the subject 
chosen was ‘“Parasites of World Importance” and the 
speakers were invited to discuss problems of distribu- 
tion ecology and control in relation to a given group of 
parasites. None of the speakers had any difficulty 
in demonstrating the world-wide importance of his 
particular group of parasites, but the way in which 
each picked out the various aspects of ecology and 
control proved to be particularly interesting. 

Prof. P. C. C. Garnham (London School of Hygiene 
and ‘Tropical Medicine), in his discussion of leish- 
maniasis and Chargas’s disease, limited himself to the 
New World, where they occur together, although 
leishmaniasis in various forms 1s also of considerable 
importance in the Old World. Trypanosoma cruzi, 
the cause of Chagas’s disease, occurs from Maryland in 
the United States to Argentina. Its synecology is 
quite characteristic and contains an important 
animal reservoir element which differs from place to 
place. The incidence of the infection in humans also 
varies; in some regions of Brazil as many as 60 per 


cent of the human population may be infected. Where 
the disease becomes established in man, the importance 
of wild animals as a reservoir diminishes and domestic 
animals become important. Transmission is normally 
by Reduviidae, but in man it may occur via the milk 
or congenitally. The pathogenicity of T. cruzi is not 
understood. In particular, its role in the swtiology of 
organomegaly is of particular interest. 

Leishmaniasis occurs in two forms, visceral and 
cutaneous; the former, known as kala-azar, has been 
found only relatively recently in South America, 
where it was first discovered during the viscerotomy 
surveys of the Yellow Fever Service. Now more cases 
are being disclosed every year, particularly in Brazil 
and Colombia. Cutaneous leishmaniasis, on. the other 
hand, has been well recognized perhaps from the pre- 
Conquest era. It is, however, not one entity but 
many, each with a different etiology and epidemio- 
logy. At least four forms exist, but there are many 
unsolved problems of differentiation, animal reservoirs 
and vectors. 

Dr. O. D. Standen (Wellcome Laboratories of 
Tropical Medicine) discussed the species of Schistosoma 
which infect man, causing disease which has been 
endemic for thousands of years. Generations of 
agricultural development with its inevitable organiza- 
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-of water supplies has provided increased oppor- 
nities for transmission. It has been estimated 
at at the present time between one and two hundred 
illions of the world population are infected; an 
cidence which is believed to be increasing. The 
stribution of the three species which infect man (S. 
haematobium found mainly in Africa and more recently 
in India; S. mansoni in Africa, South America and 


-hosts that it is not difficult to believe that any warm- 
blooded animal may become infected. The infection 
_. usually causes little harm, but illnesses, including 
fatal ones, have been recorded-—-some epizooties, 
_.. some local outbreaks and some isolated cases. Infec- 
tion may be acquired during post-natal life, but 
congenital infections cause the most damage in both 
animals and man. 
Two particular examples of diseases of world- 
wide importance caused by Toxoplasma were dis- 
_ eussed. Toxoplasmic choroido-retinitis may cause 
defective vision, haemorrhage, iridocyclitis, glaucoma 
or blindness. Diagnosis depends on the situation and 
the activity of the lesions, but the condition has been 
found in every country where a proper search has 
been made. It has been estimated that toxoplasmosis 
= causes 5 per cent of blindness in children in the south- 
eastern States of the United States and that 1-5 per 
‘Scent of the adult population have scars in the peri- 
-phery of the fundus. The frequency of lesions causing 
ocular symptoms in Britain may be more than 1 in 
8,000 persons. Ovine abortion due to Toxoplasma 
is known to occur in New Zealand, Britain and 
— Canada. It is suspected in Australia and India. It 
_. has been estimated that in Britain losses may amount 
— — tothe lambs from 80,000 owes each year. 
Plant. nematodes were discussed by Mr. F. G. W. 
Jones (Rothamsted Experimental Station). Here 
— the problem was to limit the discussion, because 
examples of nematodes causing great economic loss 
ean be drawn from all over the world. The parasites 
-occur in coconut in the Caribbean, pepper in the East 
- Indies, banana in the Caribbean, Australia and Israel, 
eitrus in Florida, rice in Japan, the Philippines and 
-c Tndia, tobacco and cotton in Africa, peaches in 
Canada, vines in California and Portugal, sugar beet 
in Europe and the United States, cereals, potatoes, 
- flower bulbs, lucerne and clover in Europe. In fact, 
ll countries and all crops probably have their eelworm 
‘oblems, and there is great need, especially in the 
| developed countries, for surveys to determine 
at nematode problems exist and to assess their 
egree of importance. 
‘Dr. E. L. Taylor (Central Veterinary Laboratory, 
Veybridge) was faced with a similar problem in 
cussing ‘Veterinary Helminths”. Some 10,000 
cies of worms have a parasitic mode of life and of 
ese species about 800 occur in domestic and fur- 
ring animals. The increased concentration of 
azing animals made possible by improved pasture 
agement adds greatly to the risks of over-infesta- 
with strongyloid worms. The most serious 
nomie effect undoubtedly comes through the 
sression of the growth-rate in young animals, its 
idious nature adding to the difficulty of arriving 
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at an accurate picture. Many of the harmful. holm- : 


inths are of world-wide distribution, and it is onlya ` 
proportion that are restricted by climate or inter- 
mediate-host requirement to certain regions. Insome 
ways it is the most developed countries that suffer the 
most loss, because of the greater concentration of 


stock. 
Another serious parasitological problem is human _ 
onchocerciasis. This was discussed by Dr. D.F. Lewis — 


(Medical Research Council, British Museum—Na — : 
History) against the background of the ecology ofthe = > 
Onchocerea voloulus 


insect vectors, the Simuliidae. olöu | 
is a filarial nematode and is known in tropical Africa, _ 
Guatemala, Mexico and Venezuela. It probably 
reached America with the slave trade, where it found — 
suitable vectors in S. ochraceum and S. metallicum. 
Although the important vectors are few, the ecological 
factors which control its distribution are complex. | 
For the control of these parasites a detailed under- 
standing of their biology is essential and much 


remains to be learned. Ignorance of the mode of 


transmission of toxoplasmosis, for example, is limiting 
progress, and further research is needed on the 
possibility of onchocerciasis control by partial control 
of Simulium. Plant nematodes may sometimes 
be controlled by crop rotation and on advice based 
on soil sampling and a knowledge of host-ranges and 
population changes with cropping. Much remains to 
be learned, but work on soil structure, moisture and 
aeration is yielding useful information on the soil 
phase in plant nematode life-cycles. 

The immunity of the host represents an important 
factor in the environment of the animal parasite as 
well as offering a basis for diagnostic methods. In 
this field also important problems are outstanding, 
particularly in leishmaniasis and schistosomiasis. 

Chemotherapy offers hope of some success in con- 
trolling the parasites, but many problems remain. 
In the case of Chagas’s disease, no curative drug has 
yet been found. Similarly, with schistosomiasis, no 
material advance has been made since the introduction 
of tartar emetic in 1918. During the post-war years 
a wide search for new drugs has failed to produce any 
progress towards the ultimate goal of simple treat- 
ment with a highly effective drug. Much research — 
has also been directed towards the treatment and 
prevention of toxoplasmosis. Here the use of non- 
specific antiphlogistic cortico-steroids is a valuable 


adjunct to specific therapy, mainly with potentiated — — 


sulphonamides. In the field of veterinary anthelm- 
inthics steady progress has been made, so that in 
recent years a series of compounds has become avail- 
able with increasing efficacy. Dr. Taylor, however, 
made the point that under the conditions of modern 
intensive husbandry, it is important to maintain a 
level of resistance in the host animals. Where this 
is dependent on the presence of a low level of infection, 
highly effective drugs would need to be used with 
care. 

The application of chemical substances to plant 
nematodes poses considerable problems. Many toxic 
substances are immobilized, detoxicated or destroyed 
when applied to soil. However, some plants, such as 
Tagetes and Asparagus, contain principles in their 
roots which are highly toxic to nematodes, and other 
plant nematicides may be found. A nematicidal dip 
or other treatment that would disinfest transplants 
or nursery stock would solve many problems-— 
especially quarantine problems, for many potentially 
harmful nematodes are spread when their hosts are 
moved from place to place. 
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Control of the vectors with residual insecticides 
offers a means of controlling Chagas’s disease, but for 
onchocerciasis in particular it is necessary to find 
insecticides which will not harm predators or fish 
required for human food. 

Even where work on the biology of the parasites 
has suggested possible methods of control, their 
implementation sometimes poses great social or 
economic problems, Control of Chagas’s disease is 
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ultimately a question of good housing, which is 
controlled by economic factors. Publice health 
measures in hygiene and sanitation could, in theory, 
eliminate schistosomiasis by prevention of contact 
between fresh human excreta and water, but adequate 
education and the supervision necessary have yet to be 
achieved. 

The proceedings of this meeting will not be pub- 
lished in detail. L. P. JOYNER 


EFFECT OF LYSERGIC ACID DIETHYLAMIDE ON THE SURFACING 
BEHAVIOUR OF LARGE CARP 


By Dr. H. A. ABRAMSON, H. H. GETTNER, M. P. HEWITT and G. DEAN 
The Biological Laboratory, Cold Spring Harbor, Long\lsland, New York 


OEB has stated! that “None of 1,800 assorted 

compounds force-fed to carp has produced 
more than random surfacing or any directed move- 
ments of the fish”. Any class of compounds which 
produces surfacing and directed movements of carp, 
therefore, can be of importance in the control of 
fish populations, as well as in the study of the 
physiology of the fish themselves’. It is the purpose 
of this article to show that a group of compounds 
related to lysergic acid diethylamide (LSD-25) 
produces surfacing behaviour of carp with the move- 
ment directed toward the surface, thus providing the 
pharmacological effect that has been sought through 
forced feeding. Our experiments have not, as yet, 
included feeding these drugs to fish, although exten- 
sive work on man would indicate that the material is 
absorbed from the intestinal tract. The drugs are 
active when given intraperitoneally to Siamese 
fighting fish’. 

It has been shown previously from work in this 
laboratory that very small quantities of derivatives 
of lysergic acid, like lysergic acid diethylamide 
(LSD-25) and lysergic acid ethylamide (LAE-32), 
have a surfacing effect on small Siamese fighting 
fish (0-3-5-0 gm.). Less than 0-5 ugm. per ml. of 
LSD-25 in the outside liquid causes most of the fish 
to go to the surface of the liquid and remain relatively 


immobile. 1 gm. per ml. results in almost 100 per 
cent surfacing*-§, 
Prelimi experiments have shown that both 


Iminary 
LSD-25 and LAE-32 affect small goldfish and 
Siamese fighting fish in a somewhat similar manner. 
However, it was found that larger tanks were needed 
to make quantitative observations. Our work with 
goldfish confirmed what had been known at this 
laboratory for many years, since the goldfish was 
one of the first type of fish investigated after our 
observations had been made on Siamese fighting 
fish. This article deals primarily with the offect of 
small concentrations of psychotomimetic amines on 
large carp. 

Through the kindness of Mr. Howard A. Loeb of 
the New York State Conservation Department, 
at least 2 Ib. in weight wore sent to this laboratory 
for study. The fish, all more than 12 in. in length, 
were kept in a running spring close to the laboratory. 
During the course of the experiments air was bubbled 
through the tanks containing the control and experi- 
mental Both the control and experimental 
tanks (capacity 44 litres) contained three carp weigh- 


ing approximately 2 lb. each. 88 mgm. of LSD-25 
were dissolved in the water of the experimental tank. 
After the fish had been exposed to LSD-25 for 10 min. 
they showed signs of LSD-25 activity. After 30 min. 
all three fish in the tank containing LSD-25 were at 
the surface of the liquid in a nose up -tail down 
position, with the control fish showing somo restless- 
ness but remaining at the bottom of their tank 
(Fig. 1). For the next hour the fish in the tank con- 
taining LSD-25 remained at the surface. from time 
to time moving and even swimming backwards. Of 
course, they were somewhat cramped in the small 
tanks and their movements were governed, perhaps 


Tank 2 
Control 


Tank 1- 
2 megm./ml, LSD-25 





Fig.1. The effect of LSD-25 on large carp. Tank 2 is the control. 
Ftd eo surfi behaviour due to LSD-25 is shown by the fish 
in Tank 1 which contains 2 wgm./ml. LSD-25, The size of the fish 
may be estimated from the tank diameter, which is 15-5 in. 
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in part, by their difficulty in manoeuvring for space. 
It was extremely difficult for all three fish to be 
completely at the surface at one time. 

The fish were returned to the running-water pool 
after 1-5 hr. In the pool they continued to stay at 
the surface, moving about but not gomg to the 
bottom at all. 2 hr. later they were still at the 
surface. Normal carp cluster at the bottom even 
when. food is introduced: the fish affected by LSD-25 
ignored food scattered in the pool. 

Preliminary experiments have shown that Eastern 
brook trout did not react to LSD-26 in a similar 
manner to carp. 

Experiments with LAEH-32 showed that 2 pgm. 
per ml. also induced surfacing behaviour of large carp, 
but this compound takes longer to act and the carp 
did not remain as consistently at the surface as with 
a similar concentration of LSD-26. 

The mechanism of action of LSD-25 on carp is 
unknown. As we have shown previously*, certain 
oxidase poisons like sodium azide act in the same way 
as LSD-25 on Siamese fighting fish. The surfacing 
behaviour of Siamese fighting fish may also be readily 
brought about by simple anoxia. It would appear 


NATURE 


321 


that LSD-25 probably acts by poisoning one of the 
many oxidase systems which are found in living tissue, 
as the action of LSD-25 occurs whether it is injected 
intraperitoneally or placed m the external liquid. 
As a matter of fact, the regression lines for the 
reaction-dose curves of LSD-25, whether in the 
external liquid or injected, and the curves for injected 
psilocybin, are all parallel (Abramson, unpublished 
work). 

Experiments in larger tanks, and field trials, are 
planned to investigate the surfacing behaviour and 
the edibility of fish exposed to compounds like LSD-25 
and, LAE-32. 

This research was supported, in part, by @ grant 
from Sandoz Pharmaceuticals, Hanover, N.J. 
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OBITUARIES 


Dr. H. H. Mann 


THe death on December 2 of Harold Hart Mann 
ended a life of research, remarkable alike for the 
varied subjects on which he left his mark and for the 
enthusiasm with which he carried on his work up to 
his death at the age of eighty-nine. He took his 
degree in chemistry from the Yorkshire College, later 
to become the University of Leeds, after which his 
interest in microbiology took him to the Pasteur 
Institute in Paris on the award of an 1851 Exhibition, 
where his work resulted in his first scientific paper, 
dealing with the effect of antiseptics on the growth 
of yeast. This also led to his first post, which he held 
for five years from 1895, that of assistant in chemistry 
and microbiology to Dr. J. A. Voelker, chemist to 
the Royal Agricultural Society and director of the 
Experimental Station at Woburn that was set up by 
the Society under the patronage of the Duke of 
Bedford. 

This appointment gave Mann a lasting interest and 
affection for the Station, to which he was to return 
in later years. He went to India in 1900 as scientific 
adviser to the Indian Tea Association, later becomung 
principal of the Poona Agricultural College and 
agricultural chemist to the Bombay Government, 
posts which he held until appointed director of agri- 
culture for Bombay Presidency in 1918. During his 
stay in India his researches on the cultivation of tea 
and on its diseases and pests revolutionized the 
culture of this crop, on which he became an accepted 
authority. Indeed, he acquired a reputation that 
became almost legendary, and resulted in three visita 
to the U.S.S.R. between 1980 and 1933 and other 
visits to countries in East Africa snd the Middle 
East, where his authoritative advice was sought. 

Mann returned to Britain in 1928 to take control 
of the farm and experiments at Woburn Experi- 
mental Station, which had recently come under the 
direction of Rothamsted Experimental Station. At 
Woburn, as in India, his researches covered a wide 
field. One of his main interests lay in problems of 


plant competition. This included competition between 
plants of the same species, between clover and rye 
grass and between barley and certain weed species. 
He also carried out experiments for many years on 
clover sickness and studied the function of organic 
manures, the effects of green manure crops and leys 
and the practical possibilities of such crop plents, 
unusual in Britain, as maize and soy beans. He 
found time for such investigations in addition to 
his duties in ing the farm and conducting 
long-term field experiments which have made the 
Woburn Station so valuable an adjunct to Rotham- 
sted. 

He continued his active research even after his 
retirement in 1956 at the age of eighty-four, and was 
preparing some of his results for publication when he 
met his death. To the end his inquiring mind re- 
mained a source of stimulus to his colleagues, and his 
infectious enthusiasm, kindliness and generosity will 
long be remembered by his very numerous friends. 

GERARD THORNTON 


HasRoLD Mann was one of the last survivors of the 
band of pioneers who, in the early 1890’s, started to 
awaken agricultural chemistry from the torpor into 
which it had fallen in Britain, and setting it on the 
path which it has since followed with considerable 
success. His training under Dr. J. A. Voelcker had 
made him a very careful and conscientious analyst and 
field experimenter, and his readiness to adopt new 
ideas and new methods enabled him to make a new 
approach to old problems, so bringing them nearer 
to solution. 

His studies of tea cultivation cleared the way for 
much more efficient management, but his work at 
the Poona Agricultural College and later as director 
of agriculture in the Bombay Presidency had far 
wider-reaching effects. It came at a time when great 
irrigation developments were requiring new and more 


highly productive systems of cropping and soil 
management, and with characteristic vigour he 
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engage d in the search for them, with very valuable 
ts. 

His great services to Indian agriculture are still 
remembered, but his old students and former Indian 
colleagues cherish with even greater gratitude the 
memories of his happy relations with them. In this 
he was ably supported by his wife, who shared to the 
full his deep feelings of friendliness and affection for 
them. She was a lady of great charm and artistic 
sensibility, a miniaturist of considerable talent, and 
her house was always open to their Indian friends. 
This was not customary at that period, a certain 
reserve between teacher and taught being more 
usual; but neither he nor she hesitated to depart 
from conventional usage whenever they felt it right 
to do go. 

Mann was and remained to the end a sturdy North 
countryman, retaining the accent and forthrightness 
of that hardy breed. His affection for his students 
did not prevent him from giving them sa stern repri- 
mand when he deemed it necessary. “He is bom- 
barding” was the caution given by a student coming 
out from a lecture just ended to a group of students 
waiting to attend the next. But few in the Indian 
Agricultural Service can have been better loved by 
the Indians than Harold Mann and his wife. When 
I was last in their region, I met some of his old 
students, who spoke of him almost with veneration 
and quoted many of his sayings. Yet he had been 
gone for twenty-four years. It 1s given to few to be 
remembered as long and with such deeply affection- 
ate respect. E. JOHN RUSSELL 


Dr. Olaf Hagerup 


Orar Hagerup, who died on March 22, 1961, had 
onriched botanical acience with many fruitful ideas 
and unusually stimulating and artistio pictures. He 
was born in 1889 as the son of a clergyman in the 
Danish province of Jutland, where he was also 
brought up. He studied botany in the University of 
Copenhagen as the pupil of the four great professors, 
Johansen, Raunkiser, Rosenvinge and Warming. He 
defended his doctoral dissertation in December 1930 
on a study of the morphology and systematics of the 
Cucurbitaceae. Shortly before his death he had 
retired from the post of superintendent of the 
Botanical Museum in Copenhagen. 

Olaf Hagerup travelled widely in arctic and tropical 
regions and published a number of papers, some of 
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The Royal Society : Vice-Presidents 


Tus following have been appointed vice-presidents 
for the year ending November 30: Lord Fleck, 
treasurer of the Royal Society and formerly chairman 
of Imperial Chemical Industries Ltd.; Sir Lindor 
Brown, biological secretary of the Royal Society and 
Waynflete professor of physiology at the University 
of Oxford; Sir William Hodge, physical secretary of 
the Royal Society and Lowndean professor of geo- 
metry and astronomy in the University of Cambridge; 
Sir Patrick Linstead, foreign secretary of the Royal 
Society and rector of the Imperial College of Science 
and Technology; Prof. W. T. J. Morgan, deputy 


NATURE 


January 2t; 1962 VoL 193 


which are classics in their fields. He wrote papers on 
the morphology and anatomy of higher and lower 
plants, on taxonomy and distribution, on biological 
spectra and periodicity, on flower diagrams and fruit 
morphology. His best-known and certainly most 
important works are, however, on pollination, phylo- 
geny and polyploidy, and it was mainly on tho last 
subject that he published ideas that have had a wide 
mfluence. Among his last publications are two 
besautifal volumes, a botanical atlas, ın which he, 
together with his friend Vagn Petersson, published 
magnificent drawings of almost all Danish plants. 
These volumes alone would be enough to perpetuate 
the names of their authors among botanists. 

To some of his contemporaries, Dr. Hagerup may 
have been a quiet and religious dsay-dreamer who 
showed great artistic skill and an unusual ability for 
detailed observations. Others observed in him the 
great ideologist and thinker, who could spend long 
hours in developing unusually fertile ideas. It was, 
however, not in the nature of Dr. Hagerup himself to 
perform time-consummg and detailed studies to 
demonstrate ultimately the correctness of his ideas; 
this he willingly entrusted to others. Although many 
had observed the possible significance of chromosome 
numbers for taxonomy, he was the first to draw the 
clear and logical taxonomical conclusions from oyto- 
logical observations when, in 1927, he distinguished 
the tetraploid Empetrum hermaphroditum as a species 
separate from the diploid E. nigrum, and thus actually 
started the growing field of cytotaxonomy. It was also 
Hagerup who first, in 1932, put forward a clear 
hypothesis based on his observations of the difference 
in distribution of diploids and polyploids, an observa- 
tion that has greatly influenced geobotanical thinking, 
though explanations of this phenomenon still leave 
much room for further investigations. 

Hagerup was known throughout the world for 
contributions that put him on a level with his four 
great teachers. Less known was his gentle kindness 
to others and his whole-hearted antipathy to all sup- 
pression of freedom, as became so evident during the 
Nazi occupation of his beloved country. 

Olaf Hagerup was a keen artist and a natural 
philosopher of an unusual kind, and his wisdom made 
the visitor to his Museum or to his home feel that 
here was one of those few gifted souls that prefer 
to enjoy Nature in peace and let others pass undis- 
turbed. He married Else Larsen, a student of botany 
and, untiring co-worker, in 1935, by whom and, their 
two daughters he is survived. Asrrerr LÖYVE 
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director of the Lister Institute and professor of 
biochemistry m the University of London; Sir 
Gordon Sutherland, director of the National Physical 
Laboratory. 


University of Leeds : Prof. F. G. Holliman 


In June 1961, the Council of the University estab- 
lished the post of director of combined. studies in the 
Faculty of Science, and it was agreed that the 
director would be responsible for the organization of 
a newly instituted degree course in which two science 
subjects are studied to a higher level. It was also 
envisaged that the director would take part in the 
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teaching and research of one of the Departments in 
the Faculty of Science. Prof. F. G. Holliman has 
been appointed to this post. He was educated at the 
County High School for Boys and Trinity College, 
Cambridge, where he obtained first-class honours in 
Parts I and I of the Natural Science Tripos in 1941. 
During 1940-44 he was engaged on research into the 
compounds of arsenic; he was awarded the Alhusen 
Scholarship in 1942 and was elected a Fellow of 
Trinity College in the following year. In 1944 he was 
awarded the degree of Ph.D. of the University of 
Cambridge. During 1945-47 he held the post of 
demonstrator in the University of Cambridge, and in 
1947 took up appointment as senior lecturer in 
organic chemistry in the University of Cape Town, 
where he was made profeasor of organic chemistry in 
1950. He was awarded a Nuffield Fellowship in 19538 
and spent the year working on the isolation of pig- 
ments in the Department of Organic Chemustry, 
University of Liverpool. In 1955 he became head of 
the Department of Chemistry in the University of 
Cape Town and during 1956-58 was Dean of the 
Faculty of Science, a post involving responsibility for 
the general organization, administration and forma- 
tion of policy within the Faculty. 


Mathematics at Sussex : Prof. D. B. Scott 


THERE will be widespread interest in tho recent 
announcement that Dr. D. B. Scott has been 
appointed to the chair of mathematics at the 
University of Sussex. Dr. Scott is forty-six years of 
age. He was educated at the City of London School 
and Magdalene College, Cambridge; a Wrangler, with 
distinction in Part ILT of the Mathematical Tripos; 
and he was awarded a Rayleigh Prize in 1939 for 
work done under the supervision of Prof. W. V. D. 
(now Sir William) Hodge. After a short period as 
assistant master at St. Olave’s and St. Saviour’s 
Grammar School, London, a period as assistant lec- 
turer at Queen Mary College, London (interrupted by 
four years in Room 17 at the Foreign Office), and a 
fleeting sojourn in the University of Aberdeen, he 
started in 1947 his fifteen-year period of service in 
the Department of Mathematics at King’s College, 
London. In 1951 he was awarded the Junior Berwick 
Prize of the London Mathematical Society for dis- 
tinguished work on the theory of point-curve cor- 

ndences on an algebraic surface, and in 1953 the 
title of reader was conferred on him by the University 
of London. Dr. Scott’s wide reputation as an algebraic 
geometer of the modern school reste largely on a 
series of very elegant papers dealing with valency 
correspondences on algebraic surfaces and also on his 
recent work on tangent-bundles of algebraic varieties. 
It owes much, however, to his high personal standards 
and to his versatile personality; and it has been 
further enhanced by the virtuosity of his public 
performances as 4 skilled and highly spirited exponent 
of present-day developments in his subject. He has 
had some very successful research pupils in London, 
and has done much, in collaboration with these and 
others, to direct and develop the advanced study of 
algebraic geometry in the University. On the depart- 
mental side, Dr. Scott is outetanding in the active 
interest he has always taken in his students, their 
progress and subsequent careers. The selection of 
Dr. Scott to direct the inauguration and development 
of the Department of Mathematics in the University 
of Sussex will be approved by all who know him as 
being in every way fortunate and admirable. 
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Proposed National Resources Councll 

In the leading article on the Report of the Advisory 
Council on Scientific Policy 1959-60 (Nature, 188, 
438; 1960), we noted that the Council was con- 
sidering whether a need did not exist for a new 
Research Council to bear the central and general 
responsibility for scientific matters relating to the 
conservation of our natural resources. In the Council’s 
view, there was a significant absence of basic research 
in the scientific assessment of such major problems 
as the conservation and long-term utilization of water 
supplies and land, and in such questions as relate to 
long-term climatic changes. The Council then set 
up a Working Party on Water Conservation and 
Land Use, which held discussions with the Depart- 
ments principally concerned with research on water 
conservation. After a further preliminary review of 
the whole position, the Council has constituted a new 
committee, under the chairmanship of Sir William 
Slater, formerly secretary of the Agricultural Re- 
search Council, to consider the implications of the 
establishment of a Natural Resources Council. This 
committee will take evidence from all interested 
quarters before submitting its report. Other members 
of the Committee are : Sir Solly Zuckerman, scientific 
adviser to the Minister of Defence; Sir Lindor Brown, 
professor of physiology in the University of Oxford; 
Mr. F.C. Bawden, director of Rothamsted Experimental 
Station; and Prof. C. H. Waddington, professor of 
animal genetics in the University of Edinburgh. 


Institute of Mathematical Sciences, Madras 


An Institute of Mathematical Sciences for the 
pursuit of advanced study and research in all branches 
of mathematics and theoretical physics has been 
established in Madras by the Government. The aims 
and objects of the new Institute are similar to those 
of the Institute for Advanced Study, Princeton, that 
is, to provide an atmosphere and an environment 
suitable for creative work and the pursuit of learning 
for its own sake. Facilities will be offered to visiting 
scientists who will be invited as professors or members 
to spend considerable time in the Institute and work 
in collaboration with the members of the permanent 
staff. In the first instance, it is proposed to have 
four faculties: theoretical physics, astrophysics, 
mathematics and applied mathematics. Dr. Alladi 
Ramakrishnan, hitherto professor of theoretical 
physics in the University of Madras, has been 
appointed as first professor of the Institute. Prof. 8. 
Chandrasekhar, Distinguished Service professor of 
astrophysics, Enrico Fermi Institute of Nuclear 
Studies, University of Chicago, has been appointed 
honorary professor of astrophysics. 


Financial Incentives 


FINANCIAL incentive schemes are regarded as 
effective means of increasing co-operation between 
workers and management. The evidence suggests, 
however, that their effectiveness is limited and that 
they are likely to be less-widely applied as productive 
techniques improve. This is the conclusion reached 
in Money for Effort, by Tom Lupton, in one of the 
Department of Scientific and Industrial Research 
Problems of Progress in Industry series (H.M.S.0O., 
1961. Price ls. 9d., by post 2s. ld.}. The author dis- 
cusses the evidence that is available from studies of 
the working of mcentive schemes over a number of 
years. He shows that 33 per cent of British workers 
are paid according to some kind of financial incentive, 
which is an increage of 4 per cent since 1939. This 
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relatively slow rate of progress may be mterpreted 
as showing that increasing mechanization is making 
incentive schemes redundant. It may also mean that 
they have already been applied to most of the tasks 
for which they are appropriate. Whether incentive 
schemes can be made effective will have to be assessed 
within & much wider framework of life, both inside 
and outside the factory. The discussion indicates 
where further inquiries may increase understanding 
of the problems of co-operation between workers and 

ent. Financial incentives may be an impor- 
tant aspect of these investigations. 


Canadian Department of Mines and Technical 

Surveys: Marine Sciences Branch 

Tus Canadian Federal Government is establishing 
a Marine Sciences Branch in the Department of 
Mines and Technical Surveys to combine hydro- 
graphic surveys and research in oceanography, 
marine geology and the geophysical sciences of the 
seas. ‘The new Marine Sciences Branch will com- 
mence activities as from April 1. Its functions will 
be to carry out hydrographic and other oceanic 
surveys and to conduct oceanographic research in 
the nearby oceans, in Canada’s coastal and inland 
waters, and on the underlying sea-beds for the three- 
fold purpose of assisting navigation, with particular 
reference to Arctic waters, of ascertaining the 
resource potential of the country’s continental shelf, 
and of undertaking the extensive programme of 
oceanographic research required for military and 
civilian purposes. The resultant information will 
also greatly assist the commercial fisheries. Mr. 8. G. 
Gamble, director of the Department’s Surveys and 
Mapping Branch, will act as director of the new 
branch pending the appointment of a director. The 
new Marine Sciences Branch will be serviced by a 
fleet of multi-purpose ships which are designed to be 
used for either survey or research purposes. The 
ships are being provided under a long-range ship- 
building programme. For the east coast, three ships 
are in design or under construction, and one ship, 
the Maxwell, was launched during the past field 
season. The largest of the group, the Hudson, 1s 
expected to be commissioned in 1963. On the west 
coast, the Department recently assumed the responsi- 
bility for the operation of the M.V. Khkolt, a recon- 
verted naval ship. It will use the Hhkols for oceano- 
graphic research and to assist the Institute of 
Oceanography of the University of British Columbia 
in its oceanographic training programme. A new 
survey and research ship for the west coast is in the 


design stage. 
Geological Research In the United States 


TWELVE months ago the United States Geological 
Survey published, as an experiment, a report giving 
brief synopses of the researches executed by its staff 
during the fiscal year ending June 1960. The experi- 
ment was widely welcomed, for the new publication 
amply fulfilled a commendable objective of releasing 
the salient results of investigations far more quickly 
than had been possible in detailed reports and mono- 

graphs; and in consequence of this good reception a 
similar report has been issued for 1961, now extended 
to cover hydrological as well as geological activities. 
This report appears as four quarto volumes totalling 
xxxvi + 1,344 pp. (Geological Survey Research 1961: 
U.S. Geological Survey Prof. Paper 424. Part A, 
Synopsis of Results, pp. 194; Parte B, C, D, Short 
Papers in the Geologic and Hydrologic Sciences, 
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pp. 344+398+408. U.S. Gov. Printing Office, 
Washington, D.C., 1961). In Part A there is given a 
review of the principal recent discoveries of scientific 
and economic interest made by the Survey in the 
wide range of ita work, together with a list of the 
investigations in progress and the titles of more than 
a thousand publications issued during this year. 
Parts B, C and D comprise 436 short papers distri- 
buted over the specialist subjecte geophysics (30 
contributions), mineralogy, geochemistry and petro- 
logy (66), paleontology, geomorphology and plant 
ecology (27), exploration and mapping techniques 
(14), engineering geology and public health (14), 
analytical and petrographic methods (28), hydrology 
(47), metalliferous deposits (14) and fuels (2); as 
well as regional studies on the geology and hydrology 
of the United States (159), Alaska and Hawaii (13), 
Puerto Rico, Pacific Islands and Antarctica (8), and 
foreign countries (16). One paper deals with the 
stratigraphical succession of the rocks of the Moon. 
The publication of this extensive and well-produced 
review within five months of the close of the year to 
which it refers is a remarkable achievement in 
scientific reporting, and both the Geological Survey 
and the Government Prmting Office deserve con- 
gratulations. 


British Library of Political and Economic Science 


Tue annual report for 1960-61 of the British 
Library of Political and Economic Science notes a 
9 per cent increase in the average cost of treatises 
bought and a similar increase in the average serials 
subscription (Pp. 15. London: British Library of 
Political and Economic Science, University of 
London, 1961). These were covered by an increase 
of £1,000 in the vote for book purchases, expenditure 
on treatises and on periodicals and other serials being 
£8,713 and £7,239, respectively (out of total pur- 
chases of £15,623). Acquisitions of treatises totalled 
6,641, of pamphlets 1,193, of non-serial Government 
publications 3,255, and of current serials 8,429, and 
the total of individual items is estimated at 1,155,000 
items, of which 396,918 are bound volumes in the 
Library itself, 8,826 in study rooms, 11,958 in the 
lending library, and 4,903 in the Shaw library. 


Graduate Careers 


Graduate Careers, a bi-monthly magazine devoted 
to all aspects of careers, has recently been launched. 
More than 15,000 copies are being distributed through 
appointments boards, unions and colleges, free of 
charge to all undergraduates in their final year. The 
journal is publiahed by New Homes Press, Ltd., and 
edited by P. W. Kingsland, who, together with John 
Ashby, of British Overseas Airways Corporation, 
pioneered the idea (1, No. 1; November, 1961. Pp. 
36. London: New Homes Press, Ltd., 14 Bury 
Street, E.C.3, 1961). The editorial content of the 
magazine is devoted to features about individual 
industries, and about specialist careers within and 
without industry. The magazine also carries a 
column of news items and some book reviews. It is 
financed by display advertisements. 

The first issue contains articles on ‘‘Careers in the 
City”, ““Flying—For the Few ?”, a graduate careers 
survey of the automation industry showing prospects 
for the industry itself and for potential automation 
engineers, and an article on apprenticeships in the 
electrical engineering industry. The second issue will 
cover steel, public relations, the chartered secretary, 
work study and commercial air transport. 
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National and Endorsed Certificates in Biology 


THE Institute of Biology reports that there was a 
substantial increase this year in the number of 
candidates taking the National and Endorsed Cer- 
tificates in Biology. In England and Northern Ireland 
143 candidates took the Ordinary Endorsed Certifi- 
cate, while 40 sat for the Ordinary National Certificate 
in Scotland. There were 70 candidates for the Higher 
Certificate in Applied Biology in England and 
Northern Ireland, and 22 for the Higher National 
Certificate in Scotland. ‘Technical colleges partici- 
pating were: Acton, Belfast, Brighton, Bristol, 
Brunel, Cambridgeshire, Ewell, Guildford, High 
Wycombe, Liverpool, Nottingham, Oxford, Salisbury, 
South-East Essex, and Stockport. In Scotland the 
colleges were Heriot-Watt College, Edinburgh, and 
Paisley Technical College. New courses for the 
Ordinary Endorsed Certificate are likely to be avail- 
able for 1962 at Bromley, Llandaff, Mid-Essex, 
Slough, and Watford Technical Colleges. A leaflet 
describing the scheme for Endorsed Certificates is 
available from the Institute of Biology, 41 Queens 
Gate, London, 8.W.7. 


Guide to University Entrance 


First published two years ago, the National Union 
of Teachers’ University Entrance: The Basic Facts 
now appears in a much enlarged, third edition. It 
contains full and up-to-date details of the entrance 
requirements of all universities in the United King- 
dom, including the new University of Sussex, as well 
as comprehensive information on grants, student 
activities and living costs, and an authoritative survey 
of university development as a whole. The guide 
appears at an opportune time for the many thousands 
of young men and women now making preparations 
to secure a university place for the 1962-63 session, 
and the teachers and others who advise them. Each 
secondary school providing courses leading to univer- 
sity entrance will receive one free copy. Other 
copies are obtainable from the National Union of 
Teachers, Hamilton House, Mabledon Place, London, 
W.C.1, price 4s. 6d. 


The Vision of Nature 


THe fifteenth Arthur Stanley Eddington Memorial 
Lecture was delivered on November 10, 1961, by Sir 
Cyril Hinshelwood. Si Cyril’s subject was “The 
Vision of Nature” and his theme emerged from his 
own words, “To deny the reality of the inner world 
18 & flat negation of all that is immediate in existence; 
to minimize its significance is to depreciate the very 
purposes of living and to explain it away as a product 
of natural selection is a plain fallacy. At some point 
man reveals himself the artist, the urge to depict and 
represent being in great measure the desire to break 
down the barriers between the inner self and the 
external world, to grasp, understand, enjoy, create 
all in one: to achieve in a primitive way the identi- 
fication of the subjective and the objective parts of 
existence.” Art and science, Sir Cyril believes, have 
similar roots. He also discusses the inter-relationship 
of poetry, science and theology and concludes that 
scientists, artista, poets and theologians all form their 
images of the world. These are all incomplete, 
partial, relative, neither wholly true nor wholly false, 
but, in any ultimate reality, all must be comprehended, 
subsumed and transcended. Sir Cyril’s discerning and 
penetrating lecture has been published under the 
title of The Vision of Nature (Pp. 33. Cambridge: 
At the University Press, 1961. 3s. 6d. net). 
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Scientific Research in Schools ‘ 


Tue fourth annual report of the Royal Societ 
Committee on Scientific Research in Schools shows 
that continuing interest by science teachers wishing 
to undertake research in schools has resulted in seven 
new projects either begun or now in the planning 
stage. Sixty-three separate scientific investigations 
are being administered by the Committee, involving 
fifty-six schools. During 1961 the Council of the 
Royal Society provided £2,000 for grants to be made 
for special apparatus necessary for research to be 
undertaken. The scheme, whereby all projects 
administered by the Committee are carried out with 
the specialist advice and sasistance of Fellows of the 
Society and by others, has proved its success, and the 
Committee gratefully acknowledges the valuable help 
given by these advisers. The Committee has been 
much stimulated by the continued and growing 
response to this scheme, and it is hoped that further 
requests will be received from schoolmasters and 
schoolmistresses, and that continued support of the 
Fellows of the Royal Society and others in acting 
as advisers and assistants in the extension of its 
activities will be provided. Four papers have already 
been published by schoolmasters in learned pub- 
lications. Most of the schools where research is being 
carried out belong to the Headmasters’ Conference 
and indicate more leisure and better laboratory 
facilities by the teachers concerned. It is gratifying, 
however, to see that Mr. R. M. J. Thomas, of a 
secondary modern school in Wales, is carrying out an 
investigation involving the measurement of ionosphere 


Wool Research in Australla 


THe annual report for the year ended June 30, 
1961, of the Wool Research Laboratories of the 
Commonwealth of Australia Scientific and Industrial 
Research Organization provides a readable illustrated 
account of the work of the three divisions of Protein 
Chemistry (Melbourne), Textile Physics (Sydney) and 
Textile Industry (Geelong) (Pp. i+41. Melbourne 
and Canberra: Commonwealth Scientific and Indus- 
trial Research Organization, 1961). It is the first 
such report to be issued separately, and for scientific 
details readers are referred to the list of scientific 
papers published during the year given at the end of 
the report. Among the studies mentioned are those 
by electron microscopy and X-ray diffraction on the 
intact wool film; chemical studies on wool and on 
proteins extracted from woo]; research on the dyeing 
and felting of wool and on wool productes such as 
hospitel blankets; studies on the physics of wool, 
including set, recovery, and wool structure, wool 
staple strength, drying, relaxation shrinkage and the 
control of drafting by twist. Other work has been 
concerned with solvent degreasing, carding, combing, 
yarn sizing, the effect of fleece properties on pro- 
cessing and the mechanism of shrink-proofing. 


Paracypris siliqua 


iy spite of the wide geographical and statistical 
range formerly assigned to Paracypris siliqua, careful 
study by J. W. Neale, of the University of Hull, 
indicates that this Senonian ostracod has not yet 
been shown to occur outside the Upper Senonian of 
England and Northern Ireland (Annals and Magazine 
of Natural History, 4, No. 40; April 1961). Most of 
the forms referred to this species come from horizons 
well down in the Cretaceous and only the Senonian 
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forms from Western Australia and Bavaria approach 
the type horizon. At present only two specimens of 
this species are known to exist, and additional 
material should be sought in the Belemnitella 
mucronata zone of the Upper Chalk. 


Institute of Metals : Medal Awards 


Tas following medals for 1962 have been awarded 
-by the Institute of Metals: the Institute of Metals 
(Platinum) Medal to Prof. Werner Kester, director 
of the Max-Planck-Institut für Metallforschung, 
Stuttgart, in recognition of his outstanding services 
to the non-ferrous metal industries on the scientific 
and technical sides; the Hosenhain Medal to Prof. 
Jaques Friedel, professor in the Department of Solid 
State Physics in the University of Paris, in recognition 
of his outstandmg contributions in the fleld of 
physical metallurgy. 


National Institute of Industrial Psychology 


Tum fifth Dr. H. M. Vernon award of the National, 
Institute of Industrial Psychology will be made this 
year; it will consist of approximately £40 in cash and 
a silver medal. Further information can be obtamed 
from the Secretary, National Institute of Industrial 
Psychology, 14 Welbeck Street, London, W.1. 
Applications and recommendations must be sub- 
mitted before the end of February. 
St. John’s College, Cambridge: Kenneth Craik 
Research Award 


Sr. Joun’s COMMGR, Cambridge, proposes not 
later than the end of April 1962 to make an election 
to the Kenneth Craik Research Award for the 
assistance of persons e in postgraduate 
research, preferably in physiological psychology. 
Persons of either sex and of any academical standing 
aro eligible. The person to whom the Award is made 
need not be and will not be required to become a 
member of the College and need not reside in Cam- 
bridge. The Award will be tenable, subject to the 
consent of the Council, with any other emolument 
and with a salaried post. The value of the Award 
will be £500 a year. The Award will be tenable from 
October 1, 1962, for not less than one year and not 
more than three years. Applications should be gent to 
the Master, St. John’s College, Cambridge, not later 
than April 1, 1962, from whom further information 
can be obtained. 


Harvard University: Advanced Fellowships in 
Forest Resources 


Harvarp Universiry has established new fellow- 
ships in forest resources, to be awarded from the 
Cherles Bullard Fund. The purpose of the fellow- 
ships is to assist men, either as scholars or adminis- 
trators, who wish to enter on a period of advanced 
research. A wide view is taken of this objective, in 
that a Fellow can work in various divisions of Harvard 
University, for example, on sylviculture at Harvard 
Forest, on public administration in the Graduate 
School of Administration, on forest genetics at the 
Arnold Arboreturn, in the Biological Laboratories or 
in the Graduate School of Business Administration, 
etc. Each fellowship is tenable for one year, and is 
valued up to 15,000 dollars. Further information can 
be obtained from the Committee on the Charlies 
Bullard Fund for Forest Research, Littauer Center 
123, Harvard University, Cambridge, 38, Mass. 


NATURE 


January 27 1962 VoL 193 


The Night Sky in February 


NEw moon occurs on Feb. 5d. 00h. 10m. v.T. and 
fall moon on Feb. 19d. 13h. 18m. The following 
conjunctions with the Moon take place: Feb. 12d. 
22h., Aldebaran 0-5° S.; Feb. 18d. lih., Regulus 
0:6° S. In addition to these conjunctions with the 
Moon, Mars is in conjunction with Saturn on Feb. 6d. 
23h., Mars being 0-7° 8., and Mercury with Mars on 
Feb. 12d. 07h., Mercury being 5° N. There is a total 
eclipse of the Sun during February 4-5, invisible at 
Greenwich. There is a penumbral eclipse of the Moon 
on February 19, invisible at Greenwich. Mercury, 
Venus, Mars, Jupiter and Saturn are all too close to 
the Sun for easy observation. Occultations of stars 
brighter than magnitude 6 are as follows, observations 
being made at Greenwich: Feb. 10d. 21h. 08-9m., 
u Cet. (D); Feb. 12d. 18h. 37-4m., 8! Tau. (D); 
Feb. 12d. 18h. 41-8m., 75 Tau. (D); Feb. 12d. 19h. 
43-2m., 264 B. Tau. (D); Feb. 12d. 22h. 50-8m., 
a Tau. (D); Feb. 12d. 23h. 567m., a Tau. (F); 
Feb. 14d. 00h. 39-0m., 119 Tau. (D); Feb. 14d. Olh. 
06-1m., 120 Tau. (D); Feb. 14d. 17h. 51-5m., 71 Ori. 
(D); Feb. 17d. Olh. 49-3m., € Cne. m. (D); Feb. 23d. 
23h. 57-3m., 80 Vir. (E). D and R refer to dis- 


appearance and reappearance, respectively. 


Announcements 


Pror. ANTON A. BENEDETTI-ProntmR has been 
awarded the Austrian Honorary Insignia for Arte and 
Sciences. The medal is given to Dr. Benedetti-Pichler 
for his work in the field of macro-, micro- and ultra- 
micro chemistry, for his numerous publications, 
especially for his text-books and contributions to 
treatises on analytical chemistry, and for his teaching 
of analytical and general chemistry at the Technische 
Hochschule in Graz and in New York. 


THE spring meeting of the Clay Minerals Group 
of the Mineralogical Society will be held in the 
University of Leeds during April 12-13. Further 
information can be obtained from Dr. R. M. 8. Perrin, 
School of Agriculture, University of Cambridge. 


A OONFERENGH on “Self-Organizing Systema”, 
sponsored by the Information Systems Branch, Office 
of Naval Research, and the Armour Research 
Foundation, is to be held at the Museum of Science 
and Industry, Chicago, during May 22-24. Further 
information can be obtamed from the conference 
secretary, Mr. G. T. Jacobi, Armour Research 
Foundation, 10 West 35th Street, Chicago 16, 
Illinois. 


THe ninth Easter school in agricultural science 
arranged by the University of Nottingham School of 
Agriculture will take the form of a symposium and 
colloquium entitled “‘Antibiotics in Agriculture”, and 
will be held during April 2-6. The topics under dis- 
cussion will include the present status in veterinary 
medicine, potential uses in crop production, anti- 
bioties in laboratory evaluations and public health 

ects. Further information can be obtained from 
Dr. M. Woodbine, Microbiological Unit, Department 
of Agricultural Sciences, University of Nottingham 
School of Agriculture, Sutton Bonington, Lough- 
borough. 


Errarom. In the advertisement of recent books 
published by the North-Holland Publishing Co., 
Amsterdam (Nature, January 20, p. civ), the price of 
“Shell Research” was erroneously given as Gld. 27.50 
(55s.). This should read Gld. 43 (86s.). 
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THE BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


IR JOHN COCKCROFT, president of the British 

Association for the Advancement of Science, 
presided over a General Assembly of Section Com- 
mittees in Birkbeck College, London, on January 5, 
when the plans for the scientific programme of the 
annual meeting at Manchester during August 29- 
September 6 were completed and the work of the 
Association in recent months was surveyed. 

Manchester, which last welcomed the British 
Association in 1915, is planning ambitiously for the 
meoti The outstanding quality of the scientific 
faculties of the University and the College of Science 
and Technology, a large student population and the 
active intellectual life of the City and its surroundings 
all promise what may well be a record attendance. A 
full programme is being planned by the fifteen 
sections and for the wider public that will be reached 
by the two evening discourses by scientiste of inter- 
national repute on the Friday and Monday of the 
meeting and by the closed-circuit colour television 
programmes screened by CIBA’s ‘Hidophor’ process. 
With eight ulustrated lectures and an open forum, 
the young people can almost be said to be having an 
annual meeting of their own; while the ‘Science Fair’ 
which they are staging will undoubtedly arouse great 
interest among onlookers and participants alike. 
Appointments to the Kelvin, Darwin and Lister 
lectureships have just been made. The Kelvin 
lecturer this year, Dr. B. E. J. Pagel, comes from the 
Royal Greenwich Observatory and will talk about 
“The Analysis of Starlight”. “Bursts of Evolution” 
is the title suggested by Dr. M. R. House (University 
of Durham), the Darwin lecturer, and for the Lister 
lecture, Mr. R. A. French (University College, London) 
will take as his theme “The Changing Landscape of 
European Russia”. 

The Area Committees, which play so large a part 
in the task of presenting science continuously 
throughout the year, now cover practically the whole 
of Britain and two more are about to come into being 
—one sponsored by the Manchester Federation of 
Scientific Societies, and the other in Southampton, 
where the Association meets in 1964. Area Com- 
mittees are planning, during the early part of 1962, 
to hold e ‘Science Fair’ for school-children on Tees- 
side and major ‘Junior B.A. Meetingr’ (which will 
be attended by some thousands of young people) 
in Newcastle, Birmmgham and in Belfast in 
June. 


While the demands on the Association’s Lecture 
Service continue unabated, and figures of audiences 
rise (19,000 in 114 lectures since last September) the 
most interesting development in this Service has 
undoubtedly been a ‘circus’ arranged in co-operation 
with the educational authorities in Devon in which 
three speakers lectured at six different centres in 
Devon to sixth-form audiences brought in from 
schools in the surrounding countryside. A similar 
experiment in Gloucestershire is being planned. 

The Association’s interest and influence in the 
educational field has once more been demonstrated 
by the highly successful conference staged last 
September, in co-operation with the Association of 
Teachers in Colleges and Departments of Education, 
on the teaching of science in the primary school. 

The Association’s symposium on world food and 
population problems at Cardiff has been followed 
by the publication of a booklet Hunger—Can w be 
Averted?, and the formation of a standing committee 
to study ways and means in which the Association 
might co-operate with the Freedom from Hunger 
campaign this year. 

The Association’s work in the field of visual aids 
has expanded rapidly, with some new developments 
and an increasing demand for the services already 
offered. As a result of the interest aroused by the 
survey of visual aids facilities in Essex secondary 
schools, a similar survey has been asked for in schools 
in Derby; while the receptions for science teachers 
at which specially selected programmes of scientific 
films are shown are attracting larger and more 
appreciative audiences of teachers and local education 
authorities. One successful innovation at last year’s 
meeting will be repeated in Manchester where (in 
addition to the continuous screening of sorentific 
films for members) it is hoped to stage programmes of 
films selected by the Association in the theatre for the 
general public. These pioneering activities are having 
wide repercussions and not only in the United King- 
dom itself; advice on visual aid problems is being 
sought from overseas, and @ programme of scientific 
and technical films has been selected by the Associa- 
tion for distribution throughout Iceland by the State 
Film Library. 

Further information about the Manchester Meeting 
or the Association’s other activities can be obtained 
from the Secretary, British Association, 3 Sanctuary 
Buildings, Great Smith Street, 8.W.1. 


THE INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY 


HE first annual report of the Council of the 

Institute of Physics and the Physical Society 
covers the period up to December 31, 1960, and incor- 
porates reports of the activities of the Institute and 
of the Society during 1960 before the amal tion 
of the two organizations on July 5, 1960*. The 
report, together with the financial statement and 


* First Annual Report of the Counoll of the Institute of Erter 
and the kwal Society 1960. — (London: The Institu 
Physics the Physical Soctety, 


accounts, was presented to the annual general meeting 
of the amalgamated body held on July 4, 1961, at 
the headquarters of the Institute and Society, 47 
Belgrave Square. London, and duly adopted. 

The total membership of the Institute at the time 
of the amalgamation numbered 6,958, and consisted 
of 5,560 in the professional grades of fellow, associate 
and graduate, and 1,398 students and subscribers. The 
corresponding figure for the Physical Society was 
2,303 (1,913 fellows and 390 students) of whom 
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812 were also members of the Institute. By the end 
of 1960 the total membership of the amalgamated 
body had risen to 5,787 in the professional grades and 
8,720 in the non-professional grades. Sixty-three 
candidates were successful in the 1960 graduateship 
examination: twenty-seven of these held university 
degrees and 35 the Higher National Certificate in 
applied physics. The fifteen question papers set in 
the examination were published m the September 
issue of the Bulletin of the Institute and Soctety. 
The new regulations governing the examination, 
which were published early ın 1960, were intended to 
apply first to the 1962 graduateship examination, 
but, in response to requests, an examumation for the 
new Part 1 was agreed to be held in 1961. Forty- 
six technical colleges presented candidates for the 
Ordinary National Certificate and twenty-nine 
colleges 355 candidates for the Higher National 
Certificate in applied physics. Details of the results 
obtained appeared in the December issue of the 
Bulletin. The report of the committee set up by the 
Institute and the Society, with Prof. N. Kemmer as 
chairman, on the postgraduate training of pbysicists 
in Bmtish universities, has been published. In it 
serious criticisms were made of the quality of many 
Ph.D. physics graduates. The Council, 1 and in particu- 
lar Mr. N. Clarke, the deputy secretary of the 
amalgamated body, took a very active part in the 
organization of the first international conference on 
“Physics Education” held during July-August in 
Paris, and in the preparation of the proceedings of 
the conference which have now been published. 

The conferences on classical and quantum turbul- 
ence at Oxford during March 21-22; on nuclear 
physics at the University of Liverpool during March 
30-31, and at the University of Glasgow during 
September 14-15; and on diamond physics at the 
University of Reading during September 22-23, 
were arranged by the Physical Society before its 
amalgamation with the Institute. The forty-fourth 
Guthrie Lecture was delivered by Prof. F. Hoyle on 
March 21 at Oxford, who took as his subject ‘““Observa- 
tional Tests in Cosmology”. The text of the lecture 
has since been published in the Proceedings of the 
Physical Soctety (77, 1; 1961). Prof. F. Llewellyn 
Jones was the recipient of the sixteenth Charles 
Vernon Boys Prize on March 30 during the Liverpool 
conference, and Monsieur J. Brossel the fifteenth 
Holweck Medal and Prize (awarded by the Physical 
Society in conjunction with the Société Francaise de 
Physique) on May 11 at Oxford. The addresses 
delivered by Prof. Jones and M. Brossel on the 
occasions of the presentation of the prizes are printed 
in the Year Book of the Physical Society for 1960. 
(The series of Year Books has now been discontinued.) 
The tenth Rutherford Lecture, entitled “Studies of 
Nuclear Disintegrations at Very High Energies”, was 
delivered by Prof. C. F. Powell during the Glasgow 
conference, and the thirty-seventh Duddell Medal 
awarded to Prof. R. V. Jones for his contributions to 
the design of sensitive mechanical instruments and 
for his achievement in the growing of very large 
crystals was presented to him during the Reading 
conference. The Physical Society’s annual exhibition 
of scientific instruments and apparatus was held in 
the halls of the Royal Horticultural Society during 
Jan 18-20 with an attendance of more than 
20,000. There were 140 exhibitors of whom seven 
were representatives of universities or hospital 
medical schools. Nearly 5,000 copies of the official 
Handbook to the exhibition were sold. 
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Though the various publications, except for the 
Year Book, of both the Institute and the Society are 
to continue unaltered, the editorial organizations of 
the bodies have been integrated, because of the 
amalgamation, under the supervision of Dr. A. C. 
Stickland, editor and deputy secretary of the Institute 
and Society. In the annual report an analysis is 
given of the material submitted and published during 
1960 in the monthly publications, Journal of Sctentific 
Instruments, British Journal of Applied Physics, 
and Proceedings of the Physical Soctety. Both the 
Journals showed small increases in circulation, while 
that of the Proceedings remained about the same. 
Volume 23 (1960) of the annual reports of Progress in 
Phystos was published in June: it contained ten 
articles and reprints of the individual articles were 
again available for separate purchase. New books 
published for the Institute included a revised edition 
of X-ray Diffraction by Polycrystalline Materials, 
first published in 1955 in the Physics in Industry 
series; A Physics Anthology consisting of a selec- 
tion of articles from the Institute’s Bulletin, compiled 
by Mr. N. Clarke; and Laboratory and Workshop 
Notes 1956-68, the fifth in the series of compilations 
by Dr. Ruth Lang of notes from the Journal of 
Sctenitfic Instruments. 

At the annual dinner of the Institute held on May 3, 
1960, at the Park Lane Hotel, London, 327 members 
and guests were present. Sir George Thomson 
presided, and the speakers were Sir Roger Makins, 
Dr. C. Sykes and Mr. J. A. Ratchffe. About sixty 
fellows of the Physical Society were present at the 
annual luncheon held during the exhibition of scienti- 
fio instruments and apparatus. 

As usual, a section of the annual report is devoted 
to an account of the activities of the eleven branches 
and eleven specialist groups of the organization. The 
Australian Branch, consisting of six divisions, was 
responsible for a total of about sixty meetings, some 
held jointly with other scientific bodies. The exhibi- 
tion. of scientific instruments held by the New South 
Wales Division attracted an attendance of over 2,600, 
and the South Australian Division was honoured by a 
visit from Sir Lawrence Bragg, who delivered the 
fourth Einstein Memorial Lecture. The activities of 
the Malayan Branch were confined to its members 
attending colloquia in the Physics Department of the 
University of Malaya. The London and Home 
Counties Branch visited the laboratories of the British 
Electrical and Allied Industries Research Association 
at Leatherhead in April, the Clarendon Laboratory, 
Oxford, ın June, and the Ewell County Technical 
College in October. A symposium on new materials 
was held in November. The Midland Branch held a 
joint symposium with the Education Group during 
Easter on the training of the industrial physicist. 
Five of the eleven talks given by the Scottish Branch 
in Glasgow formed the first part of a series of lectures 
devoted, to new techniques, and in October a confer- 
ence was held in conjunction with the Scottish 
Education Department to discuss the teaching of 
physics with special reference to the National Certifi- 
cate courses in applied physics. The conference was 
addressed by Dr. J. H. Lenihan, and a report of 
the meeting, directing attention to the seriousness of 
the present situation, was forwarded to the Council 
of the Institute and Society. Both the Acoustics 
and Colour Groups were exhibitors at the Physical 
Society's annual exhibition, the subjects being vibra- 
tions and colour adaptation, respectively. The 
activities of the Electronics Group included a meet- 
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ing in conjunction with the Radio Spectroscopy 
Group during Easter at the University of Notting- 
ham on the subject of solid-state amplifiera, and 
with the Low Temperature Group (November 15) 
to discuss electronic devices for helium tempera- 
tures. 

The accounts presented in the annual report show 
that the amalgamation cost the new body and its 
predecessors £1,420, of which about half was for legal 
expenses. On July 13, 1960, at its first meeting, 
the Council of the new organization established 
“The Physica Trust Fund”, the object of which is to 
finance the educational and scientific work of the 
Institute and Society, including the production and 
publication of ita scientific periodicals and ite meet- 
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ings. Tho fund has been recognized as a charity by 
the Commissioners of Inland Revenue although the 
parent body has not. To finance its increasing 
activities, the Institute and Society launched an 
appeal for £140,000, and by the end of 1960 the total 
in gifts and covenanted promises received amounted 
to £83,909. However, from the consolidated accounts, 
which aro included in order to give a simple general 
picture of the financial position at December 31, 
1960, and of the year’s working, it is clear that the 
reserves available to the Council are still in need of 
substantial increase if the programme planned for 
the expansion and improvement of the activities of 
the Institute and Society is to be maintained. 
S. WEINTROUB 


BRITISH RESEARCH ON THE HIGH ATMOSPHERE 


HE Meteorological Office programme of research 

on the high atmosphere is summarized by Dr. R. 
Frith in the Meteorological Office report for the year 
ending December 31, 1960*. The object of the re- 
search is to examine the variations of meteorological 
parame in the high atmosphere and to attempt 
to link them with what takes place at lower levels. 
The problem is being attacked in several ways. 
First, the occurrence of strong very turbulent winds 
at 75-110 km. has been disclosed from the study of 
ionized trails left by meteors. The large number of 
observations, mostly obtamed by a team at the 
University of Manchester, is being examined system- 
atically. Secondly, ıt is hoped to make routine rocket 
soundings up to at least sixty kilometres by the end 
of 1962. The rockets will release a temperature sonde 
at apogee and the descent will be controlled by a 
special type of parachute, which will also act as 4 
radar target, so enabling the winds to be measured. 
It is hoped to use larger rockets to eject ‘window’, 
or a sphere, so as to obtain wind measurements at 
higher levels during 1963. The grenade method, 
whereby grenades are ejected from a rocket and 
exploded at intervals, may also be tried in order to 
obtain mean winds and temperatures between the 
levels of successive explosions. 


* Annual * on the —— omes for tho year January 1 
to December 1980. Pp. 67+4 (MLO. 710.) (London: 
HM Aber tee Office, 1961.) 4s. ae 


A. third research method is already in operation 
experimentally. It is possible to deduce the air 
density at a given level by measuring the light 
scattered at that level from a powerful searchlight 
beam, provided the air at and above thirty kilo- 
metres, at which height the density 1s known from 
radiosonde determinations, is ‘clean’. Experiments 
over a 40 km. base-line across Cardigan Bay have 
revealed unexpectedly large scattering above 60 
km. This may be due to dust, but is so far un- 
explained. 

Fourthly, the Meteorological Office is at present 
building and testing instruments for use on the second 
British satellite, to be put into orbit in 1963 by an 
American Scout rocket. The aim is to measure the 
vertical distribution of ozone, using sensors which 
respond only to radiation in one of the ozone absorp- 
tion bands. Mostly, a satellite is either in complete 
sunlight or complete darkness, and no measurements 
can then be obtained. Since the satellite will be in 
orbit beyond the ozone layer it will see the Sun for 
about a minute twice on each orbit, through varying 
thicknesses of atmosphere. It is in these 2 min. that 
useful measurements can be obtained. It is hoped 
to obtain information, particularly below 40 km., 
where the life of ozone molecules is long enough 
to enable ozone to be used as a meteorological tracer, 
thereby providing information on the general circula- 
tion and vertical motion in this little-known region. 


UPPER ATMOSPHERE RESEARCH IN AUSTRALIA 


S a supplement to the thirteenth annual report 

of the Commonwealth Scientific and Industrial 
Research Organization, Australia (see Nature, 192, 
712; 1961), the report of the Upper Atmosphere 
Section for the year ended June 30, 1961, has recently 
been published*. This Section, under Dr. D. F. 
Martyn, with headquarters at Harben Vale, Camden, 
New South Wales, is concerned with investigation of 
the atmosphere above about 50 km. by various 
experimental methods involving radio and optical 
techniques. The small changes of the Earth’s mag- 
netic field due to electric currents in the ionosphere 


* — wonin of Australia. Commonwealth Sclentific and Indus- 
trial Research tion. Upper Atmosphere Sectlon Annual 
Report for year — June 80, 1961. Pp. . (Melbourne, Sydney, 
Canberra, Adelaide, Camden: 0.8.1.B.0., 1961.) 


have also been under investigation. During the past 
year the programme of work has been increasingly 
directed towards the measurement of phenomens of the 
upper atmosphere by the use of rockets and satellites. 

Several field stations have been equipped with 
rotating-loop direction finders for locating the sources 
of low-frequency atmospheric noise, the intensity of 
which is also measured over a frequency-range of 
1-40 keo./s., special attention being given to the 
background noise in the band 4-6 ke./s. 

On moonless nights the sky is still faintly illumin- 
ated, partly by airglow caused by the self-lumin- 
escence of the gases in the upper atmosphere. The 
strongest spectral lines in the airglow are the green 
and red lines emitted by atomic oxygen at wave- 
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lengths of 5577 and 6800 Å., respectively. Photo- 
metric apparatus installed for use during the Inter- 
national Geophysical Year has been improved, and 
observations on these lines have been resumed. 
While the telescope used for this work normally 
points to the south at a zenith angle of 80°, it can 
quickly be changed to an all-sky survey when required 
to observe aurora. 

Observations of geomagnetic micropulsations have 
been made during the year at Camden and Adelaide, 
by means of a large horizontal loop of wire buried in 
the ground and connected to a galvanometer-photo- 
cell amplifier. The pulsations are recorded on paper 
charts or on magnetic tapes, the latter having the 
advantage that they may be replayed at such a speed. 
that the oscillations are in the audio-frequency range 
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which facilitates their analysis. The most common 
frequencies of these pulsations observed at Hobart, 
Adelaide and Townsville were 1:3, 2-5 and 8 c./min., 
respectively. They exist for periods which show a 
diurnal variation; at Adelaide, for example, the 
period varies smoothly from about 16 sec. at 0600 hr. 
to 24 sec. at midday. 

During magnetically disturbed periods, it has been 
found that the frequency of the pulsations may ' 
sweep over a range of 1-32 c./min., at a rate of 
approximately 1 c./min./min. Although swept fre- 
quency micropulsations have previously been ob- 
served in other countries, these have been at 
frequencies of about 2 c./s. The low-frequency events 
recorded above do not appear to have been noticed 
before. 


THE BRITISH BOOT, SHOE AND ALLIED TRADES RESEARCH 
ASSOCIATION 


WELVE years ago Nature published an article 
on the British Boot, Shoe and Allied Trades 
Research Association (SATRA) (Nature, 164, 871; 
1949), on the occasion of the opening of new labora- 
tories at Satra House, Kettering, by H.R.H. Duke of 
Gloucester. The Association was then in the throes of 
its post-war re-organization and the article proudly 
proclaimed “to-day the whole of the shoe industry of 
Great Britain is connected with the Research Associa- 
tion either in full membership or affiliation”. 
The intervening twelve years have been a period 
of vigorous activity in various sections of the Associa- 


tion’s programme and the grip of the Association ' 


on its industry has strengthened; the usefulness of 
the Association and the practical application of its 
recommendations have interpenetrated the whole 
industry so that to-day it can be asserted with con- 
fidence that this Research Association. is thoroughly 
integrated with its industry and accepted without 
question as essential to the industry’s well-bemg in 
this scientific era. The present article follows a 
recent visit to the Association made by Mr. Denzil 
Freeth, Parliamentary Secretary to the Minister 
for Science, who was much impressed by all that he 
saw. 

The research association concept as understood 
at Satra is that a research association should mature 
to become the spearhead of its industry’s drive into 
the future, to give the lead and to be an implement 
for the enhancement of the industry’s progressiveness. 
It must therefore itself be an exemplar of progressive- 
neas and any activity which is definitely conducive 
to progressiveness in the industry comes reasonably 
within the research association’s scope. 

For the attainment of this concept experience 
shows that, at any rate for small-firm craft-based 
industry, the research association must be a tri- 
partite organization with a kind of equivalence of 
strength between the parts, which are: the industry, 
the public (Government), and the staff. All these 
must be present in strength; without the industry 
the association would obviously be a Government 
regearch station; without the Government it would 
be just a trade association; with both industry and 
Government the staff can be strong in purpose, serving 
a cause, and gaining confidence and stature in their 
national status. A research association is thus a 


stable tripod with three strong legs, and any serious 
weakening of any one of the legs means departure 
from the perfect research association as here con- 
conceived. 

Policy and programmes of research are of course in 
consonance with this structure and at Satra they 
embrace practical work on factory productivities, 
operational research, ergonomics; work for the 
improvemente of the product, consumer satisfaction, 
and for the public good; basic research in the science 
of materials and the fringe sciences of bio-mechanics 
and bio-physics. All parts of the pro © are 
planned to afford scope to research workers of highest 
calibre. 

Satra’s achiovements can conveniently be grouped 
into three sections: materials, manufacture and the 
product. 

The shoe-manufacturing industry buys its materials 
and components to a total of something of the order 
of £100,000,000 per year. The Research Association’s 
contribution is to minimize waste in this expenditure 
by establishing quality targets, grades and specifica- 
tions to guide the supplymg industries in their 
development work and to guide also the shoe factory 
personnel in their purchasing appropriately to their 
product. The supply industries total approximately 
one-half of the Research Association’s membership 
and they work very closely indeed with Satra. 

The past twelve years have witnessed an enormous 
expansion in variety in shoe materials concurrently 
with the growth of the chemical and synthetic 
industries, and the smoothness with which the new 
materials, and the new shoe-making methods associ- 
ated with them, have been absorbed into the indus- 
try without the wasteful losses of old-time trial-and- 
error methods is legitimately to be regarded as one 
of this Association’s great achievements. 

The Association has had conspicuous success in its 
contribution to the efficiency of shoe factories and 
management techniques. Twelve years ago the 
Association had initiated inter-firm comparison work 
on produstivities; later, the work expanded under the 
heading ‘ergonomics’ to include the various aspects 
of work study, operative training, production 
planning and work loadmg and many case-studies of 
factory re-organization. There have also been very 
important. contributions from physics research with 
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respect to speeding throughput and diminishing work 
in progress by the design of equipment to give 
appropriate physical treatment to the goods in work. 
At the same time physics has also given important 
guidance with respect to necessary test performance 
requisite in materials for some of the newer methods 
of shoe manufacture. 

All these combine to enhance productivity and 
improve the quality of the product: as illustration, 
figures for a group of firms in the Assgociation’s 
membership covering 80,000 workpeople show 80 
per cent productivity increase over the past ten years 
in pairages per employee. 

Improvement in the product is for the publio 
good. Special illustrations of the Association’s 
work are to be found in children’s shoes, in industrial 
footwear, including safety boots and shoes, in H.M. 
Services footwear and in special footwear for expedi- 
tions (for example, high-altitude Everest boot, and 
boots worn in Antarctica in the Geophysical Year). 

The Association’s work on children’s footwear, 
started soon after the close of the Second World War, 
has spread throughout the United Kingdom and has 
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its impact on health authorities, school authorities, 
clinics and welfare work of all kinds throughout the 
whole country and the Satra Approved Last Scheme 
operates everywhere. The Association operates the 
‘Kite’ mark scheme on safety boots and shoes with 
the British Standards Institution. Work on service 
footwear is done on contracts with the War Office 
and with the Royal Air Force. 

The earliest crafts came into being to meet the 
primary needs of human life for food, clothmg and 
shelter, and footwear was in at the beginning. The 
essential purposes are health, comfort, protection 
and ssthetic satisfaction. Basic science of boots 
and shoes therefore contains a ‘bio’ element——bio- 
mechanics, bio-physics, physiology and anthropome- 
try. The work at Satra House in this basic field 
continues, but admittedly with fluctuating intensity. 
It is restricted by more urgent demands from other 
directions and also by problems of staff recruitment. 
The importance of this basic work and the need to 
extend belief in it throughout the industry and also 
through to the public is a constant spur to further 
effort. H. BRADLEY 


SEAWEED TECHNOLOGY 


T fourth International Seaweed Symposium 
was held at Biarritz, during September 18-25, 
and was attended by more than 220 scientists and 
industrialists from thirty-four countries. In his 
opening address, Prof. Maurice Fontaine, directeur 
de l'Institut Oceanographique, extended a cordial 
welcome to the delegates, 

At the opening session, the inaugural address was 
given by Dr. E. E. Percival (Scotland), who compared 
the polysaccharides synthesized by marine algae 
with those of the higher plants. Whereas many 
similarities between the two exist, the major differ- 
ence lies in the fact that all seaweeds synthesize at 
least one polysaccharide containing ester sulphate 
groups. The brown seaweed polysaccharides, alginic 
acid, focoidin, and laminarin have few similarities 
with those of other groups of plants. The red algae 
synthesize mainly 1,3-linked galactans, a tendency 
also shown by the higher plants; but there the re- 
semblance ends. The alga] polymers also contain 
varying proportions of 1,4-linked 3,6-anhydro-p- 
and -L-galactose and sulphate groups. Starch-type 
polysaccharides, xylans and mannans have been 
isolated from different species of red and green weeds. 
Laminarin-type molecules have also been detected 
in the green algae. The major polysaccharides of 
these latter weeds, however, appear to fall into two 
groups which closely resemble, except for the presence 
of ester sulphate, either the plant gums or the hemicel- 
luloses of land plants. Dr. Percival emphasized, 
however, that structural studies in this vast field of 
natural products, particularly in the Chlorophyceae, 
are still in their infancy, and it is probable that many 
differences in the fine structure of these complex 
molecules will emerge on further investigations. Dr. 
L. Provasoli (United States) reviewed recent progress 
in the culture of bacteria-free marine algae. 

The various interests in algology, algal chemistry 
and seaweed utilization were all evident at this 
Symposium, but, in contrast with previous symposia, 
the botanical section was unusually well represented. 
In fact, almost two-thirds of the papers presented 


were on taxonomy and the culture of algae or their 
distribution, while the other papers were almost 
equally divided between pure chemustry and the 
various facets of the industrial utilization of seaweeds. 

Critical observations on the taxonomy, growth and 
ecology of the marine algae ranged from a paper by 
Dr. P. B. Dixon (England), which suggested the 
disposition of the carpogonium might prove valuable 
in the sub-division of the Florideae, to Dr. W. J. 
North’s (United States) account of the successful 
transplantation of Macrocystis pyrifera, which in- 
cluded a detailed account of the successful establish- 
ment in the ocean of plants raised from spores in the 
laboratory. Other investigations on the photosyn- 
thesis, physiology and growth of M. pyrifera by 
Dr. K. A. Glendinning (United States) suggest that 
this commercially important alga is perhaps the 
most widely studied of all the algae. 

The genus Porphyra is also widely studied by both 
botanists and chemists. Dr. E. Conway (Scotland), 
in an account of her work on the growth and repro- 
duction of P. linearis and P. umbilicalis, directed 
attention to the similarities and differences in the 
reproduction of these algae, and Dr. T. Fujiware 
(Japan) reported on her chemical investigation of the 
water-soluble red pigment, phycoerythrin, from the 
alga P. tenera. <A further account of the sugar 
sulphates isolated from the mucilage of P. umbilicalis 
was given by Dr. J. R. Turvey (Wales). The pre- 
dominant unit containing sulphate is 1-galactose-6- 
sulphate, but several disaccharide sulphates have now 
been obtained and separated and two types of 
sulphate ester have been isolated. In each case the 
sulphate was attached at carbon (6) of an L-galactose 
residue, but one group contained D-galactose and 
the other 6-O-methyl-pD-galactose. In some of these 
compounds the sulphate ester group was attached 
to the reducing sugar unit, whereas in others it was 
attached to the non-reducing sugar unit. 

The work being carried out in the Chemistry 
Department of the University of Edinburgh on the 
green algae was summarized by Dr. D. J. Manners 
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and Dr. E. E. Percival. The former gave an account 
of the extraction of enzymes from Cladophora 
rupestris in which both amylase and maltose activity 
are present. The amylase activity appears to involve 
random hydrolysis and differs in other ways from 
B-amylase; this algal amylase has not yet heen 
purified. Dr. Percival stressed the similarity of the 
polysaccharides synthesized by both Ulva lactuca 
and Enteromorpha compressa from each of which she 
has isolated a polysaccharide containing L-rhamnose 
(35 per cent), p-glucuronic acid (18 per cent), ester 
sulphate groups (16 per cent) together with D-glucose 
and p-xyloss. Evidence was presented which sug- 
gested the polysaccharide is a chain of 1-3’-linked 
rhamnose units carrying side-chains of glucuronic 
acid and rharonose units linked 1,4’ with sulphate 
groups attached at the carbon (2) position of some 
of the rhamnose residues. 

In the post-war years, a Danish seaweed industry 
has been developed on the extraction of the agar-like 
colloids of the red alga Furcellaria fastigiata, and 
an account of the progress of this industry was given 
by Dr. 8. Lund (Denmark), while Dr. K. Czapke 
(Poland) described the extraction of the colloid and 
its chemical and physical properties. An interesting 
commercial point of view was expressed in & paper 
from Mr. H. C. Peterson (United States), who sug- 
gested areas where there is scope for closer co-opera- 
tion between purely chemical research, botanical 
investigations, seaweed producers and sellers of these 
new seaweed extracts. 

The brown algae are widely studied, partly because 
of their commercial importance but also because of 
their abundance and general availability. Dr. E. 
Burrows (England) outlined the ecological factors 
associated with the genus Fucus, and Dr. B. Moss 
(England) gave an account of the regeneration of 
damaged thallus of F. vestculosts, showing that the 
new growth is always similar to the cellular structure 
at the site of damage and may be correlated with the 
auxin concentration there. Variations in the chemical 
composition of the Fucaceae represent a well-known 
problem. These variations are both seasonal and 
local. Miss I. Munda (Yugoslavia) showed that local 
variations can be attributed to decreased photo- 
synthetic activity in areas of decreased salinity, a 
factor which also brought about earlier ripening of 
the receptacles. Transplantation of the plants to 
areas of different salinity confirmed these resulte and 
also showed the uptake of divalent ions increased 
with decreasing salmity. Dr. J. Kain (England), in 
an examination of Laminaria hyperborea showed 
thet plants of the same age are smaller at greater 
depths, which indicates the effect of diminishing light 
intensity on growth-rate. Mr. E. Baardseth (Norway) 
described how the distribution, size and types of the 
various cell-types, physodes, wall structures, etc., 
coupled with and other microscopic tech- 
niques, can be used to identify the constituent brown 
algae in samples of ground seaweed-meal. Among 
the chemical work on the brown alga must be men- 
tioned Mr. Jensen’s (Norway) paper on the estimation 
of ascorbic acid in algae, and the paper by Mr. A. 
Haug (Norway) on the polysaccharides extracted 
from Ascophyllum nodosum by aqueous sodium 
carbonate, who showed the presence of simple mono- 
saccharides and sulphated polysaccharides. An 
up-to-date review of present-day work on the 
constitution of laminarm by Dr. T. Dillon (Hire) 
suggested that there is still no universal agreement 
on the constitution of the laminarins and gave an 
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outline of present structural work in his laboratory. 
Despite the commercial importance of alginic acid 
and the recent publications on its staucture, only 
two papers on alginic acid were read at the Sym- 
posium. In an account of research now being carried 
out in Norway, Mr. Haug detailed the application of 
chromatographic and electrophoretic methods of 
separating uronic acids to alginic acid and, from the 
metallic salts and equivalent of the acid, described a 
simple way to estimate the uronic acid composition 
of alginates. In the other paper Mr. Massoni (France) 
discussed the viscosity of solutions of alginates. 
The geographical distribution of seaweeds and 
descriptions of regional flora were given in a series of 
papers, such as those describing the flora of north- 
west Greenland (Dr. R. T. Wilce, United States) and 
of Patagonia (Mr. O. Keshnemann, Argentine). 
Several authors spoke on European algae, and Dr. 
C. I. Macfarlane (Canada) deserves special mention 
for the excellence of her slides showing the algae 
of Nova Scotia and the associated seaweed industry, 
which now harvests 8,500,000 Ib. of Chondrus crispus 
annually. The outstanding features in this section, 
however, were on the mapping and mensuration of 
seaweeds. Prof. Ad. D. de Virville (France) detailed 
a scheme for mapping the algae designed to show, by 
conventional signs, the extent and type of algal 
flora. Such a map would be useful not only to 
botanists but also to marine zoologista, fishing inter- 
ests and commercial interests in seaweed. The 
estimation of the total weight of seaweed in an area 
is of great commercial importance, and Mr. B. Grenager 
(Norway) described the application to seaweed surveys 
of a modified form of strip survey used in forestry. 
A theoretical model of coast gave mean values in good 
accord with mean values actually found in fleld work. 
The culture of marine algae is an important field 
where work has contributed to our knowledge of the 
nutritional requirements of the algae and has given 
methods of growing pure cultures and provided 
material for the isolation of metabolio products. 
Work in this field has been the speciality of a few 
workers, and Dr. Provasoli (United States, with 
Dr. H. Iwasaki, Japan) described notable advances in 
techniques which allow the culture of multi-cellular 
. A technique of antibiotic treatment, coupled 
with physical methods, such as repeated immersion 
of small pieces of the alga in agar, which possibly 
removes bacteria and fungi by friction, has enabled 
a number of red and green algae to be grown in 
bacteria-free culture. Artificial sea-water is satis- 
factory for most species, but Ulva spp. appear to 
require the addition of adenine and kinetin. Mime, P. 
Gaynal (France) also described the culture of Ulva 
fasciata Del. and Dr. R. Bandrimont (France) outlined 
the cultural requirements for the successful germina- 
tion and growth of the zoospores of Ulva spp. Prof. 
H. A. von Stosch (Germany), working with Aspara- 
gopsin armata, showed that the iodine requirement of 
this alge is equally satisfied with elementary iodine, 
iodide, iodate, periodate or duodotyrosine, and 
presented evidence to show that arsenic, as arsenate, 
may interfere with the utilization of phosphate. One 
interesting facet of algal chemistry which haa devel- 
oped from culture work was described by Dr. J. A. 
Mowat (Scotland), who has demonstrated auxins 
and. gibberellins in extracts of marine phytoplankton 
and cultures of marine unicellular algae. Several 
unidentified indole compounds are present in the 
extracts and the gibberellin-like substances differ 
from the gibberellins so far known in the higher 
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plants. The larger algae, such as Laminaria digitata, 
L. hyperborea and Ascophyllum nodosum, have also 
been shown to contain similar auxins but in smaller 
proportions than in the unicellular algae. 

In the session on the industrial utilization of sea- 
weeds, Dr. C. Anderson (Germany) discussed the 
physical chemistry of mixtures of cocoa and car- 
rageenin which are commonly used in the manu- 
facture of chocolate drinks. The use of seaweed as 
a manure, while traditional in some maritime districts, 
has received little scientific attention, and two papers 
on thia subject suggest seaweed is a valuable manure. 
Mr. Myklestad reported that work in Norway during 
the past three years has shown that seaweed has 
considerable manurial value on certain types of 
soll. Dr. R. F. Milton (England) described a com- 
mercial process, using alkaline hydrolysis under 
pressure, for the manufacture of a liquid seaweed 
product. It was said that about 95 per cent of the 
seaweed could be dissolved by this method and 
chemical and fertilizer studies were recorded. Mr. 
E. Booth (Scotland) gave an account of the trace 
elements in seaweed and their importance in feeding- 
stuffs and fertilizers, and Mr. Hallson (Iceland) 
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traced the history of the use of seaweed as a feeding- 
stuff in Iceland over the past 1,000 years from a 
number of authentic sources. 

There was only a limited time available for discus- 
sion on each paper, but ample opportunity for private 
discussion was provided at the several seaweed 
collecting excursions and the various social functions 
held in connexion with the Symposium. It was 
decided to publish the proceedings of the symposium 
and a résumé of the discussions; it ia expected that the 
complete text will be avaiable shortly. It was 
agreed that the next symposium would be held in 
Halifax, Nova Scotia, ın 1964. The International 
Advisory Committee, consisting of Prof T. Braarud 
(Norway), Prof. T. Dillon (Eire), Prof. J. Feldman 
(France), Mr. O. Rodriguez (Spain), Prof. Ad. D. de 
Virville (France), Dr. F. N. Woodward (Scotland) 
and Dr. E. G. Young (Canada), has invited Prof. C. 
Araki (Japan) and Prof. T. Levring (Sweden) to 
jom the Committee, and will assist the Canadian 
National Committee with the next symposium, and 
collaborate with the International Phycological 
Society in the organization of a concurrent meeting 
in Halifax. E. Boors 


GAS-LIQUID CHROMATOGRAPHY—VARIATIONS IN PARTITION 
COEFFICIENTS WITH CARRIER GAS 


By A. GOLDUP, G. R. LUCKHURST and W. T. SWANTON 


The British Petroleum Company Limited, Petroleum Division, Research Centre, 
Sunbury-on-Thames, Middlesex 


ECENTLY, while carrying out an analysis of the 
gasoline fraction of a crude petroleum’, it was 
observed that the degree of separation attained for 
some hydrocarbons was remarkably umproved, and 
for others severely impaired, when the carrier gas 
was changed from nitrogen to hydrogen. In the C, 
fraction, for example, methylcyclopentanse and 2,2- 
dimethylpentane, unresolved im nitrogen, were 
partially separated in hydrogen, whereas the separa- 
tion factors of 2,4-dimethylpentane and benzene, 
3,3-dimethylpentane and cyclohexane were found to 
be smaller in hydrogen than in nitrogen. A oom- 
parison of the two chromatograms in this region is 
shown in Fig. 1. Since the separation factor is 
independent of column resolution and a function 
only of temperature for the same stationary phase, 
these variations must be due to changes in the 
partition coefficients. 

These earlier results have now been confirmed and 
similar effecte observed with other carrier gases. The 
apparatus used was similar to that already described? 
but incorporated a glass capillary column 300 ft. 
long with an internal diameter of 0-005 in., coated 
with a film of squalane about 0-13u thick. The 
column was thermostatically controlled at 25° C. to 
within + 0:01° C. and the carrier gas purified with 
a trap of activated 5.4 Linde molecular sieve. The 
k’ factor (the ratio of liquid phase capacity to gas 
phase capacity) which is directly proportional to the 
partition coefficient was measured for a number of 
hydrocarbons ın the carrier gases, hydrogen, nitrogen, 
helium, argon and carbon dioxide. Throughout the 
investigation the column inlet pressure (and hence 
the average column pressure) was maintained 


constant. With this apparatus the repeatability 
of the k’ fastor determination was better than 
+ 0-3 per cent. The results obtained are shown in 
Table 1. 
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Table 1. A’ FAoToRS FOR SHVERAL HYDROCARBONS IN DIFFRRENT 
OARRTER GASES aT 25 0° O, 
Hydro- Nitro- Carbon 
———— Helium gen gen Argon dioxide 
0982 0-974 0-054 0-044 928 
5* — 1-080 1-020 0-095 0-985 0-088 
2 ethyloyalol mtane 2-010 1 98s 041 1 921 
2,2-Dumethylpentane 2-084 2 007 1 951 1-928 — 
—— — 2-158 2-121 063 2-040 1 904 
2.188 2146 2 -098 2.078 2 020 
$ -Dimothylpentane 2-901 2-860 2:779 2-752 2-687 
2-081 2 806 2 B25 2 796 2:781 
int nc) at esi 
et pres- 
7 94 17-81 8-85 8-92 16°61 


For all the solutes examined, the k’ factor decreases 
with carrier gas in the order helium, hydrogen, 
nitrogen, argon and carbon dioxide, the values 
differing in the extreme cases by as much as 7 per 
cent. In trying to account for the variation in 
partition coefficient with carrier gas, an equation 
similar to that of Everett and Stoddart? has been 
derived, in which the k’ factor is related to the second 
virial coefficient, B,,, of the mixed vapour of solute 
and carrier gas, by the equation: 


mk = A +2 Ba 


where p is the mean absolute column pressure, and A 
is a constant for a particular solute at constant 
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temperature, T', so that at constant temperature and 
constant average column pressure In k’ should be a 
linear function of B,, for the same solute. Due to the 
lack of published experimentel data for B; it is not 
possible to verify this relationship directly. However, 
by the assumption that the gas mixtures 
obey the principle of corresponding states, an approxi- 
mate value of B,, may be deduced from the universal 
reduced equation of state which is shown by 
Guggenheim and McGlashan* to be represented 
closely over a wide temperature-range by an empirical 
formula of the type recommended by Beattie and 
Bridgeman‘. Plots of log k’ against B,, thus calou- 
lated for some of the systems are shown in Fig. 2. 
With the exception of the results for carbon dioxide, 
the series of plots for each of the solutes shown in 
Table 1 18 approximately linear and has the same slope 
of about 9 x 10-* mole./om.%, which is in good 
agreement with the calculated figure 10-2 x 10-5 mol./ 
cm.? The deviations from linearity in the case of 
carbon dioxide may well be due to the value assigned 
to By. 

The variations in partition coefficients with car- 
rier gas appear, therefore, to be due to changes in 
the gas-phase imperfections. It also folows from the 
above equation that, for a given solute, the partition 
coefficient will vary with the mean absolute column 
pressure, other conditions being maintained constant. 
Such observations have already been made by 
R. P. W. Scott (private communication). The effect 
should be greatest for systems in which B,, is large, 
and further experiments will be carried out shortly 
to examine this aspect in greater detail. 

Although the effects described here are small and 
probably not of great practical significance where 
packed columns are concerned, they are sufficiently 
large to affect appreciably the separations on capillary 
columns. At this stage no connexion between the 

change in partition coefficient and any molecular 
parameter has been found, but should such a relation 
exist the correlation of data for different carrier 
gases may provide an additional aid to identification. 

We thank the Chairman and Directors of the British 
Petroleum Company for permission to publish this 


article. 

1 Deere wa Goldup, A. hee ies — T: T Third ISA Symposium 
3 o. H., and Stoddart, 0. T. H., Trans. — Soo,, 57, 747 
* Guggen B à., and McGlashan, AL L., Proc. Roy. Soe., A, 206, 
i r . A., and Bridgeman, O. O., J. Amer. Chem. Soe., 48, 1686 


AN OBSERVATION SUGGESTING THAT THE MOLECULAR 
WEIGHTS OF ENZYMES CAN BE ARRANGED IN 
THREE GEOMETRIC SERIES 


By Dr. S. T. C. WRIGHT 


Agricultural Research Council, Plant Growth Substance and Systemic Fungicides Unit, Wye 
College, University of London, near Ashford, Kent 


8 a result of early ultracentrifugal investigations 

on protein molecular weights, Svedberg (see, for 
example, Svedberg and Pedersen!) suggested that 
the globular proteins occurred in discrete molecular 
weight classes the means of which were characterized 


by being multiples of 17,600. With the accumulation 
of new data this theory became untenable, and in 1941 
Bull’, who had plotted a logarithmic ‘spectrum’ of 
protein molecular weights, came to the conclusion 
that the distribution of molecular weight was nearer 
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random. As a new approach to this problem it was 
decided to study only the molecular woights of a 
particular group of proteins and for this reason an 
analysis was attempted of the extensive list of 
enzyme molecular weights compiled by Dixon and 
Webb*. A perusal of this list disclosed that the 
numbers were very unlikely to be of a random dis- 
tribution, for not only were there unexpectedly large 
groups of enzymes of similar molecular weighte, but 
also large spaces completely devoid of enzymes. To 
emphasize the spaces the succeeding pairs of enzyme 
molecular weights were subtracted from one another 
and the resulting increments expressed as a percentage 
increase in molecular weight (Table 1, iii). These data 
were plotted as shown in Fig. la and a regular pattern 
sequence of (peaks) was revealed—one large 
space (+ +) followed by two smaller spaces (+). At 
the higher molecular weights this pattern sequence 


became distorted due to the paucity of enzymes in 
this region. 

The molecular weight boundaries of the 
spaces (+ +) in Table 1 (iv) were then listed (Table I, 
v). On glancing down these figures it was immediately 
apparent that they formed a geometric series related 
as la, 2a, 4a, 8a. Further, when this procedure was 
repeated for the first and second smaller spaces (+) 
in Table 1 (iv) these also followed geometric series 
related as 1b, 2b, 4b, 8b (Table 1, ix) and le, 2c, 4c and 
8c (Table 1, x) respectively. By disregarding one 
space (175,000—200,000 mol. wt.) among the high- 
molecular-weight enzymes, originally designated as 
(+ +), it was possible to follow the geometric series 
down to 16a, 165 and 16c and to a molecular weight 
of 490,000. The necessary re-grading of the spaces 
among the higher molecular weights caused by this 
digressing peak is shown in Fig. 16 and Table 1 (vii). 
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It is indeed surprising that there was only one com- 
pletely aberrant space in this enzyme series, when the 
errors in molecular weight determinations, and those 
introduced by specific prosthetic and active groupings 
of each enzyme are taken mto consideration. If the 
evidence presented here were substantiated by later 
research then it would be expected that this space 
would be filled with enzymes of the appropriate mole- 
cular weights. 

Lastly, these ‘negative’ groupings (spaces) were 
converted into ‘positive’ ones (enzyme groups) and 
thereby three geometric series of enzyme molecular 
weight groups were unveiled (Table 1 (xi) and (xii)). 
The means of each molecular weight group of enzymes, 
delimited by the spaces, were determined (Table 1 
(xili) and Table 2) and from these data the three 
monomers giving the minimum x? to the three geo- 
metric series were estimated and found to be 12,000 
(series A), 16,000 (series B) and 19,000 (series C), 
(to the nearest 500). The resulting geometric series 
based. on these monomers are shown compared with 
the means of the enzyme molecular weight groups in 
Table 2. When the x’ test was applied to each series 
in turn they were all found to suggest a very good fit 
between the estimated series and those observed 


Table 2 
Means of 
Enzyme enzyme mol. wt. Estimated 
sories groups found (mol, wt, x 10) 
(mol, wt. x ) 

14 12-7 12-0 

1B 17:2 160 

10 20-8 19°0 

28-2 24 0 

82-9 32-0 

20 89-2 38 0 

45 430 

4B 62°4 64 0 

40 77°9 76:0 

99°8 96 6 

8B 182-8 128:0 

80 149 7 182-0 

164 182-6 1920 

1868 286-8 2560 

160 290-0 204e 
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(series A, x? = 0:86; P = 93; series B, x? = 1-773 
P = 78; series O, y? = 0:85; P= 93). However, it 
must be borne in mind that this test in no way 
validates, or compensates for, the subjective judg- 
ments that have been previously used in the grading 
of the peaks. When the spaces between succeeding 
pairs of the estimated figures were expressed as 
percentage increase in molecular weight and plotted, 
they were found to give a very similar pattern 
sequence to that originally observed (compare, 
Fig. 2a and 6). As more molecular weights become 
known some rearrangement of the protein groups will 
undéubtedly be necessary. 
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umbers form 
12,000, 16, and 19,000 (Table 2). Both figures are arran 
on a logarithmic scale (base 2). Th 

molecular weight groups found with those estimated 


As & result of this analysis a working hypothesis 
can be put forward which states that all enzymes are 
derived as part of, or from, one of three basic protein 
precursors. Whether the process of enzyme precursor 
(apoenzyme) building is one of association or dissocia- 
tion of these basic protein precursors cannot be 
deduced from these results. However, an attractive 
hypothesis would be to assume that the basic protein 
precursors are medium-sized molecules in the enzyme 
molecular weight range and by association (to form 
polymers) they give rise to the larger enzyme pre- 
cursors and, by dissociation, to the precursors of the 
smeller enzymes. Moreover, although the scheme 
postulates only three basio precursor molecules these 
could give rise during dissociation to a number of 
apoenzymes possessing their own individual amino- 
acid composition. A hypothesis of this kind would 
help to explain the diversity in the amino-acid 
analyses of enzymes, but would require the assump- 
tion of a certain degree of latitude in amino-acid 
composition of proteins provided the final molecule 
conformed to specified dimensions. 

Perhaps the ultimate molecular size of the apoen- 
zyme is predetermined by the particular portion of 
the microsome particle on which it is synthesized, 
and it might not be a coincidence that the molecular 
weights of the various dissociation and association 
units of microsomes (308., 505., 708. and 1008.) are 
related approximately as 1, 2-6, 3-7 and 7-4 (ref. 4)}— 
@ series very close to 1, 2, 4, 8 found in this analysis. 
Such a hypothesis would probably need the assump- 
tion of three classes of microsomes in order to account 
for the three geometric series. 


+ 
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In conclusion, although the evidence presented 
here ig very suggestive for supposing the molecular 
weights of enzymes can be resolved into three geo- 
metric series it would be prudent, nevertheless, to 
treat this observation with considerable caution until 
the molecular weights of many more enzymes have 
been determined. J wish to thank Prof. R. L. Wain 
for his encouragement and advice; Dr. M. 
Dixon, of the Department of Biochemistry, 
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University of Cambridge, for useful discussions, and 
Mr. P. Sprent, of the East Malling Research Station, 
for statistical consultations. 
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SOME FACTORS INFLUENCING THE PHOTODYNAMIC RESPONSE 
OF PARAMECIUM CAUDATUM TO 3,4-BENZPYRENE 


By Dr. SAMUEL S. EPSTEIN and MARJORIE BURROUGHS 


Laboratories of Microbiology, Children's Cancer Research Foundation and Department of 
pean — Medical School at the Children’s Hospital Medical 
i Center, Boston, Mass, 


HE photodynamic — of 3,4-benzpyrene, 

and 3 other polycyclic hydrocarbon carcinogens, 
to the ciliated protozoan Paramecium caudatum, has 
been demonstrated by Doniach!. The system used 
by Doniach consisted of a pre-irradiation phase, in 
which mixtures of 3,4-benzpyrene and the motile 
ciliates were incubated in the dark, followed by an 
ultra-violet irradiation phase, during which the cells 
became immobilized at time-intervals related to the 
hydrocarbon concentration!. Use of this test system 
has been made in a recent study on the occurrence 
of photodynamic toxicity in a larger series of poly- 
cyclic aromatic hydrocarbons with a wide structural 
range, and a high degree of correlation has been 
found betweon this function and carcinogenicity’. 
The system has also been successfully applied to 
the bioassay of pure samples of 3,4-benzpyrene 
and certain othor polycyclic carcinogens in the 
concentration-range of 10-* to 10-29 gm./ml.*. 
In view of the interest of these findings, further 
experiments were designed to elucidate the basic 
mechanisms involved in this test. In the course of 
these experiments it was found that the photo- 
dynamic response of Paramecium to 3,4-benzpyrene 
could be influenced by a variety of factors, and it is 
the object of this article to describe some of these 
factors. 

Cloned cultures of Paramecium caudatum were 
grown axenically in the dark at 28° C., in a semi- 
synthetic medium of low protein content (Hutner, 
8. H., personal communication). A more clearly 
defined version of this medium has recently been 
published‘, Aqueous suspensions of 3,4-benzpyrene 
at concentrations of 10-* or 10-? gm./ml. were prepared 
freshly for each test from acetone solutions as des- 
cribed by Doniach?. Test agents, at previously 
determined non-toxic concentrations, were mixed 
with equal volumes of both cell and hydrocarbon 
suspensions on hollow-ground glass slides with 
18-mm. diameter wells. With the exception of 
proteins, which were dissolved in 0-15 M saline, other 
test agents were prepared in distilled water. The 
appropriate diluent was added to the mixture of cells 
and hydrocarbon, as a control. The slides were 
incubated overnight in a dark, moist chamber at 
28° ©. In experiments on the influence of variations in 
oxygen-levels on the photodynamic response, equal 
volumes of cells, hydrocarbon suspensions, and dis- 


tilled water were mixed in 12 x 5 mm. glass cups 
cemented by Canada balsam to the base of a 50 mm. 
diameter Petri dish. This was converted into a moist 
chamber, sealed and, through a side-arm, equilibrated 
with oxygen and nitrogen mixtures from commercial 
gas cylinders fitted with individual flow-meters. The 
Petri dishes were afterwards incubated at 28° C. 
overnight in the dark. Individual, hollow-ground 
slides or Petri dishes were then placed on the movable 
stage of a binocular stereoscopic microscope and 
irradiated under conditions of fixed geometry with a 
high-pressure mercury vapour 100-W. spot bulb. 
This emitted long-wave ultra-violet with a narrow 
peak at 3600 A. and produced a 6-5° beam of 8,750 
uW./om.* at 18 in. The time-intervals required to 
immobilize and presumably kill 90 per cent of the 
motile ciliates were determined by direct observation 
at a magnification of x 10. Under the conditions of 
test, neither the irradiated cells untreated with 
3,4-benzpyrene nor the non-irradiated but treated 
cells were affected. Observations were made in 
triplicate. 

As indicated in Table 1, the photodynamic response 
of Paramectum to 3,4-benzpyrene is completely 
inhibited under anaerobic conditions, and thus 
involves a photo-oxidation process. Using in vitro 
systems, Santamaria has similarly demonstrated the 
dependence on oxygen of the photodynamic effects of 
3,4-benzpyrene*. Moreover, 2 anti-oxidants, butylated 
hydroxy anisole (a commercial mixture of 2-tert.- 
butyl-4-methoxyphenol and 3-tert.-butyl-4-methoxy- 
phenol) (BHA, Fig. 1) and, at even lower concen- 
trations, «-tocopherol, protected Paramecium against 
photodynamic toxicity. Other anti-oxidants, such as ` 
ascorbic acid, propy! gallate, and butylated hydroxy 
toluene—2,6-di-tert.-butyl-p-cresol, however, were 


Table 1. Errect OF VARIATION OF OXYGEN CONTENT ON THR 
PHOTODYRAMIO RESPONSB OF Paramecium caudatum. CRLIS AND 
8,4-BRENZPYRENE AT 10-* GX./ML. WERE DARK-INCUBATED AND AFTER- 
WARDS IRRADIATAD IN APPROPRIATE MIXTURES OF NITROGEN AND 


OXYGEN 
Per cent voL gas in chamber 90 per cent lethal 
Oxygen Nitrogen time (mun.) 
100 0 15 
16 20 25 
5 96 40 
1 90 14-0 
0-5 995 25-0 
Q 100 120° 


* No toxio effect observed during 120 min. observation. 
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1. Composite graph demonstrating the influence of salected 
tances on the photodynamic response of Paramecium caudatum 

to 8 — rene in a S 10“ or 107 gm./ml. 
Protection and enhancement reased in terms of 
multiples or fractions F the, — ethal times 


without a protective effect. Reducing substances 
with free thiol groups, such as cysteine (Fig. 1), 
cysteamine, glutathione, and dimercaptopropanol, 
were minimally protective in this system, although 
they are offective as radio-protectors*. Such findings 
are at apparent variance with claims of Caloutt and 
Newhouse, who stressed the role of —SH groups in 
the photodynamic response of Paramecium to 3,4- 
benzpyrene’. Examination of their results, in fact, 
reveals evidence of no greater protection than 
the -low order demonstrated in the present test 
system. 
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Of 15 mdividual Cohn fractions of bovine plasma 
proteins tested, greatest protection was afforded by 
B-lipoprotem (Fig. 1) and a-globulin S.F. IV-4. The 
protective effects of y-globulin (Fig. 1), albumin and 
glycoprotein, however, were negligible. ‘The possi- 
bility that protein interference was a simple function 
of its ultra-violet absorption was excluded by inter- 
posing & quartz cuvette, contammg I1 per cent 
8-lipoprotein in a 10-mm. light path, in the ultra- 
violet beam. This produced no effect on the photo- 
dynamic response. Furthermore, while the fluores- 
cence of protemn-protected cells was minimal compared. 
with that of non-protected controls, the addition of 
protein to controls previously killed by irradiation 
did not afterwards diminish their fluorescence. More 
pronounced protection still was afforded by non-ionic 
wetting agents in the “Tween F geries, such as 
‘Tween R 80 (Fig. 1). 

Enhancement of the photodynamic response of 
Paramecium to 3,4-benzpyrene was obtained with 
mono- or di-valent anions of sodium (Fig. 1) and potas- 
sium salts, by their addition to the incubation mixture 
of cells and hydrocarbon. Enhancement was also pro- 
duced, by increasing the pH of the incubation system, 
or by the use of celis from ageing cultures. 

This work was supported in part by research grant 
OY-—3335 to the Children’s Cancer Research Founda- 
tion, from the National Cancer Institute, National 
Institutes of Health, United States Public Health 
Service. 
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ELECTROPHORETIC AND HISTOLOGICAL EVIDENCE FOR MUSCLE 
REGENERATION IN OVINE MUSCULAR DYSTROPHY 


By R. F. KEELER and S. YOUNG 
Veterinary Research Laboratory, Montana State College, Bozeman, Montana 


VINE muscular dystrophy is a juvenile form of 
degenerative myopathy associated stiologically 
with certain maternal dietetic fastors!. The disease 
is characterized by its relatively non-progressive 
character and by an apparent capacity for spon- 
taneous recovery in affected subjects. During 
recovery, clinical symptoms regress and eventually 
disappear, and the gross appearance of muscle tissues 
from recovered subjects killed in later life is identical 
with that of muscle from non-affected animals. This 
article reports electrophoretic and histological evi- 
dence supporting the hypothesis that complete muscle 
regeneration occurs in this disease. 

For the work described here, six subjects were 
selected from an experimental group of 147 lambs. In 
this group, 65 lambs were born to ewes fed a hay diet 
known to cause the myopathy, and 40 (61-5 per cent) 
became affected. The presence of the disease was 
recognized by characteristic clinical symptoms of 
stiffness and lameness, and by elevations of serum 


glutamic oxalacetic transaminase in samples drawn 
in the first three weeks of life’-’. Two lambs (Nos. 
1 and 2), selected at random from the affected indi- 
viduals, were killed at 25 days of age when prominent 
clinical signs of the disease were still evident. Two 
more lambs (Nos. 3 and 4) were similarly affected 
individuals that recovered spontaneously and ap- 
peared clinically normal when killed at 4 months of 


Table 1 
Olini Gross 
Age Age oor SGOT * at — 
at; 
Lamb iied 1-8 At 7 14 21 — 
No. (days) wk. death days days days death ingst 
1 25 + + 1,000 600 2,800 + 
g 25 + 700 800 1,900 750 + 
8 220 + — 37 600 1,200 45 — 
4 102 4 — 105 2,200 2,800 71 — 
5 218 — — 1 5 87 78 — 
6 101 * _ 1 5 48 61 — 
+ Serum glutamic oralacetic transaminase e expressed in A vi 
acid formed per mL of serum in 20 min. at 25° O. (ref. 5 isa a ° 
+ Indtentes that gross mugoular lesions charac tic of this 


myopathy were present. 
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Fig.1. Ascending electrophoretic patterns of muscle extracta and 


sera. Part A shows | us dorsi muscle extracts from a 
normal animal qan from an animal with dystrophy (42), and 
from a recovered animal (48), uadri oris 
extracts from a normal Bi), 
(B2), and from a recovered 

a normal animal (01), from an 


age. The remaining 82 lambs were born to ewes fed 
during gestation on a hay diet that did not produce 
the myopathy, and two control lambs (Nos. 5 and 6) 
were selected at random from these and killed at 
4 months of age. Table 1 presents the results. 

From each lamb at the time of death, specimens 
were obtained from the longissimus dorsi and quadri- 
ceps femoris muscles. Previous experience had indi- 
cated that, in animals having the severe generalized. 
clinical form of the disease evident in lambs l—4, 
lesions occur consistently in one or both of these 
muscles. 

For histological preparation, tissue strips several 
om. long were excised from each muscle, applied to 
stiff cardboard, and allowed to dry slightly in air 
before immersion in neutral, buffered 10 per cent 
formal-saline. After fixation, several blocks were cut 
from each strip, dehydrated, and embedded in 
paraffin. Sections cut at 5~7y, and illustrating both 
longitudinal and transverse ts of the muscle 
tissue, were stained with hematoxylin and eosin. — 

Histological examination of muscle tissue sections 
from the young affected lambs 1 and 2 revealed the 
typical degenerative features characteristic of this 
disease in lambs?. There occurs a swelling and distor- 
tion of the muscle fibres, an early focal granularity of 
the sarcoplasm, and the formation of a homogeneous, 
eosinophilic coagulum without cross-striations or 
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myofibrillar structure. An apparent proliferation of 
sarcolemmal nuclei occurs. These nuclei are plump, 
elongated and vesicular, and may replace the entire 
contents of the sarcolemmal tube. The changes occur 
discontinuously along the length of any one muscle 
fibre and may be restricted to only a limited part of it. 
Numerous intact and apparently normal fibres may 
pass through areas in which all other fibres are 
evidently degenerating. Interstitial inflammatory 
cell exudate is either absent or occurs only sparsely 
in the interstitium of the affected muscle tissue. 

Examination of muscle tissue sections from lambs 
3, 4, 5 and 6 did not reveal abnormality. Many 
preparations from the representative muscles of these 
four subjects were investigated. Comparisons were 
made of average fibre diameter, numbers and dis- 
position of sarcolemmal nuclei, and the proportion of 
perimysial and endomysial connective tissue and fat. 
In no respect were differences observed between the 
recovered and the control animals. 

In the preparation of extracts for electrophoresis, 
specimens weighing 100-150 gm. were obtained from 
each muscle, trimmed of excess fat and connective 
tissue, briefly washed in water, placed in a plastio 
beg with 100 ml. water, and frozen in a dry ice—alcohol 
bath. When required for use, the tissues were allowed 
to thaw and sufficient concentrated phosphate buffer 
was added to yield 100 ml. of buffer (0-4 M, pH 6-7) 
per 75 gm. of muscle. The muscles were homogenized 
in & blender for 5 min. Intermittent cycles of homo- 
genization and cooling in an ice-bath ensured that the 
temperature did not exceed 3° O. After keeping the 
muscle homogenate for 24 hr. at 3° O., an extract was 
expressed through cheesecloth and the extract 
dialysed against phosphate buffer! of ionic strength 
0-2 at pH 7-0. After dialysis the extract was centri- 
fuged at 35,000g for 10 min. The supernatant fluid, 
which then had a conductivity approximately equal 
to that of the buffer used in dialysis, was used in 
electrophoresis. 

A sample of blood was taken from each lamb at the 
time of death and allowed to coagulate at 4° ©. The 
decanted serum was dialysed against phosphate 
buffer! of ionic strength 0-2 at pH 7:0 and used for 
electrophoresis. The electrophoresis results were 
obtained using a Perkin-Elmer model 38 4 witha 
2-ml. cell. Patterns of the ascending limbs only are 
shown since they revealed greatest detail. 

In previous electrophoresis work on proteins from 
longissimus dorsi and quadriceps femoris muscle 
extracts from normal and affected lambs’, we have 
shown that in this myopathy there is a consistent 
enhancement in two components that are thought to 
be actomyosin (component 2) and myosin (com- 
ponent 3), and a decrease in a third component 
thought to be myogen (component 5). The same 
changes have been found in muscle extracts taken 
from affected, animals in this investigation. Examples 
from normal animals (41, Bl) and from affected 
animals (42, B2) are shown in Fig. 1. In addition, 
electrophoretic patterns of serum samples taken from 
affected subjects were similar to those reported 
previously’. There is an increase in -globulin and a 
decrease in 8- and y-globulin in affected serum (02) 
as compared with normal (01). In the two recovered 
animals, electrophoretic patterns of muscle extracts 
and of serums (43, 83 and C3) appear the same as 
those from normal unaffected lambs. They share 
none of the typical characteristics of the patterns 
from affected animals. Though not all samples were 
taken from animals of the same age, we have found 
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that the age of the animals up to 4 months has no 
effect on the patterns obtained. Since the electro- 
phoretic patterns from both lambs in each category 
were identical, only one of each is shown. 

This work suggests that spontaneous clinical 
recovery from ovine dystrophy 1s accompanied by 
complete regeneration. of affected muscle tissue. 

We thank Mr. D. H. Fritts for assistance with 
photography and Mrs. M. G. Reilly for technical 
assistance. 
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INFLUENCE OF BLOOD TRANSFUSIONS ON IRRADIATED RATS 


By Dr. M. SKALKA 
Institute of Biophysics, Czechoslovak Academy of Sciences, Královopolská 135, Brno 12 


N previous communications!* I established a 
correlation between the depth of post-irradiation 
ansmia and the increase in the amount of total liver 
lipids in irradiated mice and rate. In severe anemia 
resulting from irradiation, hypoxia of the brain 
tissue may be also shown by testing biochemically’. 
Factors increasing oxygen consumption, or restricting 
the supply of oxygen, impair post-irradiation changes 
in the livert. On the basis of these results I put 
forward the hypothesis that severe anemia and 
resulting tissue anoxia may be serious pathogenetic 
factors in the period of post-irradiation bone-marrow 
syndrome. This hypothesis was supported by other 
work®:§ concerning the prognostic value of the 
number of erythrocytes in irracliation injury. 

To verify my hypothesis, I made an attempt to 
solve the problem in a direct way, that is, by improv- 
ing the post-irradiation anemia. The experiments of 
other workers’ as well as my own unpublished 
observations concerning the influence of blood trans- 
fusions have yielded negative results as regards the 
survival of experimental animals. I believe that this 
failure was probably because in these experiments the 
animals were not given treatment for sepsis, which 
is one of the main causes of death of irradiated 
animals’. 

Both male and female adult Wistar rats weighing 
200-300 gm. were used. They were fed on Larsen 
diet and had free access to drinking water. These rats 
are hosts of Bartonella parasites. Bartonella infection 
does not increase radiosensitivity of host rats? and 
bartonellosis, when activated by irradiation in some 
rats, has little effect on the depression of the red 
blood cell count after irradiation”. 

Tho animals were given whole-body X-irradiation, 
the X-ray characteristics were 180 kV., 15 m.amp., 
filter 0-56 mm. copper, dose-rate 60 r./min. LD;,/30 
days of rate in our conditions was about 680 r. From 
the 4th-5th day to the 20th-24th day, the animals 
were given a daily (not Sundays) intramuscular dose 
of antibiotics (20 mgm. streptomycin and 24,000 
units of penicillin per rat). Starting from the 6th-9th 
day the rats were given, daily or every other day up 
to the 15th-20th day, an intravenous transfusion of 
2-4 ml. suspenr:ion of washed fresh rat blood cells in 
saline having a hematoorit of approximately 40 per 
cent. In another experment (No. 4, Table 1) the rats 


were given a degree of transfusion, depending on their 
actual individual red blood cell count. After repeated 
transfusions unfavourable reactions were not observed 
in irradiated or unirradiated control animals. The 
rats were observed up to the 30th post-irradiation 
day. Changes in weight, the survival-rate and 
the number of erythrocytes were recorded. In the 
animals which died the content of total liver lipids was 
determined by a method reported previously"). 
Some animals, especially those irradiated with a 
higher dose, succumbed during the period of the 
intestinal syndrome (up to 6th day); these animals 
are not considered further in the evaluation of the 
experiments. 

Repeated red blood cell counts have shown that 
transfusions are effective since they maintain the 
number of erythrocytes at a high level. <A critical 
drop in the number of erythrocytes was exceptional; 
this was at the time of setting-in of ansmia, or when 
therapy was brought to an end prematurely. The 
rate of survival and the mean survival-time of 
irradiated rats are shown in Table 1. It follows from 
Table 1 that the administration of blood transfusions 
to rats treated with antibiotics considerably increages 
their survival-rate and time. Similar successful 
results obtained with dogs have been published 
recently’#*, In the rats which died during the 
experiments in spite of treatment with antibiotics 
and transfusions, frequent marks of sepsis (rangrenes 
on the facial part of the head and other parts of body, 


Table 1 
Survival-rate 
Number 
Dose of Mean 
Exp.  urradtation survivors survival- 
No. and Therapy after Per time 
sex of 80 days cent (days) 
animals {total in 
number dead 
in rate 
parentheses) 
1 530 r., males Antihloties only 43 (24) 54 1490 
antiblotices + 
blood transfasions 22 (SB 88 17-7 
2 600 r., famaleg Antibiotics only 11 (22 50 122 
antibiot let + 
blood transfusions 16 ER 65 16 8 
3 680 r., males Antiblotics only 5 (86 19 i1 6 
antibiotics + 
biond transfusions 10 (29) 84 12-8 
4 660 r., males Antibiotics only 4 (27) 16 10-1 
antibintica + 
blood transfusions 12 (26) 46 12-0 
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Fig. 1. Lipid*content of livers of rats dying ag a result of X-irra- 
diation. @, Irradiated rats treated with antiblotics and blood 
transfusions ; x, treated with antiblotics only; ©, unirradiated 
control rats. The curves showing the mean content of hver lipids 
in both groups are rectified according to the formula: 
` Cn-1 zE Zn + Taty 
a a 
bacterial foci in the internal organs) and bleeding in 
the gastro-intestinal tract was seen. The letter was 
often in hypertransfused rats. Treatment by means 
of blood transfusions without the administration of 
antibiotics is ineffective. Consequently, the result of 
these experiments are not given. 
The content of total lipids in liver tissue in the rats 
which died are summarized in Fig. 1. Only in excep- 
tional cases is a high level of liver lipids found in rats 


NATURE 


34l 


given transfusions. On the other hand, in irradiated 
rats treated only with antibiotics, fatty degeneration 
is found more regularly than was previously estab- 
lished in experiments with untreated irradiated rate. 
Here a correlation between the decrease in red blood 
cell count and the increase in the amount of total 
liver lipids can also be found. The results have shown 
that this previously established correlation!’ may be a 
causal one. 

On the basis of these results it is suggested that 
death at the time of post-irradiation bone-marrow 
syndrome is due not only to bacterisamia and sepsis; 
further important factors (at least in some species) are 
severe anemia and ensuing tissue anoxia, which may 
reach. a critical level. On the basis of my experiments 
with rats, the combination of antibiotics and blood 
transfusions may be considered to be a successful 
therapeutic of the bone-marrow period of radiation 
injury, in the course of which there is no danger of 
immunological intolerance, which may occur in the 
therapy with bone-marrow transfusions. 
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FORMATION AND UTILIZATION OF II-C/S VITAMIN A BY THE 
EYE TISSUES DURING LIGHT AND DARK ADAPTATION 


By Dr. RUTH HUBBARD and Da. JOHN E. DOWLING 
Biological Laboratories, Harvard University, Cambridge, Mass, 


HE bleaching and synthesis of rhodopsin involve 

a cycle of stereoisomerizations of retinene (vita- 
mm A aldehyde) and vitamin A. Rhodopsin is 
formed by the combination of the protein, opsin, 
with the sterically hindered 11-cts isomer of retinene, 
and bleaches in the light to opsin and all-trans- 
retinene!. Both isomers of retinene are reduced 
reversibly by alcohol dehydrogenase and reduced 
diphosphopyridine nucleotide to the corresponding 
isomer of vitamin A (the free alcohol)*, which is after- 
wards esterified with long-chain fatty acids®. About 
95 per cent of the vitamin A stored in the eye of the 
frog is in the form of such esters (Table 2). In what 
follows, we shall use the term ‘vitamin A’ to denote 
both the free substance and its esters, distinguishmg 
between them whenever that is helpful. 

Some animals, such as cattle and frogs, store 
vitamin A im the dark-adapted eyes‘; others, such as 
albino rats, do notë. The ll-cts isomer may constitute 
a considerable fraction of the ocular stores?'*, but is 
not found elsewhere in the body’. It appears to be 
formed from the all-trans isomer exolusively by the 
eye tissues. 

Tt has recently been shown that the total amount 
of retinene plus vitamin A in the frog or rat eye 
remains essentially constant during light and dark 


adaptation, if one includes the retmene bound in 
rhodopsin®:*, However, in the course of light and 
dark adaptation, vitamin A moves back and forth 
between the retina and pigment epithelium. As 
rhodopsin is bleached during light adaptation, all- 
trans vitamin A moves from the retina into the 
pigment epithelium; during dark adaptation, vitamin 
A re-enters the retina, where it is converted to 
rhodopsin‘. In rats, after prolonged light adaptation, 
about 80 per cent of the vitamin A in the eye is found 
in the pigment epithelium. 

In order to gain more insight into the dynamics of 
the production and utilization of ll-cte vitamin A 
in vivo and in vitro, we have examined its concen- 
tration in the eye tissues during light and dark 
adaptation. We have worked primarily with frogs 
(Rana pipiens), because these animals store con- 
siderable amounts of vitamin A in their eyes. Dark 
adapted R. pipiens contain about 1-1-5 ugm. retinene 
per eye bound in rhodopsin. In addition, they store 
about 2 pgm. vitamin A ester in the pigment epi- 
thelium, of which the 1l-cts isomer may constitute a 
considerable fraction (Tables 1 and 2). The frogs we 
have worked with, when kept in the dark for at least 
24 hr., store on the average about 42 per cent of their 
vitamin A in the LL-ois configuration. This is an 
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Table 1. TOTAL AND Il-cw VITAMIN A CONTENT OF FROG BYES 
FOLLOWING LIGHT (L.A.) OR DARK ADAPTATION (D.A.) in vivo 
Vitamin A ester 
No. of Total ll-ets 
Set animals Conditions (ugm. (ugm. 
pereye) per eye) 
I 27 D.A. 24 br. or 20 0:7 
longer 
II 27 . 20-60 min. 3-8 08 
baa 88 L.A. 1 br., then 
D.A. 1—4 hr, * 1:9 0-8 


* erlments terminated after 1, 2, 8 and 4 hr. of dark adaptation, 
T ylelded 0°8, 0:8, 0-2 and 0-2 pgm. Li-ets vitamin A eater 
per eye. ‘The results of all these have therefore been averaged. 


Table 2. RHODOPSIN AND VITAMIN A CONTENT OF FROG EYES, 
Licur (LCA.) OR DARK ADAPTED (D.A.) in nitro 


Vitamin A ey 
i per eye) (as ugma. 
No. of — Total — 
Set animals Conditions ii- alco- bound 
Total crs hol per eye) 
Animals D.A. 1'8 0-8 01 1:0 
I 8 Then eyes L.A. 29 0-8 0-2 0-1 
Difference +11 0 +01 -09 
L 8-8 141 9 2 0'8 
II 18 Then eyes D.A 8-1 1:0 01 09 
Difference -06 —-O&1L -0l +08 


average figure derived from 48 animals; the individual 
values vary between 31 and 58 per cent. 

Table 1 summarizes experiments in which frogs 
were dark adapted (D.A.) for a minimum of 24 hr. 
Control animals (set I) were killed at this point. 
Experimental animals were either light adapted 
(L.A.) 20-60 min. in a white pan illuminated with 
three 75-W. flood lamps (set IT), or light adapted 
1 hr. and then dark adapted 1—4 hr. (set III). In each 
case, the eyes were removed, and the retine and 
pigment layers dissected and extracted together. 
Eyes from dark-adapted animals were dissected in 
dim red light, those from light-adapted animals in 
diffuse room light. To measure total vitamin A, the 
retine and pigment layers from 3 frogs (6 eyes) were 
ground with anhydrous sodium sulphate and extracted 
exhaustively with petroleum ether, all in dim red 
light. The extracts were adsorbed on alumina (Merck, 
“for chromatographic adsorption”) weakened by 
stirring in 5 per cent water (w/w). Vitamm A ester 
was eluted with 4 per cent acetone in petroleum 
ether; vitamin A alcohol with 40 per cent acetone in 
petroleum ether’. Both fractions are contammated 
with xanthophyll, esterified and free alcohol, re- 
spectively. However, in the concentrations in 
which it is present in these solutions, xanthophyll 
does not interfere with the determinations of total 
and ll-cis vitamin A. A portion of the ester fraction 
was transferred to chloroform and total vitamin A 
ester determined by the antimony chloride reaction. 
11-Cis vitamin A ester was determined with the rest of 
this fraction by measuring its absorption spectrum in 
hexane before and after isomerization with iodine in 
the dark®.*19, 

After prolonged adaptation to sufficiently bright 
hght to bleach most of the rhodopsm, the total 
amount of vitamin A ester in the eye increases, as 
expected. Yet the amount of 11-cte isomer remains 
essentially the same, as shown in Table 1 (sets I and 
II). This is surprising, for in the ight rhodopsin is 
continually bleached to all-trans retinene, and 
resynthesized from ll-cis retinene. One might 
therefore suppose that prolonged light-adaptation 
would decrease the amount of 11-cts isomer and corre- 
spondingly increase the amount of all-trans isomer. 
Preliminary experiments suggested that this was the 
case’, However, the present mvestigation shows that, 
though this happens occasionally, the average situa- 
tion is as shown in Table 1. 
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Light-adapted frogs, returned to darkness, re- 
synthesize all their rhodopsin within approximately 
2 hr. at about 20° C. At the end of this process the 
eye has lost about 1-9 ugm. vitamin A, about 0:5 pgm. 
of which had the 11-cts configuration (Table 1, sets TI 
and ITI); that is, about 1/4 of the vitamin A used 
has the 1l-cts configuration. As can be seen from 
set II, this is roughly the proportion of this isomer 
in the light-adapted eye. It seems therefore that, to 
a first approximation, vitamin A may be used to 
synthesize rhodopsin in about the same proportions 
of isomers as are present in the light-adapted eye. 
This is a little surprising, since one might have 
expected the ll-css isomer to be drawn on preferen- 
tially, and suggests that the isomerization from all- 
trans to 1l-cis is not the rate-limiting step in the 
utilization of vitamin A ester for rhodopsin syn- 
thesis. 

As might be expected from the fact that frogs 
complete rhodopsin synthesis during the first 2 hr. 
in the dark, the amount of vitamin A in the eye does 
not change with further stay in the dark. However, 
the proportion of the 1]-cts isomer slowly increases. 
as shown in Table 1 (compare sets ITT and I), until ıt 
has approximately doubled within 24 hr. 

To summarize our observations with live frogs: 
during light-adaptation, the concentration of all- 
trans vitamin A ester increases as rhodopsin is 
bleached, yet the store of the ll-cts ester remains 
almost unchanged. During dark-adaptation, ocular 
vitamin A ester decreases as rhodopsin 1s synthésized, 
the all-trans and 11l-cte isomers being used in about 
the same proportions in which they are present. In 
frogs kept in the dark after rhodopsin synthesis has 
been completed, the total vitamin A content does not 
change further, but the fraction of it that is 11-cts 
slowly increases over a period of many hours. 

We next explored the situation in whole isolated 
frog eyes, incubated in Ringer solution at 20° C. The 
rationale for this was as follows. It has been known 
for a number of years that eyeballs isolated from light- 
adapted frogs synthesize about half as much rhodop- 
sin in the dark as do whole animals!!. The results 
presented above suggested that this limit might be 
set by the amount of IJl-cw isomer present at 
the end of light-adaptation. This notion received 
some support from the fact that eyeballs isolated 
from light-adapted albino rats, which contain essen- 
tially no 1ll-cts vitamin A‘, form almost no rhodopsin 
when incubated in the dark (in tissue culture medium 
at 37° ©.). 

Experiments with isolated eyes have a great 
advantage over those performed with live animals, 
for the ocular stores of vitamin A. of different frogs 
vary considerably, and so does their rhodopsm 
content, though to a lesser extent (cf. refs. 6 and 11). 
This can be compensated for tn vitro by using right 
and left eyes from the same animal as controls for 
one another. For example, separate extractions of 
the two eyes from six light-adapted frogs yielded per 
eye 3°62 and 3:67 ugm. vitamin A, and 0-13 and 0-16 
ugm. retinene bound in rhodopsin. Such agreement 
is encountsred scarcely ever when comparing eyes 
from different frogs. 

The results of the in vitro experiments are summar- 
ized in Table 2. In the experiments of set I, frogs 
were dark adapted at least 24 hr. The eyes then were 
removed in dim red light, keeping right and left eyes 
separate. From one batch, retins and pigment layers 
were removed immediately in dim red light; the other 
was light adapted 1 hr. under the conditions de- 
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scribed above. In the experiments of set IM, frogs 
were light adapted for 1 br., and the eyes removed 
in diffuse room light, again keeping right and left eyes 
separate. One batch was dissected immediately in 
the light, the other was dark adapted 4 hr., and then 
dissected in red light. The tissues were lyophilized 
overnight, vitamin A extracted with petroleum 
ether, and the ester and alcohol fractions separ- 
ated. Total and ll-ctes vitamin A were determ- 
ined as described. After extraction with petroleum 
ether, the tissues were dried under reduced 
pressure, and rhodopsin was extracted with 2 per 
cent digitonin (three extractions with 1 ml. each). 
The rhodopsin concentration was determined by 
measuring the absorption spectrum before and after 
bleaching in the presence of 0:1 M hydroxylamine. 
The difference in extinction at Amax, (about 502 my 
for frog rhodopsin) is a measure of rhodopsin content. 
This is readily converted to pgm. retinene, since 
rhodopsin has a molar extinction coefficient of 
40,6003? and contains one mole retinene per mole 
thodopsm™. 1 mil. of a rhodopsin solution with 
Ko, Of 0-142 therefore contains 1 ugm. retinene. 

Table 2 shows that when eyes, removed from dark- 
adapted animals, are light adapted tn vitro for an 
hour, about 90 per cent of the rhodopsin is bleached, 
and this is accompanied by & corresponding increase 
in all-trans vitamin A ester (set I). However, just as 
in the in vivo experiments, this prolonged exposure 
to bright light, with its implicit high rate of turnover 
of rhodopsin—and consequent conversion of 11-cts 
to all-trans retinene—does not affect the ocular 
content of 11-cts vitamin A ester. 

When eyes, which have been removed from lght- 
adapted animals, are dark adapted in vitro (Table 2, 
set IL}, about 1/3~-1/2 as much rhodopsin is formed as 
in vivo. At first glance it might seem that even less 
1l-cts isomer is used than in the in vivo experiments. 
However, comparison of the isomer composition of the 
vitamin A present initially with that used to form 
rhodopsin suggests that the isomers may be used 
simply in the proportions in which they are prosent. 
Thus in the 36 light-adapted eyes which were analysed, 
the vitamin A present initially was about 1/4 11-cts, 
and about 1/5 of the vitamin A ester withdrawn. for 
rhodopsin synthesis was 1ll-cis (‘Table 2, set II). 

These experiments show clearly that the amount 
of rhodopsin formed in vitro is not limited by the 
amount of stored ll-cte vitamin A. They suggest 
further that the isomerization from the all-trans to the 
ll-cts configuration in this case also does not limit 
the rate of rhodopsin synthesis. 

Noedless to say, we have no evidence regarding the 
anatomical or chemical site of the isomerization 
reaction. It may occur in the retina or in the pigment 
epithelium, and may use vitamin A ester, alcohol, or 
retinene as substrate, or indeed any combination of 
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these. The only isomerizing system which has been 
isolated so far (retinene isomerase) operates exclu- 
sively on retinene; in cattle eyes it is found primarily 
in the retina, in frog eyes it appears to be mainly in 
the pigment epithelium™., There is reason for suppos- 
ing that other isomerizing mechanisms co-operate 
with retinene isomerase in the intact eye. 

The most interestmg observation concerns the 
apparent sparing action of light on the stores of 
11-cts vitamin A ester. This could be due to a number 
of reasons, though there is at present no experimental 
basis for choosing between them. If the retina were 
capable of isomerizing all-trans retinene or vitamin A 
to the ll-cts configuration at a sufficient rate to keep 
up with the bleaching of rhodopsin to all-trans 
retinene, it could form rhodopsin without drawing 
ll-cts vitamin A from the pigment epithelium. 
Alternatively, or perhaps in addition, other pathways 
for rhodopsin formation might be available in the 
light, which short-circuit retinene and vitamin A. 
It has been, shown that the first products of bleaching 
rhodopsin——lumi- and meta-rhodopsin—can be con- 
verted back to rhodopsin by light'5. It has also been 
suggested that cephalopods possess a mechanism that 
does not require light for converting meta-rhodopsin 
to rhodopsin!*. Tf such mechanisms operate in frogs, 
they will be active only in the light, since in verte- 
brates their substrate—lumi- or meta-rhodopsin—is a 
short-lived mtermediate, present only while rhodopsin 
is being bleached. Such mechanisms would therefore 
tend to spare the stores of 11-cts vitamin A in the light. 

This investigation was supported in part by 
grants (B-568(07) and B-2241) from the U.S. Public 
Health Service. 

Note added in proof. Preliminary experiments 
suggest’ that homogenates of lyophilized retinss and 
pigment layers form rhodopsin from II-cis vitamin A . 
ester, but not from the all-trans isomer. This 
system apparently lacks the capacity of whole eyes 
to derive rhodopsin from all-trans vitamin A. 
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RATE-LIMITING FACTORS IN PHOSPHATE EXCHANGE IN MUSCLE 


By Dr. SHIRLEY E. SIMON 
Department of Pharmacology, University of Melbourne 


HOSPHATE exchange was examined in the 
isolated sartorius muscle of the toad, Bufo marinus, 
by equilibrating the tissue for 3 hr. in a Ringer’s 
solution containing 1 mM. orthophosphate labelled 
with phosphorus-32, and then following the rate of 


efflux of the tracer into an inactive solution. Efflux 
was carried out by serially transferring the muscle 
from pot to pot of inactive solution for increasing time 
intervals?. Radioactivity in the efflux solution was 
assayed using a liquid scintillation counting technique. 
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At the end of the 5-hr. efflux the muscle was wet 
ashed using a mixture of sulphuric and perchloric 
acids. This digest was suitably diluted and counted 
by the same method. 

An integrated curve of radioactivity remaining in 
the muscle was plotted against time on semilogarith- 
mic co-ordinates. A typical efflux curve is shown in 
Fig. 1. All the curves could be analysed as the sum 
of three exponential terms?. The amount of muscle 
water available to each fraction of the efflux was 
calculated on the basis of the radioactivity in the 

ilibration solution, on the assumption that the 
phosphorus-32 was present in the muscle at Ringer 
concentration. Since exchange of tracer with the 
phosphate compounds of the muscle is known to 
occur this will not be correct, but the concept allows 
an accurate and convenient comparison of data to be 
made. 


Table 1. “P-ORTHOPHOSPHATE EFYLUX 
Very fast Medium Siow 
component component component 

28-4 + 23 

1,434 + 184 


P space, percentage 
of botal muscle 9-2 + 1-8 127 + 11 
Half time (min.) 27 + 002 168 + 1:0 


Figures given are + S.E. of fifteen observations, 


The three exponential terms of the efflux were 
designated very fast, medium and slow. Al material 
moving in the very fast and medium components 
(total minus slow) was designated ‘fast’. The phos- 
phorus-32 ‘spaces’ of the three terms, and the half 
times are set out in Table 1. It will be noted that 
there is a very slow rate of exchange of slow fraction 
phosphorus-32. It is pertinent to inquire what 
mechanism is responsible for this slow rate of 
exchange. It has previously been shown in this 
laboratory that the plasma membrane is not rate- 
limiting m the exchange of a number of cations and 
anionsi-*, This finding was particularly well docu- 
mented in the case of lithium and sodium, where the 
extracellular space was determined simultaneously 
with the ionic effiuxes. This was achieved by using 
albumin labelled with iodine-131 as an index of the 
extracellular water, and assaying the lithium photo- 
motrically following the counting of radioactivity 
due to iodine-131 (ref. 3). A method of single channel 
pulse height analysis was set up for the sumultaneous 
assay of iodine-131 and sodium-22 (refs. 1 and 2). 
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By these techniques it was shown that the fast 
fraction of the efflux significantly exceeded the found 
extracellular space, and it was postulated that the 
membrane was not the principal rate-limiting step 
to the movement of these ions out of the cell. The 
possibility that the fraction of fast-moving sodium or 
lithium in excess of that derived from the interfibre 
water was loosely bound on the membrane was 
dismissed because this would necessitate an impossibly 
great density of adsorbed ions at the interface’. 

It would seem, however, that the phosphate ion 
may differ from thoso previously studied im this 
laboratory in that the total fast-moving fraction of 
phosphorus-32 can reasonably be equated with the 
extracellular space. The mean value of 21:9 + 1-8 
(15 observations) is in good agreement with previously 
found values for the extracellular space of toad 
sartorii!*. Ib has been repeatedly stressed that the 
extracellular space is too variable a parameter for a 
mean value to be used when considering its dimen- 
sion in any one muscle. Consequently this comparison 
must be made with some caution. However, had the 
fast fraction phosphorus-32 occupied a somewhat 
greater amount of the muscle water it would have been 
difficult to exclude the possibility that there was a 
fast exchange of membrane bound phosphate. This 
possibility was excluded for the cations mentioned 
above, since they were present in ths externs! medium 
at concentrations of from 50 to 130 mM/L Conse- 
quently adsorption sufficient to increase this concen- 
tration significantly above that of the MRinger’s 
solution would have involved the binding of a great 
number of ions in the membrane phase. However, 
phosphorus-32 was present as orthophosphate in the 
external medium at a level of 1 mM/l. Binding of a 
significant amount of this ion by the membrane would 
seem possible. The presence of membrane-based 
phosphatases could facilitate the turnover of any 
such fraction. One must therefore accept that the 
membrane may reasonably be considered to constitute 
the principal rate-limiting step to the efflux of 
phosphorus-32. 

The half time of the slow component of phosphate 
efflux is considerably longer than any I have found 
for the ions previously examined. Thus a considerable 
restraint is imposed on phosphate exchange. 

This constraint may reflect the partial imper- 
meability of the membrane to this ion, or it may 
reflect the slow rate of turnover of all intracellular 
phosphorus-32 compounds. The latter possibility 
would seem unlikely, since one would not expect the 
rate of turn-over of all bound phosphate fractions to 
have the same time constant. 

An attempt to determine the temperature coeff- 
cient of the slow component of phosphorus-32 
exchange failed, since tbe muscles suffered a net loss of 
phosphate at the lower temperature. A knowledge’of 
the Q,, of the reaction might have thrown light on the 
nature of the rate-limiting step’. 

We were able to show by chromatographic pro- 
cedures that incorporation of phosphorus-32 into the 
Inorganic phosphate, creatine phosphate and adeno- 
sine triphosphate of the muscle was considerable 
during the 3 hr. used for equilibration with the 
isotope. Further, a comparison was made of the 
total acid-soluble phosphorus-32 with the total 
phosphorus-32 space of the whole muscle. Four 
experiments were carried out in which paired muscles 
were soaked in the ‘hot’ Ringer's solution. One of 
each pair was effluxed in the usual way, and the 
companion was plunged into liquid air immediately 
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after removal from the Ringer’s solution. The frozen 
muscle was then homogenized with ice-cold trichloro- 
acetic acid, centrifuged, and the phosphorus-32 in the 
supernatant assayed. 

It was found that the total muscle phosphorus-32 
significantly exceeded the acid-soluble phosphorus-32 
fraction. The total muscle phosphorus-32 space was 
44-6 per cent, and acid-soluble phosphorus-32 space 
of the companion muscles was 35-6 per cent. Thus 
incorporation of tracer into structural components 
must have taken place during the equilibration period. 

The deviation of the efflux of fast phosphorus-32 
from the form to be expected for diffusion from a 
plane sheet must be considered in the light of the data 
already obtamed for sodium-22 efflux in toad and 
frog sartorii*. Thus it was found that diffusion 
through the packed fibre mass imposed a delay 
sufficient to split the efflux of any ion into two expo- 
nential terms. It was possible to correlate the size of 
the medium component with muscle size, below a 
critical value of the ratio of surface area to muscle 
thickness. 
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The fact that the membrane i imposes such a severe 
restriction on phosphate diffusion is of importance to 
our understanding of the role of morganic phosphate 
in the regulation of cell metaboliam. Sequestration of 
intracellular phosphate is essential if the concentration 
of this ion is to be a rate-limiting factor in respiratory 
control. The possibilrty that intracellular structures 
may impose additional restrictions on phosphate 
diffusion must also be considered. 

The measurement of the rate of incorporation of 
phosphorus-32 mto the high-energy phosphate com- 
pounds of intact muscle will also be complicated by 
the low permeability of the membrane to this ion’. 

1 Bimon, 8. E., Shaw, F. H., and Shankly, K. H. (in the press). 
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INSULIN AND INCORPORATION OF AMINO-ACIDS INTO 
PROTEIN OF RAT TISSUES 


By IRA G. WOOL 
Department of Physiology, University of Chicago 
AND 
Dr. K. L. MANCHESTER* 
Department of Biochemistry, University of Cambridge 


NSULIN in vitro has been shown to enhance the 

incorporation of labelled amino-acids into the 
protein of isolated diaphragm, epididymal fat pad*:', 
liver slices’ and bone marrow cells*:*. Particularly in 
the case of diaphragm, stimulation of amino-acid 
incorporation appears to take place independently of 
an enhancement of glucose entry into the cell*+. 
The present experiments were undertaken to explore 
in a further selection of tissues the sensitivity of 
amino-acid incorporation to stimulation by insulin 
and the relation of that sensitivity to the availability 
of added substrate. 

Perfused heart. Addition of glucose or of 8-hydroxy- 
butyrate increased incorporation of glycine labelled 
with carbon-14 into protein of perfused heart in the 
presence or absence of insulin; insulin stimulated 
incorporation whether substrate was present or not 
(Table 1). 

Hearts isolated from non-fasting female albino 
Wistar rata of 200-250 gm. were perfused in an 
apparatus similar to that described by Morgan, 
Henderson, R and Park+*. The hearts were first 
washed through with 15 ml. of medium (bicarbonate 
buffered salt solution!!, gassed with oxygen/carbon 
dioxide (95:5), pH 7-4), then perfused for 1 hr. at 
37° with 11 ml. of recirculating medium containing 
l po. of 1-4C-glycine (6 uM), with or without the 
above stated additions. At the end of the perfusion 
a sample of muscle was taken, the protein isolated 
and its radioactivity determined*®#*, Each figure is 
the mean + S.F. of the mean of the number of 
observations in parenthesis. The value of P for a 
difference which is significant is indicated. 

* Mr. and Mrs, John Jaffé Donation Student, Royal Society. 


Table 1. Hrreor oF INSULIN AND OXIDIZABLE SUBSTRATBS ON THEA 
INCORPORATION OF eee — PROTEIN OF THE PARYURED 
T 


Additions to the medium 


n Radioactivity in tissue tein. 
Substrate {0-1 unit/ml.) (natin a 
Exp. 1 No addition — 38+ 5-1 
s 4- 78 -+106 ‘ 8 }P<0 o P001 
Glucose (13 mAn) — 68+ 85 < 
F 4 93-414 7 ( 
Bxp. 2 No addition * S44 64 (6 
£ i + 684 01 P< 06 
PAS n rate 434 4'1 (6 Rep 
m 
. 7 107E153 (bP <0 01 


Heart slices. Glucose, but not pyruvate or acetate, 
increased incorporation of phenylalanine labelled 
with carbon-14 into the protein of heart slices; 
insulin stimulated incorporation in the presence of 
glucose or pyruvate, but not in their absence; acetate 
would not substitute for glucose or pyruvate (Table 2). 

The tissues were prepared as follows: Heart sltces. 
Hearts were excised from non-fasting male Sprague— 
Dawley rats of 200-300 gm. and sliced freehand on a 
cold glass surface; endocardial slices were discarded. 
About 80-140 mgm. of tissue was incubated in 1 ml. 
of Krebs—bicarbonate medium! with 0:125 ue. 
of v-4C-L-phenylalanine (12-5 uM) in Exp. I, 0-25 pe. 
(25 uM) in Exp. 2 and 0:05 uo. (5 uM) in Exp. 3 and 
the additions indicated in Table 2. 

Mammary gland. The inguinal mammary glands 
were dissected from non-fasting albino Wistar rats 
at about the 21st day of lactation and sliced free- 
hand; about 80 mgm. of tissue was incubated in 1 ml. 
of bicarbonate medium containing 0:08 po. of 1-14C- 


glycine (1 mM). 
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Table 2. EFFECT oF INSULIN AND OXIDIZABLE SUBSTRATES ON THA 
INCORPORATION OF “O-AMINO-AGIDS INTO PROTHIN OF ISOLATHD RAT 
TISSUES 


Additions to the medium 


Insulin Radioactivity in tissue protain 
Substrate (0-1 unit/ml.) ) 
eatt Slices 


{counte/min./mgm. 


Exp. 1 No addition — 355420 
Glucose (14 ma‘) 2 407 C15 3 }P<o — P<0-001 
ucose = * 
+ 560421 (12 job P<o 001 = 
Exp. 2 No addition — 
Pyruvate (23 mH) — os Lio 5) P<0 Ol P<0 01 
” + 818442 8 
Exp. 3 No addition — 1738424 (4 
Acetate (30 m3f} — 167415 i 
»» + 178+ 7 


Kanma Gland Slices 
Exp. 1 No addition 1854-12 (14)} 


$ D P< 0'001 
+ 











Ghucoso (14 mM) 294417 R 
i 236 4-20 (14) 
Exp. 2 No addition — 130411 
Pyro ite (14 maf) i atei 3 ——— 
VE = + 
i + 840420 (8 \ P<0 001 
Exp. 3 No addition — 1454+15 (8) 
+ 214482 (8 & P<0 06 
Glucose (14 246 4:25 (8 
Pyruvate (14 m i 316425 (8 
Jefunai S 
Exp. 1 diuca (G4 mH) — 4084105 3 
i + 484481 (6 
Bids 
Noa addition — 80+6(6 
+ 68+8 (6 
Glucose (14 mål) —  8047{8 
i + 7048 
Jejunal strips. Theo proximal 8-10 em. of the 


jejunum of non-fasting malo Sprague-Dawley rats of 
120-150 gm. was excised and irrigated with cold 
bicarbonate buffer by means of a hypodermic syringe; 
when. washed clean the mtestine was cut longitudin- 
ally and strips about 3 x 0-7 om. prepared. Indi- 
vidual strips were incubated in 1 ml. of medium 
containing 0-06 uc. of u-4C-L-phenylalanine (5 yM). 

Kidney slices. Kidnoys were removed from non- 
fasting male Sprague-Dawley rate of 100-120 gm. 
and sliced freehand on a cold glass surface; capsular 
slices were discarded. An attempt was made to use 
predominantly cortical tissue. About 100-150 mgm. 
of tissue was incubated in 1 ml. of bicarbonate 
medium with 0:05 ype. of v-“4C-1-phenylalanine 
(5 uM). Incubation in each experiment was for 2 hr. 
at 37° m a Dubnoff shaker; the gas phase was 
oxygen/carbon dioxide (95: 5). At the end of the 
incubation the protein was isolated and its radio- 
activity determined? *#3, Hach figure is the mean 
+ S.E. of the mean of the number of observations 
shown in parenthesis. The value of P for a difference 
which is significant is indicated. 

Mammary gland slices. Both glucose and pyruvate 
markedly enhanced incorporation of glycine labelled 
with carbon-]4 into protem of mammary gland slices 
(Table 2). Insulin in the absence of oxidizable 
substrates brought about a slight, and on one occasion 
significant, increase in incorporation. In the presence 
of pyruvate, and to a much lesser extent in the 
presence of glucose, insulin produced a further 
stimulation (Table 2). 

Jejunal strips and kidney slices. Neither insulin nor 
glucose nor a combination of the two influenced 
incorporation of phenylalanine labelled with carbon-14 
into the protein of jejunal strips or kidney slices 
(Table 2). 

Thus, of the tissue preparations studied, only the 
perfused heart resembles isolated diaphragm? in 
that insulin stimulates amino-acid incorporation into 
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protein in the absence of added oxidizable substrate 
(Table 1). However, with both heart slices and 
mammary gland, although the presence of an oxidiz- 
able substrate is required for an msulin onse, 
this substrate need not be glucose (Table 2). These 
findings support the view that insulin can promote 
amino-acid incorporation independently of a stimu- 
lation of glucose entry into the cell*). 

The stimulation of incorporation in the perfused 
heart by addition of oxidizable substrates may 
indicate that in this preparation, in contrast with 
isolated, diaphragm, protein synthesis is limited in the 
absence of oxidizable substrate by availability of 
energy. Because it is contracting it is reasonable to 
suppose that the energy requirements of the perfused 
heart are greater than those of isolated diaphragm. 
Since, however, a much higher level of incorporation 
is obtained in the presence of insulin and substrate 
together than with either alone (Table 1), it seems 
hkely that insulin is not affecting incorporation in the 
same manner as does oxidizable substrate or vice 
versa. That pyruvate, which by itself does not 
stimulate incorporation in heart slices, should support 
an insulin effect not observable in ite absence (Table 2) 
is unexpected and not readily explained. It may be 
that damage sustained by the muscle fibres in prepar- 
ation sufficiently alters their metaboliam to account 
for this finding. It is also of interest to note that with 
mammary gland slices pyruvate again supports a 
stimulation of incorporation by insulin, and in this 
case, for reasons which are not known, it appears to 
be more efficient than glucose. 

Despite the variations encountered with the several 
tissue preparations three basic types of response are 
discernible. (1) Tissues in which insulin stimulates 
incorporation of amino-acid m the absence of any 
added oxidizable substrate (diaphragm?-*, perfused 
heart, bone marrow®*), (2) Tissues requiring some 
oxidizable substrate, which need not be glucose, to 
support an effect of insulin on amino-acid incorpora- 
tion (heart slices, epididymal fat pad?:*, mammary 
gland). (3) Tissues which are not responsive to 
insulin in the presence or absence of substrates (kidney 
slices, jejunal strips). Although the stimulation by 
insulin of amino-acid incorporation does not depend 
on a simultaneous enhancement of uptake of glucose, 
it is none the less the case that the hormone seems to 
influence amino-acid incorporation only in those 
tissues in which it influences glucose metabolism. 
Thus, no stimulation by insulin of meorporation in 
jejunal strips or kidney slices was found. If, however, 
the primary action of insulin were to influence some 
process as yet undetermined, from which stemmed 
equally and independently both increased glucose 
uptake and amino-acid mcorporation, a correlation 
between responsiveness to the influence of insulin on 
glucose uptake and amino-acid incorporation would 
be expected. 

1 Sinex, F. M., MacMullen, J., and Hastings, A. B., J. Bio. Okem., 
198, 615 (1952). 

2 Krahl, M. B., J. Biol, Chem., 200, 90 (1958). 

2 Manchester, K. L., and Young, F. G., Biochem. J., 70, 858 (1958). 

‘Wool, I. G., and Krahi, M. B., Amer. J. Physiol., 198, 961 (1959). 


t Krahl, M. K., Biochim, Biophys. Acta, 35, 556 (1959), and personal 
communication. 

eee ,and Renold, A. B., Biochim, Biophys, Acta, 44, 166 

7 Krahl, M. B., and Penhos, J. C., Fed. Proc., 80, 108 (1961). 

* Bornstein, J. (personal communication), 

' Nechelos, T., Ped. Proc., 20, 67 (1961). 


1° Morgan, H. E., Henderson, M. J., Regen, D. M, and Park, O. R., 
J. Bol. Chem., 238, 258 (1961). 


u Krebe, H. A., and Henseleit, K., Hoppe-Seyl., Z.. 210, 38 (1932) 
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A MODEL SYSTEM FOR BIOLOGICAL WATER 
TRANSPORT 


By PETER F. CURRAN and JOHN R. MACINTOSH 
Blophystcal Laboratory, Harvard Medica! School, Boston, 15, Mass. 


URRAN and Solomon! have proposed that water 
transport by the intestine is a passive process 
resulting from active solute transport. Later, Parsons 
and Wingate? found that an +m vitro preparation of 
rat intestine can transport water from mucosa to 
serosa, even though the solute concentration in the 
mucosal solution is greater than that in the serosal 
solution. This net transport of water against a 
concentration gradient does not appear to be in 
accord with passive transfer. However, Curran? has 
proposed a mechanism which could account for this 
observation in terms of passive water movement 
coupled with active solute transport. Similar models 
have been suggested by Durbin‘ and Rothstein 
(private communication). The proposed mechanism 
is based on marked differences in the permeability 
properties of two membranes or porous structures 
arranged, in series and separated by a closed com- 
partment. A concentration gradient created 
across one membrane by active solute transport 
should, under proper conditions, give rise to passive 
water transfer with characteristics similar to those 
observed by Parsons and Wingate. 

The purpose of this article is to illustrate, by means 
of experiments on an artificial model, that water 
movement in such a system will be in accord with 
theoretical predictions for passive transfer®‘4. The 
experimental system 1s illustrated schematically in 
Fig. 1. It consists of a lucite cylinder separated into 
three compartments by two membranes. The mem- 
brane between compartments A and B was 
‘Cellophane’ dialysis tubing and the membrane 
between compartments B and C was a sintered glass 
disk. During the experiments, compartments A and O 


were open but compartment B was closed. The net , 


volume flow was measured by means of a graduated 
pipette sealed into compartment C. Since the middle 
compartment was closed, an increase in volume of 
compartment O must represent movement of water 
from 4 to O. Sucrose was used as a solute, and con- 
centrations were determmed by measuring freezing- 
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Fig, 1. Schematic diagram of model system. The solution in 
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ODA inani A WAS Miren by a stream of air and that In com- 
partment O by means of a magnetio stirrer. Com t B was 
not stirred a the exit tube of this compartment was sealed 

during experiments 


point depression. The initial sucrose concentration in 
compartment B was always 0-5 M, and rates and 
direction of water movement were determined as 
functions of the solute concentration in the other 
two compartments. Experiments lasted only 20 min. 
in order to minimize changes in solute concentration 
due to diffusion. Rates of water flow remained 
constant during each experimental period. 

When identical solutions were placed in all three 
compartments, either distilled water or 0:5 M sucrose, 
there was no detectable net volume flow in either 
direction during the 20-min. experimental period. The 
results of a series of experiments in which sucrose 
concentration in compartment A was varied are 
shown in Table la. In these experiments, the initial 
solution in compartment O was distilled water. Net 
flow of water from A to O was observed when the 
solute concentration in compartment A was less than 
that in compartment B. In each of these cases, the 
solute concentration in A was greater than that in O 
throughout the experiment. Thus, focusing atten- 
tion on com ta A and O only, a net water 
movement has been observed against a water con- 
centration gradient. When the solute concentrations 
in A and B were equal, there was no net flow of water. 
Table 1b shows thé resulta of a set of experiments in 
which the solute concentrations in A and B were kept 
constant and that in compartment O was varied. The 
rate of water flow from A to C was unaffected by 
changes in solute concentration in O. A large gradient 
between A and Q in the direction to increase rate of 
water movement had no effect. 


Table 1. EFFROT OF SOLUTE CONCENTRATION OX WATER MOVEMENT 
Volume 
Sucrose concentration change in 
Compartment Co — t Compartment — Ct 
on m en par 
A B g (uLjmin.) 
(a) Compartment A variable * 
0-1 Ob 0:02 78 
0-2 0-5 G2 5-8 
0-8 0-5 0:02 3-6 
0:5 05 0:08 0:0 
0:7 0-5 —3°6 
{b} Compe į G variablet 
0-5 0-0 8-0 
gI 0-5 0-1 84 
01 05 05 7°83 
* For compaitmente A and B, the concentrations are initial valuee; 
for com t C, final values at end of 20-min. experbnental period, 
Initially, com distilled water. 


partment C con 
+ The concentrations are Initial values for all com ents. 


tA — value indicates net water movement from compart- 


ment 


These results can be predicted from a consideration 
of the effective osmotic and hydrostatic pressures 
which must exist in such a system. The effective 
osmotic pressure across & membrane which is perm- 
eable to the solute is different from the classical van’t 
Hoff and has the value co RT ACO in which AC 
is the solute concentration gradient across the mem- 
brane and ¢ is the Staverman reflexion coefficient’, 
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The valuo of co, which may lie between 0 and 1, 
depends on the relative sizes of the solute molecule 
and the pores in the membrane. In the system shown 
in Fig. 1, two values of + must be considered, oas 
for the membrane between compartments A and B, 
and ösgc for the membrane between B and O. With 
sucrose as solute cag will bet about 0-4 and cg¢ will 
be very nearly zero since the sintered glass has pores 
of approximately lOu diameter. ‘Thus, a sucrose 
concentration gradient between B and O will cause no 
net volume flow because cgc = 0 and there is no 
effective osmotic pressure across this membrane. 
However, if sucrose concentration is greater in B than 
in A, water will flow from A to B due to the effective 
osmotic pressure gradient (oaa + 0). The entrance of 
water into B will generate a hydrostatic pressure since 
the compartment is closed. Since flow depends on the 
4th power of pore radius, this pressure will cause a 
volume flow through the sinter from B to O, but not 
from B to A because the small pores in the ‘Cellophane’ 
offer a high resistance to flow. The net result will bo a 
transport of water from A to O whenever the solute 
concentration in B is greater than that in A. Quali- 
tatively similar results should be observed so long as 
the value of o is different for the two membranes, but 
the exact rates of flow will depend on the relative 
values of Sag and Spc. 

A complete explanation of the system thus requires 
an evaluation of the relationship between concen- 
tration gradients and effective osmotic pressure for 
both membranes together with consideration of the 
effects of even very small hydrostatic pressure gradients 
on water movement. If only the solute concentrations 
in A and O are taken into account, the results in 
Table la would suggest that this system can actively 
transport water. 
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Curran? has suggested that water transfer across 
intestine in vitro might involve a system similar to 
that shown schematically in Fig. 1. In this case, a 
concentration gradient between A (mucosal bathing 
solution) and B (the tissue) would be maintained by 
active solute rt. The relationship between the 
results shown in Table 1 and observations on water 
transport by intestine is striking. The results shown 
in the first three rows’of Table 1 are similar to those 
of Parsons and Wingate? in that water movement 
against a concentration gradient is observed if only 
the two outside solutions are considered. Fisher‘ 
has observed that a great increase in solute concen- 
tration in the serosal solution (compartment O) does 
not increase the rate of water movement across the 
intestine in vitro, a result exactly analogous to that 
given in Table 1b. Lee? has measured an appreciable 
hydrostatic tissue pressure in rat intestine in vitro 
when water absorption was taking place, but found no 
preasure in the absence of water absorption. Such a 
pressure is essential for the operation of our model 
system, and the observation of Lee strongly suggests 
that a similar mechanism exists in intestine. Thus, 
these experiments illustrate that the system proposed 
by Curran’ could serve as a reasonable model for water 
transport by intestine. The results lend further support 
to the conclusion that water movement in intestine is 
@ passive process closely linked with active solute 
transport. 


1 urran, P. F., and Solomon, A. K., J. Gen. Physiot., 41,148 (1957). 


a siege ita S., and Wingate, D. IL., Biochim. Biophys. Acta, 46, 170 


* Curran, P. F., J. Gen. Physiol., 48, 1137 (1060). 
‘Durbin, R. P., J. Gen. Physiol., 44, 815 (1960). 
*Staverman, A. J., Rec. trav. chem., 70, 844 (1851). 
* Fisher, R. B, J. Physiol., 130, 655 (1055). 
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ENZYME HISTOCHEMISTRY OF BRONCHIAL EPITHELIUM AND 
ALVEOLAR CELLS IN THE EARLY STAGES OF 
INFLUENZA-VIRUS PNEUMONIA OF MICE 
By J. F. Ph, HERS, R. G. J. WILLIGHAGEN, D. A. J. TYRRELL, LIDY van der KUIP and 
MARIA A. C. HOS 


Department of Internal Medicine, University Hospital, Leyden; Netherlands Institute of Preventive Medicine, 
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ETWEEN I and 2 hr. after swine influenza virus 
was inoculated intranasally into mice the viruscould 
be detected, using Coons fluorescent antibody tech- 
nique and specific anti-V antisera, at the surface of 
bronchial and alveolar. epithelial cells. New S 
antigen was detected in the nucleus 4 hr. after inocu- 
lation and in the cytoplasm from 6 hr. V antigen was 
found from 8 hr. onwards and only in the cytoplasm. 
No morphological changes were detected with 
conventional stains until 15 hr. after infection?. The 
findings with fluorescent antibody were therefore 
comparable with the original observations on influenza 
virus infections made by Wateon and Coons and by 
Liu using tissue sections®? and by Breitenfeld and 
Schafer, and Holtermann e al. using tissue cul- 
tures**, 
By staining with acridine orange it can be shown in 
tissue culture cells that areas of the nucleus and cyto- 


plasm containing S antigen contam an excess of 
ribonucleic acid (RNA), and chemical methods have 
indicated that RNA with a base ratio like that of 
purified virus rapidly accumulates in the nucleus of 
colls mfected with fowl plague virus’. It has also been 
shown that the carbohydrate metabolism of cells 
infected with influenze A virus shows abnormalities 
at an early stage, before virus synthesis is completed ; 
the rate of asrobic glycolysis and, later, of oxidation 
of glucose via pentose, is increased*. We have used a 
combination of fluorescent antibody and histochemical 
methods in order to detect and localize changes in the 
activity of certain enzymes connected with the 
intermediary metabolism of cells in the early stages of 
virus production, 4-10 hr. after infection. 

Enzyme distribution in uninfected animals. Cryostat 
frozen sections (8-10u.) and sections (3-5) of freeze- 
dried paraffin-embedded lung were used?. 
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The localization of enzymes was more easily studied 
in the bronchial epithelium than in alveolar cells, but 
the results obtained were quite consistent and are 
summarized in Table 1. 5-nucleotidase, like alkaline 
p hatase’, was absent from bronchial epithelium 
but bronchial smooth muscle, vessel walls and prob- 
ably alveolar cells showed a high activity. Succinic 
dehydrogenase was much more active in the epi- 
thelium of bronchioles than in that of bronchi. 

Enzyme distribution in infected animals. Mice were 
inoculated intranasally with 0-025 hemagglutinating 
units of influenza virus A-swine-15 (1931, U.S.A.). 
Consecutive sections from these mice were stained 
with fluorescent antibody for S antigen? and for 
enzyme activity. Sections from uninfected animals 
were always stained in parallel as controls. 

The most interesting finding was the appearance of 
5-nucleotidase in bronchial epithelium. The enzyme 
was distributed patchily in the epithelial sheet and 
in the areas where it was present virus antigen could 
-be found. Enzyme activity was found in the nucleus 
and nuclear membrane 4 hr. after infection. 6-8 hr. 
after infection activity was found in the cytoplasm 
surrounding the nucleus (Fig. 1) and became more 
marked in the periphery of the eytoplasm by 10-15 
hr. (Table 2). No changes were detected in the already 
high enzyme activity shown by alveolar cells. 

During the same period there was a decrease in the 
activity of the dehydrogenases, especially iso-citric 
and glucose-6-phosphate dehydrogenase, and also of 
reduced triphosphopyridine nucleotide and reduced 
diphosphopyridium nucleotide diaphorases, in the 
cytoplasm of both bronchial epithelium and alveolar 
cells. The decrease began at 6 hr. after infection and 
was found only in areas where virus antigen was 
detected. Decreases in lactic dehydrogenase were 
detected in small areas, mainly in the alveolar cells. 
Lactic dehydrogenase and non-specific esterase 
activity were undetectable by 10-15 hr. after infec- 
tion. 

The areas in which these changes occurred were 
those in which, 48 hr. after infection, severe cyto- 
pathic effects might be . 

There is no obvious explanation for the increase in 
5-nucleotidase activity in the cells producing influenza 
virus antigen, because so little is known of the origin 
and role of the enzyme in normal cells. Purified 
infectious influenza A virus showed no 5-nucleotidase 


Table 1. ENZYME HISTOCHEMISTRY OF BRONCHIAL EPITHELIUM AND 
ALVEOLAR CELLS OF UNINFECTED CONTROL MICE AND OF INFL 
VIRUS-INFECTED MICE 


Control Infected 
Enzyme histochemistry Br. AL Br. AL 
5-Nucleotidase** — +++ ttt +44? 
Sueccinic deh nase ++++ * ++ * 
Aliya nee — — H H H 4 
n ydroge + + 
— aige kerken biada ++++ ++ + * 
Glucose-6-phosphate 
deh nase" +++ ++ + + 
DP diaphorase’™ ** +++ — + t 
TPNH diaphorase’*® ** +++ + + + 
a-Naphthyl acetate esterase'* +++ ++ +-0 0 
Indoxy] acetate esterase”? +++ ++ +-0 0 
Br., bronchial epithelium. AlL, alveolar cell. The symbols show 


A 
3 


É ls 
ades of intensity of enzyme reaction from a trace (+) to ma 
++++). 


Table 2. 5-NUOCLBOTIDASE AOTIVITY IN BRONCHIAL EPITHELIUM 
OF MIOR INFRCTED WITH INFLUENZA VIRUS 


Fluorescent antibody 


Time after technique for the 5-Nucleotidase 
infection 8-antigen activit 
(hr.) Nucleus Cytoplasm Nucleus — 
4 = - + - 
6 +++ — a 
8 +++ ++ + ++ 
10-15 ++ +++ +? +++ 
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Fig. 1. Bronchial epithelium of a mouse infected 6 hr. usly 
by the intranasal route with virus A-swine-15, (1931, 
activity is Lg get one (1) —— 
n 


.8.A.), 5-nucleotidase 
(2) the nuclei of epithelial cells and is nt 
smooth m è i 
bronchial epithelium, show the normal activity which is 
also present in control , stained 


ion 
according to Wachstein and Meisel, ref. 10) 


activity. However, since enzyme activity appears in 


the very parts of the cell in which virus antigen is 


appearing it is probable that it plays a part in the 
synthesis of virus, perhaps of its nucleic acid. The 


increase of activity might be due to the synthesis of 


new enzyme or the loss of an inhibitor. 


The decline in activity of the — l 
ly a 


diaphorases and non-specific esterase is pro 


reflexion of the generally disturbed metabolism which | 


leads in the end to frank cell degeneration. To under- 


stand this better it will be necessary to measure — 


quantitatively the enzyme activity of the extra- 
cellular fluid; and it has been shown recently" that 
the lactic dehydrogenase content of the allantoic 
fluid of embryonated eggs increases during the course 
of infection with PR8 virus, possibly because the 
enzyme is released from the infected cells. 


So far as we know this work is the first in which — 
i and fluorescent | 
antibody staining have been applied together to — 


modern enzyme histochemistry 
investigate the metabolic c ing d 
infection of cells with a virus. 
results are promising and might well be extended and 
applied to infections with other viruses. 
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(CXOLUMN chromatography has three main appli- 
ONA cations in the investigation of antibodies: (1) 
the purification of antibody, which consists of 
separating antibody from non-antibody serum pro- 
tems; (2) the characterization of antibody, in which 
the absorption and elution behaviour of different 
antibody populations are compared ; (3) the fraction- 
ation of an antibody population, the goal of which is 
the separation of various species of antibodies which 
- differ in some physical, biological or serological 
property. 

Conventional absorbents such as modified cellulose 
used by Peterson and Sober! for protein separation 
are basically limited to those applications which are 
dependent on differences in the general physical- 
chemical properties of the antibodies. Such absorb- 
ents are useful for certain specific applications in work 
on antibodies. Columns prepared from this type of 
absorbent. have been successfully used for the 
separation of fragments of partially degraded anti- 
bodies*. They have been used for the separation of 
antibodies which apparently differ in their physical- 
chemical properties?-§, 

At present the only feature which distinguishes 
antibody from non-antibody proteins is the ability 
of the antibody specifically to combine with antigen. 
The use of antigens as specific antibody absorbents 
offers the greatest potential for the application of 
column chromatography to the purification of anti- 
bodies, and as a means of obtaining information 
which is dependent on the combining characteris- 
ties involved in the antigen-antibody reactions. A 
number of attempts have been made to use an 
antigen as a specific antibody absorbent®. Most of 
these methods have been developed with a primary 
goal of antibody purification ; some of these techniques 
have been successfully used to separate antibody in a 
high state of purity. However, few attempts have 
been made, towards the characterization of the 
__ fractionation of antibody and no technique has been 
devel which can be broadly applied. Although 
of chromatographic methods is and has been 
vious and tempting to the immunologist, the 
ical problems concerned with its application 







— have markedly limited the use of this powerful 


technique. These problems are concerned both with 
the preparation of a suitable column and the elution 
of antibody from the column. 

- fhe preparation of a specific antibody absorbent 
requires that the antigen must be firmly bound to an 
insoluble, non-absorbing supporting material of a 
sufficient particle size which will allow adequate 
flow-rates when in the form of a column. Many 
column materials have been used with varying sue- 
-cess in coupling soluble antigens. Notable among these 
_ attempts has been the use of small glass beads for 





coupling of egg albumin’. More recently, several 
different protein antigens have been successfully 
coupled by diazotization to polystyrene particles’, It 
would appear that suitable absorbent incorporating 
soluble antigens can now be effectively prepared. 

The problems concerned with antibody elution are 
more complex and have remained a major area of 
difficulty in the application of chromatographic 
procedures to antibody studies. Because of the 
normally strong binding involved in the anti gen- 
antibody complex, its dissociation is most often 
difficult. There has been no general means discovered 
which can effectively dissociate the antigen-antibody 
complex and yet not be destructive to the antibody 
protein. A variety of agents has been used to 
dissociate the antigen-antibody complex’, such as 
alteration of pH and salt concentration, selective 
destruction of the antigen, and the displacement of 
antibody by simple haptens. The method most wi dely 
used is acid elution. The recovery of antibody by 
acid elution may often be low, and there may be some 
alteration of the antibody protein; however, anti- 
body in terms of its serological activity has been 
recovered in a high state of purity?. Elution with 
haptens has been quite effective in those limited 
cases where such haptens are available’. At present 
there is a need for effective means of antibody 
elution, particularly a means by which an antibody 
population may be fractionated. 

My primary interest in column chromatography is 
directed towards its use in the study of antibody 
heterogeneity. One of my objectives is the com- 
parison of the heterogeneity of different antibody 
populations on the basis of their absorption and 
elution characteristics from their specific antigen, and 
a second is the isolation and characterization of 
antibodies which differ in their in vitro serological 
reactions. Consequently, I am primarily concerned 
with the characterization of antibody population and 


the separation of certain species of antibodies rather 


than with the problem of obtaining antibodies free of 
contaminating serum proteins. The present work is 
concerned with the human blood group isoantibodies, 
and I was therefore interested in the preparation of a 
column composed of human red cells containing 
appropriate antigens and in the fractional elution of 
antibody from such a column. 

Red cells initially treated with formalin are used in 
the preparation of the column. The formalin treat- 
ment has the effect of preserving and physically 
stabilizing the cells while retaining their antibody- 
combining properties!®, The formalin-treated cells, 
although relatively stable, are too small in size to 
allow adequate flow-rates when used in the form of a 
column. Consequently, these cells have to be aggre- 
gated so that a larger particle size can be obtained or 



























lls mixed with an inert material which will 
ow adequate flow-rates without non-specific absorp- 
ion of antibody proteins. A wide variety of materials 
as examined which could be expected to be 
hemically inert. It was found that most of the 
materials, such as glass, quartz, various cellulose 
preparations and a number of synthetic resins when 
finely divided, had a significant affinity for antibody 

is. After an extensive search a material was 
d which is suitably inert for the purpose. 
urethane, an organic isocyanate, satisfactorily 
B the need for inertness and possesses certain 
mirable properties useful in the preparation 

The polyurethane is used for aggregating 



















zton, Iowa) are obtained in a liquid form, the 
ngredients mixed and a thin coating made on a large 
lass surface. Before the polyurethane film has dried, 
ophilized formalin-treated red cells are spread in a 
in, even coating. After drying, the excess cells are 
















exposed cells, physically bound in a matrix of poly- 
arethane. Because of the rigidity of this film, as it is 
raped from the glass surface it breaks into fine 
particles. These polyurethane-cell particles are 
graded according to size by passing through a series 
_of graded sieves. The appropriate size particles are 
_ repeatedly washed by sedimentation to remove free 
 eells. The resultant polyurethane-cell aggregates are 
used as a specific antibody absorbent. Fig. 1 illus- 
trates the antibody absorption characteristics of such 
an absorbent and the inertness of the polyurethane. 
=. One of the oldest methods for the dissociation of the 
antigen-antibody complex is heat... Such methods 
utilizing this. principle of dissociation are widely used 
for the qualitative recovery of antibody to specific 

blood group antigens’!. The idea of using such a 
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Fig. 1, Comparison of the specific absorption of A agglutinins 
py A, cell column material and the non-specific absorption by 
polyurethane particles, A quantity of 0-5 ml. of column material 
was. used for absorption at a temperature of 25° C. for 1 br. 
followed by 30 min. at 4° ©, The extent of non-specific absorption 
‘by the —— at antibody concentrations above 100 units 
- -was in the range of experimental error of the determination 
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mass larger particle size. The poly- 
nponents (‘PP-48’ and ‘PA-13’, Phelen’s, 


washed off, which results in a sheet of partially 















us for several reasons. The use of heat elir 
need for adjusting the eluate to original con 
pH or salt concentration or removing some. el 


probable that: the stability of the antigen-antibody 

complex plays a major part in determining both the 
specificity and the ability of antibody to produce 
particular type of serological reaction, for exampl 
agglutination, lysis and precipitation. Thermal 
elution separates antibodies which form antigen.. 
antibody complexes having different stabilities and _ k 
should therefore furnish a means of both fractionating =- 


and characterizing antibody. 


An instrument was designed and constructed HN 





incorporating certain features to meet the needs of 


thermal elution (Labline, Inc., Chicago). A chromato- = < 
graphic column was surrounded by an insulated = 
jacket through which a liquid is circulated to control... 

the temperature of the column. A temperature-range ` 

of 0°-100° C. is available, which can be increased in- 

steps of a fraction of a degree to 15° C. per step. The 
temperature is automatically programmed, recorded _ 


and 1-100 fractions may be collected per temperature 


step. The rate of flow of elutriant through the | 
column is maintained by a pump capable of delivery 
at a constant slow rate. , 

Several choices are available concerning the... 
dimension of the column and how it is sensitized. The = < 
total volume of a column depends on the antibody —— 
capacity of the column material and particularly on —— 
the sensitivity of the assay method. Serological — 
methods in general are extremely sensitive and 
method such as quantitative agglutination” requires: 
very little antibody for assay. One-half ml. of A cell. 
column material is capable of absorbing 500 HA,» units 
of anti-A agglutinin activity with ease (Fig. 1) and as | 
few as 2 HA, units/ml. can be determined with | 
accuracy, so that in this particular antigen-antibody | 
system columns of relatively small dimensions can be » 
used. For the purpose of the initial characterization 
of an antibody population the column should have the. | 
dimension and be sensitized insuchafashionastogive < 
the most rapid response to change in temperature and 
provide the sharpest peaks. A broad, shallow column 
uniformly sensitized was found to be most suitable = —__ 
for this type of analysis. For the purpose of isolating = 
a particular serological species of antibody, a more > 
conventional column procedure would be used to) = = 
provide the best conditions for separation. The —— — 
column would be tall and narrow and charged with an 
amount of antibody which would be only a small | 
fraction of the absorbing capacity of the column. 

The principal concern was whether in fact antibody — 
can be fractionally eluted from a column by heat, the 
extent of heterogeneity which might be encountered — 
and that the fractions obtained actually represent a à 
characteristic property of the antibody. It was found — =; 
that fractionation does occur and distinct peaks of © ~~ 
antibody activity are evident at each temperature of ` 
elution (Fig. 2). These and similar findings indicate 
that agglutinin antibodies are quite heterogeneous 
in their thermal dissociation properties and that — 
antibody can be fractionated over a broad tempera- 
ture range. : 

The last point regarding the basis of this antibody — 


fractionation is crucial in demonstrating that the — 








of experiment also points out how the 
uration of the column influences antibody 
saturation of the column is sufficiently 
ice antibody absorption (cf., Fig. 1), 
e eluted at a lower temperature than 
umn is less saturated with antibody. 
the column should be charged with a suffi- 
mall quantity of antibody so that elution is 
ident of the antibody present on the column. 

gh fractionation could be accomplished, only 
l- per cent of the antibody activity was 
This partial recovery of antibody could 
pate d because of the limits of antibody 
ostability, which may not be sufficiently high 
ow the dissociation of the more firmly bound 
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Fig. 2. Thermal fractionation of A agglutinins, Fractions were 
-o Obtained from a column prepared from A, red cells and sensitized 
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portion of the antibody population. In addition, | 
such losses may also be due to the non-specific | 
absorption of the partially purified eluted antibody by _ 
the glassware. : 

We found that the loss of antibody due to non- 
specific absorption can be eliminated by the presence 


of additional protein. This is accomplished in our 


technique by the addition of 0-1 per cent bovine 
serum albumin to our veronal buffered saline elutri- 
ant'®, The loss of antibody due to thermal denatura- 
tion can only be eliminated by reducing the tempera- 
ture required for complete elution. The maximum 
tolerable temperature in the anti-A system was found 
to be 56° C., and appreciable loss of antibody activity 
occurs only after 6 hr. at this temperature. In con- 
sidering antibody elution in general there are several 
possible approaches to the problem of antibody recov- 
ery: (1) antigen-antibody systems may be examined 
where antibody may be eluted below a temperature at 
which antibody destruction occurs; (2) an elutriant 
can be used which increases the dissociation and, used 
in conjunction with thermal, fractionation; (3) the 
selection of a naturally occurring related antigen 
capable of combining with the antibody but with a 
reduced affinity; or (4) the chemical modification of 
the antigen to reduce its affinity for the antibody". 
It would then depend on selecting the simplest 
alternative when confronted with this problem, 
depending on the possible choices available for the 
particular antigen-antibody system under investi- 
gation. | i 


The selection of a naturally occurring antigen witha 
reduced affinity for the antibody was open in the 


case of human isoantibodies. Human red cells of the 
same blood group vary markedly in their agglutina- 
tion. This variation is so marked in the A blood group 
an individual’s cells may be sub-grouped on the basis 
of their agglutinin behaviour". The nature of these 
sub-groups suggested a reduced capacity for combining 
with A antibodies, which we have observed with A, 
cells. However, it was found that by increasing the 
concentration of A, cells, antibody absorption of 
about 99 per cent could be obtained. Utilizing A, | 
cells to make a column it was found that markedly 
improved antibody recovery can be obtained (Fig. 4). 
Comparing Figs. 2 and 4, it can be seen that a greater 
proportion of the antibody ean be eluted at lower 
temperatures from a column composed of A, cells 
as compared with a column prepared with A, cells. It 
thus seems possible, by the careful selection of the 
cells used for the preparation of the column, quantita- 
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~ PILOBOLUS SPP. AND THE TRANSLATION OF THE INFECTIVE 
LARVÆ OF DICTYOCAULUS VIVIPARUS FROM ~ - 
FAECES TO PASTURES 


By J. ROBINSON 
Allen and Hanburys, Ltd., Ware, Hertfordshire 


i Bi OTYOCAULUS VIVIPARUS 
— ‘Strongyloidea) (bovine lungworm) is the cause 
ee Sf parasitic bronchitis (husk or hoose) in cattle. The 
— — female worm is oviparous, but the eggs hatch in the 
trachea or the alimentary canal, and first-stage 
larvm are passed out with the feces on to the pasture. 
-The life-cycle is direct ; the larvae develop to the infec- 
“tive third stage in about a week at normal British 
-o gummer temperatures. If these larve are ingested 
with the herbage by the susceptible grazing animal, 
they pass from the alimentary tract via the lymph 
and the blood to the lungs, where they complete their 
<“ development. 
Ono of the problems associated with the epidemio- 
logy of this disease is the translation of the infective 
larvæ from the feces on to the herbage. The larve 
are sluggish and generally inactive and have no 
stained powers of migration. Grazing cattle do 
ot 
grass around the fecal pat, and it has been suggested 
that effective transmission of the parasite will not 
ccur unless the fæces are finely dispersed on to the 
rbage by being spread by the feet of stock, by 
rrowing, mowing or other mechanical agencies. 
During the course of the routine culture of the 
æ of D. viviparus for vaccine production, another 
neans has been observed by which the infective 
larves may become widely spread. Bovine fæces 
cultured in this laboratory by being spread on 
‘sand kept under controlled conditions of tempera- 
ure and humidity. Under these conditions the larve 
evelop to the infective form and migrate to the 


(Nematoda: 







































a vertical height of 6 ft. 


normally ingest fæces nor the lush growth of 


surface of the fecal pat. 
there often occurs an abundant development on the 
fæces of the conspicuous sporangiophores of Pilobolus 
spp. (Phycomycetes: Mucorales). This fungus is- 
associated with the dung of herbivores and is common 
and widespread. A characteristic of this genus of 
mould is the violent discharge of the whole sporan- 


gium, containing, the ripe spores, on to the surround- n 
These spores must pass through tho oo 
gut of a herbivore before further development — 


ing herbage. 


occurs. The discharge of these sporangia was exam- 


ined in detail by Buller?, who observed them to reach _ 
above the fecal pat anda — 


horizonal distance of 8} ft. in still air. The spor-. 
angiophores are positively phototropic and react — 
quickly to changes of direction of illumination. — 
Under conditions of unilateral illumination with a 
amall light source, the sporangia are discharged | 
towards the source with a remarkable degree of 
accuracy®. A new set of sporangia mature daily and — 
are discharged in the late morning and early after- 
noon. 


larvæ of Dictyocaulus viviparus and supportiag a ` 


growth of Pilobolus spp., it has been noticed that 


there is a marked increase in activity of the larvæ 
when the fæces are exposed to light. The larvæ, — 
which are normally quiescent, then begin to move 
actively over the surface, occasionally adopting an — 
erect posture in which they search for an upward — 
support with their anterior ends. If a sporangiophore 
is contacted they will attach themselves to it and 
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At about the same time 





In observing fecal surfaces containing infective aa 
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begin migration to the upper surface of the sporan- 
gium (Fig. 1). Here activity decreases, the larve 
become coiled, and are now frequently to be seen 
in the form of interlocked clusters of coiled larvæ 
attached to the sporangium. As many as 50 larvæ 
have been seen on the top of a single sporangium. 





Larva of D. viviparus climbing sporangiophore of Pilobolus 


Fig. 1. 
spp. ( x 50) 





Fig.2 Larva on sub-sporangial vesicle ( x 60) 
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Fig. 3. Larve on upper surface of sporangium ( = 60) 
When the sporangium is discharged the larvæ are 
of course thrown into the air as well, and under 
laboratory conditions significant numbers of active 
third-stage larvæ, associated with sporangia, have 
been recovered at distances of up to 4 ft. from the 
fecal surface. In one experiment carried out in the 
field during October 1961, active larvze were recovered 
from vessels placed at distances up to 10 ft. from the 
fecal pat. 

This association between the infective larve of 
D. viviparus and the sporangiophore of Pilobolus 
thus provides an effective means of transferring 
larvae from the fæces to the herbage without gross 
fecal contamination taking place. If this association 
is widespread in the field, then it must represent a 
significant factor in the epidemiology of parasitic 
bronchitis. Further experiments of a quantitative 
nature are in progress and observations are being 
made to determine how common this association is. 
Investigations are also being made to determine 
the extent to which the fungus is concerned with the 
dispersal of other nematodes, both parasitic and free- 
living, since larve other than D. viviparus have been 
observed to climb the sporangiophores. The detailed 
results of these investigations will be published 
elsewhere. 

I wish to thank the Directors of Allen and Hanburys, 
Ltd., for permission to publish these observations. 
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DETECTION OF SPORIDESMIN IN PASTURE EXTRACTS 
By G. R. RUSSELL 


Ruakura Animal Research Station, Department of Agriculture, 
Hamilton, New Zealand 


ETHODS for the detection and estimation of 

sporidesmin in spores of Pithomyces chartarum, 
at present incriminated in facial eczema disease of 
sheep, have been previously described? *. 

The azide-iodine spray reagent is the most sensitive 
means of detecting sporidesmin on paper chromato- 
grams. Initial work on pasture extracts revealed 
that a mixture of substances, which reacted with 


the azide-iodine reagent, was always present. Com- 
ponents of this mixture had the same chromato- 
graphic behaviour as sporidesmin in all solvent 
systems tried, making it impossible to detect the 
toxin in admixture with such materials. 

A solvent of composition methanol/water (20/80) is 
successful in extracting sporidesmin from samples of 
free fungal spores, although extraction is not complete. 





po 












ne litre of boiling aqueous 
metha -The solution was filtered 
through cotton-wool, rapidly cooled to 20° C. and 
extracted twice with freshly distilled diethyl ether 
(260 ml.). The bulked ethereal extracts were con- 
eontrated to about 10 ml. under vacuum in a rotary 
evaporator. This solution was transferred to a test- 
tube and allowed to settle, and the aqueous phase 
discarded. The ether layer was applied to the top of 
a column prepared as follows: Johns Mansville 
_ ‘Colite: 545’ was purified by washing with dilute 


_ dried at 100°C. overnight. The ‘Celite’ was mixed in 
equal parts by weight with basic lead acetate powder. 
_ A glass tube (1-2 cm. x 20 cm.) was plugged with 
_ eotton-wool and filled to a height of 5 em. with the 
_. mixed powders. Diethyl ether was added, the slurry 
freed of air bubbles by shaking, then washed down 
. with alittle ether. After running through the ethereal 
grass extract and washing the column with one bed 
volume of fresh ether, a thin yellow pigmented zone 
remained at the top of the column. 
"The eluate was evaporated down under vacuum, 
then taken up in methanol/water (9/1) (10 ml.) and 
=- extracted once with an equal volume of petrol ether 
6676ꝰ C.) to remove any chlorophyll and fatty 
material. The petrol ether solution was discarded. 
The methanolic solution was evaporated under 
0o oo vacuum to its aqueous residue, diluted with water 
(10 ml.) and allowed to stand a few minutes after 
shaking. The precipitate was filtered off under suction 
¿o> through a pad of ‘Celite’ 1 em. thick. After washing 
=i the pad with a little water, the filtrate was extracted 
=- twice with diethyl ether (5 ml.). The extracts were 
evaporated to dryness under vacuum, then taken up 
cico in afew drops of ether and spotted on to aluminium 
=o bydroxide-impregnated paper. This paper was 
prepared after the method of Bush*; Whatman No. 4 
chromatography grade paper was wetted in a 30 
per cent solution of aluminium sulphate, then 
immersed for 15 min. in dilute ammonia solution 
(conc. ammonia diluted 1 : 5). The paper was hung 
in the air to dry for a week before use. 
The chromatogram was run 20 em. in each direc- 
» tion, descending in the first direction with petrol 
_ ether (56-76° C.), the toxin remaining at the origin. 
- It was run ascending in the second direction with 2 
- per cent glacial acetic acid in benzene. The chromato- 
-. gram was dried in air and sprayed with double 
- strength azide iodine reagent (0-01 N iodine in potas- 
. Stam iodide solution with 3 per cent sodium azide 
< added) and then oversprayed with 1 per cent starch 
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_ hydrochloric acid (1 : 3), then washed free of acid and ° 









solution. If sporidesmin was present in the samp! 
was immediately revealed as a white spot again: 
dark blue background. — — 
Samples of grass taken from paddocks, 
grazing sheep had contracted facial ecze 
collected and preserved by immediate freezing. 
this material estimates of the spore numbers of - 
P. chartarum were made. For comparison equivalent | — 
numbers of spores of a laboratory strain of P. 
chartarum were added to samples of fresh non-toxic 
grass. Extracts of these were chromatographed. : 
The biological activity of the azide-iodine reacting 
spot in the final chromatogram was estimated by its. 
cytopathological effect: on cultures. of HeLa cells, 
The spot, located under ultra-violet light, was excised 
and eluted with ethanol. One-half of the eluate was 
evaporated, taken up in one drop of ethanol, and 
made up to Iml. in sterile isotonic saline. From the 
observed effects of serial dilutions of this solution _ 
on HeLa cells, it was estimated that the sample 
contained 0:5 pgm. sporidesmin. It proved to be 
fifty times as toxic as the extract froma similar area of 
paper, excised from the streak running behind the 
toxic spot, and eluted in the same way. > : 
Work on the pathological effect of sporidesmin® 
indicated that a characteristic eye lesion could be 
produced by instillation of a solution containing 
sporidesmin into the conjunctival sac of the rabbits - 
eye. A quantitative assay of sporidesmin has been 
developed from this procedure and was used. as a. 
second measure of biological activity... For this 
purpose extracts of non-toxic grass, extracts of the 






same grass to which had been added spores of 7 


P. chartarum in a concentration of 10 x 10° spores/gm. 

as well as extracts of toxic grass of known spore 
counts (1-2 x 10°, 16:5 x 10° spores/gm.) were. 
prepared to the stage at which they would otherwise 

be spotted on to paper chromatograms. Instead, these 
extracts were emulsified in 1 per cent aqueous “Tween 

80’ and each instilled into rabbits’ eyes at two 
dilutions, The eyes were examined periodically and 
the relative toxicity of the samples judged by the 
production of conjunctival œdema, corneal opacity 
and glaucoma of the eyebells. Using this technique a 
ten-fold amount of non-toxic grass had no effect: The 
extract of toxic grass with a high spore count, and the 
sample of non-toxic grass with spores added at a. — 
similar level, both produced comparable injurious — 
response. The extract of the sample with a low — 
spore count produced less effect. er ne, 

The counting method used for estimation of — 
spores on grass was dependent on washing for their 
removal and the percentage recovery of spores was 
not known’, nor could it be assumed that the naturally 
occurring and artificially grown spores were of com- 
parable toxicity. In addition, the two materials may 
not contain equal amounts of the fungal mycelium, 
which could contribute to toxicity of the fungus. 
However, samples of grass from toxic pastures and 
non-toxic grass with spores added at a similar level 
produced extracts of similar biological activity and 
chromatographic properties. Extracts obtained from 
samples of non-toxic grass did not show the sporides.- 
min spot on chromatograms. 

Thus the biological tests, together with co-chromat- 
ography of the eluted spot with crystalline sporides- 
min’, gave evidence which supported the conclusion 
that the spot detected was also sporidesmin. Further 
development of this chromatographic technique 
which separates sporidesmin from interfering sub- 
stances is necessary in order that more precise 


356 
measurement can be made of sporidesmin present in 


I wish to thank Dr. J. Done and Mr. P. H. Mortimer, 
who were responsible for HeLa cell and rabbit eye 
assays respectively, and for their interest throughout 
this work. Spore counting was carried out by W. E. 
Crawley. 
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THE KARYOTYPE IN WELWITSCHIA MIRABILIS 


By Dr. T. N. KHOSHOO 
Botany Department, Panjab University, Chandigarh 
AND 
M. R. AHUJA 
Department of Genetics, University of California, Berkeley 


ELWITSCHIA MIRABILIS Hook. f. is a 
monotypic genus of the monogeneric family 
Welwitschi and the order Welwitschiales. ‘The 
ies is endemic to the south-west African coast. 


Morphologically it is unique in the plant kingdom, 


both fossil and living. Although the chromosome 
number and also some features of its karyotype are 
already known from sectioned materielt? the present 
eritical re-investigation has, however, revealed the 
existence of a most unique otype. 

This work is based on the seeds obtained through 
the courtesy of the University of California Her- 
barium. Root-tips were pre-treated with a-bromo- 
naphthelene for 14 hr., and afterwards fixed in 
alcohol-acetic (3:1). The root-tips were stained 
according to the Feulgen procedure and squashed 
in acetocarmine. The somatic chromosome number 
is 42 (Figs. 1-2), thereby confirming the earlier 
reports'*. However, the karyotype is very peculiar 
in that all the chromosomes are rod-shaped with 
terminal centromeres. In some preparations such 
centromeres are lightly stained in several chromo- 
somes of the complement (Fig. 2). The telocentric 
nature of the centromeres is further confirmed by 
the movement of the chromosomes during anaphase 
in which they lie more or less straight and parallel 
to the spindle axis (Fig. 3). The present technique 
has failed to reveal any second arm in the chromo- 
somes, although it has admirably clarified the satel- 
lites (Figs. 1-3). If there is any second arm in the 


Figs. 1 and 2, Metaphase in —— cells showing 42 telocentric chromosomes. Only 2 
chromoso ‘ig. 2, x c. 1,250) i 


mes are satelli (Fig. 1, x c. 1,600; F 


Fig. 3. Anaphase showing the telocentric nature of the centromeres. The chromosomes 
are more or leas straight and parasol to the spindle axis, The orientation of the sat- 
th other chromosomes of the complement. : 


chromosomes is identical wi 


chromosomes, it must be undoubtedly very minute 
and may conveniently be regarded as part of the 
centromere itself. 

As mentioned above, two chromosomes in the com- 
plement are satellited (Figs. 1-3). This tallies with 
two nucleoli in the metabolic nuclei. The movement 
of the sat-chromosomes is identical with that of 
the other chromosomes in the complement. Appar- 
ently the terminal constriction in these two chromo- 
somes performs dual function of centromere and 
nucleolus organization. In some preparations the 
sat-chromosomes give an impression of being sub- 
telocentric or acrocentric (Fig. 2). Since these con- 
strictions perform dual function, it is reasonable to 
assume that the second ‘arm’ may actually be the 
small sat-head. Furthermore, possibly the centro- 
mere and the secondary construction regions in these 
chromosomes are separated by a small heterochrom- 
atic segment, as a result of which the two appear as a 
single continuous gap. Constrictions of similar type 
have been earlier reported in some plants*-*. 

At times during metaphase the chromosomes are 
seen joined end to end in pairs at the centromere end, 
and often the contact is so close that such associations 
appear to be metacentric chromosomes (Figs. 1-2). 
However, there was no fusion of the centromeres and 
such associations were temporary and indiscriminate. 
Possibly these are due to a weak attraction of the 
centromeres and the situation is reminiscent of the 
similar behaviour of telocentrics of Oxalis dispar’. 

The occurrence of truly telocen- 
tric chromosomes has been doubted 
by some®-*; however, in recent years 
critical evidence has accumulated 
in plants regarding the presence of 
stable telocentric chromosomes”. 
In some cases even the structure 
of the terminal centromeres has been 
investigated*:"". By comparing the 
behaviour of the telocentric chromo- 
somes in all such cases with that 
of Welwitschia, it is reasonable to 
infer that the centromeres in the 
latter are also truly terminal. 

Another important feature of the 
karyotype is that the longest pair 
is nearly 3-25 times longer than the 
shortest pair of the complement. 
Between the two extremes, there is 
a gradual transition. We failed to 
recognize the three size classes 


(x ¢. 1,850) 
















ng, 1 
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pollination system, 





A detailed discussion on the relationships of the. 
bree genera of Chlamydospermae based on | 

ailable karyotypic and. cytogenetic data has been 
ren in the fuller account which will appear shortly 
Ise 





where. For the present, it is of interest to point. 
that the karyotype of Welwitschia does not have 
y qualitative or quantitative relationship with that 
Ephedra (a = 7 = 5V + 2J) and Gnetum (x = 22). 
at the chromosome number in Welwitschia is a 
multiple of 7, does not mean any affinity and, as 
already discussed earlier™, it 1s not a hexaploid. of 
Ephedra or Ephedra-like ancestors. Furthermore, the 
yxceurrence of hermaphrodite ‘flowers’ found rarely in 
Ephedra intermedia is regarded by some as furnishing 
the connecting link between Ephedra and Wel- 
_wischia*-", This species is tetraploid and, unlike 
diploids in the genus, pure male and female and 
-moncecious individuals have been found in it™. 





















AN EFFECT OF EMOTION ON VOICE 


By Pror. ARNOLD J, FRIEDHOFF, MURRAY ALPERT and RICHARD L. KURTZBERG | 
Research Unit, Department of Psychiatry and Neurology, : 


Psychopharmacology 
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ry HE human voice is the vehicle for simultaneous 
-Í communication of several kinds of information. 
_ Semantic content, momentary emotional states, and 
more or less enduring characteristics of the speaker 
-are all carried by the voice when it is used for speech. 
-Tt is possible to attenuate the frequency spectrum of a 
spoken message so that the listener cannot identify 
the speaker or even the sex of the speaker, without 
-< at the same time greatly decreasing the intelligibility 
of the message!. Conversely. speech sounds may be 
filtered so as to block out the semantic content with- 
out obscuring the affective content?  - 
. -Much of the analysis of the acoustic properties of 
speech has been directed to the elucidation of the 
ways in which semantic information is coded in speech 
sounds. In this laboratory we have been interested 
jn the objective measurement of mood, affect and 
emotion. Therefore, we have attempted to identify 
‘some of the modes by which emotional states of the 
peaker are coded in voice. 
“In the present work we asked our subjects to 
espond with a simple phonemic unit (the word ‘no’) 
to a series of stimuli, some of which were designed to 
produce a neutral and some an emotional response. 
In the first experimental condition, the stimuli 
owere numbers. The subject was asked to select 
gecretly one of a series of ten numbers. The numbers 
- were projected on a screen and the subject was 






























instructed to respond ‘no’ to each stimulus, even 
when the number that he had selected. was presented. 
In the second experimental condition each subject 
was asked: “Does this word mean anything to you T 
He was then presented with a series of ten four-letter 
nonsense syllables, of less than 50 per cent associati 
value’. Included in this second series was the wc 
‘kiss’, which served -as the emotional stimulus. Ea 
stimulus was projected on a screen for 2 sec.; th : 
subject responded when the stimulus was removed. 
There was an interval of 4 sec. between stimuli. = 0o o0 













Each subject spoke into a microphone (Electro 
Voice Slimaire, No. 636) placed 12 in. from his mouth. 
Responses were recorded on a high-fidelity tape — 
recorder (Tapsonic No. 70-C, modified for full-track ~ 
recording). The signal from the pre-amplifier of the - 
tape recorder was passed through a rectifier-filter — 
circuit. A two-diode bridge which produced half- 
wave rectification was coupled to a resistance- — 
capacitance filter circuit with a time-constant of 
0-04 sec. The output of this circuit was amplified 
and recorded on a polygraph (Offner type R dyno- 
graph). ‘Thus, a record proportional to the intensity. ~ 
of each ‘no’ response was obtained. S 

Initially, no differences could be detected between 
responses to emotional stimuli and neutral stimuli. _ 
It was noted that the responses tended to be highly 
variable, even for the series of neutral stimuli. A 








- presentation of the emotional stimulus. 
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Probability of difference from KS (18df} 
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number -of factors was noted which might mask 
differences. between the emotional and neutral 
responses. The situation itself could be seen to be 
stressful, thus making the neutral stimuli less 
neutral. Wittingly or unwittingly, some of our 
‘subjects appeared also to be attempting to control 
their voices. This appeared as a tendency for a soft 
response to follow a loud response and vice versa. 
In order to reduce the contribution of these factors, 
we extended the pre-experimental adaptation period 
to help our subjects get over their ‘mike-fright’, and 
we limited the subject’s ability to hear his own voice 
by introducing a masking noise into his ears through 
earphones (Wave-form No. 401-B oscillator; Permo- 
fux No. 8 earphones. The masking tone was at 
about 80 db. re 0-0002 dyne/em.®). 

The results presented in this article are based on ten 
naive subjects (five male and five female) selected 
from the non-professional staff of the University. 
Each subject responded to two series of numbers 
and two series of nonsense syllables. 

Under the conditions of this experiment it was 
found that during the adaptation period subjects 


< ‘would establish their own baseline of intensity, each 


=. responso tending to be like the preceding one On 
. presentation of the emotional stimulus this pattern 
was disrupted. This effect can be seen in Fig, L 


- Values (in mV.) for each response were determined 







iror 


E the oscillogram and the difference between 


plitude of each response and its preceding 
— was computed. Differences in scores with- 
out regard to sign were then averaged for all 
_ subjects. Thus, the increase in the difference score 
for the emotional stimulus reflects the tendency of 
each subject to deviate from his own baseline on 
p ; The results 
_ for the ‘number’ series were essentially the same as 
for the ‘kiss’ series and were combined for presenta- 
tion in Fig. 1. 
Mean difference scores for each emotional stimulus 
v compared with the 3 preceding and 3 subsequent 
imuli and were found to be significantly 
from each of the three preceding stimuli 
- Probabilities for each difference are shown 
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to differ significantly is consistent 
with our observation that effects of 
the emotional stimulus on voice tend 
to persist for some time. It should 
also be noted that responses tended 
to be more variable to stimuli follow- 
ing the emotional stimulus than on 
those preceding it, the variance of 
response to the stimulus preceding 
an emotional stimulus being signifi- 
cantly less than to the one following 





11-2 8-9 it (F test, P < 0-05). 
O36 — Thus, we find that an individual 
nies Jo tends to establish his own level of 


response, that a stress tends to cause 
him to depart from that level, and 
that for some time following the 
stress his responses tend to be less 
like each other than they were prior 
to the stress. Some subjects also re- 
sponded to the emotional stimulus by increasing the 
intensity of their voice, while others responded by 
decreasing the intensity. However, any given subject 
tended to change his voice in the same direction 
on all four trials. Whether the response to the 
emotional stimulus was louder or softer than the 
others was characteristic of the subject. 

The power spectrum of selected samples was also 
analysed. Each response was scanned over successive 
half-octave bands between 80 and 5,000 cycles. 
(For this purpose a Krohn-Hite ultra-low frequency 
band-pass filter, Model No. 330-M, was interposed 
between the tape recorder and the rectifier-filter.) 
A record proportional to intensity in each frequency 
band was obtained (power spectrum). An analysis 
of the intensity—frequency relationship revealed that 
the alteration of response to an emotional stimulus is 
not simply the result of a change in intensity. Marked 
shifts occur in the distribution of energy between 
the formants. Frequently, changes in the power- 
spectrum were more remarkable than changes in 
intensity. However, because of the complexity of 
the relationships involved, at present no further. 
statements can be made about the effects of emotion 
on the power spectrum itself. 

The communication of emotion is at present poorly 
understood. The systematic evaluation of emotional 
cues in voice can make possible further exploration 
of those subtleties of human. communication which 
are not completely dependent on content. The 
communication between a psychiatrist and patient, 
for example, is strongly affected by just such 
emotional cues. The relationship between the 
expressive manifestation of emotion measured in this 
work and the usually measured effects of emotion 
on largely silent systems such as bleod pressure and 
skin resistance has not yet been studied, but may be 
of considerable interest. 

This work was supported in part by U.S. Public 
Health Service, grant Nos. MY-2716 and 4664, 
National Institute of Mental Health. 


‘Pumphrey, R. J., Acta Psychologica, B, 219 (1955). 
* Starkweather, J. A., J. Abn. Soe, Peychol., 52, 304 (1956). 
* Glaze, J. A., J. Genet. Paychol., 35, 255 (1928). 




























E wno a813 January 27, 1962 


LETTERS TO 


GEOPHYSICS 


Determination of the Nature of the Earth’s 
3 Distant Magnetic Field 


ALTHOUGH surveys have been made with magneto- 
eters on space- -vehicles we still know very little 
ut: the geomagnetic field at great distances from the 
example, it is not. known to what extent 
sphere at a distance of 10 Earth radii 
otates with the Earth; also it is not known whether 
he distant field is distributed symmetrically or asym- 
metrically about the Earth. There are good reasons 
or believing that the topological nature of the distant 
eld is determined by. the relative motion of the 
tor ‘planetary medium; also the topology of the field 
turn governs much of the physics of the Earth's 
mediate interplanetary environment and indeed 
may account for such phenomena as the aurora and 
he gegenschein'. It seems that if ‘space geophysics’ 
_is to advance beyond its present state of theoretical 
‘speculation it is essential that we first learn the 
nature and character of the geomagnetic field at 
2 distances beyond 5 Earth radii. 
a With the present state of development in rockets 
d space-vehicles it is now possible to perform 
- experiments on a global scale which can give direct 
_ evidence of the time and space varying properties of 
_ Earth’s distant magnetic field. Tt is suggested? that 
an alkaline-earth element, either beryllium, mag- 
-0o nesium, calcium, strontium, or barium, is released at a 
high altitude in a gaseous state. When singly ionized, 
‘these elements act as strong resonant scatterers of 
the solar-radiation. The migrating ions will therefore 
2 trace: or map out the distant geomagnetic field and 
their monochromatic radiation will provide evidence 
_ oot the topology of the field. 
It seems that the experiment can be started in 
‘either of two ways. The more obvious way is to 
release the resonant tracer in a gaseous state from a 
_ppace-vehicle at a distance of 5-10 Earth radii. The 
robability per second of ionization by solar radia- 
tion varies from 10-5 for beryllium to 10-? for barium, 
and this and other reasons indicate that barium is 
-< perhaps the best agent available for mapping out the 
geomagnetic field. 
"The alternative way of starting the experiment is 
-to release the resonant tracer close to the Earth, at an 
Ititude of at least 300 km., and at a latitude between 
he auroral zone and the magnetic pole. If the tem- 
perature of the resonant tracer material is sufficiently 
righ, 10° ° K. in the case of beryllium and 10° ° K. for 
ariun, a substantial fraction of the material will 
escape from the immediate vicinity of the Earth and 
will be trapped in the geomagnetic field. Such high 
emperatures suggest that the release should be accom- 
sanied by the bursting of a small atom bomb, as in 
he Argosy experiment?. This method has the 
advantage that the resonant tracer is released in an 
nized state; unfortunately some fraction of the 
naterial is multiply-ionized and therefore ineffective 
as a resonant tracer. 
~The resonant scattering-rate of photons in the solar 
diation is readily calculated, and after making 
. pranm for the intensity within the absorption 
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lines relative to the continuum it is found that the 
number of photons scattered per second per gram of | 
ions is approximately the same for all the alkaline- 
earth elements and is of the order of 107. If we. adopt — 
the crude assumption that the ions are ultimatel 
distributed about the Earth as a spherica 
mean radius equal to 10 Earth radii, the 
flux at the Earth’s surface is of the order of 10° « 

sec.-! sterad.-! for 100 kgm. of ions. This is roughl 
equal to the radiation intensity from sodium in the o 
night sky, and should be sufficient for observing the 
time variations of the distant field. Shortly after the: — 

release, while the ions are still concentrated ina = 

relatively small space, the radiation intensity willbe 
greater, and it should be possible. to follow with 
relative ease the migration of the ions as they traco eae 
out the geometry of the field. aes 

Tt is suggested that the release of an alkaline-oarth 
element in the neighbourhood of the Earth will provide 
information of the greatest importance to space geo- 
physics. The quantity needed of a given element is 
not excessively large, and perhaps as little as 10 kgm. - 
would serve to establish some of the characteristics of . 
the distant geomagnetic field. 

A more detailed discussion is to be published 


elsewhere’. 
E. R. HARRISON- 
Atomic Energy Research Establishment, 
Harwell, Berkshire. 


1 Harrison, S. R., Geophys. J. (to be published), 
* Harrison, E. B., Geophys. J. (to be published). Scit 
* Christofilos, N. O., et al, J. Geophys. Res., 64, 865 (1959). 











PHYSICS 


Nuclear Thermalization in Pulsed 
Moderators 


A THEORETICAL investigation into the time- — 
and space-energy behaviour of a pulse of fast, fission 
energy neutrons introduced into non-multiplying, — 
moderating media has been concluded. In particular, 
interesting ; results have been obtained for the thermal — — 
region where the neutron energy is less than one — 
electron volt and the neutron-nucleus: ‘scatter ring 
process is essentially quantum mechanical. — 

The energy-dependent Boltzmann equation has 
been solved after the manner of Kazarnoveky? for ao 
general scattering operator So which includes chemical Bae 
binding effects. y 

An exact expression has been obtained. for the 
diffusion cooling coefficient, and the relative contri- 
butions of transport and energy effects to this 
parameter have been assessed. This throws further 
light on the work of Nelkin?. s 

“The spatial dependence of the thermal neutron — 
energy spectrum and its departure from the Maxwel. 
lian has been investigated. A method for defining 
the region in a finite medium within which space and = 
energy are accurately separable has been established. 3 

An expression for an extrapolation distance -` 
independent of energy has been formulated. This is =- 
shown to depend on the geometrical buckling or 
fundamental eigenvalue of a finite system in a simple 
way. 3 














| 1 a unique — ï ” can be defined. 
formule and detailed results will be 
theoming paper. However, for example, 
the behaviour of a typical 1/v scatterer 
Figs. 1, 2 and 3. Further, the par- 
le relationships for extrapolation length, 
iE ry and relaxation length for the asymp- 
condition BO are given here. The notation 
hat of Kazarnovsky. a 
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—— ‘The — of this work lies in its ability to 
en an the limitations of previous work on pulsed 
neutron theory. In particular, the buckling concept 
is shown to be useful only when the width of the 
asymptotic region is several times larger than the 
— trang en surface zone where space and energy are 
u a not ayer. 
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Fig. 8. Variation of buckling with position for various energies. 
Water as 1/o scatterer — . 


Work is continuing on the examination of the use of 
pulse techniques in. multiplying media. The theory of 
sinusoidal source osciilations i is also being studied and 
extended. 

OL. Q. Kemeny 
M. M. R. WILLIAMS 


Nuclear Engineering Laboratory, 
Queen Mary College, 
Mile End Road, 
London, E.I. 


* Kazarnovsky, M. V. ef als Pror. Second U.N. Intern. Conf. Peaceful 
Taes of — aele. ‘Energy, 18, 279 (1958). 


* Nelkin, M., Nuclear Sei; and Eng., 7, 210 (1980). 


Domains in Hematite 

Macnetic domain effects in hematite were first 
found by the electron beam method!, and the domains 
themselves were observed’, using the Faraday effect, 
in very thin synthetic crystals. The domains dis- 
appeared? below about —23°.C., demonstrating very. 
clearly the vanishing. of the total magnetic moment. 
The domains also grew {and disappeared) by a 
nucleation process, and there appeared to be no 
‘memory effect’. 

The purpose of this. édromiunteation is to show 
the transformation in. relatively large synthetic 
erystals using the colloid technique. With an acetone 
colloid and a cooling. stage on the microscope, tem- 


peratures down to — 40° Č. could be obtained. Fig. 1 


shows a colloid pattern obtained at room temperature. 
In general, there is little change as the crystal is 
cooled, until a critical temperature is reached. At- 


this point there is a sudden onset of. diffusion. ofthe : 


colloid (Fig. 2), which eventually leads to the dis- 
appearance of the pattern. On heating to just above 





the critical temperature, the magnetic effects return 
but not in their original position; after about ten 


such cycles, there is a marked similarity in. the 
colloid patterns, that is, the crystal is developing a 
‘memory’. 

There is no — with: this crystal of a different 


critical ges ght on — and cooling — oe — 





crystal is held at a defi inite temperature, ` lt i 
be noted, however, that no attempt has ye een 
made in the- colloid ? experiments: to remove Jocal 
magnetic fields. — : 

The critical temperature: was alao. meaaure using 
the electron beam technique (by Dr. N. D. Lisgarten). 
These i cca showed that the magnetic shadow 
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Fig. 1, Magnetic colloid pattern on synthetic hematite above the transition temperature 


Fig. 2. 
temperature 


pattern appears (and disappears) at about — 12° C., 
and that the patterns undergo changes over a range 
of about 4 deg. There was again no sign of a memory 
effect over a few cycles and no indication of hysteresis. 

Experiments using the colloid have also been 
carried out with an Elba crystal previously studied 
by Kaye* with the electron beam technique. This 
showed a marked change in the magnetic shadow 
pattern between —11° and —21°C. with a small 
residual effect below —21°C. The crystal showed 
an exact memory on cycling. 

The colloid pattern showed no noticeable change 
in cooling to — 40° C., which is consistent with the 
‘memory’. It would appear that the domain walls 
are well anchored and unaffected by the magnetic 
changes which undoubtedly occur. However, a 
transformation in the sense of a transition to a non- 
magnetic state does not exist. 

We thank Dr. Rameika, of Bell Telephone Lab- 
oratories, for the synthetic hematite crystals, Dr. 
P. M. Griffiths, of E.M.I. Electronics, Ltd., for in- 
formation on colloid preparation, and Dr. N. D. 
Lisgarten for his help with the experiments. One of 
us (B. G.) is indebted to the Department of Scientific 
and Industrial Research for a maintenance grant. 


M. BLACKMAN 
B. GUSTARD 


Imperial College of Science and Technology, 

South Kensington, 

London, 8.W.7. 
2 — — M., Haigh, G., and Lisgarten, N. D., Nature, 179, 1288 
* Williams, H. J., Sherwood, R. C., and Rameika, J. P., J. App. Phys., 
29, 1772 (1958). 

* Lin, 8. T., J. App. Phys.. 32, 304 S (1961). 
t Kaye, G., Ph.D. thesis, London (1960), 


Electrical Properties of Phenothiazine 


As part of an investigation on the mechanism of 
conduction of organic substances’, we have now 
investigated the dependence on temperature of the 
electrical resistivity of phenothiazine. For lack of 
independent criteria of the purity of the substances 
under investigation, and in the absence of a thorough 
knowledge concerning the effect of impurities on the 
electrical properties, it has been our practice to carry 
out resistivity measurements on a number of speci- 
mens of the same substance in various stages of 
purification. These measurements were made on 
disks of polycrystalline materials which had been 
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compacted under pressure prior to 
the measurements. 

In the present work, phenothiaz- 
ine was purified by chromatography, 
multiple vacuum sublimations and 
zone-refining. Fig. 1 shows the 
results obtained at potential stresses 
of 76 and 760 V./cm. on a sample 
of phenothiazine which had been 
chromatographed, sublimed, zone- 
refined and re-sublimed. Using the 
equation p = p, exp(#/2kT7'), where 
e is the specific resistivity at absol- 
ute temperature T, the energy gap 
E was computed as 1-6 eV. over the 
temperature range of 50°—150° C. 
The values for resistivity were 
reproducible and followed Ohm’s 
law. Fig. 2 shows the resistivity of 
a sample which had been purified 
by chromatography and one sublimation. Specimens 
which had been subjected to one and two further 
sublimations displayed similar, though not identical, 
resistivity behaviour. The results (Fig. 2) indicate 
several remarkable effects. The resistivities are a 
function of the applied potential and thus do not 
obey Ohm’s law. The deviation from Ohm's law is 
opposite to that generally observed as a consequence 
of ‘voltage breakdown’ since higher resistivities were 
obtained at higher potential stresses. The resistivities 
were moderately well-reproducible at potential stresses 
of 63 and 630 V./em., indicating that an effect other 
than ‘voltage breakdown’ was operative. Furthermore 
it is seen that the resistivity-temperature slope is 
larger at 3,150 and 630 V./em. than at 63 V./cm., 
corresponding to 2-3 eV. at the two higher potential 
stresses and to 1-2 eV. at the smaller stress. Essen- 
tially identical behaviour was shown by a specimen 
which had been sublimed three times; another sample 
which had been sublimed twice showed a similar 
deviation from Ohm’s law, but in this case the 
slopes at the various potential stresses were numeric- 
ally equal. 

Failure of the sublimed samples to show ohmic 
resistivity is tentatively attributed to impurities, and 
on this basis the value of the energy gap, 1-6 eV., 
of the zone-refined material would appear to be the 
more reliable one. Work is continuing in order to 
confirm this value and to clarify the nature of the 
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possible impurities involved in the behaviour of the 
-sublimed samples; details of this work will appear 
elsewhere. 
: This research investigation was supported by the 
- Aeronautical Systems Division, Air Force Systems 
Cemmand, United States Air Force. 
EES so T G. P. Brown 
-General Engineering Laboratory, 5. AFTERGUT 
~~ General Electric Company, 
. © Sehenectady, New York. 
ta * After gut, 8., and Brown, G. P., Nature, 189, 827 (1961): 191, 379 


METALLURGY 


:ffect of Oxygen on the Temperature 
Coefficient of Resistivity of Uranium 
Monocarhide 
ta recent series of electrical measurements 
m monocarbide it was observed that the 
re coefficient of resistivity exhibited a 
nt of its low-temperature value. The material 
n was prepared by a powder metallurgical 
as of ~ 91 per cent theoretical density 
iominally 4-8 wt. per cent of carbon. 
it is known that oxygen (and nitrogen) can 
arbon on the uranium monocarbide lattice 
-therefore be responsible for the phenomenon 
mpt was made to remove this impurity by 
annealing for 24 hr. at 1,400°C. The 
the furnace was reduced to 10-* mm. 





— 


ecrease at about 525°C. to approximately 





tivity apparatus, 


perature in the 


In a later series of experiments the electrical _ 


resistivity of several specimens (these had been pre- 
viously annealed under the conditions outlined above) — 
was measured in an evacuated (10-8 mm. mercury) 
vessel and in all cases found to be linear with tem- 
perature from 20°C. to 800°C. ‘Spec-pure’ oxygen 
was then admitted to the tube covering a range of 
pressures from 5 x 10-* to 5 x 10-* mm. mercury 
and each specimen heat-treated for 15 min. at 450° Č. 
in this atmosphere. It was found necessary to raise 
the temperature to 450°C, in order to obtain any 
change in resistivity within the time-scale used. At 
the end of the soaking period the oxygen was pumped 
away in order to attain a base pressure of 10-8 mm. 
mercury again, and resistivity re-measured as a fune- 
tion of temperature, “oy 

Fig. 1 summarizes the findings from the experi- 
ments. As can be seen, the ‘kink’ in the resistivity/ 
temperature curve reappears after the ‘oxygen- 
treatment’. The slope of the line, at temperatures 
above the ‘kink’, was found to. be a function of the 
oxygen pressure used during heat treatment. The 
most pronounced change occurred in the case of heat 
treatment in oxygen at 104 mm. mercury, being 
almost identical to the situation observed in the 
original specimen. In all cases high-temperature 
vacuum annealing for 24 hr. once again removed 
the ‘kink’. 
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Fig. 1. A, Vacuum annealed; B, oxygen pressure, 5 x 10-* mm. 

mercury; C, oxygen pressure, 10-* mm. mercury: D, oxygen 

pressure, D x 10-* mm, mercury; E, oxygen pressure, 10-* mm. 
mercury 


It is therefore concluded that: (1) oxygen in 
uranium monocarbide has a pronounced effect on 
electrical resistivity by (possibly) exciting electrons 
to a band where their mobility is high. (2) The effect 


is not thought to be a surface phenomenon since no 


change could be obtained at temperatures less than 
~ 450° C. If adsorption of oxygen were responsible 
for the observations then the effect would be apparent 
after ‘oxygen-treatment’ at lower temperatures 
where the sticking probability is higher, == 000o 
a L. B. GRIFFITHS 

Metallurgy Division, —— 

Atomic Energy Research Establishment, 
Harwell. | 
* Regan, M. C., and Hedger, H. J., Atom. Energy Res. Estab., Rep. 
No. R-3802. : — 
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Grain-Boundary Sliding 

Waen bicrystals are subjected to a constant shear 
stress pa to the boundary plane, the grain 
boundary sliding velocity decreases with time’. We 
wish to report some iments which demonstrate 
the important part played by crystal slip in determ- 
ining this characteristic of boundary sliding. Where 
slip impinges on the grain boundary, irregularities 
are produced which prove to be nsible for the 
progressive reduction in boundary sliding velocity. 

High purity zinc (99-999 per cent) was used to 
prepare bicrystals in which the component grains 
were symmetrically di to the boundary plane. 
Speci were cut with a fine jeweller’s saw, and 
the worked layer was removed with a chemical 
polish. The location of the (0001) slip planes in the 
two — and the orientation of the applied stress, 
are in Fig. 1. Fine fiducial marks were scribed 
across the boundary on surface A to provide a means 
of measuring the boundary sliding. Fig. 2, curve 1 


shows the fiducial mark displacement versus time 


curve for a specimen subjected to a constant shear 





y. ipplicd — 
stress ww (0001) 


Grain boundary 


Fig. 1. Geometry of the bicrystal specimens 
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stress of 50 gm./mm.* at 100° C. The general features 
of this curve are similar to those obtained with other 


virgin specimens tested over a range of stress and 


surface A. Removal of 0-2—0-3 mm. by light abrasion 
followed by etching revealed a straight boundary 
trace, and when a shear stress of 50 gm./mm.* was 
re-applied the curve 2 in Fig. 2 was obtained. This 
curve is very similar to that for the virgin specimen, 
Fig. 2, curve 1. The sliding velocity was rapid at 
first, but it decayed steadily until after 25 hr. there 
was a displacement of 7-3u, the same as in the 25 hr. 
of the first test. If the specimen were simply rested 
with no etching between successive tests there was 
no restoration of the initial rapid sliding. If just a 
light etch were given to remove any surface oxide, 
or if 0-2-0-3 mm. were removed from surface B 
instead of from surface A, there was no change in 
the sliding-rate. 

Tests over a range of stress and temperature have > 
shown that the phenomena we have described are 
quite general, at least with the particular specimen 
geometry described. It is clear that the progressive 
diminution of the boundary sliding velocity is 
associated with the continual generation of irregu- 
larities at the boundary. Whether the increased 
resistance to boundary sliding is simply due to the 
irregular shape of the boundary or whether the work- 
hardened state of the surrounding grains is the 
important factor, it is not possible to say. However, 
the reason that these effects are produced near the 
surface A can be derived from the geometry of the 
basal slip planes: when slip planes do not impinge 
on the boundary, slip can occur freely. When slip 
occurs on planes intersecting the boundary there will 
be a discontinuity in strain which cannot be accom- 
modated by boundary sliding alone. Non-basal slip, 
twinning, or boundary migration may occur. Now 
the concentration of stress at the boundary will be 
the greatest for the longest of the blocked slip 
planes. These are those immediately beneath 
surface A. The degree of stress concentration can 
be gauged from the fact that the stresses for non- 
basal slip and for the nucleation of twinning in zine® 
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BIOPHYSICS 


Electrical Conductivity of Proteins 
HERE has been considerable speculation in recent 
8 on the nature of the current carriers in electrical 








-> opinion was that the conductivity of proteins with 
adsorbed water was ionic. Then Baxter? suggested 
<- that his results were more consistent with an elec- 
-tronie conduction mechanism both in the dry and 
wet states. From their theoretical work, Evans and 
_ Gergely? concluded that dry proteins should be 
_ electronic semi-conductors with an interband gap of 
about 3:0 6V. Proteins, in the dry and wet states, 
are indeed semiconductors, but with activation 
_ energies less than 3-0 eV. More recent experiments by 
King and Medley? on very wet proteins (> 15 per cent 
_ adsorbed water) have shown that the passage of a d.e. 
< current produces hydrogen by an electrolytic process 
in guantitative agreement with theory. Riehl* has 
Suggested that the conductivity of wet proteins is due 
-to oriented water in an ice-like configuration. Cardew 
and Eley believe that dry proteins are electronic 
< pemi-conductors, and that in wet proteins the current 
carriers are probably protons. 
_. The existence of photoconductivity in chromo- 
proteins has been interpreted as evidence of the 
-electronice nature of the conductive process. However, 
unless significant evidence is presented that no photo- 
_. ¢hemical change occurs which could release ions, this 
oo argument is suspect. 
< Thus, at the present time there is no conclusive 








ee “evidence that the conductivity in dry or slightly wet 


-proteins is electronic, ionic or both. 
It is well known that the electrical conductivity of 
_ proteins increases enormously with increasing content 
_ Of adsorbed water. As an example, I have found that 
< in crystalline hemoglobin the current increases by a 
a £ 101 with 8 per cent (by weight) of adsorbed 
vater over the dry-state conductivity. The form of 


he dependence was first given by Spivey* and is: 



























tw = ia exp(am) (1) 
_ where iw is the current with m percentage water 
adsorbed, ig is the current in the dry state, and « is a 

constant particular to a given type of protein. I 

_ have corroborated this relation and evaluated « for 
«crystalline hemoglobin. The data, over a current 

` < Yange of 10°, fit equation 1 with less than 10 per cent 

. » variation of the individual points. The value of 

— 65 at room temperature. 

= us large value of æ makes it possible to perform a 

< simple experiment to determine the nature of the 












~ to protons 





conductivity of proteins. Up to 1943, the prevailing. 
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die/dt = iwa(dm/dt) (2) 
The dependence of m on time is given b y: 
bo ca, 
m= mM, ~P f tut (3) 


where m, is the initial percentage of adsorbed water at 
zero time, and $. is a constant which converts the 
electrolysis constant of water (9:34 x 10-5 gm. water/ 
coulomb) to a loss in the percentage of water in the 
protein sample. 

The value of dm/dé in equation 2 is then: 


Combining equations 2 and 4 gives: 
diw/dt = — aip? (5) 


This can be integrated to give the final form of the 

time-dependence of the ionic current as: 

fiw = Lio -+ at (6) 
In the experiment described here, the dry weight 
of the protein sample is 1-0 x 10-3 gm. Thus 8 has 
the value 9-34 (percentage water lost per amp./ 
second). The value of «8 is therefore 24-8 per amp./ 
second. It is obvious that i, must be very large for the 
term containing the time to.be significant. This is 
possible for a reasonable water content due to the 
large value of «. 

This experiment has now been done. A 1-0-mgm. 
sample of powdered crystalline bovine hemoglobin 
(crystallized twice, 100 per cent electrophoretically 
pure, salt free) was pressed in a sandwich cell com- 
posed of one electrode of conductive glass and a 
second electrode of monel metal. Teflon film spacers 
maintained the electrode separation at Tõu. The 
protein had previously adsorbed about 7-5 per cent 
water. The cell was placed in a chamber fashioned _ 
entirely of teflon. The chamber was previously dried 
by flushing dry nitrogen passed through a calcium 
chloride drying column, for a period of 1 hr., and then 
with liquid air-dried nitrogen for another hour. The 
cell was than put into the chamber and again flushed 
with liquid air-dried nitrogen for 0-5 hr. The chamber 
was then sealed. The sample was cooled to 6-5° C. and 
held constant (+ 01° C.) for the duration of the 
experiment, This was essential in order to minimize the 
loss of water of the protein by evaporation (the activa- 
tion energy for water desorption had previously been 
determined as 0-53 eV.). The voltage (45 V., d.e., 
batteries) was then applied to the electrodes. The 
current decreased with time for a period of about 1 hr. 
This is due to three effects: a small polarization of 
the sample, the decrease in temperature of the 
sample (semiconductive effect) to the final steady 
state value given above, and finally, the slight evapo- 
ration of water to come to equilibrium with the 
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Fig. 1. Dependence of the electrical current on time in ‘wet’ 
orystalline hemoglobin 


atmosphere in the cell. After this initial period to 
establih a steady state in the chamber, current 
readings were taken at 10-mim. intervals. It should 
be emphasized that equation 6 is valid at any time, 
provided only that 4, is the current at the start of the 
measurement. 

The results of a typical set of such measurements 
are shown in Fig. 1. Here, the horizontal line corre- 
sponds to the case of pure electronic conductivity. 
The lower curve is the shape of the current versus 
time-curve calculated from equation 6 for the case of 
pure ionic conductivity. The actual results are shown 
by the circled points. The data conclusively indicate 
that the conductivity of wet proteins is electronic in 
nature and not ionic. The current has decreased 
only 5:5 per cent in 140 min., whereas ionic con- 
ductivity would require a drop of 88 por cent in this 
time. My present feeling is that the actual drop of 
5-5 per cent does not reflect a small portion of the 
current being ionic, but rather that the evaporation 
equilibrium had not yet occurred. However, I 
cannot as yet demonstrate this conclusively. 

One possible source of error must be examined more 
closely. This is, that during the measurement, the 
protein adsorbs water from its environment at 
exactly tho sam? rate at which it is being electrolysed. 
The liquid air-dried nitrogen initially in the chamber 
has an ignorable water content (about 10-3 mgm. 
water per litre—chamber volume is about 100 0. 0.). 
Tefion has one of the lowest water-adsorption cepa- 
cities of any known substance—less than 0-005 per 
cent weight increase after a 24-hr. soaking at 25° C. 
Surface wator films evaporate readily from teflon— 
the energy of activation for desorption corresponds 
closely to the activation enargy for vaporization. of 
water. The drying conditions described above are 
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more than adequate to reduce tho water content of 
the teflon surfaces to an ignorablo value. 

The possibility that moist air from outside the 
chamber could diffuse in during tho experiment can be 
ignored since the chamber is vacuum tight. The water 
content of the protem that has initially evaporated 
thus represents the largest source of water for re- 
adsorption. However, the total charge passed during 
the course of the experiment (0-294 coulomb) would 
have electrolyaed 2:74 x 10-* gm. of water. This is 
about 40 per cent of the water initially in the sample 
and again the current would have dropped by a large 
factor had this occurred, and the curve should have 
followed the shape of the lower curve of Fig. 1. Thus 
I conclude that this source of error was not present 
in this experiment. 

This result, that the conductivity of a wet protein 
(and therefore of the dry protein as well) is almost 
purely electronic, is consistent with other measure- 
ments I have made which show that the adsorbed 
water decreases the semiconduction activation energy, 
but does not change the number of states available 
for releasing mobile charge or the mobility of the 
charge carriers. These measurements and their 
possible significance in various biological processes 
will be discussed in detail in a forthcoming paper. 

This work was supported by research grant 
B-1936 from the National Institute of Neurological 
Diseases and Blindness of the Public Health Service. 


BARNETT ROSENBERG * 
Physics Department, 

New York aA 

Washington Square, 3 

* Present address AN Program, Michigan State University, 
East Lansing, Michigan. á 
1 Baxter, 8., Farad. Soc. Trana., 89, 207 (1048). 
* Evans, M. G., and Gergely, J., Biochim. Biophys. Acta. 3, 188 (1949). 
7 King, G., and Medley, J. A., J. Colloid Soi., 4, 1 (1949). 
‘Riehl, N., Kolod Z., 1851, 66 (1957); Naturwiss., 43, 145 (1958). 
* Cardew, M. H., and Eley, D. D., Farad. Soc. Dize., 87, 115 (1959). 
t See Taylor, P., Farad, Soc. Dise., 27, 289 (1969). 


Electron Spin Resonance Measurements 
of Keratins treated with X-Rays 


WitH an X-band electron resonance spectrometer 
which works with 30 cycles/sec. field-modulation}, 
reflexion-type cavity and current-regulated high- 
voltage magnet, we investigated the electron spin 
resonance spectra of some keratins after X-irradiation 
at 310 kr./min., 11 mm. high voltage-level in the 
dose-range of 50 kr.—5 Mr. 

The resonator contained permanently a single 
crystal of CuSO,.5H,0; the spectrum of this was 
registered together with that of keratin (Fig. 1). 
This permits a high relative accuracy of measurement 
and an intensity calibration of the spectrometer? 

At first we determined dose-effect relationships 
with cystine (Fig. 2). As can be seen, no influence 
of deoxygenation or intensive drying (4 days over 
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Dose Irad.) 


2. Dose-offect relationship for cystine and oysteine hydro- 
chloride. Effective atomic numbers (photo-effect): — 
10°77; cysteine hydrochloride, 12:6. — —, Cysteine hydro- 

oride; —, cystine 


phosphorus pentoxide at 43° C.) could be established. 
There is also a saturation effect for doses greater 
than 0-5 Mrad. For comparison, the dose-effect 
relationship for cysteine hydrochloride was also 
determined. In this case we found the lmear range to 
be larger. In qualitative experiments we noted s 
dependence of the shape of the cysteine hydrochloride 

rum on water content. Fig. 3 summarizes the 
results on feather quills as recorded at different times 
after X-irradiation with 2-0 Mrad. We have three 
horizontal rows, which correspond to the three 
experimental conditions. Quills, irradiated and 
measured in: (a) normal air; (b) over phosphorus 
pentoxide in air, after drying for 4 days at 43°C.; 
{c) over phosphorus pentoxide in vacuum, after 
drying for 4 days at 43°C. 

The following conclusions can be drawn: (1) After 
sufficient time, the cystine shape of the spectrum, 
ae mentioned in ref. 5, is found. However, imme- 
diately after irradiation additional details appeer. 
(2) In all cases there appears a transient line at the 
position of free electron spin and fades in the course 
of several hours. In some cases this line is present 
with very high intensities®. (3) The presence of 
phosphorus pentoxide has a strong influence on the 
shape of the spectra. In the low-frequency part of 
the spectrum there appears a broader line, which 
fades faster than the line mentioned here. Therefore 
we conclude that, after removal of small traces of 





. 8. Hiectron spin resonances spootra of X-irradiated feather quills at different times 
th value. {= 9,825 Mo./sea, 
a, Air; b, air and phosphorus pentoxide; o, phosphorus pentoxide in vacuum 


r irradiation with 2 Mr. Arrows Indicate position of free-spin 
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bound water, additional radicals in the irradiated 
keratin are observable. (4) Evacuation has no per- 
ceptible effect on the shape of the spectrum. The 
lower two horizontal rows differ only slightly from 
each other. (5) If the keratin is dried sufficiently, 
one finds a slow rise with time in the low-frequency 
pact of the spectrum. This rise corresponds to the 
one which Henriksen found on reduced glutathione’. 
It means that there is a slow migration of the radical 
state to the cystine part of the keratin. We conclude 
that this migration does not correspond to a special 
keratin structure. 

Furthermore, we compared’ the yield on cystine- 
hke radicals in the keratin per cystine with the radical 
yield Goystine in the amino-acid oyatine itself. This 
ratio, x, is given by: 


nN Ckeratin * 7} 
Coyatine * & 


The quantities Greratm and Geystine are Measured as 
initial slopes of dose-effect relationships. 

n gives the percentage of cystine-like radicals in 
the keratin spectrum. The observed values (dried 
keratins) are’: 7 = 0-5~—0-65. « is the percentage 
of cystine in keratin. With « = 0-18 we found for 
cattle hairs a value of 1-6 + 20 per cent for x. 

We conclude, therefore, that the yield on cystine- 
like radicals in keratin is not essentially increased 
by energy transfer processes, which are related to a 
special protein structure. 
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X-Ray Investigations of M-5 and T-2 
Bacteriophage 


Iw an effort to use X-rays to examine the structure 
and organization of viruses that cannot be crystallized 
or arranged in paracrystalline arrays, 

attempts were made to apply the 
(a) fibre-pulling technique. This method 

was used successfully in studies of the 

structure of DNA. Reasoning that 
bodies with large axial ratios behave 
essentially as rod-like objecte in flow 
orientation phenomena, alignment or 
orientation of two viruses was attemp- 
ted by the fibre-pulling method. 
These two viruses were: the bacterio- 
phage M-5 (virus of B. megatherium) 
and bacteriophage T-2 (virus of E. 
colt). M-5 was chosen by virtue of ite 
extremely large axial ratio. Its head 


soo" is essentially spheroidal in shape with 


a diameter of 700 A. and length 3000 
A. 1. It was felt that such a long virus 
would give better orientation than 7-2 
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phage in the fibre-pulling process. Since Bendet, 
Goldstein and Lauffer reported? good results in the 
orientation of T-2 phage by streaking pellets of the 
virus, it was desided to try to orient 7-2 phage also 
by the fibre method. 

The orientation method was as follows: a clean 
phage solution containing DNase was centrifuged 
in @ Sorvall SS-1 centrifuge at 10,000 r.p.m., a rela- 
tively slow speed, in an effort to keep the amount of 
possibly exuded DNA to a minimum. By means ofa 
microscope stage mechanism, a clean glass rod was 
used to touch gently the surface of the pellet. A fibre 
was then pulled very gently under polarized light 
Wlumination. This illumination gave an indication of 
the orientation and the strain pattern of the fibre 
while it was being pulled. With practice, well-oriented 
fibres were obtained. The fibre was pulled only once 
from the pellet which was then discarded. This 
minimized the possible existence of liberated DNA 
from a previous fibre-pulling event. The fibres were 
then mounted singly or in groups of up to 10 fibres 
in & special mount checking for parallelism by polar- 
ized light. Many fibres were used for each X-ray 
picture to decrease exposure time: however, the best 
results were obtained by using single fibres. Since 
the fibres ranged from 50 to 200p in diameter, single 
fibre scattering diagrams gave very long exposure 
times—100 hr—2 weeks depending on the film 
to specimen distances. The cameras used were 
modified Norelco microcameras and small angle 
scattering cameras of the type designed by Langridge 
et alè. 

The most important objection to the fibre-pulling 
method of aligning these viruses was the possible 
disruption of the phage. Thus the question was: 
how many of the viruses may have been disrupted 
and their DNA molecules exuded during fibre pulling ? 
The amount of liberated DNA relative to the DNA 
inside the virus hed to be small if the X-ray pattern 
were to have an unambiguous meaning. Since the 
DNase in the pellet could not be expected to digest 
the exuded DNA, methods had to be found to check 
the amount of disrupted viruses relative to the 
amount of intact viruses in the fibre. 

One method consisted in redissolving the fibres and 
separating the virus from the possible ghosts in the 
fibres by using differential centrifugation. Using 
methods developed by Herriott and Barlow‘, a virus 
ghost titre was obtained. The amount of viable virus 
was then checked, and the ratio of theee two titres 
gave an indication of the amount of liberated DNA in 
the fibres. These experiments showed that 1-10 per 
cent ghosting was produced for different fibres during 
pulling and the period of X-ray analysis. Other tests 
are now in progress to determine more accurately the 
amount of virus disruption. 

The best X-ray fibre diagrams obtained were those 
of M-5 phage. These showed very good alignment 
with well-defined large equatorial and meridional 
spacings. For 7-2 phage we obtained fibre diagrams 
that look essentially the same as those obtamed by 
North and Rich’. Both the M-5 and T-2 diagrams 
indicated clearly the main direction of the axis of the 
DNA molecule. The axis is parallel to the main axis 
of the virus for both M-5 and T-2 phage. The 3-36-A. 
spacings are very clearly shown in both M-5 and 7-2 
scattering diagrams. A 34-A. meridional spacing was 
easily detected in the 4-5 picture. One of the largest 
M-5 virus fibres was analysed by a very accurate 
small-angle spectrometer table and a well-defined 
52-A. equatorial pesk was detected. Further work is 
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now in progress, particularly in regard to the differ. 

ences in 7'-2 and M-5 phages. 
Maroos F. MAESTRE 
Rer KESON 
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Yale University. 

i Friedmann, M., and Cowles, P, B., J. Bact., 66, 370 (1958). 

3 Benink L J., Goldstein, D. A., and Lauffer, M. A., Nature, 187, 781 

* Langridge, R., Wieon, A. R., Hooper, C. W., Wilkins, M. H, F., 

and Hamilton, D. D.. J. Mol. Bih., 8, 19 (1960). 
‘ — R. M., and Barlow, James L., J. Gen. Phystol., 40, 809 


* North, A. C. T., and Rich, A., Nature, 191, 1242 (1061). 


CHEMISTRY 


Infra-red Chemiluminescence from the 
Reactions of Atomic Hydrogen at Low 
Pressures 


Wn heve been attempting in this laboratory to 
extend previous observations of infra-red chemi- 
luminescence!~* in the direction of lower pressures 
and faster flows. It was hoped that it might prove 
possible to eliminate secondary energy-transfer 
processes which were troublesome at higher pressures, 
and to observe more nearly the initial distribution 
of reaction product among vibrational states. To 
this end a large reaction vessel (about 10 litres) with 
four Wood’s discharge tubes, and with multiple 
refiexion optics, has been developed; the apparatus 
has been described‘ in connexion with an investiga- 
tion of the system H+O,. We wish to report here. 
the first results on the systems H+O], and H+ 
NOCI, examined in the same apparatus at total 
pressures of about 10-? mm. mercury. 

In these experiments the molar inflow of H,+H 
into the reaction tube was about 60 umoles/sec., that 
of Cl, 285 pmoles/sec., or NOC] 93 umolee/sec. The 
condensable gases were frozen out in a wide pipe 
(4 in. internal diameter) immediately beyond the 
reaction, tube. The large excess of Cl, or NOC] was 
found under these conditions to have a ‘pumping’ 
effect on the non-condensable gas. 

The front surfaces of the multiple reflexion mirrors, 
mounted internally in the reaction tube, were gold. 
The tube itself was lined by a glass sleeve coated. 
with phosphoric acid. A Perkin Elmer 112G double- 
pass grating spectrometer was used to record the 
infra-red emission. In the work reported here, 
analysis was made only of the first overtone emission 
of HCl; this comprised the sequence v(2-0), (3-1), 
v(4-2) for H+Cl,, and v(3-1), v(4-2), . . . v(7—-5) for 
H+NOCI. Resolution was considerably better than 
in the work of Cashion and Polanyi*®. In their work 
population distribution had to be estimated from the. 
relative areas under partially resolved overlapping 
vibrational-rotational bands. In the present work, 
intensities could be measured for a sufficient number- 
of individual rotational lines to permit a more direct 
estimate of the relative band-intensities. 

The most striking difference between the emission 
spectra obtained in the earlier investigations at higher- 
pressures?:* and those obtamed in the present work 
is the absence of significant emission originating in 
levels higher than v= 4 for the system H +Cl, (high- 
pressure emission included v=65 and 6), or levels 
higher than v=7 for the system H-+NOCI (at high 
pressure »=8 and 9 were observed). This has been 
repeatedly confirmed in iments with the new 


apparatus. It suggests that emission from the highest. 
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vibrational levels was due to some secondary process 
occurring in the ‘high-pressure’ system. The missing 
higher vibrational states would have energies equiv- 
alent to almost the entire heat of reaction (for 
H+Cl, Q=45, H(v=6)=45 keal.mole?; for H+ 
NOCI, Q=65, H(v=9)=63-5 kcal.mole-!). We con- 
clude that the entire heat of reaction does not go 
directly into vibration. 

There is evidence (Findlay and Polanyi, paper in 
preparation) that the secondary process referred to 
here may be the transfer of vibrational energy among 
the vibrationally excited molecules, HClt. This 

rocess becomes unimportant if the concentration 
of HClt+ is decreased, either by decreasing the total 
pressure as in the present work, or by decreasing 
the partial pressure of HCl} as in the experiments of 
Findlay and Polanyi. 
An analysis has been made of one (lst overtone) 
rum from H+Cl, and ono from H+NOCI. 
Areas under individual lines were converted to 
relative intensities by taking account of the change 
with wave-length of the transmissivity of the spectro- 
meter and of the sensitivity of the lead sulphide 
detector. 

Correction was then made for overlapping of lines. 
Intensities of heavily overlapped lines were obtained 
by interpolation. Summation of line intensities led 
to band intensities, which were converted to relative 
concentrations of HCl in the various vibrational 
levels’. 

The following broad features emerged from this 
analysis: (i) The distribution of HClt among 
vibrational states, in contrast to ‘high-pressuro’ 
results, is highly non-Boltzmann in type, both for 
H + Cl, and forthe H + NOCI system. The distributions 
obtained previously were of Boltzmann type for 
H+Cl, and slightly non-Boltzmann type for H+ 
NOCI. The present result further substantiates the 
view that the source of excitation is chomical rather 
than thermal. (ii) The distribution is appreciably 
different for HCl} formed in the system H-+-Cl, 
than for HClt formed in the system H+NOCI. 
This, again, is in contrast to the results obtained in 
the earlier work’, and suggests that we may now be 
observing somethmg more closely related to the 
‘initial’ distribution immediately followimg reaction. 
(iii) When molecular hydrogen was introduced through 
a soparate line into the reaction tube m an experiment 
employing Cl, the pressure rose by a factor of 10, 
but neither the total intensity nor the distribution 
among vibrational states appeared to be altered. 
We conclude that no appreciable amount of collisional 
deactivation is ocourring at the low pressures and 
short-contact times of our H-+Cl, experiments. 
Further experimental work is in hand. 
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Hydrogen Bonding in the Caicium 
Phosphates 


To account for calcium deficiencies in synthetic 
hydroxyapatites, the concept of hydrogen bonding 
between oxygens of adjacent orthophosphate groups 
was introduced. In support of this concept, infra-red 
evidence showed a linear relationship between the 
absorbance of the hydrogen-bonded O-H stretohing 
frequency at 3,400 cm.-! and the Ca/P ratio of several 
synthetic hydroxyapatites*. Recently, Winand et al. 
offered a different interpretation of the infra-red 
data’. The following is in answer to their commente. 

The absorbance of the O-H stretching frequency 
at 3,400 cm.~! was measured for a series of synthetic 
hydroxyapatitea prepared in a carbon d oxide-free 
atmosphere. (No data were given on natural hydroxy- 
apatite?.) Winand et al. suggest that the absorption 
band at 3,400 om.-! may be due to adsorbed water’. 
This objection can be ruled out because there was no 
correlation between the surface area (that is, adsorbed 
water) and the absorbance at 3,400 cm., as there 
was between the Ca/P ratio and the absorbance. 
Table 1 illustrates this point. 


Table 1 
Ca/P $$ Relative molar absorbance Specific surfane 
(ref, 2) (m.*/gm.)* 
1:834 0:802 05 
1-608 1:793 102-6 
1-604 2-823 1-7 
1-468 6:888 835 


* Calculated from electron microscope data. 


In addition, if water were present there would be a 
definite proportionality between the absorbance of 
the O-H bending mode at 1,667 cm.-! and that of the 
stretching mode at 3,400 cm.-1. In each case the 
absorption band at 1,667 cm.-! was barely d scernible 
above background and could not be correlated with 
the very strong band at 3,400 om.-'. Therefore, it 
seems clear that adsorbed water cannot ascount 
completely for the band at 3,400 om.-. 

Winand et al. state that the infra-red ‘group 
frequency’ of the hydrogen phosphate ion is found 
only in the range 2,400-2,850 om.-! (ref. 3). It should 
be noted that this absorption band is not due to the 
hydrogen phosphate ion per se, as they imply, but 
rather to the O-H stretching frequency related to the 
hydrogen bonding between oxygens of adjacent 
orthophosphate groups. In a hydrogen-bonded 
system A~H-—B, the distance, A-B, between the 
electronegative groups is a major factor in determ- 
ining the A-H stretching frequency. A review of 
many compounds containing hydrogen bonds between 
oxygen atoms shows a in the O-H stretching 
frequency from 3,500 om.-! to 1,900 om.~-! correspond- 
ing to O-O separations of about 3-0-2-5 A. (ref. 4). 
Certainly, as noted by Winand et al., many of the 
hydrogen phosphates, because of structural simi- 
larities, have O-O distances limited to the range 
2:65-2:7 Å., corresponding to an O-H stretching 
frequency-range of 2,850-2,400 cm.-1. However, 
according to the structural parameters of hydroxy- 
apatite’, the only possible O-O distances suitable for 
hydrogen bonding are found at about 2-9 A. (between 
oxygens of certain adiacent orthophosphate groups) 
and at about 2-5 A. (between oxygens in the same 
orthophosphate group). The latter situation is 
doubtful on theoretical grounds because it requires a 
phosphorus—hydrogen approach to less than the sum 
of the covalent radu of these elements. In addition, 
experimentally, no significant infra-red absorption is 
observed in this region except that corresponding to 
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an O-H stretching frequency related to an O-O 

separation of 2-85 Thus, 1t is probable that the 

absorption band at 2,400 cm.-! resulted from an acid 

phosphate impurity admixed with the major apatite 
hase 


In the different calcium phosphates, the hydrogen- 
bonded O-O distance, obtamed from infra-red data, 
decreases from phase to phase as a function of acidity. 
This is corroborated by X-ray diffraction results, 
which show that the phosphate groups in & more 
acid calcium phosphate occupy a higher percentage 
of the structural volume, resulting in shorter hydro- 
gen-bonded O-O distances. These relationships are 
illustrated in Table 2. 


Table 2 
O—H QO 
stretching distance from PO, 
Compound {P frequency infra-red data volume 
(em.~?) (À) index f 
8683 0 50 2,820 2°55 1 82 
om PO, 2 H,O 0:50 2,320 2°55 
Cahn EO, 1-00 2.400 2:58 129 
CaHPO,.2H,0 1 00 2.400 2 68 
Ca, H(PO,),.3H,0t 183 8.000 270 
Carera PO,),(OH)s 1°67 3,400 2 85 1-13 


* Taken from values observed for KH,PO, and Oa(H,PO,),.H,0. 
Index = number of PO,'’s per unit oel) per unit cell volume. 
Ostocalciam phosphate ts a trichime structure and not a hexagonal 

low CafP apante as atated by Winand and Dallemagne below. The 
number of waters of hydration 1s not yet eertied. (See ref. 6 ) 


X-ray diffraction, index of refraction, density! and 
infra-red absorption spectrophotometry’? mvestiga- 
tions have shown that the formula of hydroxyapatite 
precipitated in a carbonate-free atmosphere should 
be written as Ca,,ztH,(PO,),(OH),. The calcium 
ions missing randomly from columnar (three-fold 
axis) positions are supplanted in proper proportion 
by protons existing as hydrogen bonds between 
oxygens of adjacent orthophosphate groups clustered 
around the site of the deficiency. Except for these 
changes, the general hydroxyapatite structure remains 
intact. There is no mdication from X-ray and/or 
infra-red data that a loss of hydroxyl ions follows 
the calcium deficiency as suggested by Winand et al.*. 
It is difficult to see how hydroxy] ions could be 
missing without destroying the general architecture 
(that is, the symmeiry) of the hydroxyapatite 
structure. 

It should be stressed that Winand and his co- 
workers agree in general with tho postulate that low 
CafP apatites can be characterized as calcium- 
deficient compounds containing hydrogen bonds 
between orthophosphate groups. It is only in the 
exact details of the structure of these materials where 
our differences lie. 

JOEL M. STUTMAN 
AARON 8. POSNER 
National Institute of Dental Research, 
National Institutes of Health, 
Bethesda 14, Maryland. 
Ers R. LIPPINOOTT 
Department of Chemistry, 
University of Maryland, 
College Park, Maryland. 


Eoma S8., and Perloff, A., J. Res. Nat. Bur. Stand., 58, 279 

1 A 

1 Posner, A. 3, Stutman, J. M., and Lipmmncott, H. R.. Nature, 188, 
486 (1960). 

3 Winand. L., Dallemagne, M. J., and Duyckaerta, G., Nature, 190, 
164 (1981). 

‘Lord, R. C, and Merrtfield, R. E., J. Chem. Phys., 21, 168 (1053). 
Pimentel, G. 0., and McClellan, A. L., The Hydrogen Bond ; 
Freeman and Co., San Francisco, 1060). Lippincott, E. E., and 
Schroeder, R., J. Chem. Phys., 23, 1098 (1955). 

+ Posner, A. S., Perloff, A., and Diono, A. F., Acta Cryat., 11, 308 


1958). 
s Domn. W E., Smith, J. P., and Frazier, A. W., J. Amer. Cham, Soo., 
79, 5318 (1957). 
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ACCORDING to Stutman et al. (ref. 1 and preceding 
communication), the absorption band at 3,400 cm.~? 
of the infra-red spectra obtained with several syn- 
thetic phosphates correspond to the stretching 
frequency of O-H belonging to acid phosphoric 
groups linked by hydrogen bonds. We disagree with 
this interpretation, and we have already stated? that 
this band is due to adsorbed water. It is well known, 
indoed, that the apatitic calcium phosphates obtained 
by precipitation contain a large amount of firmly 
adsor water which slowly escapes when they are 
heated up to about 700° C., as may be seen on the 
thermogravimetric curves*. 

Hig. I shows the spectra (2,000-4,000 om.-") of 
hydrated hydroxyapatite (Ca/P weight ratio 2-15, 
dotted line) and hydrated tricalcium phosphate 
(Ca/P 1-94, full Jine) obtained in the same conditions 
(3 mgm. per potassium bromide pellet; grinding for 
4 hr. in a collo dal mill under vacuum). These two 
3,400 cm. bands are the same in spite of the fact 
that hydroxyapatite does not contain any acidic 
phosphate group. This does not agree with the 
interpretation of Stutman et al. 


Transmission 





2,000 
Ne liie) nad hydrated trloalelam phosphate (al inal 
A second argument is illustrated by Fig. 2, in 

which the spectra can be compared of very small 

particles of hydrated tricalcium phosphate containing 

a large amount of adsorbed water (curve 1) and of 

the same compound treated in the hydrothermal 

bomb (curve 2) (6 mgm. per pellet in both cases). 

Obviously, the 3,400 cm.-! band is much weaker in 

the latter case; however, this thermal treatment does 

not affect the chemical composition of the compound*5 
and only decreases the amount of adsorbed water. 

Moreover, we observed a weak but obvious band 
located at 1,625 cm.-! corresponding to the well- 
known bendung frequency of adsorbed water: the 
absorbance ıs always weaker than for the strotching 
frequency. It must be pomted out that potassium 
brom:de used to make the pellets is absolutely 
anhydrous and waa previously melted. 

In fact, the stretching frequency of O-H belonging 
to acidic phosphate groups linked by hydrogen bonds 
corresponds to 2,400 cm.-1. This explaims why this 
band can be seen on the hydrated tricalcium phos- 
phate spectrum (whether treated or not in the hydro- 
thermal bomb) and not on the hydroxyapatite 
spectrum (Fig. 2, curve 3, same experimental con- 
ditions). Moreover, this band disappears when 
hydrated tricalcium phosphate is heated at 600° C.; 
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ectra of: curve 1, hydrated tricalcium phos- 
phate (smali par sete pn curve 2, hydrated tricalcium phosphate 
the hy drotiermal bomb (bigger particles); curve 8, 
synthetic hydroxyapatite 


0 
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in other words, when the acidic phosphate groupe 
vanish and lead to pyrophosphate groups®*. This 
band is rather weak, but it is also weak for com- 
pounds such as BaHPO,, K,HPO,, Na,HPO,.10H,0O, 
CaHPO,.2H,0, which contain a larger proportion of 
HPO,’ groups’. The three weak peaks located at 
2,000, 2,075 and 2,135 cm.~! are harmonics of the 
v2-8-4 PO, stretching vibration, and the band at 
3,560 cm.-1 of spectrum 2 in Fig. 2 corresponds to 
the stretching frequency of free hydroxyl ions, which 
appears here because the percentage of adsorbed 
water is relatively small. 

The location of the O-H—O stretching frequency 
at 2,400 om.-! is very frequent in acid phosphates: in 
this case, the distance between two oxygens linked 
by hydrogen bonds is about 2-5 A. Such a distance 
between two oxygens belonging to adjacent phosphate 
groups in the lattice of apatitic compounds with o 
Ca/P ratio smaller than 2:15 is plausible. However, it 

is well known that in the salts of certain anions con- 
taining hydrogen, two oxygen atomsof adjacent groups 
are closer than is possible in the absence of bonding. 

We have already established that the general 
formula of the apatitic calcium phosphate series is 
a ETOD ee the value of x varying from 
0 to 2. Detailed results which we have obtained by 
several methods of investigation will appear elsewhere®. 
Our conception offers the possibility of explaining 
why the apatitic caloium compound with the lowest 
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Ca/P ratio is octocalcium phosphate, which does not 
contain & free OH group. These hydroxyl ions are 
not necessary for the mamtenance of the structure of 
apatites and this conception agrees with the views of 
Merker and Wondratechek*, who synthesized lead 
apatites with the general formula Pb,(Y),(PO,),, 
Y representing an alkali element. 

The formula we proposed for the phosphocaloic 
apatite series does not agree with the conception of 
Posner and Perloff'*. It must be pointed out that the 
main argument presented by these authors is based 
on the relation between the refractive index, the 
density and the chemical composition of synthetic 
calcium phosphates with Ca/P ratios varying from 
2-15 to 1:82: but the refractive index of the com- 
pounds with the highest Ca/P ratio suggests that they 
are deprived of adsorbed water either by heating at 
high temperature or by crystal growth in the hydro- 
thermal bomb (1-643-1-649 according to Perloff and 
Posner themselves?"). The refractive index of the 
lowest members of the series examined corresponds to 
compounds containing a normal amount of adsorbed. 
water; such correlations are open to question. 

In the same way, the very dissimilar surface values 
given by Stutman et al. (preceding communication) 
suggest that the compounds examined, have not been 
prepared by the same method or treated ın the same 
way: it is well known that the synthetic compounds 
obtained by precipitation in water are characterized 
by a very large particle surface (at least 100 m.?/gm.). 
The lack of correlation observed by Stutman et al. 
between the surface area and the absorbance at 
3,400 om.-? probably depends on some experimental 
hazard. We do not know if they have taken into 
account the influence of granulometry on infra-red 
absorbance. We consider that the internal standard 
method is critical for quantitative studies of solids: 
variation of intensity of absorbance with the particle 
size depends on the intrinsic absorbance coefficient 
of the bands**. Generally, the absorbance ratio of two 
bands is not constant when the particle size varies!*. 

Louis WINAND 
Marnont J. DALLEMAGNE 
Institut de Thérapeutique Expérimentale, 
32 Bd. de la Constitution, Université de Lidge. 
1 E À. a0) Stutman, J. AL, and Lippincott, B, R., Nature, 188, 
* Winand Dallemagne, M, J., and Duyckaerta, G., Nature, 190, 


164 Gobi.” 
* Brasseur, FL, . Ohim. Belg., 82, 383 (1858). Wallasys, R. 
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Ann. Uhm., a) 808 (1 952). 
* Posner, A. 8., ‘and Stephenson, 5. R., J. Dent. Ress., 31, 871 (1952). 
: Wmnand, L., thase de doctorat en chimie, Université de Lidge (1960). 
* Winand, L. and Duyokacrts, G., Bull. Soc. Chim. Belg. (in the press). 
t Miller, A., and Wilkins, C., Ans. Chem., 24, 1258 (1952). 
*Winand, L., Ann. Chim. (in the press), 
° Merker, L., and Wondratechek, H, Z, Krist., 108, 110 (1967). 
sd — 8., and Perloff, A., J. Res. Nai. Bur. Stand., 58, 279 
R Bale, , Lefevre, M. L., and Hodge, H. O., Naturwiss., £4, 

638 Use. 
13 Perloff, A., and Posner, A. 8., in Inorgamec Syntheses, 6, 16 (1060). 
18 Duyokacrts, G., Spectrochem. Acta, 7, 25 (1655). 
44 Bonhomme, J., Spectrochsm,, 7, 82 (1955). 


Use of N,N-bis(2-cyanoethyl) Formamide as 
a Liquid Phase for Gas Chromatography 
Many liquid phases for gas chromatography have 

been developed since the advent of this technique. 

Usually these liquid phases have been used for 

specific problems. One of the most versatile of the 

liquid phases, B,6’-oxydipropionitrile, was first used 
by Tenney’. This phase has since become a standard 
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Table 1. X, XF-Bie(2,OANO grr FORMAMIDE 20 PHR CENT OX 
30-60 MESH Freepriok AT 80°O. ar 75 ML/MIN. HELIUM 
Retention Retention 
time (muin,) time (mun.) 
relative Clasa relative 
air to air 
H bons Estors (continted) 
n-Pentane 25 n-Butyl acetate 12°5 
A AE 06 Isopropyl acetate 46 
n-Deocan 2-75 Tertiary butyl 
2,2 4- Trimethyl aceta 3-5 
en ntans 10 Methyl late 7-5 
yelo-hexane 0-75 end acrylate 80 
Benzene 50 Methyl methacrylate 85 
Toluens 8 Ethyl methacrylate 0-25 
Ethyl benzens 126 Isopropyl acrylate 7-0 
yrene 28*6 Sec. butyl acrylate 10-5 
Esters Halogenated Compounds 
Methyl acetate 5-0 Mothylene chioride 4°5 
Ethyl acetate 5-5 Chloroform 8-0 
n-Propy] acetate 8-0 Carbon tetrachloride 2°0 


of the highly selective polar compounds. One 
disadvantage which this material possesses is 116 
relatively high vapour pressure. 

This communication deals with a liquid phase 
developed in these laboratories which has approxim- 
ately the selectivity of 8,8’-oxydipropionitrile but has 
considerably less vapour pressure. This new phase, 
developed with the assistance of Dr. N. Bortnick, 
has been in use for approximately two years. The 
compound WN,N’-bts-(2-cyanoethyl) formamide was 
synthesized in these laboratories and successfully 
used as a liquid phase for the separation of isomeric 
esters and hydrocarbons. 

8,8’-Oxydipropionitrile has a maximum usable 
temperature somewhere below 80° C., at which point 
it starts to deteriorate very rapidly. N,N-bts(2-cyano- 
ethyl) formamide, on the other hand, is stable to at 
least 125° C. 

Typical separations of various classes of compounds 
are listed in Table 1. These separations were carried 
out on conventional gas chromatographic equipment 
under as constant conditions as possible. Detailed 
conditions of the operating parameters are not in- 
cluded, since these will be set by the investigator 
for each particular problem. 

Table 1 includes only a few of the compounds 
separated with this substrate. Columns using this 
liquid at 85° C. have been in constant use for more than 
a year with no apparent change in retention time. 

Gino J. FRISOMK 
Research Laboratories, Rohm and Haas Company, 
Philadelphia 37, Pa. 


Tenney, H. M., Advances in Gas Ohro — D-27, Amer. Chem. 
. Meeting, September 8-13, 16957, York, 


RADIATION CHEMISTRY 


Radiation-induced Radicals in Water, 
Deuterium Oxide and Aqueous Solutions 
of Glycine at Low Temperatures 

WHEN aqueous solutions are exposed to ionizing 
radiation, free radicals are induced, which can be 
stabilized, at low temperatures and studied by electron 
spin resonance technique. The resonance of water 
will be superumposed on the resonance from the 
solute, and in order to analyse the composite electron 
spin resonance spectra, the resonance pattern of 
water must be well known. The proposed primary 
producte, for example, OH-radicals and hydrogen 
atoms, have recently been identified by electron spin 
resonance spectroscopy’. Hydrogen atoms are 
stabilized in pure water at 4:2°K. (ref. 1) or in 
acidified water at 77° K. (ref. 2). Recently, Siegel 
et al.2 have found OH and OD radicals stabilized 
at 77° K. in water and deuterium oxide respectively. 
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As part of an investigation of radiation-induced 
radicals in frozen aqueous solutions, I have exam- 
ined the electron spin resonance centres induced in 
irradiated water and deuterium oxide. I have con- 
firmed the work of Siegel et al.* that OH and OD radi- 
cals are stabilized at liquid nitrogen temperature. In a 
glycine solution I found the water resonance super- 
imposed on a resonance of radicals induced in glycine. 

Samples of water, deuterium oxide and a 
1 M glycine solution were frozen in cylinders of 
4-mm. diameter, and exposed to 220 kV. X-rays at 
77° K. The radiation doses administered were in the 
region 1 x 10° r. to 6 x 10' r. The spectrometer 
operates at a frequency of 9,200 Mc./sec., uses crystal 
detection, 110 ko./sec. modulation frequency, and a 
transmission cavity immersed in liquid nitrogen. 

The electron spin resonance of irradiated wator 
(Fig. 1) shows a doublet with a broad superimposed 
resonance. In deuterium oxide a triplet is observed 
instead of the doublet, and the broad resonance 1s 
also somewhat altered. The doublet and the triplet 
are the resonance patterns of OH and OD radicals 
respectively. The broad resonance of water has 
been ascribed to both HO, radicals? and H,O+ ions (ref. 
4). The possibility should also be considered that this 
is the resonance of trapped polarons, which were 
recently proposed by Weiss*. It should also be men- 
tioned that hydrogen atoms do not seem to be 
stabilized in pure water at 77° K. 

The doublet has a splitting of 41-5 gauss compared 
with the triplet splitting of 6-5 gauss. This gives a 
splitting ratio of 6-4 compared with the theoretical 
free atom hyperfine splitting ratio of 6-5. This 
difference, which is within experimental error, may 
also be due to different effects of the matrix. 

In Fig. 2A, the initial resonance of an irradiated 
1 M glycine solution is shown. The OH-doublet and 
the low field tail are easily recognized. In more highly 
concentrated solutions the water resonance becomes 
more and more masked. 

When a frozen sample is gradually warmed, the 
rediation-induced electron spin resonance centres 
diffuse and take part in secondary reactions. When 
this occurs, the electron spin resonance spectra will 
be changed or sometimes quenched. This possibly 
implies that electron spin resonance spectroscopy 
can be used in the study of some of the secondary 
reactions which occur im an uradiated aqueous solu- 
tion. Since the water radicals are quite unstable, 
they will take part in reactions even at rather low 
temperatures. Thus, when the glycine solution was 


2 H,O 
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trr 
60 gauss 


.1. The qualitative electron spin resonance spectra of water 
| deuterium oxide ted and measured at 77° K. The curves 
represent the first at i — — absorption curves. Dose: 
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Fig. 2. Curves A, B and O show the qualitative electron spin 

resonanco spectra of an aqueous glycine solution at 77* K. 

Curve .A represents the composite pattern of water and preme, 

curves B and C show the effect of annealing at 193° K. Curve D 

is the well-known polycrystalline glycine resonance, observed at 
room temperature 


annoaled at 193° K. for 15 sec. the water resonance 
was quenched (Fig. 2B), and the resonance of the 
glycine solution then consists of a triplet with some 
other resonance superimposed. On further annealing 
at 193° K., the latter disappears, whereas the triplet, 
shown in Fig. 2C, is stable, nearly up to the melting 
point of the solution. It is interesting to note that 
this triplet is more or less the same as the resonance 
found in polycrystalline glyome at room temperature 
(Fig. 2D). This resonance may possibly be ascribed 


to -CH,COO- or NH,*+CHCOO- radicals. 
This work is supported by the National Institutes 
of Health, U.S. Public Health Service. 
THORMOD HENRIKSEN * 
Norsk Hydro’s Institute for Cancer Research, 
Norwegian Radium Hospital, Oslo. 
* Fellow of the Norwegian Cancer Socloty. 
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BIOCHEMISTRY 


Distribution of Cystine Aminopeptidase 
Activity (Oxytocinase) in Human 
Pregnancy Sera 

THE ability of human prognancy sera to inactivate 
oxytocin was first discovered by Fekete! in 1930. The 
enzymatic nature of the reaction was later demon- 
strated by Werle e al.*3. Using a biological 
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method (the residual oxytocin after incubation with 
pregnancy serum being assayed on isolated rat’s 
uterus) Werle and Semm*‘ demonstrated that a 
substantial part of the oxytocinase activity of the 
serum is recovered in the supernatant after half- 
saturation with ammonium sulphate. Moreover, 
using continuous electrophoresis, they localized the 
enzyme to the cathode aide of the albumin flow. 

In 1957, Tuppy and Nesvadba® localized the site of 
action of the enzyme to the peptide bond between the 
tyrosine and cystine fractions of the oxytocin mole- 
cule. Accordingly, they mtroduced a chemical method 
for estimating the enzyme, using the synthetic 
substrate L-cystine-di-§-naphthalamide. 

We used this chemical method to locate the enzyme 
in the serum proteins of women in late pregnancy. 
Various techniques were used, including fractional 
precipitation methods and paper electrophoresis. 

(1) Ammonium Sulphate Fractionation. Four fresh 
full-time pregnancy sera were investigated. After 
half saturation with ammonium sulphate, an average 
of 77-5 per cent of the enzyme activity was recovered 
in the supernatant and 6-0 per cent in the deposit. 
The average total recovery was 83-5 per cent. 

(2) Paper Electrophoresis. The separation of the 
serum proteins was carried out under the folowing 
conditions: 

A. volume of 0-1 ml. serum was applied in a linear 
fashion to each of two cellulose acetate paper strips 
(‘Oxoid’). Electrophoresis was carried out in sodium 
barbitone buffer, ionic strength 0-1 and pH 7:9 (ref. 5). 
Through each strip a current of 0-3 m.amp. per om. 
was run for approximately 17 hr. 

One of the strips was then dried and stained for the 
various protein bands with lissamine green and 
afterwards used as a marker. 

The other paper was cut up into 1-cm. strips while 
still wet. The strips were then carefully transferred to 
small test tubes containing 1-0 ml. of a mixture of 
sodium barbitone buffer and distilled water’. The 
strips were completely submerged and allowed to 
stand for 24 hr. in the refrigerator. 

To each of the eluates 0-25 ml. of substrate solution 
was then added and the mixtures incubated for 24 hr. 
at 37°C. The reaction was finally stopped by 
adding 0-75 ml. of 10 per cant trichloroacetic 
acid. The tubes were then centrifuged and the 
8-naphthylamine content of 1:0 ml. of the supernatant 
estimated. The recoveries in the various fractions 
were calculated in terms of mgm. §8-naphthylamine/100 
ml. serum/hr. and compared with the total enzyme 
activity of the sera as determined by Tuppy’s method. 

The maximum cystine aminopeptidase activity was 
found on the cathode side of the «,-globulin fraction 
with a considerable overlap both into the æ,- and as 
globulin bands (Fig. 1). The total recovery in 3 con- 
secutive experiments averaged 31:4 per cent of the 
original activity in the sera. No enzymatic activity 
weas recovered in the albumin, B- or y-globulin fractions. 

The results indicate that the cystine aminopepti- 
dase of human pregnancy sera does not occupy 4 
sharply defined band using an electrophoretic separa- 
tion; but is recovered both in the «,-globulin and 
“,-globulin fractions and in the zone in between. 

Our percentage recovery is in good agreement with 
that obtained by Werle and Semm‘ using continuous 
electrophoresis. The cystine aminopeptidase activity, 
however, has a different d'stribution than the ‘oxyto- 
cinase’ assayed biologically by Werle‘. 

It thus seems to us that the ‘oxytocinase’ and 
‘systine aminopeptidase’ activities of pregnancy sera 
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Fig. 1. Electrophoresis on cellulose acetate membrane, showing 

the various protem bands, the pomt of maximum cystine amimo- 

peptidase activity (marked with an arrow) and the range of 
enzyme activity (marked with the straight line AB) 


are separable to some extent by electrophoresis. This 
is not in agreement with the findings of Stoklaska and 
Wintersberger (quoted by Tuppy‘), who, however, 
used fractional precipitation and chromatographic 
techniques. 

A. M. RIAD 

F. J. SOANDEETT 

Clinical Research Laboratory, 
Department of Obstetrics and Gynæcology. 
University of Edinburgh. 
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Action of Alkali on Cytochrome Oxidase 


in his first paper on cytochrome, Keilin! reported 
in 1925 that the -band of the ferrocytochrome at 
604 mu was shifted to 576 my by the action of 
potassium hydroxide on bee muscle and yeast cells. 
He ascribed this to a modification of his component a 
of cytochrome (later recognized as a mixture of 
cytochromes a and a;) into a ‘hemochromogen 4’. It 
appears romarkable that this shift of 28 mp towards 
the blue, which is far greater than that accompanying 
the alkaline denaturation of other hzemoproteins 
except chlorocruorin, caused practically no comment. 
The action of strong alkali on cytochrome oxidase 
preparations has to my knowledge never been 
examined again for thirty-five years after Keilin’s 
original observation. 

Kiese and Kurz? and Morell, Barrett, Clezy and 
Lemberg’ found that hsmoproteins synthesized by 
combination of hem a with native proteins had 
a-absorption bands at 590-596 my which were shifted 
to 573-575 mz by alkali denaturation of the protein; 
the hmmochromes with other nitrogenous bases had 
their «-band at 587-594 my. The difference of the 
‘denatured protein hamochromes’? from the other 
hsemochromes a was explained by Lemberg et al.3-* 
as due to the combination of the formyl side-chain of 
hsm a (and other formylhems such as chJorocruoro- 
hem) with amino groups of denatured proteins at 
high pH to form Schiff bases. These Schiff bases were 
only stable at high pH and were split with tho re- 
formation of hem a compounds by noutralization. 

Cytochrome oxidase was prepared by the methods 
of Smith and Stotz’ and Yonetani®, both with modi- 
fications. The absorption spectra of these prepara- 
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tions were practically identical with those reported by 
Griffiths and Wharton’ for the solution in bile salt, 
and by Yonetani® for the solution in ‘Emasol’, but 
the preparation obtained within trypsin was more 
stable, even in the absence of ‘Emasol’. 

Purified cytochrome oxidase was exposed to the 
action of sodium hydromde, and the alteration of the 
absorption apectra of the ferric, ferrous and ferrous— 
carbon monoxide compounds was studied spectro- 
photometrically. By the action of 0-1-0-3 N (final 
concentration) sodium hydroxide on the dithionite- 
reduced enzyme solution at room temperature, the 
a-band was gradually shifted from 604 mu to 575 mp, 
the same position as that found for the Schiff base 
hemochromes of other denatured proteins; the 
a-band was shifted from 444 mp to 425 mu. As on 
neutralization precipitation occurred, it was not 
possible to demonstrate the reversion to hzmoprotein 
a which had been carried out with the other Schiff 
bases’. However, addition of pyridine containing 
some hydrochloric acid gave the spectrum of pyridine 
hsmochrome a with its maximum at 687 mu. In 
the presence of carbon monoxide, the Schiff base 
carbon monoxide-hemochrome was formed which 
had maxima at 585 my and 423 mu. 

By the action of alkali on ferric oxidase ite «-band 
at 600 mp was decreased and finally replaced by a 
less-distinct band at 585 myu while the y-band was 
shifted from 420 mu to 410 mu. With strong alkali 
(final pH > 13) an absorption band at 635 my due to 
the formation of some free hematin a appeared at 
first, reaching a maximum after 5 min. This band 
rapidly decreased again and the remaining maximum 
at 600 mu was gradually shifted to 585 mu. This 
reaction became complete in 2-3 hr.; dithionite then 
produced the Schiff base hamochrome with bands at 
575 and 425 mu. At pH 11-0-11-5, however, the 
transformation to the Schiff base ferrihzamochrome 
could be carried out without intermediate formation 
of the free hæmatin a and no band at 635 my appeared. 
Splitting of the alkali-treated ferric oxidase with 
acetone—hydrochloris acid yielded ether-soluble 
hemin a in a yield exceeding 60 pe: cent, which is 
thus set free from its Schiff base. Its pyridine hæmo- 
chrome showed only the 587 mp band of pyridine 
heamochrome a. 

The 576-mu absorption band observed by Keilin 
can therefore be ascribed to the formation of the 
denatured protein hmmochrome of the Schiff base of 
hem a. 

It was found possible to obtain transformation of 
cytochrome oxidase into typical hemoproteins æ in 
the initial stages of the action of alkali at pH 11-5. 
Cytochrome oxidase is anomalous in that: (1) the 
position of the a-band is at 604-605 my like that of 
ham a, not that of ferrohwmo-proteins a (590-596 
mp)%3,6; (2) carbon monoxide shifts the a-band 
partially towards the blue (cytochrome a,) whereas 
the a-bands of other hsmoproteins a are shi 
towards the red**, Observations in the recording 
spectrophotometer have shown that these anomalies 
disappear before Schiff base formation occurs to any 
extent. The absorption band of the ferrous compound 
is shifted at once to 593 mu, that of the carbon 
monoxide compound to 601 my so that it now lies on 
the long-wave side of the band of the ferrous com- 
pound. Cytochrome oxidase is thus readily converted 
into a typical hssmoprotein a. 

Further work is required to investigate whether 
cytochromes a and a, can be differentiated by their 
sensitivity to dilute alkali. These reactions may also 
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throw light on the nature of bonding of the prosthetic 
group, particularly in cytochrome a, 

From cytochrome oxidase preparations aged at 
4° C., Elliott, Hitlamann and Slater! split off a 
hemin giving a pyridine hsmochrome with absorption 
maxima at 575 mu and 425 my, identical with those 
reported above for alkali-denatured ferrous cyto- 
chrome oxidase. While the hmm of these hmmo- 
chromes appears to differ from the Schiff bases of 
hem a by its greater stability to acid acetone, and the 
fact that the hsmoprotem from which it was derived 
had been obtamed at neutral pH, it does not appear 
impossible that Schiff bases of greater stability can 
be formed from hæm a with certain denatured pro- 
teins. The ‘eryptohsemochrome’ obtained by 
Morrison!!! had been obtained from cytochrome 
oxidase aged in the same manner, but appears to 
differ from that of Elliott et al. by the position of its 
a-band at 581 my, instead of 575 my. 

Special care is required in the interpretation of 
absorption maxima in the region of 570-580 mu to 
exclude Schiff base formation from formylhams in 
the presence of protein in alkaline solution. 

These investigations were carried out under grants 
from the Australian National Health and Medical 
Research Council, and the Post-Graduate Foundation 
of the University of Sydney, to whom I am particu- 
larly indebted for the Perkin Elmer recording spectro- 
photometer. My thanks are due to Miss N. Newton 
and Miss Lyndall Clerke for the preparation of 
cytochrome oxidase. R. LEMBERG 
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Ribonuclease of Bacillus cereus 


PRELIMINARY work on the biochemical effects 
induced by pancreatic ribonuclease on Bactllus 
cereus cells led us to investigate the normal level of 
RNase at different growth stages. It is a well-estab- 
lished fact that bacterial cellis form intra- as well as 
extra-cellular ribonucleases, but the mformation 
concerning their role is meagre}. 

The experiments reported here were performed 
with B. cereus N.R.R.L. 569 cells grown in hydrolysed 
casein medium as described in ref. 4. RNase activity 
was estimated, by following the increase of non- 
acid-precipitable substances absorbing at 260 my 
after 15 min. of incubation (37° C.) with ribonucleic 
acid (RNA) as substrate’. RNA was purified by 
Chargaff’s technique’. The activity is expressed in 
arbitrary units! per mgm. of bacterial dry weight. 
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To establish whether RNase was an endo- or an 
extra-cellular enzyme, the distribution of RNase 
activity in B. cereus cultures was investigated as 
follows. Cells collected by centrifugation were 
washed twice with fresh medium or phosphate buffer 
pH 7 and resuspended in buffer solution pH 7 con- 
taining 0:01 M dipotassium hydrogen phosphate, 
0:0167 M magnesium sulphate and 0-03 M glucose’. 
Gelatin (0-01 per cent) was also added to prevent 
adsorption of the enzyme on glass*. The cells were 
disrupted in a French pressure cell at 10,000 Ib./in.? 
(ref. 9). RNase was measured directly in these cell 
preparations, in the supernatant, and in the cell 
debris obtained from them by centrifugation 
(10,000g). The supernatant fluid of the culture was 
also assayed. Table 1 shows the results of one experi- 
ment under these conditions. It may be seen that 
RNase activity was only detected in the lysate and 
in the supernatant fluid obtained from it. Traces of 
activity were found in the culture medium after 10 or 
12 hr. of growth, when lysis may occur. Thus, RNase 
in B. cereus appears to be an endo-enzyme. These 
results agree with those reported by Barker and 
Cannon’, who have found that RNase in M. lysodetk- 
ticus is an endoenzyme, but they are different from 
those in refs. 1 and 2. These authors have shown the 
presence of intracellulsar RNase in B. subtilis, but 
also accumulation of large amounts of a different 
RNase in the culture medium. 


Table 1. BRNAsSR DISTRIBUTION IN B. cereus CULTURES 
RNase activity (unita/mgm. dry wt.) 
5 hr. f br. 24 Er, 


Culture medium 0 0 10 
Ceil preparation (lysate 600 1,800 400 
———— from lysa 660 1,816 380 
debris 0 0 0 
B. cereus cells were grown inh orol yson cases madiun ana all pa 
of the culture collected at intervals. on aso eee of the 


and of the lysed p reparations wer termined b — the 
tion at 260 tn of aonaid. iin ipltablo breakdown produots 
released after 15 min. of incubation at 37° 


The RNase content of B. cereus cells at different 
stages of the logarithmic growth curve was investi- 
gated by measuring the enzyme activity of disrupted 
cell preparations. Fig. 1 shows the results obtained in 
one experiment. Bacterial densities, ressod as 
mgm. dry wt./ml., have been plotted logarithmically 
in Fig. 1. It may be noticed that RNase content 
increases as the culture ages during the logarithmic 
phase and the onset of the stationary phase. After 
reaching a peak, it decreases to a low but constant 
value. 

Variations in the activity of RNases in other micro- 
organisms have already been reported. Suskind and 


Bonner?® have found that in wild-type strains of 
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Neurospora crassa the RNase-level of mycelia inoreases 
with age. On the other hand, Barker and Cannon? 
have observed that the RNase content of Mtorococcus 
lysodetkticus is constant during the logarithmic 
phase, showing a higher and increasing value for a 
short period at the onset of the stationary phase. 
From these observations it becomes apparent that the 
RNase content of micro-organisms can vary widely 
under different physiological conditions. 

This work was supported by a grant from the 
Commission for Promotion Research, Faculty of 
Medicine, University of Chile. 
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Effect of Thermally Induced Structural 
Transitions on the Ultra-Violet 
Fluorescence of Proteins 


it hag beon shown by Weber»? and by Tesle? that 
the. ultra-violet fluorescence spectra of proteins 
containing tryptophan resemble that of tryptophan 
itself. The wide variations found by Teale and Wéber 
among different proteins as to both quantum yields 
and polarization spectra imdicate that the local 
environment of the tryptophan groups 18 an 
important factor in their emission properties. Thus 
if is reasonable to predict that any major structural 
transition of a protem which results in some important 
modification in the environment of its tryptophans 
would be reflected by alterations in its emission spectra. 
This communication will be confined to fluorescence 
changes resulting from thermally induced structural 
transitions. As the three proteins selected all contain 
tryptophan, it is probable, in view of the resulta of 
Teale’, that virtually all the observed emission at 
340 mp (activated at 290 mu) arises from this group. 

A modified Aminco spectrofluorometer with an 
Osram light source was used. The introduction of a 
hollow-cell jacket, through which water could be 
orculated from either of two baths get at 5° and 80°, 
permitted rapid variation of cell temperature from 
10° to 60° in 10 min. 

Crystalline pepsin and a purified sample of pep- 
gsinogen were supplied by the Worthington Bio- 
chemical Corporation. As an example of y-globulin, 
purified rabbit antibody to bovine thyroglobulin was 
prepared by the method of Metzger and Edelhoch‘. 

The enzyme pepsin is irreversibly denatured at a 
critical range of neutral pH, which depends on ionic 
strength and temperature. Edelhoch has shown that 
the product of this transition has the properties of a 
largely unorganized polyelectrolyte®. The transform- 
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T CG.) 
Fig. 1. Relative fluorescence intensity as a function of — 


The protein concentration is 0-1 gm,/l. in each cage. e WaVe- 
le of activation and emission are 290 mu and 340 my, 
respectively. Intensities are normalized with respect to a control 
solution at 24-0° 0. Filled pointe represent reversals. Intensities 
were m immediately after attaimment of the given tem- 


perature. Upper, pepsin, in 0-001 M tris, 0-001 M KOL; Q, pH 

61; 4, pH 71; O, pH 7-6; O-, pH 8-0. Middle, pepstnogen 

in 0-001 M tris, 0-001 M KOL; O-, pH 7:6; O, pH 85; Q, PH 

93. Lower, rabbit »lobulin (anti-thyroglobulln antibody) 

in 0-01 M KOL (+, pH 7-1; Cl, pH 11:8; n reversed from 
85°, pH 11:8; W, reversed from 63°, pH 11-8 


ation may be brought about by raising the tem- 
perature at constant pH, an alkaline shift of pH 
serving to lower the critical range of temperature’. 

Herriott has shown that the zymogen, pepsinogen. 
undergoes a reversible denaturation in a pH-range 
well to the alkaline of that for pepsin’. This change 
can also be brought about thermally at constant pH 

ref. 7). 

At 4 pH somewhat acid to the denaturation zone 
for pepsin (pH 6-1) or pepsinogen (pH 7-6) the curves 
of relative intensity versus temperature showed an 
essentially linear and reversible decrease from 10° to 
50° (Fig. 1). At more alkaline »H’s linear initial and 
final regions were separated by a transition zone of 
rapid decrease of intensity with temperature, which 
was shifted to progressively lower temperatures as the 
pH increased. On cooling from a temperature above 
the critical range, the reverse curve appeared as a 
linear prolongation of the high-temperature region. 

In the case of pepsinogen, but not pepsin, most 
(95-99 per cent) of the mitial intensity could be 
recovered on rapid readjustment of the pH to 
7-0 at 25°. The data of Fig. 1 were obtained for a 
low ionic strength (0-002). In 1-0 M potassium 
chloride most of the effect was lost, a thermal cycle of 
pepsinogen between 10° and 60° at pH 8'5 resulting in 
only a slight (< 5 per cent) drop in intensity. 

The preceding results indicate that a major quench- 
ing of the ultra-violet fluorescence of pepsin and 
pepsinogen accompanies their thermal denaturation 
at low ionic strength. The two examples seem 
basically similar, except for an alkaline displacement 
of the effect in the case of pepsinogen. The open 
character of denatured pepsin’ suggests that exposure 
of its tryptophan groups to the polar solvent may be 
a major factor in the quenching. The shrinkage of the 
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molecular domain of the denatured protein in 1-0 M 
potassium chloride’ may be surmised to result in 
some degree of shielding from the solvent, thereby 
suppressing the effect. 

At »H’s above 11 y-globulin undergoes important 
changes in its molecular kinetic, optical rotatory, and 
solubility properties*:*. The contmuous transition 18 
favoured by an increase in pH or temperature. An 
increase in pH lowers the temperature required to 
attain a given level of transformation and vice versa’. 

At pH 7 (in 0-01 M potassium chloride) the intensity 
decreases in & linear and reversible manner between 
10° and 63°. At pH 11-8 the curve 1s lnear and 
reversible up to about 35°. At higher temperatures a 
pronounced increase in intensity with temperature 
occurred (Fig. 1). Dependence on time makes 
the exact shape of the curve in the transition zone 
somewhat arbitrary. The data of Fig. 1 refer to 
intensities measured immediately after attamment 
of the indicated temperature. The curve obtained 
on cooling from 63° was linear, but with a major 
degree of exaltation over the forward curve. 

Clearly much more work will be required to sort 
out the specific molecular features responsible for the 
quenching or exaltation accompanying the trans- 
formations discussed above. Since each of the latter 
probably results in a transition to a more open and 
solvent-permeable state, it is obvious that the change 
from a non-polar to a polar environment for the 
tryptophans may be an important factor. Other 
possibilities include the separation of the trypto- 
phans from particular quenching centres as a result 
of any inflation of the molecular domain accompany- 
ing denaturation. 
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Effects of L-Phenylalanine and Sodium 
Phenylpyruvate on the Formation of 
Melanin from L-Tyrosine in Melanoma 


L-PHENYLALANINE inhibits the enzymatic oxidation 
of L-tyrosine by tyrosinase from mushrooms! and 
from Harding-Passey mouse melanoma’. This evid- 
ence indicates that the high blood concentration of 
L-phenylalanine found in phenylketonuria might be 
largely responsible for the reduced pigmentation 
associated with this disaase!*. This explanation 
would be more acceptable if it could actually be 
shown that L-phenylalanine inhibits the formation of 
melanin’. Mereover, as phenylpyruvic acid is also 
found in the blood of phenylketonuria patients it was 
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of interest to see whether this substance can affect 
formation of melanin. The present communication 
reports the effocts of these aromatic acids on both the 
enzymatic activity of tyrosinase and the conversion 
of L-tyrosine to melanin. 

Melanoma S 91, carried in DBA/1 mice, was 
homogenized in phosphate buffer, pH 6-8, and 
used as the source of both tyrosinase and melanin. 
Activity of tyrosinase was estimated by mano- 
metric measurement of oxygen consumption in 
a conventional Warburg apparatus. The homogenate 
was placed in the side-arm of the manometer flask and 
added to the other components at zero time. The 
results show that a mixed substrate, consisting of 
nine parts L-tyrosine and one part 1-3,4-dihydroxy- 
phenylalanine (DOPA), is oxidized at a steady rate for 
2 hr. after a lag in time of about 15 min. The mixed 
substrate was used as the addition of a small propor- 
tion of dopa diminishes the lag period during L-tyro- 
sine oxidation by 75 per cent. The results of Table 1 
indicate that both t-phenylalanine and sodium 
phenylpyruvate have a marked inhibitory effect on 
the enzymatic oxidation of this mixed substrate, with 
approximately 30 per cent inhibition at a concen- 
tration (1 mM) equimolar with that of the mixed 
substrates. 


Table 1. ERFEOCTS OF VARIOUB CONCENTRATIONS OF I-PHRNYI- 
ALANINE AND SODIUM PHENYLPYRUVATR ON THE OXIDATION OF A 
MISTURE OF I-TYROSDYS — Bil — 1) BY S91 MELANOMA 
OM 
Concen- nuptake Percentage 
Compound tration att 2 br.) inhibition. 
(mM) Exp. 2 Mean 
L-Phenylalanine — pis — — 
1 69 59 $1 
5 56 51 42 
10 52 44 48 
20 48 83 59 
80 28 28 70 
60 25 22 74 
Sodium phenylpyruvate — 90 114 — 
1 68 85 30 
5 54 65 42 
10 44 48 5A 
20 87 44 60 
80 25 27 74 
50 21 18 80 


Reaction mixture: 1 mA substrate, 0-067 M phosphate buffer, 
pH 6-8, 250 mgm. wet t of melanoma and various concentrations 
of test compounds. To volume, 8 ml; atmosphere, oxygen; 
temperature, 38°. 


The formation of melanin from t-tyrosine was 
measured by the incorporation of carbon-14 from 
[2-140] -tyrosine into the pigment. Conditions 
were the same as in the manometric experiments 
except that all volumes were increased ten-fold and 
radioactive tyrosine was used. Incubations were 
carried out under a continuous stream of oxygen in 
conical flasks (200 ml. capacity), which were shaken in 
a water bath at 38°. As before, the homogenate and 
other components were equilibrated separately. 

After incubation, the pigment granules were isolated 
by differential centrifugation in 0-26 M sucrose‘. 
Centrifugation of the mixture at 700g for 10 min. 
brought down the nuclear fraction. Centrifugation 
of the supernatant at 5,000g for 10 min. brought 
down the melanin granules, which were re-suspended 
in 0-25 M sucrose and centrifuged in the same way. 

Purification of the pigment was based on the fact 
that melanin is soluble in hot aqueous sodium 
hydroxide, but insoluble ın water, acid and all 
common organic solvents’. The residue was taken up 
in water, precipitated with a few drops of concentrated 
hydrochloric acid and centrifuged. After bemg 
washed with water, the residue was boiled for 6 min. 
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with N sodium hydroxide and again centrifuged. 
Some of the acid-soluble residue was not soluble 
in alkali and was discarded. The alkaline supernatant 
was acidified with concentrated hydrochloric acid to 
re-precipitate the pigment. Solution in alkali and 
precipitation with acid were repeated twice. The 
residue was washed repeatedly with water and a 
sample of the last washing was plated and counted to 
ensure that no radioactive tyrosine was still present. 
The residue was washed with acetone, transferred to 
an aluminium planchet of known weight and dried 
to a constant weight. By this method of isolation and 
purification, the yield from 2-5 gm. wet weight of 
melanoma was 5-8 mgm. dry weight of melanin. 
Radioactivity was measured with a thin-window 
Geiger-Millor tube which had 6 per cent efficiency. 
Corrections were made for background and for self- 
absorption and the radioactivity of the melanin was 


expressed as actual counts/min./mgm. dry weight. 


Table 2. HKRFECTS OF L-PHENYLALANINE AND SODIUM PHEXYI- 
PYRUVATE ON THA INCORPORATION OF CARBON-14 FROM [2-10] 
L-TYROSIWM INTO OF S01 MELAKOMA HOMOGENATR 

Radioactivity 
Gongen- 


counta/min.jmgm. Percentage 
Compound tration dry wright melanin) inhfbitton. 
(mM) ; Exp. 2 Mean 
L-Phenylalanine — 232 243 — 
1 162 176 29 
5 150 146 88 
10 136 114 47 
20 128 102 61 
86 — 04 61 
Sodium phenytpyruvate — 226 248 — 
1 150 164 84 
5 144 138 40 
10 113 126 50 
20 90 118 57 
80 — 111 55 
Reaction mixture: 1 mAf substrate ([2-*0] L-tyroaine : 1~DOPA 
8:1), 0087 M panes buffer, pH 68, 2-6 gm. wet weight of S 91 
melanoma and vario Total 


us concentrations of test cupom 

volume, 30 ml; atmosphere, oxygen: temperature, 38°; Inoubation 
time, 2 hr. Tnitlal radioactivity of [2-!C] L-tyrosine: 117,000 counts/ 
min./fiask. Molanin was isolated as d bed In tert. 


Results given in Table 2 show the effects of various 
concentrations of L-phenylalanine and sodium phenyl- 
pyruvate on the incorporation of carbon-14 into 
melanin. The inhibitory effects of both compounds 
are similar to those on enzymatic oxidation (Table 1}. 
ets the inhibition seems to be competitive 

ig. 1). 

Competitive inhibition of the formation of melanin 
from L-tyrosine is suggested by dietary experiments 
with phenylketonuria patients. On a low-phenyl- 
alanine diet, the characteristically blond hair of these 
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Fg. 1. Lineweaver-Burk analysis of the Inhibition of tyrosinase: 
Reaction mixture: 250 mgm. wet weight of S91 melanoma 
0 087 M phosphate buffer, pH 6'8, and various concentrations of 
substrate (L-tyrosine . L-dopa, 9:1). The lower curve im each 
gseotion represents enzymatic oxidation in the absence of any 
supplement; the oppor surve represents nya oxidation in the 
presence of the following compounds. (a) 1 mM sodium phenyl- 
pyruvate; (b) 1 mM I-phenylalanine. YV, ul. O 


b gen uptake 
in 2 bhr.: S, substrate concentration ( 
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patients becomes darker®’?. This phenomenon is 
associated with a reversion to normal blood levels of 
t-phenylalanine. Darkening of the hair can also be 
caused by feeding large doses of L-tyrosine®. 

We have reported elsewhere’ that phenyipyruvate, 
but not t-phenylalanine, inhibits the formation of 
adrenaline from L-tyrosine tn vitro and that ıt may 
be responsible for the low plasma adrenaline concen- 
trations of phenylketonurics. The present results 
suggest that it is at least partly responsible for the 
reduced pigmentation of these patients. In normal 
human blood the concentration of both L-tyrosine 
and L-phenylalanine is approximately 0-05 mM 
(ref. 10) and phenylpyruvate cannot be detected. 
In the blood of fasting phenylketonuria patients the 
L-tyrosine concentration remains unchanged, but 
phenylalanine and phenylpyruvate may reach con- 
centrations of 2-5 mM and 0-1 mM, respectively! 1, 
The molar ratio of L-phenylalanine/L-tyrosine is thus 
50: 1 and that of phenylpyruvate/t-tyrosine is 2 : 1. 
Table 1 shows that with these ratios, and a tyrosine 
concentration of 1 mM, the inhibition of oxidative 
activity reaches 74 and 30 per cent, respectively. It 
is reasonable to conclude that L-phenylalanine is 
chiofly responsible for reduced pigmentation, but that 
phenylpyruvate is also effective. 

We are most grateful to Eli Lilly and Co. and the 
National Research Council of Canada for financial 
assistance that made this work possible. 
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Manganese as a Modifier of the Liver 
Tryptophan Pyrrolase Activity 

Ts injection of tryptophan! or cortisone? markedly 
increases the tryptophan pyrrolase activity in rat 
hver. Tanaka and Knox® identified this enzyme as an 
iron porphyrin protein. Feigelson and Greengard‘ 
have found that addition of microsomes stimulates 
the tryptophan pyrrolase activity of cell sap of rat 
liver homogenate and that addition of hmmatin has 
also an activating effect. These authors suggest 
further that the iron porphyrin behaves as a disso- 
ciating cofactor of this enzyme*. One of us described 
that foetal liver cell sap? and boiled cell saps from 
various organs of adult rata’ are able to elevate the 
tryptophan pyrrolase activity when added to the 
adult liver cell sap. Recently, Pitot? has shown that 
manganese ions are necessary for the release of trypto- 
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phan pyrrolase from microsomes. The present work 
was undertaken to determine the effect of Mn** on 
the tryptophan pyrrolase activity of cell sap of rat 
liver homogenates. 

Livers of adult female Wistar rats weighing about 
250 gm. were homogenized in an MSH high-speed 
homogenizer in 7 vol. 0-14 M potassium chloride 
containing 0-0025 M sodium hydroxide and 0-0003 M 
pDiL-tryptophan. The homogenates were centrifuged 
at 54,000g for 60 min. at 0°. The activity of trypto- 
phan. pyrrolase ın the supernatant (1 ml.) was assayed 
by the method described by Knox’ in the presence of 
phosphate or tris buffer (1 ml. of 0-2 M tris buffer pH 
7:2 in 4 ml. of assay medium), 


Table 1. Errsor o¥ MN} ON THA LIVER RLL Sap TRYPTOPHAK 
PYREOLASH ACTIVITY (IN tris BUFFER) 
Addition Tryptophan pyrrolase acti 
(moles/4 ml. agsay medium) (“moles Kynurenine/hr./1 gm. vier) 
None 112 
Mn** 83x10 L12 
Mn* 3x 10-7 1-39 
Mnt 8x1lo' 214 
Mn*+ 8x10- 0:47 
Mnt 8x 104 O50 


As is evident from the Table 1 the addition of Mn*+ 
as sulphate showed a modifying effect on the trypto- 
phan pyrrolase activity. It was found that in the 
most part of enzymatic preparations the addition of 
Mn* stimulates the activity of this enzyme in the 
liver cell sap. Higher concentrations of Mn*+ in the 
assay medium showed an inhibitory effect. The 
optimal concentration of Mn* for the activation of 
the most part of our enzyme preparations was 3 x 10-§ 
moles/4 ml. of assay medium. Addition of Mn* in 
this concentration brought an elevation of the enzyme 
activity on the average of 85 per cent (33-193 per 
cent) in the presence of phosphate or tris buffer. 

Addition of ethylenediamine tetraacetic acid in the 
amount of 3 x 10-° moles/4 ml. of assay medium 
inhibited the tryptophan pyrrolase activity in the 
preperations sensitive to ethylenediamine tetraacetic 
acid on the everage of 42 per cent (15—65 per cent). 

It was further found that the addition of Mn™ 
stimulates the tryptophan pyrrolase activity of the 
liver cell sap prepared from animals killed 6 hr. after 
induction of this enzyme by intraperitoneal injection 
of 5 mgm. cortisone acetate per 100 gm. of body- 
weight. 

The present studies on the effect of manganese on 
the liver tryptophan pyrrolase activity show that 
manganese ions in addition to an iron porphyrin 
substance are a principle which may act as a ‘modi- 
fler’!° of the activity of this enzyme. 

F. Cayrm 
J. BERIVANOVA 
Institute of Physiology, 
Czechoslovak Academy of Sciences, 
Department of Physiology and 
Pathophysiology of Metabolism, 
Salmovska 1, Prague 2. 
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Acid Mucopolysaccharides of Invertebrate 
Cartilage 


Previous biochemical studies of acid mucopoly- 
saccharides of cartilage were largely limited to 
mammslian tissues!. The principal polysaccharides 
found were chondroitin sulphate A and chondroitin 
sulphate C, with keratosulphate a minor component. 
The wide distribution of these acid mucopolysacc- 
harides among all vertebrate classes, as shown by a 
preliminary survey’, suggests that their presence 
may be a systematic characteristic of vertebrate 
cartilage. Thus far only cartilages of elasmobranchs 
and lampreys have been found to contain sulphated 
chondroitin sulphate C type polysaccharides; sul- 
phated keratosulphate is present in elasmobranchs 
only. These polysaccharides are similar to chon- 
droitin sulphate C and keratosulphate, respectively, 
except for an excess of ester sulphate, above one 
mole per mole hexosamine. 


Table 1. ANALYSIS OF ACID MUCOPOLYBACOHARIDRS 


(Molar ratio to hexosamine) 
Heros- Haxuronic [a] 
amine acid N N-acetyl 8 D 
Sama 1:00 0-99 0-99 1-09 1°49 — 66° 
smb 1°00 1-18 1:29 0 95 1°45 — 68° 


Cartilages of squid (Loligo) and of the horse-shoe 
crab (Limulus) resemblo vertebrate cartilage in histo- 
logical appearance. Previous studies indicated the 
possible presence of sulphated acid mucopolysacchar- 
ide in crude extracts*~. Accordingly, gill cartilage 
from the horse-shoe crab and cranial and nuchal 
cartilages from the squid were digested exhaustively 
with papain and the acid mucopolysaccharide puri- 
fied. Analyses of both acid mucopolysaccharides 
(Table 1) are close to theory for chondroitin sulphate 
except for excess ester sulphate; optical rotations are 
somewhat higher than for chondroitin sulphate A. 
Infra-red spectra are likewise similar to that of 
chondroitin sulphate A except for an additional 
absorption peak at 810 om.-! for squid acid mucopoly- 
saccharide and at 800 om.~' for horse-shoe crab 
acid mucopolysaccharide. Since neutral sugars and 
glucosamine, detectable in the crude digests, are not 
components of an acid mucopolysaccharide fraction, 
keratosulphate is absent. Both preparations are 
completely (turbidity test) hydrolysed by testicular 
hyaluronidase. Analyses of products of both acid 
and enzyme hydrolysis suggest that the hexuronido 
linkages are probably to the C3 of galactosamine 
and that about one-fourth of the C4 positions on the 
amino-sugar are not sulphated. Further, the action 
of hyaluronidase indicates that the hexosaminidic 
linkages are likely to be similar to those in chondroitin 
sulphate 4. 

The close chemical similarity of the acid mucopoly- 
saccharide of squid and horse-shoe crab to each other 
and also to chondroitin sulphate A and chondroitin 
sulphate C justifies reference to all of these compounds 
as isologues (terminology of M. Florkin). Their 
occurrence in species of different phyla is an interesting 
example of biochemical convergence in the evolution 
of connective tissue. The two invertebrate (molluse 
and arthropod) acid mucopolysaccharides appear, 
in chemical structure, closer to each other than to 
vertebrate type acid mucopolysaccharide. This 
observation accords with current views of the order 
of evolution and relationships of phyla. One is 
therefore tempted to suggest the possible existence 
of a chemically related acid mucopolysaccharide 
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precursor in cartilage or other connective tissue of 
some common ancestor of both invertebrate phyla. 
However, the presence of a sulphated polyglucose* 
in cartilage of another mollusc, the snail Busycon, 
reveals an apparently greater variability of molecular 
evolution among invertebrates than among verte- 
brates. It is thus evident that chemical isology 
alone is not a wholly reliable basis for inferring a 
phylogenetic relationship. 

The chemical structures and physical-chemical 
properties of the invertebrate acid mucopolysac- 
charides are being further examined. 

This investigation was supported by the American 
Heart Association, the Chicago Heart Association, 
and the National Foundation. 
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‘Total’ lonic Consideration of Aqueous 
Systems in Biology 


AGRoNOMIsTs and agricultural chemists in practice 
condone statements about applying a given weight 
‘of P,O,’; the only certainty then is that phosphorus 
pentoxide was not used, though a reader may infer 
that an unspecified phosphate is meant, either alone 
or mixed with much calcium sulphate. Statements, 
common in physiological literature, about treating a 
patient or æ tissue with ‘potassium’ or ‘Mgt’ are 
little more exact or informative for a research student 
or historian; nor are terms like ‘ion-balance’, or 
discussions of ‘ions’, when restricted to cations. 
Phenomena observed in solutions of complex salts 
are commonly attributed to ‘effects of pH’; series of 
solutions ‘adjusted to various pH-values’, ‘lacking 
NO,’, ‘having extra Na’, etc., are taken to be com- 
parable, except for what is thought to be a single 
ionic variable. 

Many such deviations from chemical logic spring 
from the belief that effects of individual ion-species 
can be isolated in biology (and the presence of others 
ignored). In truth, every effect is produced by all 
ions present: no fancies or selection can be justified. 
Equating CaCl, and KCl to Catt and Kt, respectively, 
has elicited the unnatural concept of ion-‘antagonism’. 

A source of confusion has been the fact that some 
ions are taken up, adsorbed, or sometimes transported 
by, or within, particular colloids or solid tissues, so 
that it is tempting to ascribe an effect wholly to 
particular cations (say). Such effects—which may be 
summarily called ‘metabolic’—are all conditioned by, 
and react on, the ionic situation of the environ- 
mental fluid. Biotic equilibrium 1s the resultant of 
metabolic and environmental situations. 

Besides using chemical notions correctly, it is 
necessary to apply them appropriately to the bio- 
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logical situations; for example, to get away from 
purely stoichiometric principles such as the propriety 
of expressing analytical data in equivalents. 

To work in units of equivalent weight instead of the 
traditional milli-equivalente should increase the value 
of inorganic chemistry for biology, in which homceos- 
tasis of shifting proportions of ion-species is important. 

To combine recognition of metabolic properties of 
some lons with total physico-chemical statements of 
the environmental fluid is the essence of appreciation 
of the classical work of Sydney Ringer, whose impec- 
cable chemistry has often been misconstrued by 
followers taking an esoteric view of ionic effects. 
Suggestive applications for ionic theory come when 
all ions are taken into account and their study is 
reinforced by the ecological concept of appropriate 
constancy of the ratio (denoted G, ref. 1) of anions to 
cations by weight. 

Important environments seem to centre on three 
values—approximately 2-5, 1-7, 1-0—of this ratio. 
For ocean water the value of G ig 1-73; for animal 
body fiuids it seems to be about 1-7 and not less than 
1-54 (to which values physiological salines conform). 
It can therefore be suggested that a function of 
animal excretory organs is to maintain internal @ 
constant. For good agricultural soil, G of a suitable 
aqueous extract will not be much less than 2-5 
(ref. 1). Some unicellular alge and other microbes 
appear to require, or tolerate, a G-value (internal or 
external) close to 1-0. Gis complementary to solution- 
parameters such as pH and osmotic pressure. 

G and osmotic pressure, taken together for succes- 
sive habitats, give a fresh quantitative comment on 
the evolution of animals and plants; and though the 
hypothesis of constant G in animal fluids owes nothing 
to Macallum?, it can be regarded as & more compre- 
hensive version of his case. 

Inorganic chemistry as received in biology has been 
seriously out of phase with its parent discipline for 
more than fifty years. The universality of chemistry 
indicates that if ionic terms are used in general and in 
medical biology in accordance with their chemical 
meanings, the scope of interpretation of phenomena 
of solutions is enlarged. For agronomy 1t is desirable 
that thought should also proceed along strict chemical 
lines. 

Huex Nioon 
Chemistry Department, 
West of Scotland Agricultural College, 
7 Blythswood Square, 
— O.2. 
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PHYSIOLOGY 


Oxygen Tension and the Control of Bone 
Cell Metabolism 


RECENT reporte concerning the importance of 
oxygen in the process of bone resorption! raise the 
question of how oxygen modifies metabolic pathways 
in bone cells. If this communication some effects of 
anaerobiasis on glucose and glycine metabolism by 
metaphyseal bone from 2-month-old rats are reported. 

Chips of metaphyseal bone, free of cartilage, were 
incubated in viro in Krebs-Ringer bicarbonate 
buffered media at pH 7-4 and 37-5° C. under an 
atmosphere of 5 per cent carbon dioxide in either 
oxygen, air, or mitrogen. Glucose, 11-1 mM, was 
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Table 1. GLucosn-u-“C METABOLISM 
xyge Nitrogen P 
preys uptake (u A trie bone) 6 33-+0 05 0 5840 10 <0 01 
tate production (uM hbr (100 m i fresh bone) 0:58 +0-10 1:1340 11 <0 O01 
PORY specific activity E 7 m pi 6,414 +1,205 408 +64 N.S. 
—— specific activity (o. p. mm pig mgm. freah bone) 17,3825 +5498 1,101 4825 <0 001 
trix specific activity (c,p.m. jaan) 49, 919 +10,474 6,002 +1,700 <0 00L 
Each value represents the mean -+ one standard deviation of 5 incubation flasks. 
Table 2. GLYCINE-1-"O Meranonise 
Exp. I: Oxygen ve, Nitrogen Q Nitrogen P 
Matrix peale, activity (0 p. meno I, ne. 036 4-449,260 61,280+9,796 <0-001 
COs depron notivity (c.p m j 00 mgm. fresh bone) RAE? 480 £50 1 1,03% <0 -00L 
Exp . or 
Matrix — activity (p.m — 1,782,386 TS 803 $44,410 4-92,125 <0-001 
OOs specific activity (o.p.m /m 41/100 mgm. fresh bone) 11,000 +5, 080 8,207 +3,823 N.S. 


Each value represents the mean + one standard deviation of § Incubation flasks, 


— as substrate. In one set of experiments it was 
belled with glucose-u-"C (18 pc./m.mole). In a 
recond group of experiments glycme, 0:5 mM, 
labelled with glycine-1-4C (660 uo./m.mole) together 
with cold glucose was used as substrate. Detailed 
reports of the methods used are in preparation®*. 

Effects of oxygen on glucose metabolism are 
reported in Table 1. A typical Pasteur effect— 
increased glucose uptake and lactate production in 
nitrogen—-was found. As has been reported‘, lactate 
was produced in the presence of oxygen in amounts 
sufficient to account for about 80 per cent of the 
glucose consumed. In a nitrogen atmosphere this 
proportion shifted so that lactate production could 
account for 100 per cent of the exogenous glucose 
consumed. Lactate specific activity did not change 
appreciably under nitrogen, suggesting that exogenous 
glucose rather than some endogenous substrate (such 
as glycogen) was the precursor of the extra lactate 
formed. Without oxygen the production of carbon 
dioxide from glucose was reduced 93 per cent and the 
incorporation of labelled carbon from glucose into the 
organic fraction of the bone samples was decreased 
90 per cent. 

The results in Table 2 indicate an equally marked 
influence of oxygen tension on glycine metabolism. 
Replacement of oxygen by air reduced incorporation 
of label from glycine into the organic fraction by 
50 per oent while under nitrogen incorporation 
virtually stopped. Glycine decarboxylation (as 
ahown by incorporation of label into carbon dioxide) 
was the same in alr and oxygen but was reduced by 
1/2 when a nitrogen atmosphere was present. 

These observations indicate profound effects of 
oxygen tension on pathways of bone ceil metabolism. 
They suggest that when the oxygen supply to the bone 
cells is cut off, a local accumulation of lactate and an 
mereesed cellular demand for glucose which cannot be 
met by endogenous substrates will ensue. In addi- 
tion, synthesis of new organic matrix will cease. The 
significance of the reduction in the rate of glycine 
decarboxylation is obscure. However, similar changes 
have been noted in experiments where differences in 
bone cell moetaboliam have been induced by other 
means’. 
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Oral Treatment of Pernicious Anamia 
with a Vitamin By/L-Glutamic Acid 
Mixture 


Aoccorpine to Castle, pernicious anæmia is due to 
failure of the stomach to secrete a high-molecular- 
weight, non-dialysable protein (intrinsic fastor) 
which faouitates the absorption of pure vitamin B,, 
(extrinsic factor), which 1s present in food. For 
reasons already given elsewhere, we believe that this 
concept is incorrect, and that pernicious anzemisa is 
actually due to a failure of gastric proteolysis*. More 
recently, we have suggested that the enzyme which is 
specifically responsible for the breakdown of the 
bound (that is, naturally occurring) forms of vitamin 
B,, is probably an exopeptidase*. Originally, to test 
our concept, we prepared vitamin B,,-peptide com- 
plexes both from fermentations of Streptomyces 
griseus and a Proptonibactersum. The vitamin in both 
preparations was present in a ‘free’ state, that is, able 
to stimulate the growth of micro-organisms, and to- 
gether with its associated peptide (molecular weight 
about 2,000) was dialysable. The preparations have 
been. tested for their effectiveness in the oral treatment 
of pernicious ansmia (see above references) and one of 
them (H.P.P/1) has been shown to be by far the most 
potent oral agent yet available for this condition‘. 
In addition, no refractoriness to therapy has devel- 
oped, as yet, in any of the patients so treated. 

In view of the increasing evidence that protein is 
ultimately absorbed either as small peptide or amino- 
acid units, the concept of proteolytic failure as the 
cause of the disease would be considerably streng- 
thened if it could also be shown that, in addition to 
the vitamin B,, peptides already tested, a vitamin 
B,,/amino-acid mixture was likewise more effective 
in the oral treatment of pernicious ansmia than 
vitamin B,, alone. 

Accordingly, two previously untreated cases of per- 
nicious ansmia, after a suitable control period on 
crystalline vitamin B,, alone, were given a simple 
mixture of L-glutamio acid and pure vitamin B,, (5: 1, 
w/w). The diagnosis of the disease was established by 
examination of the peripheral blood, histamine-alcohol 
test meal, biopsy of the sternal marrow and serum 
vitamin B,, estimation. Progress was assessed by 
packed cell volume readings (3,000 r.p.m. for 30 min.) 
and by hemoglobin estimations (100 per cent = 
14:8 gm. per 100 ml.). 

The method of assay of serum vitamin B,, was 
essentially that described by Ross’ but using the Z 
strain of Euglena gractlis*. Normal control readings 
ranged from 100 to 340 uugm. jml. of vitamin By,,, 
and the mean reading was 170 pygm./mi. 

Case 49 (Fig. 1). A man, aged 71: on admission the 
hemoglobin was 42 per cent, the packed cell volume 
18 per cent and serum B,, level 13 ppgm./ml. He 
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received 60 ugm. of crystalline vitamin B,, daily by 
mouth, half-an-hour before breakfast, for a control 
period of ten days. During that time a reticulocyte 
response occurred (maximum 7:9 per cent on the 
eighth day), but the hæmoglobin rose only by 3 per 
cent and the packed cell volume by 2 per cent during 
the same period. Commencing with the eleventh day, 
he was given 60 ugm. of vitamin B,, + 300 pgm. 
glutamic acid daily. A secondary reticulocyte 
response occurred (maximum 10 per cent on the 
fifteenth day), and from the eleventh to twentieth 
day his hemoglobin rose by 12 per cent and the 
packed cell volume by 5:5 per cent. The daily dosage 
was reduced to 40 ugm. vitamm B, + 200 ugm. 
glutamio acid on the thirty-fifth day, and improve- 
ment continued on this lower dose. The hæmo- 
globin is now 90 per cent and the packed cell volume 
46 per cent (312th day). The serum B,, level on the 
217th day was 103 pugm./ml. 

Oase 52 (Fig. 2). A man aged 59: on admission the 
hemoglobin was 56 per cent, the packed cell volume 
23 per cent and the serum B,, 37 uugm./ml. He was 
given 60 pgm. of crystalline vitamm B,, per cent 
daily by mouth, half an hour before breakfast for 
13 days. A reticulocyte response occurred (maximum 
12-0 per cent on the ninth day) but the hemoglobin 
rose by only 1 per cent and the packed cell volume 
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by 2 per cent during this period. Commencing on the 
fourteenth day, he was then given 60 ugm. orystalline 
vitamin B,, + 300 ugm. of glutamic acid daily. A 
secondary reticulocyte response occurred (maximum 
13-4 per cent on the twenty-first day) and from the 
fourteenth to the twenty-eighth day the hemoglobin 
rose by 16 per cent and the packed cell volume by 
5 per cent. The daily dosage was reduced to 40 pgm 
vitamin B,, + 200 ugm. glutamic acid on the 104th 
day, and, at present (174th day), the hæmoglobin 1s 
102 per cent and packed cell volume 44 per cent. The 
serum B,, level on the 139th day was 80 pugm. fral. 

The results obtained above mdicate that vitamin 
Bs is more efficacious therapeutically in the per- 
nicious anemia patient when administered together 
with glutamic acid by mouth. Intrinsic factor 
as at present defined and understood, even if it 
exists (which we do not accept), cannot account for 
the enhanced therapeutic effect of the glutamic acid/ 
vitamin B,, mixture over vitamin B,, alone. 

These results reinforce our previously published 
views that pernicious ansemia is due to failure of 
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Calcitonin—a Hormone from the Para- 
thyroid which Lowers the Calcium-level 
of the Blood 


CONTROL of the calcium-level in blood is the 
primary function of the parathyroids. McLean! has 
suggested that this is accomplished through a ‘feed- 
back’ mechanism, by which e low level of calcium in 
the blood stimulates the glands to produce para- 
thyroid hormone which in turn mobilizes calcium from 
bone and restores the normal level. High levels of 
calolum are assumed to suppress production of this 
hormone. 

We have recently developed a method? for per- 
fusing the isolated thyroid—parathyroid glands in situ 
or in viro in anmsthetized dogs, using a peristaltic- 
type pump (Sigmamotor model T'M-12) to control 
flow, and returning the perfused blood to the animal 
either through the m stu venous drainage, or by 
plastic tubing inserted into the external jugular vein. 
The calcrum-level in the blood plasma perfusing the 
glands was raised 4 mgm. per cent (1 mM litre) by 
addition of calcium chloride or was lowered a corre- 
sponding amount by addition of disodium ethylene- 
diamine tetraacetate (EDTA). The latter forms a 
soluble non-toxic undissociated complex with cal- 
cium, and essentially removes it at once from the 
biological system. Responses in a typical animal are 
shown in Fig. 1. 

Perfusion of the parathyroids with blood containing 
high levels of calcium resulted in a fall in the calcium- 
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level of systemic blood, which occurred within 15-30 
min., and was much swifter than the usual fall in 
calcium-level following total parathyroidectomy. 
ang 2—3 hr., blood containing a low level of calcium 

through the gland. After a latent 
period of 30-45 min., the calcium-level of the sys- 
temic blood rose. This rise was essentially similar to 
the rise obtained in the same animal by infusion of 
parathyroid extract, and is presumably due to stimu- 
Jation of endogenous secretion of parathyroid hor- 
mone as & result of local hypocalcmmia in the gland. 
Albright? has suggested that the rise in calcium-level 
in the serum following injection of parathyroid 
hormone is secondary to, — dependent on, a fail in 
phosphate concentration in the blood. This was 
certainly not the case in our experiments, for in ten 
cases there was essentially no change in the phosphate 
concentration of the blood, and in four the phosphate- 
level actually increased. 

When the perfusion was now changed to blood 
containing high calcium-levels, there was again a 
dramatic fall in calcium concentration, ocourring 
within 15 min. A second infusion of blood containing 
low calcium-levels produced a typical rise in calcium 
concentration as before. We then removed the para- 
thyroids, erther surgically, or by clamping the plastic 
tubing connecting the glands to the animal. On the 
assumption that the effect of perfusing the para- 
thyroids with high concentrations of calcium was due 
to suppression of parathyroid hormone production, 
we anticipated that removal of the glands would 
produce a similar rapid fall in systemic calcium in the 
blood. To our rise the opposite occurred and the 
calcium-level of the blood continued to rise following 
parathyroidectomy, remaining elevated in one case 
for more than 15 hr. These resulta, later confirmed in 
eight animals, indicate that h ommia does not 
merely suppress production of parathyroid hormone 
(since this is accomplished equally well by para- 
thyroidectomy) but must also have a positive effect, 
stimulating the glands to produce a humoral agent 
which lowers the calcium-level of blood. The name 
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calcitonin‘ (that is, a substance con- 
cerned with maintaining normal cal- 
cium tone) is proposed for this 
agent to distinguish it [from the 
regular parathyroid hormone. It 
appears to be fast-acting and short- 
lived. 

An inte analogy may be 
drawn with the control of sugar in the 
blood by insulin and glucagon. The 
parathyroids appear to maintain the 
normal level of calcium in the blood 
through a ‘push-pull feed-back’. The 
parathyroid hormone has a more 
prolonged effect and elevates and 
maintains the normal level; the fast- 
acting calcitonin appears to prevent 
any overshoot. This dual-hormone 
mechanism would account for the 
precise control of calcium-levels m 
blood, and the absence of oscillation 
when the level returns to normal 
after being artificially lowered by 
injection of EDTAS. 

This work was supported by grants 
from the Division of Medical Re- 
search, National Research Council 
of Canada. Parathyroid extract 
was given by Eli Lilly and Co. 
Indianapolis, U.S.A. 
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Incorporation of '4C-Glucose into Glyco- 
gen by Whole Homogenate of Liver 


it has been reported that in liver slices glucose is a 
better precursor of glycogen than. glucose 6-phosphate 
and glucose l-phosphate!?. To explain these results 
and others in the literature, a new pathway from 
glucose to glycogen was postulated that circum- 
vented the hexokinase-phosphoglucomutase-phos- 
phorylase sequence!. Since the discovery of glycogen 
synthetase’, it has been accepted that synthesis of 
glycogen occurs through glucose 1-phosphate and 
uridine diphosphate glucose. However, this new 
pathway does not explain satisfactorily all the 
results obtained with slices. As some of these results 
might be the consequence of the permeability of liver 
cells, glycogen synthesis by liver homogenate was 
investigated. 

A cell-free system consisting of a rabbit liver total 
homogenate, centrifuged at 600g, was examined. 
In this system, “C-glucose is both converted to 
carbon-14 dioxide and incorporated into glycogen. 
Incorporation is dependent on the presence of 
adenosine triphosphate (ATP) and an ATP-regenerat- 
ing system’. The carbon-14 dioxide produced was 
coliected as barium carbonate and counted. The 
reaction was terminated by the addition of potassium 
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hydroxide and glycogen was isolated by precipitation 
with alcohol; it was washed four or five times before 
being plated and counted. 

Some prelimmary results obtained with this system 
are presented here. As ıt seemed the hexokimase 
might be a limiting step in the utilization of glucose, 
crystalline yeast hexokinase was added to the 
incubation medium. Fig. 1 shows that the production 
of carbon-14 dioxide increased, while incorporation 
mto glycogen was not modified. The effect of the 
addition of an excess of non-labelled glucose 6-phos- 
phate was also investigated. 656 mM glucose 
6-phosphate decreases to about 50 per cent the con- 
version of 1C-glucose in carbon dioxide, with and 
without addition of exogenous hexokinase. ‘This 
effect might be interpreted either as isotopic dilution 
or as a direct inhibition of the hexokinase by glucose 
6-phosphate®. On the other hand, glucose 6-phosphate 
increased markedly the incorporation of “C-glucose 
into glycogen (Fig. 2). 

This stimulation must be a complex phenomenon, 
because of the interaction of several factors. It has 
been shown that glucose 6-phosphate activates 
glycogen synthetase, reaching a plateau at a con- 
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centration of approximately 3 mM (ref. 7). Our 
results may be taken as an indication that this enzyme 
is operating in our system. Confirming this supposi- 
tion, we have observed that uridine diphosphate 
glucose decreases incorporation of glucose, possibly by 
isotopic dilution. On the other hand, the addition of 
glucose 6-phosphate might inhibit glucose incorpora- 
tion into glycogen by the two mechanisms already 
discussed, namely, isotopic dilution and mbhibrtion 
of hexokinase. With increasing concentration of 
glucose 6-phosphate, one would expect then a decrease 
in glucose incorporated in spite of its stimulatory 
effect. In fact, even increasing glucose 6-phosphate 
up to twice the concentration of glucose, we have not 
observed inhibition. Lack of stimulating effect of 
hexokinase and lack of inhibition by glucose 6-phos- 
phate of }‘C-glucose incorporation into glycogen, taken 
together, are considered tentatively as an indication 
that the reaction glucose——-glucose 6-phosphate is 
not & necessary step in glycogen synthesis. 

This work was supported by & research grant No. 
59-I-35.1 from the Comisión de Ayuda a la Investi- 
gación Cientifica, Facultad de Medicma, Universidad 
de Chile. 
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Importance of Bulk Flow in the Exchange 
of Compounds across the Blood Cere- 
rospinal Fluid Barrier 


Tu failure of many compounds, particularly those 
which are highly ionized, insoluble in lipid, or of 
high molecular weight, to achieve diffusion equilib- 
rium across the blood cerebrospinal fluid barrier 
suggests that some mechanism exists which results 
in the removal and return to the blood stream of these 
compounds. Pappenheimer et al.’ have recently 
described & stereo-specific transport system which 
aids in the removal of organic acids from the cere- 
brospinal fluid. It seems unlikely, however, that this 
mechanism could effect the removal from cerebro- 
spinal fluid of inulm or similar inert large molecules. 
In this communication we wish to present evidence 
that bulk flow of cerebrospinal fluid into blood can be 
an important means by which the former is cleared of 
foreign compounds. 

Drugs insoluble in lipid and with large molecules 
were used, and their rate of entrance, the steady-state 
ratio of concentration of drug in cerebrospinal fluid/ 
drug in plasma and rate of exit from cerebrospinal 
fluid in dogs were investigated. Inulin (molecular 
weight 5,000, New England Nuclear Corp., Boston, 
Mass.), dextran of molecular weight 12,800 and 
77,700 (National Bureau of Standards, Washington, 
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D.C.; data on molecular weight determmations are 
given in ref. 3) were obtained labelled with carbon-14. 
In vitro, no significant binding to 1ed cells, white 
cells, platelets or plasma proteins could be demonstra- 
ted, In vivo studies with inulin demonstrated similar 
plasma decay curves, excretion-rates and rates of 
appearance in cerebrospinal fluid when the carbon-14 
labeled compound was compared with unlabelled 
Inulin. Radioiodinated serum albumin (Abbott 
Laboratories, Oak Ridge, Tennessee) was also used 
in some experiments. Nephrectomized animals were 
used to conserve the drug. Carbon-14 labelled com- 
pounds were counted in a liquid scintillation counter, 
and the radioiodinated serum albumin was counted 
in & well-type scintillation counter. 

After intravenous injection, the steady state ratio 
of drug in cerebrospinal fluid/drug in plasma ap- 
proached 7 per cent at approximately 50-72 hr. The 
T/a (time to one-half steady state) and steady state 
ratios were similar for inulin and the two dextrans 
(Table 1). 


Table 1. STEADY STATB RATIOS AND RATES OF ENTRY FOR CARBON-14 
INULIN AND CARBON-14 DEXTRAN OF MOLECULAR WHlanr 12,800 


u 


Steady state ratios 
Compound Tis Chr.) (secebroapinal flnid/plasma) x 100 
Inulm 18 7 
Dextran qe, POO) 19 9 
Dextran (77,700 24 6 


Two important points are clear from these results. 
First, these compounds of diverse size enter at about 
the same rate and to the same extent. Secondly, a 
steady state ratio less than 10 per cent is obtained 
with all three compounds. Exchange by passive 
permeability into a closed cerebrospinal fluid com- 

ent would result in a ratio approaching 100 per 
cent. If both entry and exit were by passive perme- 
ability, rate of exit should approximate the relatively 
slow rate of entry. Therefore, we have examined the 
rate of removal of inulin, dextran of molecular weight 
77,700 and radiciodmated serum albumin from the 
cerebrospinal fluid. Nephrectomized dogs were used 
for the inulin and dextran experiments. The dose was 
prepared in 2 ml. of an isotonic solution and injected 
intra-cisternally after removal of 2 ml. of cerebro- 
spinal fiuid. A small (22 ga) hypodermic needle was 
used to minimize leakage. Barbotage was performed 
and serial samples of cerebrospinal fluid of Q-1 ml. 
were obtained. Blood samples were also obtained at 
intervals. 

Fig. 1 demonstrates the exit of inulin from the cere- 
brospinal fluid and entry into plasma after inulin was 
administered intrathecally. 

It is clear from Table 2 that the rates of exit of these 
compounds are rapid and very similar. It seems 
unlikely that these rates could be explained by passive 
diffusion out of the cerebrospinal fluid. It has 
previously been suggested that cerebrospinal fluid 
flows from the subarachnoid spaces into the venous 
system through the arachnoid vilit. Welch and 
Friedman have recently described valves located in 
the arachnoid villi separating cerebrospinal fluid in 


Tabie 2. Rares OF EXIT FROM CRREBROSPINAL FLUID oF CARBON-14 
, CARBON-14 DEXTRAN AND RADIOIODINATED SERUM ALBUMIN 


50 per cent dose 90 par cent dose 95 per cent doss 
out (br ) out (Ar.) 


out (br.) 
Ynulin 8-8 165 21 
Dextran 
(m w. 77,700) 4 13-7 18 
Radioiodmated 
serum albumin 22 l4 18 
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Fig. 1. Fate of intrathecally administered carbon-14 inulin in 


dogs. Each point ronron — of five dogs. ‘The vertical 
itnes delimit the ranges. ecay curve is derived from 
an average of 10 —— — dogs previously studied 


the subarachnoid space from venous blood in the 
dural sinuses’. These valves are essentially one-way 
in that they permit flow from the spinal fluid side to 
the venous side but not vice versa. The propelling 
force, presumably, is the difference between cerebro- 
spinal fluid and venous sinus pressure. 

One way to test this view is to decrease the rate of 
flow of cerebrospinal fluid. Acetazolamide has been 
shown to decrease its rate of production and pressure®, 
presumably by decreasing the salt secretion of the 
choroid plexus, and therefore decreasing the inflow of 
water’. If these compounds are entering the sub- 
arachnoid spaces by passive permeability, indepen- 
dent of water, and are leaving the subarachnoid spaces 
along with cerebrospinal fluid by bulk flow, acetazol- 
amide, by decreasing bulk flow, should (1) merease the 
steady state ratio of intravenously administered drug 
and (2) decrease the rate of exit. Doses of 20-70 
mgm./kgm./day of acetazolamide were administered 
intravenously to dogs in divided doses and the rates of 
entry and exit of the compounds under study were 
re-examined; the steady state ratio increased from 
4 per cent to more than 10 per cent in 24 hr. 

Table 3 demonstrates the effect of acetazolamide in 
a different manner. The slopes of the rates of exit of 
intrathecally administered substances for each experi- 


— — tt 


Table 3. VALUES OF kout DEDUCED FROM OURVES OF EXIT FROM 
CEREBROSPINAL FLUID AFTER ee AL ADMINISTRATION IN 
oas 


~l 


ut + 
Substance Nephrectomized dogs Non 
Control Aocetazolamide Control age mien 9 de 
Carbon- 01638 0:077 
dextra 0-169 0-099 
— 77, 700) 0-120 
Average 0-150 9088 
Carbon-1¢ 0-120 0-080 * t 0-185 * 0-128 * 
mulin 0-127 0-084 * 0-139 0-150* 
0-128 0-089 * 0 189 0-106 * 
0-188 P115 
0-084 
0 128 0: 0-187 126 
Radiociodinated 0: hg 0154* 0-188 * 
serum 072" 0150 0-126 * 
albumin 0 007 * 0-188 0:101* 
Average 0 085 0-145 0-120 


* Rediofodmated serum albumin and Inulin ın same animal; all 
other values represent separate animals, 
ane barbotagoe Pte erformed. 

mparison by — ¢ test shows that the differences between 
zed dogs with inulin are 
signifl mized dogs 
with both inulin and rador 
is between the 5 and 10 per cent level. 
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ment are presented. In nephrectomized dogs, acet- 
azolamide decreased the kout from 0:12-0:17 to 
0-07-0-11. In non-nephrectomized dogs the kout 
was decreased from 0:18-0:15 to 0:10-0:15, by 
acetazolamide. The augmented response in nephrec- 

tomized dogs is probably due to the persistently high 
blood levels of acetazolamide. (kout is the slope of 
the rate of exit plotted on semi-log paper in per cent 
of dose per hr. Since the rate of exit of cerebrospinal 
fluid must equal its rate of entry, these results also 
should indicate the rate of production of cerebrospinal 
fluid in our experiments. We found that acetazol- 
amide decreased the rate of production of cerebro- 
spinal fluid from 12-17 per cent per hr. to 7—11 per 
cent per br. These compare favourably with 
—— published figures for rates of production, 
ref. la). 

These results support the hypothesis that bulk 
flow is involved in the exit of cerebrospinal fluid. 
Such a concept readily explains the inability of com- 
pounds entering the cerebrospinal fluid slowly to 
achieve diffusion equilibrium. 

These, and related investigations, are being exten- 
ded and prepared for publication in detailed form 
elsewhere. 
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HÆMATOLOGY 


Quantitation of Antibody Hæmagglutinin 
Activity using Electronic Cell 
Counting 


AGGLUTINATION is the most characteristic and 
widely used reaction for detecting antigen-antibody 
reactions of red blood cells. The reaction itself is 
highly sensitive and specific. The quantitation of 
agglutinin activity generally has been limited to the 
use of two-fold serial dilution methods, and since such 
methods are adequate for most routine clinical 
determinations there has been little interest in the 
development of quantitative methods. Where more 
detailed information is desired, the serial dilution 
methods are inadequate and a procedure of sensitivity 
and precision would, facilitate the examination of a 
variety of problems related to human blood groups 
which at present cannot be attempted. 
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Wurmser et al! quantitated agglutinin activity by 
counting unagglutinated cells in a partially agglut- 
inated suspension using the standard hemocytometer 
method. More recently, Wilkie and Becker? described 
an improved method for the titration of agglutinin 
activity also using hemocytometer counting. The 
availability of an accurate electronic method of red 
cell counting suggested that further improvements 
in the quantitation of agglutinins might be attamed 
providing that the conditions of agglutination could 
be adequately defined and controlled. My prelim- 
inery work on quantitative agglutination was based 
on the method of Wilkie and Becker, the major 
difference being that I used the Coulter electronic 
red cell counter instead of the hemocytometer, using 
field photography and electric punch counting. The 
relative errors associated with these two methods as 
determined by Magath and Berkson? were found to 
be 1:2 per cent for electronic cell counting and 7-8 per 
cent for the hemocytometer method. In addition 
to the improved accuracy the convenience offered 
by electronic counting is essential in immunological 
studies which require daily counting of large numbers 
of samples. When partially agglutinated suspensions 
of cells were counted, however, variations which 
could not be attributed simply to errors in cell 
counting were observed. Similar variation was 
reported by Wilkie and Becker! and by Silber ed al.‘, 
which necessitated the calculation of titre in terms 
of a standard serum in order to improve the precision 
of their method. I have estimated the error con- 
tributed by the many factors responsible for these 
variations, and have attempted to eliminate or con- 
trol the most critical in the method I describe here. 

When the agglutinin titre of a serum using cells 
from several donors was measured, differences were 
observed, apparently due to variation in the agglut- 
ination of cells of different origin.. In the work 
reported here all cells were from the same donor. 

Blood was drawn at 2-week intervals in ‘ACD 
solution’ (Baxter, Chicago). Each sample was divided 
into quantities sufficient for daily use and stored ‘at 
4° C. The buffy coat was aspirated from the surface 
of the sedimented cells and the cells washed four 
times with filtered veronal-buffered saline’, the 
diluent used throughout the procedure. 1 ml. of 
the 2 per cent suspension of these cells was lysed 
by the addition of 9:0 ml. of distilled water and the 
optical density determined at 640 mp. On the basis 
of the value obtained, the suspension could then be 
diluted to give the desired concentration of 8-0 x 10° 
cells/ml., with a minor adjustment on the basis of 
the total red cell count. 

For the titration of Rh antibodies, papainized cells 
were used. After washing with the veronal-buffered 
saline the cells were packed and an equal volume of 
1 : 3 papain solution (prepared according to Low’) was 
added. The mixture was incubated for 1 hr. at 37° C. 
with continuous mixing by a magnetic stirrer. The 
cells were then washed three times and the concentra- 
tion adjusted as previously described. 

Because of the comparatively low concentration of 
red celis used, it was important that all the cella be 
recovered from the reaction vessels. In some cir- 
cumstances as many as 15 per cent of the cells adhere 
to the glass surface of the ‘Pyrex’ flasks used. Silicon 
treatment of the flasks reduces the number of 
adherent cells from 1 to 5 per cent, and for routine 
purposes this appears to be adequate. Daily control 
measurements were made to ensure this standard of 
cell recovery. 
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On the basis of a screening titration an initial 
dilution of serum which would give approximately 
70 per cent agglutmation was prepared. Titration 
was performed in a 50-ml. Erlenmeyer flask contain- 
ing 5-0 ml. of the serum dilution and 5-0 ml. of the 
red cell suspension (8-0 x 10° celis/ml.). Relative 
serum concentrations of 10, 9, 8, 7 and 6 were gener- 
ally used corresponding to 5:0, 4:5, 4-0, 3-5 and 3-0 ml. 
respectively of the initial serum dilution. The serum 
volume was made up to 5-0 ml. with the diluent. 
Cell standards were prepared containing only the 
veronal buffered saline plus the cells. 

The flasks were stoppered and placed on a Kahn 
shaker for 2 hr. at 100 o.p.m., the entire procedure 
including incubation being carried out at 25-0° + 02°C. 
After the incubation period, 1-0 ml. aliquots of the reac- 
tion mixtures were added to 30 ml. siliconized beakers 
containing 24:0 ml. amounts of diluent. The beakers 
were gently mixed with a glass stirring rod and four 
counts made on each beaker using the Coulter 
electronic cell counter. The four counts were aver- 
aged, the background count (usually less than 100) 
was subtracted and the appropriate correction was 
made for coincidence. 

Preliminary observations demonstrated that the 
conditions of incubation were critical in several 
respects. ‘The rate of agitation and the size of the 
reaction vessel in relation to the volume of the 
reaction mixture determined the amount of mixing 
and hence the degree of agglutination. Temperature 
is known to influence agglutination markedly’. It 
was found that the temperature was a critical factor 
during incubation, but that once agglutination had 
occurred the agglutinated cells could be diluted and 
the temperature changed without affecting stability 
during the counting procedure. It was also found 
that the volume of the reaction mixture had to be 
sufficiently large to obtain a reproducible and accurate 


sampling. 

On the basis of the unagglutinated red cell-standard 
preparation, the percentage reduction in red cell count 
was determined for each serum concentration. The 
results of counting are expressed in terms of the 
percentage reduction in cell count and not in terms 
of the actual percentage of cells agglutinated, since 
the model 4 Coulter counter has only a single threshold 
and does not diseriminate between single cells and 
clumps of agglutinated cella. When it is desirable 
to determine the actual percentage or cells agglut- 
inated in terms of the total number of remaining free 
cells the newer model B counter can be used. This 
model has two thresholds, the upper of which can 
be used to eliminate the counts due to agglutinated 
coll clumps. 

On the basis of the Von Krogh equation the result- 
ant percentage of agglutination (Y) for each serum 
concentration was converted to the function (Y/1— F) 
and the concentration of serum versus (¥/1— Y) was 
plotted on log paper. From this plot the 50 per cent 
point (HA,,) for the serum was determined and the 
titre of serum was calculated in HA,, units from the 
initial serum dilution. 

The results of duplicate titrations carmed out on 
9 individual days are shown in Table 1. The average 
titre was 11,510 HA,, units/ml. An analysis of vari- 
ance of the results given in Table 1 shows that the 
results of two titrations performed on different days 
were likely to be further apart than the results of 
two titrations done on the same day. The estimated 
variance components were 117,118 and 67,361 for 
between and within days respectively. The variance 
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Table 1. REPRODUCIBOUTY OF TrrraTIOnN PROCEDURE, HUMA 
ANTI-A AND A CELLS 
Day Titre n HA, unite 
(duplicate titrations) 
1 11,500 11,800 
2 10,750 1,000 
8 2,000 12,000 
4 1,200 11,906 
5 12,200 11,200 
6 12,000 12,000 
7 1,200 1,200 
8 11,690 11,500 
9 1,600 11, 
Mean 11,610 


of a single titration may be estimated by 117,11 
and 67,361 = 184,479 and the estimated precisio 


of the titration procedure is therefore (4/184,475 
11,513-9) 100 = 3-7 per cent. The serum used i 
these studies gave a serial tube dilution titre of 2& 
in contrast to the quantitative titre of 11,510 HA 
units. This is indicative of the fifty-fold increase i 
sensitivity generally obtained by the cell countin 
method. 

Experiments are in progress with an improve 
method of coating the glass by using a polyurethar 
coating (‘V-300’, Phelan’s, Burlington, Iowa). Tl 
loss of cells due to adherence to the walls of tl 
glassware can be reduced to 1 per cent or less ove 
a 2-hr. period of incubation. 

I wish to thank Dr. Paul Meier for his aid in tł 
statistical evaluation of data throughout the develo} 
ment of this procedure. 

This work was supported by & research grar 
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Infectious Diseases, U.S. Public Health Service. 
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Adult Hemoglobin in the Blood of Very 
Young Human Embryos 


Tue steaming procedure of blood smears, whit 
distinguishes between footal and adult heæmoglobi 
described by Kleihauer, Braun, and Betke', provid 
an additional biochemical possibilty to follow tl 
early hematopoiesis of small fostuses. When bloc 
smears from foetuses of different ages are prepare 
by this technique one obtains a fairly good idea of tl 
change in the proportion of foatal to adult ham 
globin. 

In the cord blood of normal full-term infants tl 
number of ‘ghosts’ from which the adult hæmoglob 
has been eluted by the phosphate-citrate buff 
varies from approximately 10 to 40 per cent. Most 
the remamder of the red count consists of well-stain: 
erythrocytes containing hemoglobin of the fot 
type, which is not eluted during exposure to tl 
buffer. The proportion of erythrocytes containi 
footal hemoglobin, as judged from the colorati 
of a smear, corresponds well to the amount of fost 
hæmoglobin estimated in a blood sample with t 
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blood of a full-term infant contains small amounts 
of erythrocytes coloured to varying degrees, this 
possibly indicating the occurrence of varying amounts 
of adult and foetal hemoglobin in the same erythro- 
cyte. 
With decreasing age of the foetus the number of plain 
‘ghosts’ decreases. In blood smears prepared by the 
_Kleihauer technique we regularly found ‘ghosts’ even in 


smears from very young foetuses. The smallest foetus 


l $ 
l 


| 7 


rs 


so far examined in this way was 9 weeks of age 
(crown-rump measurement 2-3 em.). Fully coloured 
erythroblasts of different kinds and ordinary fcetal 
erythrocytes dominated the picture. However, a small 
number of ‘ghosts’, of which two are visible on the 
slide (Fig. 1), were detected. 

If these ‘ghosts’ from a 9-week foetus were filled with 
adult hemoglobin, and there is ample evidence that 
adult hemoglobin is eluted from the erythrocytes by 
the acid buffer technique, the observation of the 
occurrence of adult hemoglobin in the blood of a 

9-week-old foetus and older foetuses agrees well with 

the observation of Thomas et al.*. These authors found 
that hzmatopoietic tissues from a 17-week and a 
9-week foetus produced detectable amounts of adult 
hemoglobin. 





Fig. 1. Blood smear from a 9-week human embryo, Hamatoxylin- 
erythrosin staining after exposure to phosphate-citrate buffer, 
Two ‘ghosts’ (arrows) indicating adult hemoglobin are visible 


It seems that the method of staining blood smears 
after exposure to acid phosphate-citrate buffer, 
which results in visualization of foetal haemoglobin in 
contrast to unstained ‘ghosts’ from which the adult 
hæmoglobin is eluted, offers a more sensitive technique 
for detecting small amounts of adult hæmoglobin than 
the alkali denaturation method, Walker and Turnbull* 

adult hemoglobin to be absent from foetal 
blood until the 13th week of gestation, when estimated 
with alkali denaturation. 

This work was supported by a grant from the Sigrid 
Jusélius Stiftelse to one of us (H. Z.). 

H. ZILLIACUS 
E. VARTIAINEN 
A-M. OTTELIN 
University Central Hospital, 
ns Street 2B, 
Helsinki. 
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PATHOLOGY 


Ethylene Glycol produced by Ethylene 
Oxide Sterilization and its Effect on 
Blood-clotting Factors in an Inbred 
Strain of Mice 


Since the advent of commercially available 
automatic gas sterilizers the use of ethylene oxide for 
the sterilization of various materials and products has 
increased. Limitations in the use of this method have 
been reported, particularly in the sterilization of 
animal diets where certain vitamins and essential 
amino-acids are destroyed. . 

Recently such a sterilizer was placed in operation 
in our mouse production unit to sterilize bedding 
(pine shavings). Approximately six months after 
initiation of this sterilization procedure a haemorrhagic 
diathesis, characterized by hwmothorax, bleedings 
at various body sites, jaundice, and subsequent death —__ 
appeared in males only of various inbred strains. The _ 
affected animals were found to suffer from single or — 
multiple prothrombin-complex deficiencies, specifi- 
cally involving factors VII, IX, X, and prothrombin‘. 
Consistently, the clotting abnormality which appeared 
earliest in the disease or increased its severity was a 
factor X deficiency. Gavage administration (0-25 
mgm. and 2-5 . per day for four weeks) of 
ethylene oxide diluted in cold olive oil or intravenous 
administration (25 ugm. and 2-5 ugm. per day for 
four weeks) in cold saline produced no clotting 
abnormalities in SWR/J mice, when sixteen mice 
equally divided by sex were used for each route of 
administration and at each dosage-level. 

Since mice continually chew fresh shavings, it was 

that ethylene glycol, a reaction product of 
ethylene oxide sterilization’, or the alkylation of some _ 
shaving component might be either the cause of this _ 
disease or a contributing factor. This report describes _ 
the effect of ethylene glycol on clotting factors in 
mice following its ingestion. | 

Distilled water and shavings, in both bags and 
pressed bales, were autoclaved for 2 hr. under 20 Ib. 
gas pressure at 140° C. using 80-20 per cent mixture 
of carbon dioxide/ethylene oxide; pressure and — 
humidity were built up simultaneously. This pro- | 
cedure, as usually used for shavings treatment, was 
intended for pasteurization effect only: since it is 
one-third the time and 5 Ib. less pressure than recom- — 
mended by the manufacturer for complete steriliza- — 
tion. A composite sample was collected from the — 
bagged shavings and samples were obtained from the 
outside and centre of the bale. One-hundred-gram 
samples of the gas, autoclaved shavings, and non- 
autoclaved control shavings were steeped in two 
litres of distilled water at room temperature for one 
hour. The shavings were then removed, excess liquid 
expressed, and the extracts concentrated to 12 ml. 
by air evaporation. Distilled water autoclaved 
with ethylene oxide was concentrated in a like 
manner. 

Evidence for the presence of one or more glycols 
was obtained chromatographically, using a chloro- 
form-ethanol solvent system for separation and 
ammoniacal silver nitrate for development’. Chroma- 
tograms of extracts from all ethylene oxide autoclaved 
shavings contained a component having an Rr value 
identical with ethylene glycol. Ethylene oxide auto- 
claved distilled water showed a similar component. 
Admixtures of ethylene glycol to extracts of ethylene 
oxide autoclaved shavings or to the water concentrate. 
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only intensified this component. This component was 
absent in control shavings extracts. 

For toxicity studies SWR/J male and female mice 
were randomly allotted into four major groups. 
Three of the groups received respectively: untreated, 
or ethylene oxide treated shavings extracts, or com- 
mercial ethylene glycol. The fourth group of animals 
served as untreated controls. he mice were fed the 
same diet which has been in use for the past year (Old 
Guilford). Plasma was collected from one-half of the 
mice for prothrombin time determinations and serum 
from the other half for thromboplastin generation 
time determinations. 


Table 1. ETHYLENE GLYCOL-TOXICITY STUDIES 
Coagulation defect*/ Males affected/ Clotting 
Treatment t Total No. Females affected defects 
T P TGT PT (percent) 
Ethylene oxide ster- 
ilized shavings ex- 
tract 10-1, 10-*, 
10> dilutions 7/12 8/12 6/1 5/3 62-5 
Control shavings ex- 
tract 10°, 10,10 
dilutions 3/12 2/12 3/0 1/1 20°38 
Ethylene glycol 10-*, 
10+, 10~* dilutions tona 10/12 6t/4 713 843 
None 2/12 1/12 10 1/0 12:5 


* Remedied or greatly improved PT and TGT after substitution of 

purified mouse serum factor X. 

0-5 mi. of solution by stomach tube each weekday. (SWR/J 

es and females, 12 weeks old), Examination for clotting abnormal- 
ities each of four Mondays. 

One male with hemothorax and jaundice. 

GT, Thromboplastin generation time determination. 
thrombin time determinations. 


PT, pro- 


Régimes for the administration of extracts and 
composite clotting abnormalities are shown in Table 1. 
Details of our findings were as follows: only ethylene 
oxide autoclaved shavings extracts and ethylene 
glycol produced increased specific clotting abnormali- 
ties, which appeared predominantly in male mice; 
substitution of mouse anti-hemophilic factor for 
reagent anti-hemophilic factor, barium sulphate- 
adsorbed fresh mouse or human plasma did not 
correct thromboplastin generation time determina- 
tions, ruling out anti-hemophilic factor and/or plasma 
thromboplastin antecedent deficiencies; reagent 
plasma thromboplastin component (containing factor 
X) and human hemophilia B serum were corrective; 
factor X-deficient human plasma or serum (kindly 
supplied by Dr. John B. Graham, Department of 
Pathology, University of North Carolina) and normal 
mouse serum treated for 2-2-5 min. at 65° C. in no 
instance corrected for the abnormal thromboplastin 
generation time determinations. However, & con- 
tinuous flow curtain electrophoretic fraction (No. 21) 
of normal mouse serum (C57BL/6J7) containing only 
factor X remedied or greatly improved prothrombin 
time determination and thromboplastin generation 
time determinations; thus indicating that only 
factor X was affected by ethylene glycol ingestion. 
Clotting defects in untreated mice and in those 
receiving control shavings extracts may have been 
due to repeated previous exposure of at least three 
weeks duration to ethylene oxide sterilized shavings. 

Single gavage administrations with 1 : 5 to 1: 10 
dilutions of ethylene glycol and higher polymers 
eliminated or greatly decreased activity of factor X in 
less than 72 hr., with the activity returning to normal 
within one week. Factor X was destroyed by adminis- 
tration of ethylene glycol in strains of mice susceptible 
to spontaneous hemorrhagic diathesis as well as those 
that are more resistant. 

The incidence of the spontaneous disease has 
stopped since the use of ethylene oxide-sterilized 
shavings was abandoned. The fact that the spontane- 
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ous syndrome was only partly reproduced experi- 
mentally suggests a multifactorial causation. <A 
full report is in preparation. 

This work was supported by Public Health grants 
C-4691 and CRT 5013. 
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ANATOMY 


Caries-prone and Caries-resistant Teeth 


AmonG the many facts which have been discovered 
about dental caries two, when considered together, 
are suggestive. First, there is the widespread observa- 
tion that certain individuals or communities are, or 
have been, free of dental caries. A simple change 
in living conditions or diet has on a number of occa- 
sions been found to render these teeth susceptible 
to caries. One cause of the immunity is known to be 
fluorine, but it is also known that it is not the only 
one. The second is the initial carious attack on the 
enamel. Scott and Albright, followed by others, 
have shown that an early stage in the carious lesion, 
before the arrival of bacteria, is the degradation 
and removal of prism cores, leaving the walls with 
their embedded crystallites intact. (The appearance 
of this altered enamel in the electron microscope is 
similar to that of the section shown in Fig. 1. Photo- 
graphs are of a white object on a black ground.) 





Fig. 1 
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Fig. 3 


It has also been shown?-* that a similar appearance 
could be obtained by treating sound areas of enamel 
from extracted teeth with Brain’s reagent (a saturated 
solution of calcium phosphate in 5 per cent formic 
acid‘), Chemical analysis of powdered enamel’ showed 
that a nitrogen-containing component dissolved very 
rapidly, while the calcium phosphate was affected 
only after a period of weeks or months. Further 
investigations along these lines showed that in carious 
lesions the first enamel component to be attacked 
was the protein in the prism cores*®, 

The question then arose: Is this protein always 
vulnerable to acid attack, or is it more chemically 
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stable in caries-resistant teeth? In order to dis- 
tinguish between these possibilities, slices of teeth 
from a number of different sources were treated with 
Brain’s reagent, and then sectioned for examination 
in the electron microscope. 

Sound areas of enamel from extracted carious teeth, 
or teeth extracted from carious mouths, were taken 
as a source of caries-prone enamel. Caries-resistant 
teeth were obtained from mature individuals with 
no trace of caries, from a caries-free population of 
about a.D. 150, and from districts with fluorine in 
the drinking water. Millimetre thick slices of these 
teeth were cut and immersed in Brain’s reagent for 
2-3 weeks. At the end of this time the appearance 
of electron microscope sections of caries-prone 
enamel was as shown in Fig. 1, while Fig. 2 shows 
the appearance of a similarly treated section of caries- 
free enamel. From these observations it appears that 
the protein in the prism cores, which holds the calcium 
phosphate crystallites in place and protects them, is 
unaffected. Further, that it can retain its chemical 
stability for at least 2,000 years. 

It has thus been demonstrated that caries-free 
teeth, whether naturally resistant, or as a result of 
the effects of fluorine, have a more chemically stable 
protein matrix than caries-prone teeth. The protein 
concerned is that seen in the cores of the prisms 
shown in Fig. 3, which is of developing enamel matrix 
before calcification. It is the component which appears 
less dense in the photograph. The lack of stability 
in caries-prone teeth might be due to vitamin de- 
ficiency, contact with abnormal saliva, chemical 
degradation by unsuitable foodstuffs or toothpaste, 
or other causes. Owing to the small size of sections 
and the time involved the electron microscope method 
is not a suitable one for distinguishing between the 
above possibilities, but it does indicate that treat- 
ment of teeth with Brain’s reagent, followed by 
histochemical staining, would be a profitable method 
for pursuing further investigations. 


Nuffield Orthopedic Centre, 
Oxford. 
1 Scott, D. B., and Albright, J. T., Oral Surg., 7, 64 (1954). 
2 Little, K., J. Dent. Res., 34, 778 (1955). 
* Little, K., J. Roy. Micro. Soc., 78, 58 (1958). 
‘ Brain, E. B., Brit. Dent. J., 87, 199 (1949). 
š Rowles, S. L., and Little, K., J. Dent. Res., 34, 778 (1955). 
* Little, K., J. Dent. Res., 36, 815 (1957). 
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RADIOBIOLOGY 


Modification of the Radiosensitivity of 
Hamster Cells in vitro 


THE radiosensitivity of hamster cells in vitro was 
increased by incubation with 5-bromodeoxycytidine 
prior to X-irradiation. The change in radiosensitivity 
was determined by a modification of the Puck tech- 
nique® in which the survival of clones as a function of 
X-ray dose was compared with the survival of clones 
derived from cells incubated for varying periods prior 
to irradiation in medium containing 5-bromodeoxy- 
cytidine. The details of similar experiments in which 
5-bromodeoxyuridine and 5-fluorouracil were tested 
are described elsewhere! *. 

Hamster ovary cells were planted in stock bottles 
containing Eagle’s medium with 10 per cent fotal 
calf serum with or without varying concentrations of 
5-bromodeoxycytidine added to the medium. After 
an appropriate growth period the cell monolayers were 
dispersed with 0-05 per cent trypsin and transferred in 
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i dois t to 5 60-1 mm., eee Petri dishes. After 
plating they were allowed to equilibrate for 3 hr., at 
37° C., in an incubator containing 5 per cent carbon 
Je 95 per cent air, A summary for the con- 
wo irradiation experiments is presented 
In experiment 1 the duplicate plates 
i from 1-56 x 10? cells per dish to 5 x 10° 
dish. They were irradiated in air with full 
ter with doses increasing in increments of 
m 0 to 550 r. The technical factors were 
0 kV., 15 m.amp., TSD 64 cm., } copper + 1 mi. 
ninium filtration, atan output of 83r. /min. After 
— irradiation the cells were incubated for 12 days after 
which the clones were fixed with 10 per cent formalin 
stained with Giemsa and counted. The survival 
— conve: is presented i in Fig. 1. 
- Experiment 2 was similar to experiment 1 except 
— that the replicate plates contained from 2 x 10° cells 
per dish to 1-28 x 10¢ cells per dish. The conditions of 
irradiation also differed slightly in that the cells were 
_ irradiated in an incubator which contained 5 per cent 
-carbon dioxide and 95 per cent air at 37° C. The 
‘technical factors were 120kV., 9 m.amp., TSD 39 em., 
1 mm. aluminium filtration with full back-scatter 
< atan output of 56 r./min. measured beneath the glass 
covers. ‘The conditions of the experiment are sum- 
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Fig, 2. Survival of hamster cells with and without — 
of cells with BCDR. With no BCDR slopes —0-74 + 0-01. 
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~ 1:9} + 014. Curves fitted by regression analysis. ©, 

BCDR (control); ©, 1x10*M BDR; oO, 1x10 RCDR 


marized in Table 1 and the survival curve is shown 
in Fig. 2. 

In experiment 3 hamster ovary cells were incubated 
for 48 hr. in. growth medium whieh contained 
5-bromodeoxyeytidine, labelled. with bromine-82 
synthesized according to Kriss and Revesz®. At the 
conclusion of incubation, the cells were trypsinized, 
precipitated in cold 5 per cent trichloroacetic acid, 
and washed in 0-2 N perchloric acid. The RNA was 
hydrolysed in 1 N sodium hydroxide and the DNA. > 
and protein reprecipitated with 5 per cent trichloro~ — 
acetic acid. and washed several times in acid. The — 
DNA was extracted from the protein with 5 per cent 
trichloroacetic acid at 80° C. for 15 min. Except for 
small amounts of radioactivity in the successive _ 
washes, more than 95 per cent of the bromine- B20 
which was present: in the washed cells was recovered in 
the DNA fraction. — 

Figs. 1 and 2 e E increasing slopes of the 
respective survival curves with increasing concen- — 
trations of 5- -bromodeoxycytidine. Since each >- 
survival curve. was normalized to the survival of 
clones exposed to the drug but not to. irradiation, and 
since the 0-r. point represents, the survivors after drug. 
treatment alone, the slope of each survival curve 
represents a measure of radiosensitivity under the 
specified conditions. In each experiment the slope of 
the survival -curve was. also determined for control. 
irradiated cells grown in normal. medium. with the 
5-bromodeoxyeytidine excluded. The slope ratios 
represent an index of the increase in radiosensitivity 
due to the addition of 5 5-bromodeoxyeytidine to the 
medium (Table — ‘In addition to the progressive 
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aa Table 2 
Molarity BCDR Slope ratio = R 
1075 1-304 + 0-026 
10 1-74 + 0-01 
10- 2-56 + 0. 04 


Where eR = ratio of the aope of the bromodeoxycytidine (BCDR) 
ated cells to the slope of the controls. Standard error computed 

rding to the relationships siR = (sbt + R's*be)/be*. Where 
Slope of treated and be slope of controls. 


ease in slepe ratioa decrease i in the shoulder of the 
curve is noted. In spite of a substantial 
radiosensitivity | at 10-4 M 5-bromodeoxy- 
.o manifestation of toxicity was evident 
population of cells in the stock bottle was 
greater than in. the control stock and the 
efficiency was equal to the plating efficiency of 
he untreated controls (Table 1). At 10-° M 5-bromo- 
eoxycytidine some toxicity due to the drug alone 
as evident. 

Although the results do not permit quantitation, 
experiment 3 demonstrated that most of the bromine- 
82 was recovered from the DNA fraction of cells 
incubated — with _@Br-5- bromodeoxycytidine. The 
not determined. Cramer et al.? have suggested that 
6-bromodeoxycytidine is incorporated into DNA as 
_§-bromodeoxyuridylic acid. 

_ Although Djordjevic and Szybalski* have demon- 
strated an increase in-radiosensitivity of cells pre- 
treated with 5-bromodeoxyuridine in vitro clear con- 
_ firmation of this effect in vivo has been difficult to 
obtain. Kriss and Revesz demonstrated in the rat 
_. that *Br-5-bromodeoxyuridine was rapidly debrom- 
inated by the liver’. Their detailed studies on the 
metabolic pathways of 5-bromodeoxyuridine and 
_ §-bromodeoxycytidine also demonstrated that in the 
> rat ®Br-5-bromodeoxyuridine. injected intravenously 
. rapidly disappeared from the circulating blood, 
whereas “Br-bromide accumulated. Experiments 
also demonstrated that *Br-5-bromodeoxycytidine 
_- was debrominated more slowly than the **Br-5-bromo- 
deoxyuridine. In addition the uptake of bromine-82 
Into ascites tumour cells was greater in mice receiving 
Intraperitoneal injections of ®Br-5-bromodeoxy- 
-cytidine than in mice receiving an equimolar amount 
of “’Br-5-bromodeoxyuridine. The in vivo evidence 
presented by Kriss and Revesz demonstrated different 
— patterns of tissue distribution of the bromine-82 
= which depended upon whether the bromine-82 was 
administered as ®Br-5- bromodeoxyuridine or ®Br- 
-§-bromodeoxycytidine. The experiments presented 
>. here indicate that 5-bromodeoxycytidine is an 
effective radiosensitizing agent for mammalian cells 
in vitro. Both studies provide groundwork for the im 
vo evaluation of 5-bromodeoxycytidine as a radio- 
itizing agent. 

his work was supported by grant CY-4542, U.S. 
lic Health Service, National Institutes of Health. 
am indebted to Dr. Joseph P. Kriss for supplying 
“Br- bromodeoxycytidine used in experiment 3. 
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Regularities of Metal Excretion from 
Organisms on Late Application of 
Complexons 


COMPLEXONS are of interest to biologists i T 
various points of view: (1) their ability to affect 
sharply the behaviour of polyvalent metals in == 
organisms; (2) their applicability as models for com- = 
plex-forming substances (amino-, nucleic and other F 
acids) naturally occurring in organisms. The abili 
of complexons to decrease the deposition. of diff 
metals in tissues and to increase their excret 
the organism have found a vast. application. in ti 
of metal and radioisotopic poisoning. — E 

At present, when considerable data on 
subjecti- have already been accumulated, some 
attempts are being made to ascertain general effects. is 
of complexons on the behaviour of metal in organisms. — 
The greater part of investigations in this subject was) 
undertaken on the early application of complexons — 
(some minutes after incorporation of radioisotopes), 
when the principal mass of metal is still in blood, forit 
is then that complexon efficiency is most pronounced. DEE 
From the practical point of view, however, reactions 
at late complexon application, when the metal is 
already fixed in tissues, is of even greater interest. 

Based on previously achieved resulte! an 
attempt was made to establish a relationship between 
excretion of radioisotopes in urine and, so called, 
calcium displacing constants (Kasp.); which shows HOES 
how many times the bond-strength of a given com- 
plexon (X) with a metal (M), expressed by stability 


constant (x M = ay exceeds the strength i : — 


M 

, Š , — CES ONES 

of its bond with calcium (Kea Ge eR 
otherwise Kasp, = Ku/Kca, Logarithms of Kea oo 
Km and Kasp. (in brackets) for cations, which are o 
interesting for us, are given in Table 1. cs 














Table 1 

Complexons Ca*+ Cet ysr Pht 
(1) Diethylenetriaminepentaacetate 109 204 20.4 TRO, 
D (%5) (9:5) (50). : 
(2) Ethylenediaminetetraacetate 10-8 160 180 TB Be 
EDTA (5°2) C292) CEB) 

(3) 1 — hye’ 12-5 16:8 10-200 19°F 
acetate (CDTA) (4:3) (6-7) - o ae 













Expediency of comparison of the efficiency of com- 
plexons not with the absolute Ky, but with. Kas. 
(taking into account the- high concentration of free 
calcium in blood and intercellular fluid} has been 
already demonstrated™’, ; 

In our experiments): 12 100 uM of the complexons ' 
indicated in Table 1 Gn. calcium form) were injecte: 
intraperitoneally to 3-4 months-old male rat 
8th, 13th and 38th days after intravenous injection 
of carrier-free radioisotopes (yttrium-91, cerium-t44 o o 
and lead-210). The amount of daily excretion of 
metals in urine was measured. P 

The values of isotopes excreted (percentage of = 
injected dose) during 24 hr. after administration of = 
complexons were the highest in the case of DTPA, 07 
which has the largest Kasp, The effect of EDTA and 
CDTA was less pronounced; it is especially clear. in 
the case of cerium, where differences in Kasp. between 0 o0 

DTPA and the two above-mentioned complexons > = 
reach quantities of about 10-105. eo 

In comparing excretion values of different metals ©- 5 
under complexons treatment at each separate period = 
with log Kasp. (Fig. 1) one can see that the experi- 
mental points fall well into straight lines, described by > 
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“Big. 1. Relationship between Kdap. and values of yttrium, 
serium and lead excretion with uring, influenced by DTPA (1), 
EDTA (2) and CDTA (8), injected at eighth (curve 1), thirteenth 
fourve Il) and thirty-eighth (curve HI) days of experiment 


elementary mathematical function (deviation from 
linearity is statistically not significant, P > 0-2). 
This permits us to make the following conclusions. 

(1) Community of the curve for different com- 
plexons and different metals indicates their ‘unspecifi- 
city’, though it is quite probable that some other 
eomplexons with the sarne metals or other metals 
with the complexons considered will give an appre- 
ciable deviation from the curves presented, as is the 
case with cerium. Those deviations should demon- 
strate the specificity of a given metal or complexon. 
For example, the ‘super-effect’ of DTPA in the case of 
cerium (Fig. 1) appears to be a result of easy mobiliza- 
tion of this metal by complexon from liver (initial 
deposition of cerium in liver usually reaches 45-60 
per cent, when that of yttrium and lead is only 
7-10 per cent). With decrease in content of cerium in 
liver with time, this ‘super-effect’ is less pronounced 
(Fig. 1, curve IT). A similar picture could be given by 
other ‘liver’ metals, too. 

(2) The exponential nature of those curves allows 
us, by extrapolation, to evaluate the possible effi- 
ciency of stronger, as well as of weaker, complexons. 
As can be seen in Fig. 1, complexons with Kasp. less 
than 10! should be practically ineffective at the 
given stage of experiment. 

(3) The shift to the left of the point of intersection 
of straight lines with abscissa (log Kasp. : 4:18-4-03- 
_ $52 on the 8th, 13th and 38th days; equations on 

Fig. 1) indicates a decrease of the efficiency-threshold 
th time, that is, complexons having a lesser value 
sp, at later stages of the experiment become 
fficient. Confirmation of the existence of such a 
- dependence would give an idea of changes in metal. 

tissues binding forces with time. 
_ {4) Comparison of b (slope of the lines) for different 
periods indicates a linear regression in the bi-logarith- 


mie scale. On this basis we can unite the equations 


given in Fig. l taking into account the alteration of b. 
_ However, we must refrain from such a generalization 
until we obtain further results, in particular, when 
oigotopes will leave the soft tissues entirely and 

nin the skeleton only. In such a case there is a 

p ity of considerable deviations in efficiency of 
me ecomplexon in general (absolute efficiency) as well 
< as in relative efficiency. 
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Thus, a quantitative dependence is obtained: 
effect-—log Kasp, ata late application of complexons; 
this dependence is described by the elementary 
function. It allows us to make a quantitative inter- 
pretation of the experimental results and to elucidate 
interactions between complexons and metals in 
biological media. For practical purposes this 
dependence allows us: (a) to elaborate a method for 
quantitative determination of toxic metals or radio- 
isotopes content in tissues according to the values of 
its excretion with urine under the influence of com- 
plexons; (6) to predict the efficiency of a new com- 
plexon if its Kasp. is known; (c) to determine the 
prospects of the synthesis of stronger complexons. 

Further work on other metals is necessary for more 
precise development of regularities, dealt with in this 
work, taking into account the specificity of their 
metabolism and the age and sex of animals involved. | 

D. I. Semenov 
I. P. TREGUBENKO 
Institute of Biology, 
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BIOLOGY 


Optical Rotatory Capacity of the Lens 
of the Vertebrate Eye 


Tue lens of the eye can be considered as a trans- 
parent sac of proteins and as such should be amenable 
to examination with transmitted polarized mono- 
chromatic light. The results obtained when the 
lenses of sheep, lambs, steers, calves, dogs and rabbits 
were examined for their capacity, in vitro, to rotate 
the plane of polarized monochromatic light are 
reported. 

The eyes used were obtained from local abattoirs 
or from the Department of Animal Care of this 
University, and all eyes were stored in the refrigera- 
tor until used. Three hours prior to the removal of 
the lenses, the eyes were allowed to warm up to room 
tomperature (21-23° C.). No eye older than 3 days 
was used. The lens was removed by an anterior 
approach and at the same time as much of the 
adhering vitreous humor was removed from the lens. 
The capsule was carefully stripped off along with any 
adhering material. The lens was discarded if it did 
not have clear, unmarked anterior and posterior 
surfaces. The lens thickness was measured with a 
centimetre ruler graduated in millimetres. The lens 
was mounted in a brass holder so constructed that 
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a 3-mm. portion of the central anterior and 
al posterior surface of the lens was exposed to 
polarized light when it was properly mounted in 
the holder. Mounted in this manner the exposed lens 
aces were essentially parallel to one another. 
All optical measurements were carried out with a 
udolph model 200 photoelectric polarimeter at 
°C. A sodium lamp and suitable filter sup- 
89 my light and a mercury light with suitable 
pplied 578 my, 435 my, 405 mu, and 365 my 
ftor the measurements were made the lens 
od in a tared. vial, weighed, lyophilized or 
y 00° C. and we'ghed again. 
le 1 are presented some representative values 
for the observed and specific rotations of lenses from 
different animals. Some 25 lenses were examined, 
and all observed rotations were negative and the 
specific rotations were within the range of — 59° to 
— 92°. The finding that an intact lens will rotate the 
plane of polarized light is not unexpected. The lenses 
examined contained about 30-40 per cent solids of 
_ which about 98-99 per cent is protein, and it is well 
_ known that proteins in solution have a negative 
_ rotation? ?. 























LENSES 


OAmeasured Cra 


: ‘Table T l Oprican: ROTATORY Capactry OF DIFFERENT 
ons Wet weight Dry weight Thickn 
(gm.} (gm.) (om.) 


0-4580 t 0-8 
1:2060 0:4251 t O08 


, ~2148 — 74 
269 
— 91 
74 
Steer 1-4270 -62 
> 38 Byes from the same animal. 
=o Dried at 100° C. in oven for 12-14 hr, 
t — Omeasured (100) 


dry weight , 4 thie dem 
E weight 00) (thickness in -) 
SLANT Omeasured is the average of the readings given. 
-C$ The values in this column were obtained when the mounted lens 
was turned around and the reading repeated. At the present time 
there ia no evident explanation for these differences in observed 
optical rotation which occurs when the lens. is rotated. 


Although lens proteins have been examined for 
-moro than 150 years**, I am aware of only two reports 
-in the literature which give the optical rotation of 
lens proteins", Nordmann’, referring to the latter 
_ publications, gives the following values: albuminoid, 
 —51-5°; a-erystalline, — 46-9°; G-erystalline, —43-2°; 
_ y-orystalline, — 80°. However, on examination of the 
original publications the values for «-, B- and y-crys- 
= tallines were given without plus or minus signs. If, 
< for the sake of discussion, the rotations published by 
Nordmann were in fact negative in sign, and the 

‘percentage of each protein in a one-year-old bovine 
lens as given by Bellows” were used, the specific rota- 
n for such a lens can be calculated as shown in 
e2. The value of — 45-6° so obtained is in reason- 
sreement with the values shown in Table 1. The 
- optical rotatory value found for the lens might 
Ə due to a number of factors such as: a change in 
rotation of a protein when it is in a gel, as it is in 
lens, compared with its rotation in solution; and 
ssible difference between the compositions of the 
rotein from a calf which is 4-7 months old, and 
ms protein from a year-old animal. An addi- 
al factor which must also be considered is the 





















CALCULATION OF OPTICAL ROTATION OF BOVINE LENS 
Tn lens (por cent) Rotation Product 
(i) (ii) (i) (ii)/100 
— 5° 
—~ 140° 
— 23-0". 


m 12° 
Total —45-6° | 


—51-5° 
—46-9° 
l — 432° 
15 -80° 
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possibility that the rotation observed might no 
be due to the presence of protein in the lens but als 
to some anatomical feature of the lens itself. 
The variation of optical rotatory capacity: 
intact calf lens with wave-length of light is presented 
in Table 3. When a rabbit lens, 0-9 om. thick, 42:3. 
per cent total solids, was examined at three wave- > —— 
lengths the following results were obtained: at 578 < < >> 
mu no reading could be obtained; at 546 my a 
specific rotation of — 58° was measured and at 435 my _ 
a specific rotation of — 138° was measured. These 
results and those in Table 3 are given to demonstrate 
the possibility of performing rotatory dispers 
investigations on intact lenses, and also to show tl 
optical rotation. change with change in wave-length 
of light may not be the same for lenses of different _ 

















Table 3. RoraroRY DISPERSION OF CALF LENS : E 

0-8 em. thick, 1-028 gm. wet weight, 03787 gm. dry weight = 
— 223 
301 
— 2°63 
— 4:39 
~ 5:59 


= 727 
This work was supported, in part, by a grant from 
the National Institutes of Health, Public Health 
Service (A-3627). hee 
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Homology of Ear Ossicles 


Few problems in morphology have aroused more — 
interest than that of the origin of the ear ossicles. Itis =< 
a familiar fact that the Mammalia differ from all 
other gnathostomes in having a chain of three ossicles — 
(stapes, incus, and malleus) serving to convey vibra- _ 
tions from the tympanic membrane to the labyrinth 
lodged in the auditory capsule. The other tetrapods < 
(reptiles, birds, and amphibians) have only one 
ossicle, the stapes (columella auris). The other = 
gnathostomes (fishes) have no functioning ear ossicles. 

Concerning the homology of the ear ossicles many 
different views have been held’. The most accepted 
hypothesis to-day is that of Reichert-Gaupp’, 
according to which the mammalian 

















m stapes isde- 0. 
rived from the reptilian stapes, the incus from the `- 
quadrate, and the malleus from the articular, while — 
the dentary has acquired’s new articulation with the- 
squamosal. According to most authors the tetra. 
podean stapes is homologous with the hyomandibula 
(epihyal) of fishes*. — 
Tt has also been suggested that the stapes is homo- 3 
logous with the pharyngohyal in the Australian = 
lungfish Neoceratodus*. On a comparative embryo- — 
logical basis this element in Neoceratodus has recently... 
been shown to represent a compound infrapharyngo~ = 
suprapharyngohyal homologous with the lateral = 
commissure in teleostomean fishes®. TE oa T 


















005 min, 
B 
— | 
G05 mm. 
Fig. 1... Diagram of the larval auditory region, to show the 


position of the dorsal part of the hyal arch in Neoceratodus (A}, 
and the stapes in Hynobius (By; transverse section. ¢, noto- 
chord; ca, auditory capsule; ch, ceratohyal; ci, carotis interna; 
eh, epihyal; ish, infrapharyngo-suprapharyngohyal: i, lamina 
basiotica;. fc, lateral commissure: th, laterohyal; m, musculus 
levator hyoidei; 2, nervus hyomandibularis facialis: peh, para- 
chordal; sh, stylohyal; st, stapes; vj, vena jugularis 


_ Difficulties arise when the comparision is extended 
to the Amphibia. Especially in the Urodela and 
Apoda the auditory apparatus is more or less degen- 
erate as the result of the burrowing habits of the 
latter and the re-adaptation to aquatic life of the 
former. Nevertheless, the structures of the amphibian 
middle ear can be shown to be arranged on the same 
general plan as in Amniota’. The jugular vein (head 
vein, vena capitis lateralis) passes above and the 
internal carotid passes below the stapes and fenestra 
ovalis: 

Finally, embryological investigations of larva of 
the urodel Hynobius retardatus show that the tetra- 
podean stapes may develop in essentially the same 

-position in relation to the skeleton, muscles, nerves 
and vessels as the epihyal and infrapharyngo— 
. suprapharyngohyal do in Neoceratodus (Fig. 1). For 
-oo developmental and comparative anatomical reasons 
the stapes might then be homologous with a fused 
opi-infrapharyngo-suprapharyngohyal. If this hypo- 
thesis is correct, the dorso-medial part of the stapes 
iso homologous with the lateral commissure in 
mean fishes, because this commissure is 
ly homologous with the infrapharyngo- 
naryngohyal in Neoceratodus’. A lateral 
commissure has not been described in tetrapods 
— before. — 
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Vitamin | d the Reproductive Cycle 
of Ovaries in Cod (Gadus morrhua) © 

In previous communications? the relationships — 
between. the contents of pantothenic acid, riboflavin, 
niacin, vitamin B,, and biotin, and the reproductive 
eycle of ovaries in cod were reported. Pantothenic 
acid was found to show a unique relation, the values | 
being very high in ovaries from juvenile fish and from _ 
mature fish in the first stages of regeneration. The 
average values for juvenile, maturing and ‘ripe’ — 
ovaries were respectively 234, 115 and 30 ugm. panto- ` 
thenic acid per gm. fresh weight. Riboflavin, niacin ` 
and biotin did not show variation, while vitamin B,, _ 
showed a definite though slight decrease during the — 
regenerative cycle, This finding for vitamin B,, was 
verified in later investigations. — cs 

The present communication reports results from an. — 
investigation of the relationship between the content 
of vitamin B, and the reproductive cycle of ovaries in — 
cod. The vitamin was extracted by autoclaving at — 
120° C. for 4 hr. with 0-055 N sulphuric acid. The 
estimation was carried out according to the method 
described by Atkin et al.? using Saccharomyces carls- 
bergensis as test organism. In Fig. 1 is plotted logarith- 
mically the relation between the content of vitamin 
B, per gm. fresh weight of the ovaries and the stages 
of maturation expressed as per cent ovary in the 
fishes. The percentage gives, according to Sivertsen’, 
a good expression of the stage of maturation of the 
ovary in cod. Contrary to the findings for the five 
other members of the vitamin B complex investi- 
gated, which either remain at fairly constant concen- 
trations or show decreases, vitamin B, shows a strong 
increase in the concentration per gm. fresh weight in 
relation to the maturation of the ovaries. While 
juvenile ovaries showed values as low as 0-023 ugm. 
vitamin B, per gm. fresh weight or approximately 
0-12 ugm. per gm. dry weight, mature ovaries showed 
values up to 3-2 and 12-8 ugm. respectively. In the 
very last stago of the reproductive cycle the ovaries 
take up considerable amounts of water, and the 
results from this stage show no increase per gm. fresh 
weight, but a slight decrease is indicated. 
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Fig. 1. Relationship between vitamin B, content and stage of 
maturation of ovaries in cod. O, Juvenile; @, mature 

















it min Bi ERRA in ovaries of cod 
oases: 100-150 times during the reproductive 
ative cycle. If the results are compared 
she values reported from fish and fish products', 
er, it may be noted that this increase is from 
small concentrations. ap to values somewhat 
those in other organs. - 

in B, as pyridoxal y hosphate participates in 
ration of amino-acids and amines, and it is 
the reactions of «-amino-acids which are 

it on this factor, hore prosent knowledge of 
yist nesis permits the dis- 
processos. of protein 
aps actually involves 
is. Thus, a direct 
d the processes of 
genesis of the ovarios in cod seems to be 
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_ Hepatotoxic Effect of Tri- and Tetra- 
chlorethylene on Mice 


= o TeRi- and tetra-chlorethylene have wide ‘usage 
_ industrially as degreasing agents. During recent years 
_ tetrachlorethylene has to some extent replaced 
trichlorethylene, in addition to other reasons, because 
of the belief that tetrachlorethylene is less toxic! ’. 
However, opinions are controversial on this topic, 
specially with reference to liver toxicity”. 
In order to investigate the effect of tri- and tetra- 
hlorethylene on the liver, groups of albino mice were 
posed to various concentrations in the air of these 
spective compounds, Each group of ten animals 
as given a single 4-hr. exposure to each concentra- 
tion. Animals were also expesed in the same manner 
hloroform, whichis known to give definite liver 
necrosis. The control group was exposed to air only. 
» animals were killed on the third day. The 
presence of liver fat was determined histologically and 
red quantitatively by acetone-hexane extraction. 
lition, blood serum ornithine carbamyl trans- 
activity was determined. A rise in activity is 
č for liver damage’. 
‘1 shows that trichlorethylene produced no (or 
ight) histologically detectable fatty infiltration 
ver even at 6,400 p.p.m. (two animals died at 
osure; LDeo = 8450 p.p.m.5), Tetrachlor- 
; caused fatty infiltration at the low level of 
p.m., but necrosis of the liver cells could not be 
ad. With chloroform fatty infiltration was found 
ically at 200 p.p.m. and necrosis at 800 p.p.m. 
orethylene did not produce any significant 
se in the amount of extractable liver fat (Fig. 2), 
y confirming the histological findings. Tetra- 
Wnylene, as well as chloroform, caused an 
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Fig. 1. Histolo ically visible. liver fatty infiltration in. cont 


and in mice following. exposure to -trichlorethylene,. * 
ethylene or shloroform l l Í 
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Fig. 2. Acetone~hexane fat extraction from. livers of- exposed. 
miee, Each point in the figure represents the mean of 10 observa- 


tions. @, Chloroform; ©, tetrachlorethylene; ok, ‘Aniebior 
ethylene 
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increase of the extractable liver fat with — ee 
concentrations of the agents in the air (Fig. 23) < < = 
Elevation of serum ornithine carbamyl transferase — 
activity was found only after exposure to chloroform. — — 
From the results of the present investigation tri- 
chlorethylene seemed to be less dangerous.. to the — 
livor than tetrachlorethylene. REE 
Plaa et al.? found, following a single suboutanae ul 
injection in mice, that tetrachlorethylene affected the 
liver less than trichlorethylene. An explanat 
the apparent discrepancy between their result 
ours is probably the different. routes of adi 
tion used. This emphasizes the importance yi 
lating the route of exposure: in the investigati 
that in the actual work condition, in order to 
more realistic information about the health hazi 
volved. From the point of view of industrial h gie 
the toxicity of these agents by injection is. 0 les 
importance, since the usual route is by inhalation. — 
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An Aceto-Carmine Staining Technique 
for the Ectocarpales 

Tue following technique has been developed for the 
study of chromosomes in species belonging to the 
order Ectocarpales and has been used successfully 
on Ectocarpus, Giffordia and Pylaiella spp. 

Fixation. Material is fixed in 95 per cent ethyl 
alcohol and glacial acetic acid, 3: 1, to which is 
added a sufficient quantity of concentrated aqueous 
ferric chloride solution to impart a pale yellow colour 
to the fixative. Fixation is complete in 12-24 hr. 

Storage. After fixation, material is washed free of 
the fixative in 70 per cent ethyl alcohol. It may then 
be stored in 70 per cent alcohol for e period of up to 
six months, preferably in a refrigerator, without 
serious deterioration. 

Maceration. Material to be stained is pretreated 
as follows: A small portion of thallus is washed in 
distilled water, arranged on a clean slide, and mounted 
in a few drops of 100 vol. (about 30 per cent w/v) 
hydrogen peroxide solution. The slide is then warmed 
gently for about 30 sec., the material covered by an 
albumenized cover-glass, and the preparation 
squashed between three thicknesses of filter paper. 
The slide is then inverted in a ridged dish containing 
2 per cent acetic acid until the cover-glass, bearing the 
material, floats off. 

Staining. The cover-glass is transferred from the 
2 per cent acetic acid to a watch-glass filled with 
aceto-carmine'. The stain is then heated until 
steam and acetic acid vapour are given off, and 
maintained at this temperature, just short of boiling 
point, for 5-10 min. 

Differentiation. The cover-glass is then immersed 
in 45 per cent acetic acid and the material differen- 
tiated in this until a pale pink colour is obtained. This 
process is usually complete in 1-2 min. 

Dehydration. The material is dehydrated in 95 
per cent ethyl alcohol followed by two changes of 
absolute alcohol. Clearing is in ‘Euparal’ essence and 
the material is mounted in ‘Euparal’. 

When the specimen to be stained has cell walls 
particularly tough and resistant to squashing, or, if 
it is especially rich in chromatophores and other 
extra-nuclear cell components which can obscure 
nuclear details, then a 3 per cent aqueous solution of 
sodium carbonate may be used as a macerating 
agent. Sodium carbonate, in 6 per cent solution, was 
suggested by Naylor? as an aid to squashing species of 
Fucales, and it is undoubtedly efficient in its action 
on the algin, which constitutes the greater part of the 
cell wall, but its strong alkalinity (pH 11-6) can cause 
partial degradation of the chromosomes. This has the 
effect of blurring their outlines and thus making it 
difficult to distinguish between one chromosome and 
its neighbours. Sodium carbonate should therefore 
be used with caution. Material is mounted in a few 
drops of the solution, warmed very gently, squashed 
as described, and inverted in the 2 per cent acetic 
acid. It is important that the cover-glass be floated off 
in an acid medium since the high alkalinity of the car- 
bonate can also cause precipitation of carmine particles 
from the aceto-carmine stain, unless first neutralized. 

When the plant material is very delicate, and its 
extra-nuclear cell components are not numerous 
enough to obscure nuclear details, uso of a macerating 
agent may be dispensed with, the material being 
arranged on the slide, mounted, and squashed in a 
drop of water. 

This technique provides an easy and reliable 
method for the examination of the very small 
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chromosomes found in the Ectocarpales. Because of 
its speed, this method is also useful in distinguishing 
haploid and diploid plants in an order the species of 
which often show an alternation of morphologically 
identical generations. 
G. RUSSRLL 
Marine Biological Station, 
(University of Liverpool), 
Port Erin, Isle of Man. 
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MICROBIOLOGY 


Reversion of Spheroplasts produced by 
Lysozyme into Rods in Proteus vulgaris 


THe modes of regeneration of large bodies formed 
by the action of penicillin are well known to-day. 
This is not so, however, for spheroplasts produced by 
lysozyme. The possibility of their reversion to the 
bacillary form is quoted by Zinder and Arndt’, 
although it is denied by others*. So far as we know, 
no morphological study of this reversion has yet been 
published. If lysozyme and penicillin act on the same 
layer of the cell wall*, the corresponding forms might 
be expected to behave in the same way during the 
regeneration process. 

We have investigated the regeneration of lysozyme- 
spheroplasts of Proteus vulgaris prepared according 
to Kohn’s method‘. The best results were obtained 
when the culture was frozen for 12 hr. We found that, 
30 min. after thawing, more than 90 per cent of rods 
had been converted into spheres. This culture was 
washed with broth containing 0-2 M sucrose and then 
inoculated on to thin agar blocks covered with cover- 
slips. “PPLO-agar’ (Difco) enriched by yeast extract 
was also found suitable. 

Only in a small percentage of cases did regeneration 
follow the same course as with large bodies, that is, 
via the large long bodies‘ (Fig. 1). In the overwhelm- 
ing majority of cases it was as follows (Fig. 2): the 
sphere grew in bipolar fashion in an oval formation 
which then divided by binary fission. Both formations 
grew in length and divided in a direction cross-wise to 
the former division. The formations increased in 





Fig. 1. Large 
fragmentation, Phase-contrast microscopy. (x 6,500) 
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length and kept on dividing transversely. After 
, generations, we found nearly normal rods, 


i “sometimes club-shaped or swollen. This process took 


about 3-4 hr. at room temperature, whereas with 
large bodies under the same conditions the process 
lasts on the average 30 hr. (ref. 6). Whereas with the 
large bodies produced by penicillin there is quite 
unco-ordinated growth (in the early stages), in 
spheroplasts we find from the very start binary 
fission. These dissimilarities in the mode of rever- 
sion make it probable that further differences 
between large bodies produced by penicillin and 
spheroplasts produced by lysozyme will be found. 
Reference may also be made to the findings of 
Pitzurra and Szybalski’? showing the unexpected high 
osmotic stability of spheroplasts produced by lithium 
chloride from Æ. coli. 
M. V. NERMUT 
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Phage and Bacteriocin Investigations with 
Pasteurella pestis and other Bacteria 


Pace and bacteriocin investigations were conduc- 
ted with Pasteurella pestis in attempts to discover a 
genetic transfer system in this species. Although 
unsuccessful in their main objective, these studies 
provided additional data supporting the view that 
certain Pasteurellae have a close taxonomic relation- 
ship to some of the Enterobacteria. These results are 
reported here. 

Organisms derived from tryptic digest meat broth 
cultures which had been gently rotated overnight 
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were used throughout. The addition 
of agar to 2 per cent and sodium 
metabisulphite to 0-075 per cent to 
the broth provided a plating medium. 
The soft agar was 0-7 per cent agar 
in broth. P. pestis strains were 
incubated at 28° C., others at 37° C. 

Phage studies, Associated with 
attempts to detect transducing 
phages', 30 different phage prepara- 
tions were applied to derivatives of 
P. pestis strains TS and MP6, to 
Escherichia coli strains K12 and B 
and to one strain each of Salmonella 
typhosa (Ty 2), Salmonella typhim- 
urium (LT-2), Shigella dysenteriae 
(Sh), Bacillus anthracis (B), Staphyl- 
ococcus aureus (600) and Pasteurella 
pseudotuberculosis (PB1/-)*. A mult- 
iple inoculator® was used to transfer — 
drops of four dilutions of each 
phage preparation containing 2 x 
10%, 2 x 10% 2 x 10% or 2 x 10 
plaque-forming units/ml., respect- 
ively, to the surface of separate 
plates previously seeded with 5 x 10%1 x 10° 
bacteria of each strain and allowed to dry. The plates 
were incubated and observed 17 and 41 hr. later. 

Of 24 phage preparations showing activity on more 
than one bacterial species, 12 lysed the strains of 
P. pestis, P. pseudo-tuberculosis, E. coli and Sh. 
dysenteriae, 11 lysed P. pestis, E. coli and Sh. dysen- 
teriae and one lysed E. coli and Sh. dysenteriae with 
varying efficiencies. The previously reported com- 
mon phage sensitivity among these species summar- 
ized by Stocker* was therefore confirmed and exten- 


ded. The remaining 6 phage preparations were 


specific for E. coli (2 phages) or for S. typhosa, S. 
typhimurium, B. anthracis or St. aureus respectively. 
None of the phage preparations was specific for P. 


pestis. 
Bacteriocin studies. When surveying strains of P. 
pestis for pesticinogeny, in addition to a known pesti- 
cin’ indicator strain of P. pseudotuberculosis (PB1/-), 
the colicin indicator Æ. cols strains 9 (ref. 6) and K12 
Row were used with the object of detecting other 
bacteriocins carried by P. pestis. The strains of P. 
pestis together with — of P. 
representative of each of the 5 main serological groups? 
(PB1/-, 16/II, 43/III, 32/TV and 25/V) were also 
examined for sensitivity to colicins A, B, D, 21, #2, 
F, G, H, I and K carried by strains of E. coli and S. 
typhimurium. Of the 60 strains of P. pestis examined 
54 had previously been surveyed for lysogeny with 
negative results’. The 6 additional strains were O, 
Butembo, P12, BryanP*, Hurni and HIIISO. 

The screening techniques used were based on that 
of Fredericq*. To test bacteriocin production by the 
P. pestis strains soft agar drops each containing about 
2 x 10° organisms of a different strain were placed on 
plates, allowed to set and then overpoured with 4 ml. 
soft agar before incubation for 24 hr. Twenty-four 
cultures could be accommodated on a single plate. 
Drops of the cultures of the motile E. coli or S. 
typhimurium colicinogenic strains containing about 
4 x 10° organisms were transferred direct to the 
surface of plates using the multiple inoculator, 
incubated overnight, refrigerated for 24 hr. and then 
treated with chloroform vapour for an hour at room 
temperature. All plates were finally overlaid with 
2 ml. soft agar containing about 1 x 10° organisms 
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of a strain under test for sensitivity and observed 
after 17 and 41 hr. incubation and up to five days on 


- the bench. 


Each of the P. pestis strains except A1122, 
7793/10, Harbin, TRU, 014, 015, O19, and 020 
produced a pesticin to which P. pseudotuberculosis 
strain PB1/-, P. pestis A1122 and EZ. coli ọ were 
sensitive. A derivative of ọ resistant to the pesticin 
produced by 7'S was resistant to that produced by all 
pesticinogenie P. pestis strains, suggesting that the 
same pesticin was produced by all of them. P. pestis 
strains NM499559, 7793/10, TRU, O14, 024 and 
026 were occasionally, and P. pseudotubereulosis 
strain 32/IV always, inhibited by the Æ. coli strain 
colicinogenic for G. No other inhibitions of P. pestis 
or P. pseudotuberculosis strains were observed. 

It would seem that some P. pestis, P. pseudotuber- 
culosis, E. coli and Sh. dysenteriae strains have 
common phage receptors and some P. pestis, P. pseudo- 
t is and Æ. coli strains the same pesticin 
and perhaps a common colicin receptor. All these 
properties indicate a close taxonomic relationship 
between these species, although in Bergey’s® classi- 
fication P. pestis and P. pseudotuberculosis are placed 
in a different family (Brucellaceae) from Æ. coli, Sh. 
dysenteriae, and S. typhimurium (Enterobacteriaceac). 
Previous suggestions that they should be grouped 
together on the basis of common phage sensitivity* or 
classification on Adansonian principles using an 
electronic computer’ are therefore supported. 

It is of interest to note that all the 23 previously 
reported pesticinogenic P. pestis strains produced the 
same pesticin® and that a broader spectrum of colicin 
activity suggested by Cook et al. but afterwards 
questioned'® is supported. 

We are indebted to Dr. R. Devignat, Elisabethville, 
Congo, and Dr. H. Ozeki, Lister Institute, London, 
for the provision of bacterial strains. The technical 
assistance of Mr. L. W. Stott is gratefully acknow- 
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Structure and Mode of Nuclear Division 
in Living Rhodotorula glutinis 


CONTRADICTIONS as to the exact structure of the 
nuclear apparatus of yeast have been due in part to 
the invisibility of the nucleus in living cells. In 
recent years in vivo studies of the nucleus have been 
madet‘, but division of the nucleus in live cells has 
not been observed. 

In an attempt to observe the nucleus and study its 
behaviour during cell division in living cells under the 
phase-contrast microscope. Rhodotorula glutinis was 
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Wigs. land 2. Living cells of Rhodotorula glutinis. N, nucleus ; 


nucleolus; NM, nuclear membrane; V, vacuole; CA, 
chromatin area. (Phase contrast; x 3,300) 


cultured in different types of media. It was found that 
the nuclei could be seen in a majority of cells grown in 
barley malt wort medium of spec. grav. 1-005 and 
pH 46. Examination of 24—48-hr. cells under the 
phase-contrast microscope showed the nucleus to be 
composed of a dense central body. the nucleolus, 
surrounded by a shell of optically uniform material of 
low density (Fig. 1). Although the nuclear membrane 
could not be located in these cells. the definite 
presence of a membrane around the nucleus could be 
demonstrated in slightly older cells (Fig. 2). The 
nucleus is outside the vacuole in this picture. 
Vacuoles were generally absent in actively dividing 
cells (Fig. 1). 

Since the central body of the nucleus is Feulgen- 
negative and is readily stained by iron alum hema- 
toxylin®, it has been identified as the nucleolus (Fig. 
3). The lighter region surrounding the nucleolus has 
no marked affinity for hematoxylin but is Feulgen- 
positive and stains intensely with Giemsa (Fig. 4), in- 
dicating that this is the chromatin of the nucleus. The 
stained nuclear membrane is evident in Figs. 3 and 4. 


d in hydrochloric 
igs. 1 and 2 (both 


Tho nature of the nuclear division as seen in living 
cells is illustrated in Fig. 5. Just before division, the 
nucleus is found very near the budding end of 
the cell. It elongates and approximately half the 
nucleolus along with the surrounding chromatin flows 
into the bud. By a simple process of constriction the 
division is complete with the nuclear membrane stil] 
intact’. The culmination of nuclear division is shown 
in Fig. 6. Although the division of the nucleolus 
could not be observed in living cells, hematoxylin 
staining revealed that the nucleolus also divides by a 
process of elongation and constriction. 
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Figs. 5 and 6. Living cells. Key as in Figs. 1 and 2. (Phase 
contrast; x 3,300) 


From observations made on living as well as 
stained cells it is concluded that the nucleus in Rh. 
glutinis consists of a central dense nucleolus surroun- 
ded by a layer of chromatin, the entire structure being 
enclosed by the nuclear membrane. Thus the yeast 
nucleus appears to be similar in structure to that of 
higher organisms. 

This investigation was supported by a grant from 
the U.S. National Institutes of Health. 


T. R. THYAGARAJAN 
H. B. NAYLOR 


Division of Bacteriology, 
Department of Dairy and Food Science, 
College of Agriculture, 

Cornell University, 

Ithaca, New York. 
‘Subranianiam, M. K., Proc. Ind. Acad, Sci., 51, B, 66 (1960). 
*Royan, S., Proc. Ind. Acad, Sci., 44, B, 47 (1956). 
Sent tdi T, R., Ind. Inst. Sci. Golden Jubilee Rea. Vol., 88 


So, gm T. R., and Subramaniam, M. K., Naturwiss., 44, 68 
‘Necas, O., Nature, 184, 1664 (1959). 

Modbinow, C. F., Canad. J. Microbiol., 3, 771 (1957). 
' Hashimoto, T. Conti, 8. F., and Naylor, H. B., J. 


Bacteriol., 77; 
344 (1959). 


CYTOLOGY 


Fusion of Peritoneal Histocytes with 
Formation of Giant Cells 


Ln the course of work on histiocytes which accumu- 
laté in the peritoneal cavity following the injection 
therein of mineral oil, tritium-labelled thymidine was 
injected at various intervals after the oil. (Tritium- 
labelled thymidine was obtained from Schwartz 
Biochemical Co. and was administered intraperi- 
toneally in the amount of 0-5 me./gm. body-weight 
in a volume for 50 ml. Tyrode solution warmed to 
37° C.) The histiocytes were collected from the 
rabbits using Tyrode solution and were maintained on 


‘able 1, NUMBER OF POLYNUCLEATE CELLS IN MONOCYTES 
CULTIVATED IN TISSUB CULTURE 
Nuclel 

Hr. 1 2 8 5 $9 iit 30 69 
Rabbit 1 3 487 11 1 1 

24 464 80 3 2 1 

48 456 360 6 1 1 

72 444 50 4 2 
Rabbit 2 3 483 10 3 2 1 1 

24 473 20 3 1 2 1 

48 483 12 2 2 1 

72 4670" -277 3 
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Table 2, DISTRIBUTION OF LABEL AMONG BINUCLEATE CELLS 
Hours i Only one 
tissue Both nuclei labelled nucleus Both nuclei 
culture Equally Unequally labelled unlabelled 
Rabbit 1 3 16 4 28 52 
24 11 8 35 46 
48 38 8 11 43 
Rabbit 2 3 6 1 37 55 
24 10 6 21 63 
48 20 5 19 56 


cover-slips in Leighton tubes, in a medium consisting 
of 40 per cent normal rabbit serum in Tyrode solution. 
Smears examined by autoradiography showed fre- 
quent instances of histiocytes containing two or more 
nuclei. It became apparent that at least some of these 
binucleate and polynucleate cells did not arise from 
dividing cells which failed to separate because in many 
cases only one of the nuclei was labelled (Fig. 1). 

The results in Table 1 show that the percentage of 
multinucleated cells increased with time. 

Since many monocytes die and fall off the cover- 
slip it is impossible to take these values as absolute, 





Pis. 1. A smear taken from a rabbit which was injected with 
earol 5 days previously, The binucleate cell contains one 
la and one belled nucleus. Note that all 

contain oi] vacuoles. (x 900) 





Fig. 2. A giant cell in which the oil vacuoles merged into one, 
cell appeared in a preparation maintained for 48 hr. in vitro, 

Note that one of the nuclei is very heavily labelled, two others 
slightly so, and the other two are Culabelled, (x 900) 
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an increase in proportion of poly- 
nucleated cells when histiocytes are 
maintained in cell cultures. 

When the histiocytes were col- 
lected from the rabbits referred to in 
Table 1, it was found that about 40 
per cent of them were labelled. 
Labelled nuclei should appear in 
predictable proportions if random 
fusion takes place. However, since 
the tracer was injected 2 days after 
the oil (the monocytes were col- 
lected 3 days later), binucleate cells 
should be found which were formed 
before the injection of the tracer. 
In Table 2, the label distribution of 
100 binucleate cells is given. 

These results suggest that most, 
but not all, of the binucleate cells 
were formed in the animal after the 


but they do indicate that there is : 
f 
, 
f 
| 


injection of the tracer—that is, 48 Fig. 4 
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Fig. 5 


hr. after initial peritoneal stimulus Figs. 4 and 5. Merging histiocytes and giant cells, 48 hr. in tissue cultures. (x c. 800) 


—and that a considerable number of 

them were formed as a result of fusion. After 24 hr. 
in vitro, during which period the proportion of binuc- 
leate cells increased, moro fusion occurred. However. 
after 48 hr. in tissue culture the monocytes began to 
divide and then the picture changed radically. The 
proportion of cells with only one labelled nucleus 
decreased, and that of cells with both nuclei labelled 
inereased. Among the latter there was a high propor- 
tion of equally tagged nuclei. These cells must have 
arrived from dividing cells which did not separate 
after the nuclear division. 

It is interesting to note that the oil vacuoles 
merged in the ‘giant cells’ (Figs. 2 and 3) as if the 
cells were re-organizing their structure. One may 
perhaps consider this as analogous to the in vivo 





Fig . 3. A giant cell with 48 nuclei, which appeared in a prepara- 


tion maintained for 48 hr. in vitro. The oil vacuoles m« rge into 
four pockets, (x 900) 


formation of ‘giant cells’ the task of which is to 
isolate indigestible foreign material. 

While the possibility of phagocytosis of monocytes 
has not been excluded, we have so far not encountered 
any evidence for it; on the other hand, we have 
observed numerous cases of cells at various stages of 
a merging process (Figs. 4 and 5). 

We are indebted to Dr. Lola Kelly for numerous 
helpful discussions. The advice of Prof. D. Mazia is 
gratefully acknowledged. This investigation was 
supported by a research grant from the National 
Science Foundation and by grant E-22 from the 
National Institute of Allergy and Infectious Diseases, 
National Institutes of Health. 
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Distribution of Nerve Cells with 
Secretory-like Granules in Petromyzontes 


ACCORDING to Mazzi!, Bargmann?, and Scharrer? 
the diencephalic-neurohypophysis system of Petromy- 
zontes, in principle, corresponds to that of the gnatho- 
stomous vertebrates. The Gomori-positive neuro- 
secretory material which originates in one part of the 
cells of the nucleus preopticus continues alongside the 
fibres of the tractus preopticus-hypophyseus into the 
infundibulum. The enlarged caudal part of the 
infundibulum—which is found over the meta-adeno- 
hypophysis—is named ‘neurohypophysis’?. Kramer 
and Schreuers* observed that the neurosecretory 
material which is stored up during the larval stage 
disappears during and after metamorphosis (Lampetra 
planeri). 

In addition to this system Mazzi’ discovered that 
peculiar Gomori-positive, hyaline neurosecretory 
globules which, in a dispersed form, are found in a 
part of the thalamus, somewhat differ in their chemi- 
cal composition from the above-mentioned system}. 
Finally, Mazzi investigated the secretion of the sub- 
commissural organ of Petromyzontea. 
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Fig. 1. Secretions in different nerve cells of the larval brook lamprey (Lampetra planeri 
BS, Paraldeliyde fuchsin; all partial photographs (a-h) are of the same scale: (a) Ganglion 
subopticum of the —— S (b) ——— hypopticum of the — BND paan S ee 

o r - 
like nerve cell of the spinal cord of the trunk region. (f) Bipolar dorsal nerve cell of the 


; ial region, Nerve cell of the here so-called spinal ganglions, ; ; 
pinal cord of the branchial regio AY E Laaik tony: fy ape aa canal with any specimen of the chordates. 


of the rhombencep n. (d) Nerve cell of the nucleus motoris v 


( ) Bipolar dorsal cell of the spinal co 

During further examinations of the nucleus 
preopticus of Lampetra planeri by the chrome- 
hematoxylin method of Gomori and the aldehyde- 
fuchsin method of Gabe, secretory-like granules could 
be identified in different nerve cells of the brain and 
spinal cord as well as in the cells of the ganglions of 
the peripherous nervous system. The granules did 
not respond to the Gomori stain-method; they are 
not ribonucleic acid (RNA) and, partly, only slightly 
periodic acid—Schiff-positive. A secretion of the 
nucleus could not be shown. Especially clearly 
visible are those granules in the cells of Miller of the 
mes- and rhomb-encephalon (Fig. 1 c), in the nucleus 
motoris trigemini and the nucleus motoris vagi (Fig. 
1 d) of the rhombencephalon, in the large pyramid- 
like motor cells (Fig. 1 e), and also in the smaller 
motor cells of type II and type II (nomenclature 
Tretiakov) as well as in the bipolar dorsal cells 
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(Fig. 1 f) of all segments of the spinal 
cord. An accumulation of these 
cells can be observed in the final 
part of the spinal cord (Fig. 1 h, 
hypophysis spinalis caudalis). 

Secretory-like granules are, fur- 
thermore, to be found in the nerve 
cells of the ganglia of the brain 
supraopticum, subopticum (trigem- 
inus; Fig. 1 a), hypoticum (Fig. 1 b) 
and metoticum (facialis), branchiale 
l and epibranchiale 2-7 (vagus), as 
well as in the here so-called spinal 
ganglions (Fig. 1 g). 

The granules in the cells are lying 
partly around the nucleus (Fig. 1 d) 
and partly at the peripheral regions 
of the cells (Fig. 1 f). In the afore- 
mentioned cells of the spinal cord 
these granules are mostly accumu- 
lated at the origin of the axon. A 
transport of the aforementioned 
granules within the axons could not 
be proved until now. The nerve 
cells of the ganglions of the brain, 
moreover, show partly a compact 
big globular body (Fig. 1 a, Æ). Be- 
fore metamorphosis the accumula- 
tion of secretory-like granules in the 
aforementioned cells is the most 
dense. 

Since Speidel’s* observations of 
the “gland-cells of internal secre- 
tion” in the spinal cord of sharks, 
nerve cells with secretory-like gran- 
ules have been located in numerous 
parts of the cerebrospinal and 
autonomous systems, such as by 
Hild’ in the nucleus lateralis tuberis 
of Tinca tinca, by Gaupp® in the 
peripherous sympathic ganglions 
of the mammals, by Bargmann and 
Jacob?’ in the rhombencephalon of 
the duck, by Scharrer, Bar, 
and Schiiler (several works) in 
the caudal part of the spinal cords 
of fishes and by many others. 

Until now, however, such a wide- 
spread accumulation of secretory 
nerve cells could not be observed 


It can be assumed that here original 

conditions are existing out of 
which, according to Gersch™, the higher forms of 
organization develop after integration. The conditions 
found in Petromyzontes also show that the forms of 
organization of higher chordates developed indepen- 
dently from other phyla. 
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Application of Sudan Black B Technique 
on the Pancreatic B-cells in some 
Mammals 


Dara on the lipids in the singular apparatus are 
but scarce as yet'. Of those published hitherto, the 
data on lipoidal bodies found in the endocrine cells 
of the pancreas in mice and men** were of greatest 
interest. Lipids have been observed in diverse tissues 
to become bound to other substances, predominantly 
proteins, with which they form stable complexes. 
For such complexes, named ‘bound lipids’, a special 
technique for establishing their presence in tho tissue 
has been proposed. 

The histochemical properties of the granules in 
the cytoplasm of the B-cells are of special significance; 
their function is still being discussed as it has not yet 
been made clear whether the granules are a morpho- 
logical equivalent to insulin or some combination of 
carrier and the hormone itself. 

In my investigations in this field I observed that the 
stable sudanophilia of the 8-granules obtained under 
certain experimental conditions does not derive from 
the lipid constituents in the B-cells of the insular 
apparatus. I mention this because I believe it should 
be taken into consideration when results of histo- 
chemical reactions for ‘bound lipids’ are inter- 
proted. 

‘Bound lipids’ in the insular apparatus of guinea 
pigs, rats, rabbits, swine and horses were subjected 
to histochemical examination according to the 
method of Berenbaum (method B and C). The 
examined material was fixed in 10 per cent form- 
aldehyde solution, Lillie’s calcium acetate formalin, 
formol-aleohol, Stieve’s acetic sublimate formalin, 
Bouin's and Carnoy’s fixative mixtures and Susa 
solution. The deparaffined specimens were stained 
with saturated solutions (2 per cent w/v) of sudan 
black B (from British Drug Houses, Ltd.) of different 
age, that is, solutions aged 1 year, 2 months and 1 
month respectively, and in a fresh solution of sudan 
black. By means of method C (rinsing in tap water 
for 1-2 days and allowing to stand in the colouring 
agent for 4 hr. at 60° C.) the $-granules are stained 
selectively in specimens from all the investigated 
animals, though only the specimens fixed in Bouin's, 
Stieve’s and Susa solutions. Positive results of 
staining. however, were achieved exclusively in 
saturated solutions of sudan black older than 1 
month; staining with fresh sudan solution yielded 
negative results. The intensity of the stain in 6- 
granules increased with the age of staining solution 


a 
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- La hans islet cells in rat. Dark Islet cells are 
b vein with two-months-old sudan black B solution 
(Berenbaum method C). Bouin fixation. (x 320) 
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Fig. 2. Same as in Fig. 1, but using one-year-old solution. The 
coloration is stronger. (x 460) 


(Figs. 1, 2). The technique of applying burnt sudan 
black B (method B) gave negative results in all 
instances, regardless of the age of the staining solution. 
Control staining of the specimens with aldehyde 
fuchsin according to Gomori was performed in all 
experiments. The investigations also demonstrate 
that the ß-granules of specimens fixed in Bouin's, 
Stieve's and Susa solutions also stain in older solutions 
of sudan black B without elevation of temperature 
and without being previously rinsed in running water. 

The usual extractions in acetone, hot pyridine 
and hot chloroform—methano! mixtures do not affect 
any of the results of the staining described above, 
neither do coloration tests in ethanol, methanol and 
xylene, and recolorations argue for a lipid character 
of the sudanophilous 8-granules. Methylation of the 
specimens in 0-1 N hydrochloric acid—methanol 
mixture for 3 days at 30° C. leaves the 8-granules 
unstainable by any of the quoted methods. Photo- 
metric estimations of diluted solutions of sudan 
black B yielded the following values: extinction of a 
year-old solution was at 0:64; of a 2 months old 
solution at 0-87, and of one aged 1 month 1-06. 
It may be concluded accordingly that cortain changes 
in the chemical properties of the sudan black B has 
taken place within the solutions. 

In consideration of these findings it is most probable 
that sudan black B in an alcoholic solution adopts 
with time the character of a basic dye which then 
manifests a selective affinity to 8-granules. In other 
words, in such conditions sudan black behaves like 
a dye and not like a lysochrome*®. The opinion that 
solutions of sudan black B are not chemically inert 
has already been put forward by some authors*’. 
Until the present, however, data on these properties 
of sudan black B thus expressed on individual histo- 
logical structures were not sufficiently known, 
neither is there adequate acquaintance with the 
factors affecting the properties of sudan black B 
described here. 

B. Ropk 


Institute of Morphology and Physiology, 
Faculty of Veterinary Medicine, 
University of Zagreb. 


1! Schåtzle, W., Acta Histochemica, 6, 93 (1958). 

* Lacy, D., J. Roy. Microsc. Sac., 73, 179 (1953). 

* Lacy, D., Quart. J. Micro. Sei., 95, 163 (1954). 

t Berenbaum, M. D., Quart. J. Micro. Sci., 99, 231 (1958). 

* Baker, J. R., Principles of Biological Microtechnique (Methuen, 
London, 1060). 

t Casselman, W. G. B., Quart. J. Micro. Sci., 95, 321 (1954). 

’ Lillie, R. D., and Burtner, H. J., J. Histochem., 1, 8 (1953). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, January 29 


Untvansrry COLLEGE, LONDON (in the Large Physics Theatre, 
Gower Streat, Tondon W. — at 5 p.m.—Dr. G. V. Groves: “Soien- 
T ——— oh in Space, rbita of Space Vehicles and their Inter- 
pretation”’ 


UNIVERSITY OF LORDON (at King’s College, Strand, London, W.G. g2; 
at 5 p.m.—Prof, J. T. Randall’ ‘Some Aspects of Maxwell’s L 
and Research”’.* (First of atx lectures commemorating Clerk Maxwell.) 


INSTITUTE OF FURL (at the Institution of hvil Engineers, Great 
—— London, 8.W.1), at 5.80 p.m.—ALr. H. Rowley: “Steam 
an lesel Locomotives—Relative ermal Efficiencies and some 
Comparisons”’. 
LONDON PLANETARIUM (at Marylebone Road, London, areal at 
5.80 p.m.—Mr, Leonard W. Olarke: “The Astronomy and Astrology 
of Geoffrey Chaucer (with special reference to The Frankleyn’s Tale)’. * 


INSTITUTION OF KLBCTRIOAL ENGINEERS, and the ROYAL AFRO- 
NAUTICAL 80Mlery, Lompon Joint GROUP (at the Royal Aeronautical 
Society, 4 Hamilton Place, London, W.1), at 6 eee on 
Automatlo ee ‘Teating” open "by Mr. P. Hearne, Dr. H. 
Fuchs and Mr, A. H. B 


INSTITUTION OF — EWGINEMRS, AUTOMATIO CONTROL 
GROUP (at 1 Birdoage Walk, Westminster, London, 8.W. 1), at 6 p.m. 
—Disonssion on “Teaching ‘of Automatic Control”. 


RoyvaL GROGRAPHIOAL AO ETI (at 1 Ke ton Gore, London, 
8. ——— at 8.30 p.m-—~Mr, Joo Walmaley and . Donnis Davis. 
“The Aseent of uptse’’. 


Tuesday, January 30 


ROYAL Socrery oF ARTS, COMMONWRALTH SECTION (at John Adam 
Street, , Adelphi London, W.C.2), at 5.15 p.m.—Miss Trevely an: 
“From the Hnds of the Barth—-Overseas Students an 


UNIVERSITY COLLEGE, LONDON (in the Anatomy — — 
Street, London, W.0.1), at 5.80 p.m —Dr. A. J. Cain: “The Real 
Power of Selection. 1: Pol ymorphism and Visual Selection’. * 


~ UNIYERBITY OF LONDON (at the London School of Hygiene and 
p opica Medioine o; Keppel Street, Gower Street, London, W.O. Pao at 
m.—Prof, E Brambell: “The ission of 
other to Young". * (Sixth of thirteen lectures on nhe Baie — 
Bast of —— org by the British Postgraduate Medical 
eration. 


UNIVERSITY OF TARDOR at the Institute of Archæology, 31-84 
Gordon 8 » London, W.0.1), at 5.45 eres aa oes Diana Kirkbride: 
‘“The Pre- — Neolithlo Village at Sey! Aqlat, Beldha, in Jordan”, * 


INSTITUTION OF MEOHANIOAL ENGINEERS, AUTOMOBILE DIVISION 
at 1 Burdoage “Walk, Westminster, London, 8.W. 1), at 6 D.m— 
Iscusaion “Why Can't Motallurgiste bowie the Materials 
Engineers Require ?” 
SooreTy OF INSTRUMENT 
land Place, London, W.1), 
Tachometry, Tachogenera 
Tachometry”. 


TECHNOLOGY (at ee House, 26 Port- 
at 7 p.m.—Mr. M. Sage: “Digital 
re and their Te P to Instantaneous 


Soorery yor Visrrine Sormemisrs (at 5 Old Burlington Street, 
London, W.1). at 7.80 p.m.~~Disoussion Meeting on “Colour Tele- 
vision”. Chairman: Sir peakers: Mr. 8, N 


Watson and Monsieur P. 


Wednesday, January 31 


Boxu and Toors Socmry (at the Institute of Orthopedics, 284 
Great Portland Street, London, W.1), ab 2.80 p.m.—Symposium on 
“Osteoporosis”, 


GEOLOGICAL Soormry oF TORTON {at Burlington House, y Vents fa 
London, W.1), at 5 p.m.—Dr. E, M. Patterson: Bota ge Me Vents 
the Northern Part of the Antrim parce Dr, G. P. 
“Tertiary Walded Tufts In Bastern Iceland’ 


BRITISH NUCLEAR ENBRGY SOCIETY (at ‘the aran of — 


arold Bishop, O. B. E. 
Cassagne. 


Engineers, 1-7 Great Geo Streat, London, B.W.1), at 5.80 
Mr. L. Grainger and Mr. A, B. MoIntosh: ‘Plutonium — for Nuclear 
ower’. 


INSTITUTION OF BLECTRIOAL ENGINEERS, ELEOCTRONIO8 AND OOM- 
MUNIGATIONS SECTION (at Savoy Place London, W.O.2), at 5.80 p.m, 
—Mr. E, B, B. Callick and Dr. J. 0. ‘Storage Tubes”, 


RoyvaL MioRoscorican Soorery (at Edward Lumley Hall, Royal 
College of Surgeons, Lincoln's Inn Fields, London, W.C.2), at 5 30 p.m. 
—Dr. Murray C. Brown (U.8.A.): ‘The Present Status of Techniques 
for Microscopical Observationa of Living Tissnes”’. 


OHALLENGER SoorkTy (joint meeting with the BRITISH GLACIO- 
LOGIOAL SOOLwry, at he ean Society, Bur ton House, Picca- 
dilly, London, We), at 6 pm.—Mr. Walt Wittman (U.8. Navy 
Hydrouraphie Office): “The Characteristics of the Under Surface of 

Ice”. 


eae oF PIOLOGY, LONDON BRANOH (at University College, 
Gower Street, London, W, 0.1) at 7.30 p. m.—Annual Research Survey. 
Prof. J. E. Webb: “A New kale for ‘Amphioxns”. 


Thursday, February | 


UNIVERSITY COLLEGR, LONDON (in the Anatomy Theatre, Gower 
— ieee W.0.1), at 1.15 p.m—Air. T, J. Chandler: “Tondon’s 
eat Island”, 
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Univensiry oy LONDON (at the Imperial Coll — Salence ane 
—— London, §.W.7), at 1.80 p.m.—-Mr. trio Dickinson 
opkins 


INSTITUTION OV MECHANICAL ENGINRERS, HYDRAULIC PLANT AND 
MACHINERY GROUP spo 1 Birdcage Walk, Westminster, London, 8.W.1), 
at 2.15 p.m- on “Mechanical Equpment for Sewage 
Purification Wor 


INSTITUTE O é Teuvnigunarion (at the Institute of Marine En 
The Memorial ‘Building, 76 Mark Lane, London, H.0.3), at 5.30 p.m 
—hr, W. B. Gosney “A Beview of Calorimetry Practice as 30 pm 
to Teating Refrigerating Machines”, 


Untversity oy LONDON (at the London School of Hygiene and 
Tropteal Medicine, Keppel Street, Gower Street, London, W. O. i 
at 680 pP. m. Dr. D. A. Mitchison: “The Epidemiology of Tub 

Baom", y (Beventh of thirteen lectures on “The Scientific Basis of 
Medtoine” organized by the British Postgraduate Medical Federation.) 


CHEMICAL Soorery (in the Large Chemistry Lecture Theatro, 
Imperial College of Science and Technology, South Kensington 
London, 8.7.7), at 7.30 p.m.—Dr. J. Chatt, #.B.8.: “Hydrido and 
Related Organo-Complexes of Transition Metals” (Tilden Lecture). 


APPOINTMENTS VACANT 


APPLIGATIONS are Invited for the following appotntments on or 
before the dates mentioned 
LECTURER or ASSISTANT LROTURMR IN THR DEPARTMENT OF APPLIED 
aif c8~-The Rogistrar, The University, Liverpool, 3 (Jan- 
uary 
GRADUATR RUSEAROH ASSISTANT (qualified in nutrition, biochem- 
or biology) IX THB DEPARTMENT oy NUTRITION, for work on 
roblems of Boece and — involving chiefiy 


With laborato AT A ueen Hlixabeth College 
ee asa of — Gade Hii London, W.8 (Febra- 


pi N Or ASSISTAMT LECTURER IN PURB MATHEMATIOS; and a 
LECTURER Or ASSISTANT LECTURHE IN APPLIED Marmar —The 


out ecological, p! hysiological or cytological invest 
bloms relat to soil/plant relatio The Ropa- 
ngland, Armidale, New South Wales, 


trar, University of New 

Australia an e Secretary, Association of Universities of the 
British Commo nwealth (Branch Office}, Marlborough House, Pall 
Mal Tonon 8,W.1 ¢ ondon, Februsry 9). 


LEOTURER MEOHANRI ENGINEERING—The Registrar, The 
University, Sheffield (February 10). 

CHAIR OF MATHRIALS TEOHNOLOGY—The Recre and Registrar, 
University ‘College of North Wales, Bangor, North Wales (February 12). 

State ail — or SENIOR EXPRROIENTAL OFFICER 
——— In agricul , horticulture or botany, with an tntereat in 
th fleld and —— work) IX THE DSPARTMENT OF BOTANY, 
to assist members of the staff with their research—The Registrar, 
The University, Manchester 13 (February 12). 

IMPERIAL OHRMICAL INDUSTRIES RESRAROH FELLOWS In WIO- 
CHEMISTRY, ORHEMISTRY, CIVIL ENGINHERING or PuHysios—The 
HERE, T trar, Trinity College, Dublin 2, Republic of Ireland (February 12). 

TROHMICIAN or SENIOR OHHICIAN, to take e of the 
technical staff of the Che and Physics Laborato The 
Registrar ae yA of Sussex, Stanmer House, Stanmer, Brighton, 
Sussex (February 15 

LEOTTRUR and Ai ASSISTANT LECTURER IN PHILOSOPHY—Tho 
arean isak aG of Busser, Stanmer House, Stanmer, Brighton, 

Sussex (February 
LKOTUAPN IN PURE MATERUATIOS or In APPLIRD MATHEMATIO8— 
The Registrar and Secretary, — — (University of Durham), 
— aallo-upon-Tyne 1 (February 15). 
ASSISTANT LECTURERS IN CHHHISTRY, ETO 
(Pheorotieal and Experimental), and MarauMmarics—The 
niversity of Sussex, Stanmer House, Stanmer, Brighton, foe 


(Febraary 15), 
UNIVERSITY DEKONSTRATOR (with an honours degree in botany 
or in agriculéural botany) IN AGRICULTURAL Botany—The Secretary, 
ae of TA e University, Downmg Street, Cambridge 

e —— 

LECTURER (with at least a first-class honours degree in chemical 
engineering) IN OKHAMIQAL ENGINEERING at the University of Sydney, 
Australa-~-The Secretary, Association of Universities of the British 
Gomi monwealth (Branch Office), Marlborough Houn; Pall Mall, 
London, 8.3.1 (Australfa and London, February 

LIBRARIAN (with a degree, preferably, but not ot cca in solenoa) 
at the Marine Station Millport-— The Director, Scottish Marme 
Biological Association, Marine Station, Millport, Isle of Cumbre, 
Scotland (February 19). 

CHAIRS OF ANATOMY, PHYSIOLOGY. BIOCHEMISTRY, PATHOLOGY, 
MEDICINE, and SURGERY in the Faculty of Medicine at the Univer- 
sity of Malaya, Kuala Lompur—The Secretary, Association of Univer- 
sities of the “British Commonwealth papt Office), Marlboro 
— a Mall, London, 8.W.1 (K Lumpur an "London, Feb- 
ruary 20), 

LECTURER IN PHYSICAL CHBEMIBTRY— The Secretary, The Unrver- 
sity, Aberdeen (February tn 

TANT LECTURER (with special intereata in organic che ) 
IN THE DEPARTMENT OF OHRMISTRY—The R rar, Univers] 
College of Routh Wales and Monmouthshire, Cathays Park, 
(February 24). 

RAADER In Biookemisrey at Queen Elizabeth Co The 
Academic Registrar, University of London, Senate Honse, don, 
W.C.1 (february 26). 

CHAIR OF MbpTaALLURGY In the University of the Witwatersrand, 
Johannesburg, South Africa—The Secretary, Association of Univer- 
mties of the British Commonwealth (Branch Office), Marlborough 


404 


ery Pall Mall, London, 8.W.1 (South Afmea and London, Febru- 
ary 28). 

CHAIR OF PSYCHOLOGICAL MBDICINA In the University of Otago, 
Dunedin, New Zealand—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1 (New Zealand and London, February 28) 

IMPERIAL CHEMIOAL INDUSTRIES RESEARCH PBELLOWS (2) IN 
CHEMISTRY, ENGINBERING, PHARMACOLOGY or PHysrog-~-The Seare- 

, The University, College Gate, St. Andrews (February 28). 
IN PURE MATHEMATIOS~The Secretary, The Queen's 
Untversity, Belfast, Northern Ireland (February 28). 
LECTURER or ASSISTANT LECTURER IN ORGANIC CHEMISTRY at the 


CHAMIOAL ENGINEERING 
trar, The University, Sheffleld (February 28). 

SRRIOR LECTURER (with wide experience in — teaching 
and research, and preferably with interests in plant-soil relationshipa 
or developmental anatomy) IN BOoTANY at the University of Ho 
Kong—The Secretary, Association of Universities of the Britis 
Commonwealth ranch Office), Marlboro House, Pall Mall, 
London, 8 W.1 (Hong Kong and London, oh 2). 

JUNIOR LECTURER IN PHILOSOPHY—The Registrar, Trintty College, 
Dubhn 2, Repubhe of Ireland (March 5). 

SENIOR DEMONSTRATOR (preferably with research experience of 
A. B0. or Ph.D. standard) In THE ORGANIC CHAMISTRY DEPARTMENT 
aoe — D TARN of Melbourne, Parkville, N.2, Victoria, 

us : 

BANIOR Luorunge or LEorunse (electromc engineer or phyaloist, 
preferably with experience in control systems and radio-frequency 
engineering) IN THE ScHooL oy PHYSIOS, University, of Molbourne, 
Australisa—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough Housa, Pall Mall, Lon- 

7 0. Y. (Aare . 

ASSISTANT PROFESSORS (with research experience in one of the 
following fields: nuolear physics, low temperature and solid state 
physios, geophysics or theoretical physics, and with tea ability) 
IN Prysics—Prof. H. Grayson-Smith, Head, Department of Physics, 
University of Alberta, onton, Alberta, Canada. 

CHEMICAL CYTOLOGIBT, to work on chemical problems invol 
cell fractionation studies combined with electron microscopy——Prof, 
I. Manton, F.R.8., Department of Botany, The University, ds 2. 

GEOLOGIsT (with a firat- or good second-class honours degree in 
geology) in Northern Rhodesia for ayatematio — mapping, 
and examination of economic deposita, ete.—-The Director of 
cruitment, Department of Technical Oo tion, Carlton House 
Terrace, London, 8.W.1, quoting Ref. T/R0.218/108/0.1. 

HOSPITAL PHYSICIST (Basio grade) (with a sclance degres in phymes 
or equivalent qualification and preferably oxparience of hospital or 

physics) AT THA RADIOTHERAPY CaNTRE, for work on 
medical treatment with radio-isoto cobalt beam and other forms 
of fonixing radiation—The Hospital Secretary, Kent and Canterbury 


Hospital, Canterbury. 

RESEARCH ASSISTANT/TROHNICLAN, for the new laboratories at 
Fulham, for work on steroids—The House Governor (A), Oharing 
Orovs Hospital, London, W.C.2. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Laboratory Animals Centre. Collected Pa Vol. 10: Report of a 

Symposium on Hazards of the Animal House held at the Royal 

College of Surgeons of on May 81, 1961, with an additional 

paper: Pp. 86. (O u. Laboratory Animals Centre, M. R.O. 
ratories, 1961.) 12s. 6d. 


(811 
e Fifteenth 


The Vision of N. . By Sir Oyril N. Hinshatwood. 
Arthur Stanley Hedingian Memorial Lecture, November 10, 1961. 
Cambridge: At the University Prees, 1061.) 8s. 6d net. [81 


. 38. 
— ectronics, Ltd. Olosed Cirouit Television. Pp. 32. (ayo 
Mddx.: EAI Hisctronics, Ltd., 1961 ) 811 
Philosophical Transactions of the Royal Soaety of London. Berles 
A: Mathematical and Physical Sclences, No. 1087, Vol, 264, (Novem- 
ber 2, 1061): An Atlas of the Infra-red Solar Spectrum fro 
6-54. Observed from a High-Altitude Airaraft. Oy T . T. Houghton, 
N.D.P. Hughes, T, 8. Moss and No, 1088 


X Research, Vo 


Pp. 97. Pub quarterly. Vol. 1, appiox. 400 pages, 1164., 16 
dollars. (London’ Academic Press, Inc. ndon), Ltd.: New York: 
Academico Press, Ino., 1961.) 1 


O11 
Planning, Vol. 27, No. 456, (November 18, 1961): Indlan Univentte 
Students in Britain. Pp. 281-816. (London: Pollttcal and Eoonomie 
Planning, 1961.) 4s. [1811 
ttee of Vice-Ohancellors and Princi of the Universities 
of the United Kingdom. Memorandum of Kvidence to the Oommuttee 
on Higher Education. Pp. 11. (London: Committee of Vice-Chancel- 
lore. wa Principals of the Universities of the United — 
Department of Sctentific and Industrial Research. Automatic Data 
Processing. By Derek Wragge Morley. Pp {v+76+8 plates, (London 
861.) 6s. net, 141 


H.M. Stationery Office, 1 
Building Research Station Digest, (Second Series). No. 16: Aerated 
Concorete—1: Manufacture Properties. Pp. 4. (London : att 


Stationary Office, 1961.) 4d. 
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Other Countries 


An den Grenzen Unserer Erkenntnis: Erkenntnistheoretische 
Betrachtungen nach der Methode der Abstrakten Raumkonstruktion. 
Von Dr. Vones Zora. Pp. 36. (Zagreb Dr. Vones Zora, ——— 


81 
vat las titan Ze 
0 e ; . : e, : versi 
de l'Etat à Klsabethville, 1961 ) (811 
Canada De t of Northern Affairs and National Resources. 
National Museum of Canada Natural History Pa No. 9, (April 
18, 1961)* Bird and Mammal Observations on ef R es 
in 1960. By D.B.O. Savile. Pp. 6. No. 10, (April 13, 1961): Note- 
worthy Records of Marine Mollusca from the Bay of Fundy. By E L. 
Bousheld. Pp. 3. No. 12, (July 3, 1961) New Records of Fresh-Water 
Amphopod Crus from Oregon. By E. L Bousfield. Pp. 7. 
Bulletin No. 172, (Bi cal Series, No. 65): Contributions to Zoology 
1959, Pp. iv+135 dollar. Bulletin No. 178, (Anthropologica 
Series, No. 60): Contributions to Anthropology. 1869. Pp. vil+-248. 
2 dollars. Bulletin No. 174, (Anthro oal Series, No. 51): Tsimsyan 
Myths. ref Barbeau. Pp. v+87. 1 dollar. (Ottawa: Queoen’s 
Printer, 1961.) , [811 
United States —— of Commerce: National Bureau of 
Standards. Apphed Mathematica Serles, No. 58: Fractional Factorial 
for Expermments with Factors at Two and Three Levels. By 
wW. S. Connor and Shorley Yo Pp. v+65. (Washington, D.O.: 
Government Printing Office, 1961.) 40 cents. {911 
Commonwealth of Australia. 0.8.LR.0. Division of Coal Research. 
Annual Report, 1960-61. Pp. +25 (Chatswood, N.S.W.: Division 
of Coal Research, C.S.L R.O., 1961.) [911 
State of Calfornia: Department of Fish and Game. California 
Ocean Fisheries Resources to the year 1960. Pp. 79. Marine Research 
Oommittes, Galifornia Co-operative Oosanio Fisheries Investigations— 
Reports, Yol, 8, 1 July 1958 to 30 June 198). Pp. 180 (Sacramento, 
ornia : ornis De ent of Fish and Game, 1981.) {1011 
Institutt for Atome Kjeller, near Lilestrem Norway. Survey 
of Activities 1948-1960. Pp. 66. (Kjeller, near Lillestram : Instituti 
for Atomenergi, 1961.) {1011 
Journal of Pharmaceutical Sciences of the Untied Arab 1, 
Vol. 1, No. 1. Pp v+147. (Cairo: Journal of Pharmaceutical Sciences, 
42, Kasr El-Aini Street, 1960.) {1011 
Publications de PInstitut National pour l’Rtnde Agronomi e du 
gongo, Sério —— No. 66‘ La Cartographie des Sols £u Congo: 
sea Principes et sea Methodes. Par O. Svs en collaboration avec A. 
Van Wambeke, R Frankart, P. Gilson, P. Jongen A Pécrot, J.-M. 
Berco ot M, Jamagne. PR- 149, (Bruxelles: Institut National ponr 
YBtude Agronomique du , 1961.) 120 france. {1311 
United States partment of the Interior: Geological x 
Bulletin 1189: Index of Metallic and Nonmetallic Mineral Depoei 
of Alaska compiled from published Reports of Federal and State 


Agencies h 1959. By Edward H. Cobb and Reuben Kachadoo- 
rian. Pp. v+868-+1 plate. (Washington, D.O.: Government Prin 
Office, 1981.) {181 
Académie Royale de ique. Classe des Sciences. Mémoires, 
Deuxième série Tome 82 cule 8 et dernier: Théorie des Co 
Prismatiques Minoes Renforcées Lisses et Piapuragmes, Par f. 
B. Fraeljs da Veubeke, Pp. 100. (Bruxelles: Académie Royale de 


Belgique, 1961.) 100 francs. 
Institut Royal des Sciences Naturelles de que, etin. 
Tome 37, No. 1: Louls Debot (1898—1961)}—Notice Blographique. Par 
René Verhoyen. Pp. 5-+1 planche. Tome 87, No. 14: Notes Mine - 
Tes, : Sur la Métavoltine, Par René Van Tassel. Pp. 11. 
me 87, No. 15: A Propos de Macronema ivscriptum Walker (Iri- 
choptera). Par — Jacquemart. Pp. 4. Tome 87, No. 16: Bur 
uelques Diptares (Asilidae) de l'Iraq. Par Emule Janssens. Pp. 8, 
ome 37, No. 17: Contribution al’ Etude de la Faune de l'Afghanistan. 
68: Coléoptéres Torrenticoles (Hydraenidae et Elmidae). Par Emule 
Janagens. . 7. Tome 87, No. 18. Ischnochiton adamsii (Carpenter, 
1868) L. Dispar (Sowerby, 1832) et I. Pseudostriolatus sp. nov. Par 
Eugène Leloup, Pp. 8+2 planohes. (Bruxelles: Institut Royal des 
Sclences Naturelles de Belgique, 1961.) 1811 
Institut Royal des ences Naturelles de Belgique. Bulletin. 
Tome $7, No 19: Contribution à la Connaissance Morp que et à 
ia Classification des Mydaidae (Diptera) Par Michel Beq Pp. 19. 
Tome 87, No, 21: Quelques Especies Nouvelles ou peu Communes de 
l'Ile Maurice (2m. Note (1). (Homoptera-Fulgoroidea). Par Henn 
Synave, Pp. 20. Tome 37, No 22° Etude Nouvelle en deux Parties 
du Genre Camarotoschta Hall et Clarke, 1898. Première Partie: 
Alrypa congregata Par Paul Sartenaer. 
Fp, 11 -+1 planche. Tome New Genera of Givetian 
an 


amoennian) BRhynehonelloid Brachlo By Paul Sartenaer., Pp, 
Tir piatos. Tome, 37, No. 27: A New Classification for the Non- 
Passer . 86. Tome 87, 
No. 29: Polssons Antarotiques tea par |’ tion Belge Iris 
1061. Par Jean-Pierre Gosse. Pp. 10. (Bruxelles : Institut Royal des 
Sciences Naturelles de Belgique, 1961 ) {1811 
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WORLD CO-OPERATION IN SCIENCE 


NOTABLE feature of scientific activity in the 

past few years has been a steadily growing 
recognition of both the necessity and the practic- 
ability of international co-operation in science. This 
is, of course, no more than a return to an essential 
characteristic of scientific work, which a century and 
a half ago was scarcely interrupted by the Napoleonic 
wars. Since the Second World War, however, the 
international scientific unions have experienced 
great difficulty in resuming activities entirely un- 
impeded by nationalistic boundaries, and one of 
the most welcome features of the International Geo- 
physical Year was ite demonstration of the practic- 
ability of co-operation even across the East-West 
dividing line. No less noteworthy is the increasing 
recognition in industry that in the scientific and 
technological field co-operation across national fron- 
tiers is not merely possible or desirable but really 
essential, if effective use is to be made of the resources 
at the disposal of even a relatively strong industrial 
nation. Nuclear energy is only one field. in which 
practical co-operation has already commenced, and 
the change in outlook of industrial leaders during the 
past ten years has been remarkable. 

Lord Hailsham showed that he was fully aware of 
this tendency when last September he spoke at 
Düsseldorf on science and government in a free 
society. It is no coincidence, he suggested, that in 
one field after another science on an international 
scale is becoming an actuality. Europe, for example, 
is planning to enter co-operatively into space research ; 
much of the aid to under-developed countries will be 
co-operative as well as technical, and, without sug- 
gesting that international co-operation is a substitute 
for national excellence, Lord Hailsham believes that 
very considerable scope exists for international 
scientific effort. In the long run, he said that he is 
certain that really ambitious space research must be 
financed in this way. Medical and agricultural prob- 
lems could scarcely fail to benefit by international 
treatment, and many long-term projects in engineer- 
ing, as in thermonuclear fusion or the direct generation 
of electrical energy from heat, may well come into the 
game category. 

Accepting that it is neither practicable nor desir- 
able to create international scientific organizations to 
make up for a basic want of scientific organization or 
effort in the individual member countries, and that 
any new orgenizations which come into being will 
supplement, and not substitute, what is attempted 
nationally, it is obvious that the climate of opinion 
has changed radically since the idea of United 
Nations research laboratories was urged in 1948. 
Lord Hailsham, speakmg as Minister for Science, 
committed himself unequivocally to international 
co-operation in science, at least in respect of activities 
which would strain the resources of any one national 
society, already competent to offer an appropriate 
contribution, and in his Fawley Lecture at the 


University of Southampton m November, when he 
was equally explicit, he referred specifically to the 
international centre in nuclear physica at Geneva, 
and the joint enterprises at Winfrith Heath, in 
Belgium and in Norway and to the Mchole project 
in the Earth sciences. Even when speaking on 
research in the universities, he was at pains to 
emphasize that international co-operation had to be 
considered; and it might raise important problems 
of organization and finance and interrelations between 
universities and Governments, as well as of univer- 
sities to one another and Governments to Govern- 
ments. 

It is thus scarcely coincidence that this September 
the Ninth Assembly of the International Council of 
Scientific Unions in London and the Seventh Pugwash 
Conference at Stowe, Vermont, on ‘International 
Co-operation in Pure and Applied Science” should 
have outlined substantial programmes of co-opera- 
tion; and there are good reasons for hoping that 
support will be forthcoming for a practical programme 
even if it is not on the full scale suggested. Already, 
in fact, concrete steps have been taken in certain 
fields. The International Committee of Geophysics 
has been set up to exploit the success of the Inter- 
national Geophysical Year. With the help of more 
than sixty national committees, the appropriate 
scientifio unions and the World Meteorological 
Organization it is maintaining the operation of the 
World Data Centres, ensuring further inter-dis- 
ciplinary co-operation and arranging universal pub- 
lication of relevant scientific results. Its future plans 
touch closely several of the specific proposals recom- 
mended at the Pugwash Conference; for example, in 
1964-65, the International Year of the Quiet Sun, 
observations will be made in geomagnetism, the 
aurora, the airglow, the ionosphere, solar physics, 
cosmic rays and space research during a period of 
sunspot minimum, complementary to those obtained 
in the International Geophysical Year ‘period of 
sunspot maximum, and it should not therefore be 
dificult to reach international agreement on «4 
co-ordinated programme of satellite-launching during 
the period. 

There are other special committees which have at 
least been stimulated by the International Geo- 
physical Year, and the Special Committee of Space 
Research can be regarded as a direct descendant. 
Some of its potentialities have already been indicated 
in an article in Nature of November 25, 1961, p. 703, 
describing the Ninth Assembly of the International 
Council of Scientific Unions, and the lead given by the 
scientists towards co-operation in this particular fleld 
is 80 emphatic that any Government which stands 
apart or fails not merely to allow but also to encourage 
its own scientists to co-operate stands self-condemned. 
What is equally manifest is that the commitments of 
the International Council in the way of specific 
projects are already considerable; not only do they 
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provide for the attack on an international scale on cer- 
tain problems more or less intractable to independent 
national effort, but also they offer the prospect 
of substantial economy in effort and resources. 
The London Assembly took an important decision 
when it decided to initiate a world-wide programme 
for studying the biological basis of human welfare. 
It is somewhat surprising therefore that little refer- 
ence has been made to this decision to study, through 
the International Unions of Biology, Biochemistry 
and Physiology, the effect on living communities of 
changes in natural environment, and the augmenta- 
tion through basic research of natural resources and 
the reduction of losses and waste in connexion with 
the subsequent series of nuclear explosions by the 
U.S.S.R. A committee under Prof. G. Montalenti is 
to decide which limited international projects might 
be promoted in the first instance, and a paid scientific 
secretary is to be appointed for the programme. The 
programme proposes to examine the somatic and 
genetic variation induced by environmental factors 
on man and other organisms, and to find the best 
means for preserving biotic communities which are 
in danger of destruction or transformation. This is 
obviously fundamentally inconsistent with the policy 
and attitude adopted by the U.S.S.R. One of the six 
working groups into which the participants of the 
Conference at Vermont were organized formulated 
numerous proposals for co-operation in the study of 
biological and health problems of all kinds, including 
those involving contamination of air, soil and water 
with radioactive substances, and urged the encour- 
agement of international conferences on these topics, 
and, in particular, action by the United Nations to 
guard against the extinction of many plant and 
animal species; nevertheless, the action initiated at 
the London meetung of the International Council of 
Scientific Unions, though possibly more limited m 
scope, appears to be more strictly defined and decisive. 
The International Council of Scientific Unions 
is naturally anxious to work so far as possible through 
the existing international unions and special com- 
mittees, or through the United Nations and its 
Specialized Agencies, and seeks to encourage scientific 
activity in fields which do not fall within the scope 
of any existing organization rather than to initiate 
competitive activity. The Pugwash Conference (see 
Nature, December 23, 1961. p. 1231), which form- 
ulated some fifty distinct proposals for co-operative 
effort, was no leas anxious to work through the scien- 
tiflo unions and other existing international organ- 
izations; although stress was possibly laid a little more 
on some of the Specialized Agencies of the United 
Nations. In view, however, of the fact that of the 
six working groups one was concerned specifically with 
co-operation in assistance to the developing nations, 
this is perhaps not surprising; it was also recom- 
mended that prior to the conference on science and 
technology in application to the problems of new 
nations, which the Economic and Social Council has 
already recommended should be held next summer 
under United Nations auspices, preliminary study 
groups should be organized in specific fields. The 
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Conference also proposed an international study of 
the advisability and practicability of establishing an 
international fund to which individual scientists from 
countries in which local funds are insufficient for the 
purpose could apply for assistance in their scientific 
research. 


This proposal bears on a difficulty on which Prof. 
P. M. 8. Blackett has commented (see p. 416 of this 
issue) In connexion with the overseas universities; but, 
apart from that, it ıs clear from these accounts of the 
two conferences that, so far as scientists themselves 
are concerned, there is little likelihood of duplication 
of effort but a real determination to make the utmost 
use of existing institutions and organizations. The 
test is likely to be whether sufficient resources will 
be placed at the disposal of these institutions and 
organizations, for this must increasingly depend on 
the willingness of Governments, and the extent to 
which scientists are able to convince them of the 
need and opportunity. For that very reason, it is 
well that the Assembly of the International Counoil 
of Scientific Unions should have been prepared to 
examine afresh the adequacy to ite present tasks of 
the structure and mechanism of the Council and the 
International Scientific Unions. If increasing demands 
are to be made on Governments for support, it is only 
reasonable that due care should be taken to ensure 
that the structure available is adequate and not in 
need. of revision. 

The Assembly in London appointed a special com- 
mittee to examine all these problems of structure and 
operation, in which full account must be taken of the 
constitution and functions of the national academies 
and societies, as well as of the United Nations 
Educational, Scientific and Cultural Organization, 
which has certain overlapping interests with the 
International Council. The national bodies, however, 
have a vital part to play, and on their vision and 
determination much will depend. Dr. E. W. R. 
Steacie, who, as president, is chairman of this special 
committee, will be well aware that in the United 
States under the new Agency for International 
Development an office for research, development and 
assistance has been established with the purpose of 
organizing a research community in support of 
peaceful solutions to international problems. This 
office is expected to work mainly by contract with 
universities and with schools, which will themselves 
establish liaison in areas seeking aid; but it offers a 
model which Canada and, in the United Kingdom, 
the Department of Technical Co-operation might well 
examine. 

Whether or not any revision is required m the 
structure of the International Council of Scien- 
tific Unions there can be little doubt that, 
broadly speaking, while some considerable expan- 
sion of the central secretariat is necessary to 
permit efficient handling of the enormous growth 
of activities, it provides a reasonable framework 
for international co-operation of this type given the 
will and the resources. Policy will continue to be 
decided by scientists themselves, and bureaucracy 
kept to a minimum. These conditions are as essential 
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as when Prof. A. V. Hill was pressing the possibilities 
and opportunities fifteen or so years ago when he 
suggested making a start with the British Common- 
wealth. The scale of effort has been transformed and 
a start made towards more funds by doubling the 
contributions of national members and appealing for 
additional voluntary contributions. But we aro only 
at the beginning of immense possibilities, and in spite 
of the division of the world into two campa, this 
international fellowship of science is, as Lord Adrian 
remarked recently in an address at the University of 
Manchester, a factor making for some stability in the 
world. The sincerity of the reaffirmation in London 
of the duty of scientists to maintain a spirit of frank- 
ness, integrity and co-operation, to work for inter- 
national understanding and promote the development 
of science in the way most beneficial to mankind and 
to exert their influence to, so far as possible, prevent 
its misuse, and to serve the community not only by 
their specialized work but also by assisting in the 
education of the public in the purposes and achieve- 
ments of science, is attested by plenty of evidence in 
action in the past fifteen years. Although perhaps 
the Pugwash movement has come to be associated 
in the public mind too exclusively with disarmament 
and the prevention of war, it should be remembered 
that the Vienna Declaration issued at the third Con- 
ference in 1958 included three important sections 
dealing with science and international co-operation, 
technology in the science of peace and the responsi- 
bility of scientists. 

Just because of the spontaneous and informal 
character of the Pugwash movement, in which 
scientists from many nations come together periodic- 
ally in conference, as individuals, without direct 
Government control, to consider the role of the 
scientist in contemporary life and to discuss means 
whereby science can be devoted to constructive pur- 
poses, it is worth noting some of those informal 
affirmations alongside those made at the formal 
Assembly. They believe that as scientists they have 
an important contribution to make toward estab- 
lishing trust and co-operation among nations, because 
science is, by long tradition, an international under- 
taking, in which scientists with different national 
allegiances easily find a common basis of under- 
standing. They use the same concepts and methods, 
and work towards common intellectual goals, despite 
differences in philosophical, economic and political 
views. ‘Thus, the seventy scientists who sponsored 
the Vienna Declaration believed that by working 
together whenever possible contributed to the estab- 
lishment of an appreciation of the community of 
nations. The development of the climate of mutual 
trust, so necessary for the resolution of political con- 
flicta between nations, and an essential background 
to effective disarmament, is thereby assisted. The 
signatories hoped that scientista everywhere would 
recognize their responsibility to mankind and to their 
own nations, to contribute thought, time and energy 
to the furthering of international co-operation. 

Quite as clearly as the Assembly of the Inter- 
national Council of the Scientific Unions, the Vienna 
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Declaration recognizes that science can best serve 
mankind if it is free from interference by any dogma 
imposed from outeide, and if it exercises ite right 
to question all postulates, including ita own. Further, 
the Declaration calls for an increase in the un- 
restricted flow of scientific information among nations 
and, for a wide exchange of scientists, challenging the 
attempt to build national security on secrecy of 
scientific developments as a sacrifice of the interests 
of peace and of the progress of science for temporary 
advantage. Inasmuch as a whole workmg party 
at Vermont was concerned with the exchange of 
scientists and scientific information, it is obvious 
that progress in this field has been slight; though it 
must be recognized that a considerable part of the 
programme of further work contemplated arises out 
of the rapid advances in the technique of communica- 
tion offering opportunities for radical change. Sub- 
stantial progress has in fact already been made in 
scientific exchange in spite of the persistence of major 
difficulties, and the Vienna Declaration itself urged 
that full advantage should be taken of the possi- 
bilities of improved communication in the field of 
technology as well as of science. Even then, the 
signatories recognized that investigations and pro- 
grammes directed at raising the effective industrial- 
ization of the under-developed countries offered 
fruitful scope for co-operative effort between scientists 
of all nations; and they appealed to their fellow 
scientists in all countries to contribute to the educa- 
tion both of adult populations and of future genera- 
tions by spreading a wider understanding of the 
dangers and potentialities offered by the unprece- 
dented growth of science. 

What is clear both from the Assembly of the 
International Council of the Scientific Unions and 
the agreed Statement from the Vermont Conference 
is that proposals for international co-operation in 
science have now gone far beyond the tentative ideas 
being canvassed fifteen and twenty years ago, and 
have been formulated in concrete proposals which 
have authoritative and responsible backing in all parts 
of the world of science. Some of them, such as that for 
locating the large science laboratories in high-energy 
physics, heavy-element chemistry, macromolecular 
biology, health research and possibly thermonuclear 
research reasonably close together, with the inter- 
continental computing centre, take full account of 
the scale and tempo of scientific technique and 
advance in recent years. It remains to be seen how 
far effect will be given to such plans; for although 
the scientists have made a start, they cannot com- 
mand the resources necessary for the execution of 
plans on this scale. Nevertheless, they have given a 
clear and unambiguous lead, and, though time may 
be required to secure sufficient support from the 
Governments of the world, it will be clear enough 
where the responsibility lies if the plans are not 
implemented. The continued expression of scientific 
thought in this way can scarcely fail in the long 
run to undermine the last traces of resistance to 
co-operation and attempts to uphold secresy and 
sectional interests. 
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MODERN SURFACE CHEMISTRY 


Interfacial Phenomena 

By Prof. J. T. Davies and Prof. E. K. Rideal. Pp. 
xii +474. (New York: Academic Press, Ino.; 
London: Academic Press, Inc. (London), Ltd., 1961.) 
100s. 


HIS is a most valuable and timely book; the 

first real attempt to present, in coherent form, 
not only the older parte of surface chemistry, but 
also a very great number of modern developments. 
The authors are very well known: Sir Eric Rideal 
has inspired a vast amount of research on surface 
chemistry during the past forty years; and Prof. J. T. 
Davies, his former pupil, has probably carried out 
more first-class research since the Second World War 
than anyone else. A good and original book would be 
expected from such authors, but the result surpasses 
even my confident expectations. 

The principles of classical surface chemistry are 
well and concisely set forth, but the real value of the 
book is in its comprehensive treatment of modern 
work. Also, as befits a professor of chemical engineer- 
ing, numerous technical applications, many of which 
have never been brought together in coherent form 
before, are well described, with their background 
theory. 

The first chapter gives the principles of capillarity, 
surface energy and surface tension, and also of contact 
angles, clearly and concisely. The next discusses the 
nature and origin of electrical charges at surfaces and 
surface potentials, a subject to which Davies has 
made outetanding contributions. Surface conductivity 
and electrokmetic phenomena come next. In the 
fourth chapter, on adsorption at liquid surfaces, 
Gibbs’s adsorption equation does not appear until 
two-thirds of the way through the chapter, the 
authors preferring to develop the theory at first from 
molecular considerations. This discussion is original 
and of very great interest. The emphasis is mainly 
on recent developments, but the older parts of the 
subject are adequately given also. In Chapter 5, on 
insoluble monolayers, again the earlier work is set 
forth clearly though not very fully; but such modern 
developments as surface viscosity and elasticity are 
fully treated. Prominence is given to the attempts 
to determine molecular weights of proteins and other 
polymers by measurements of very low surface 
pressure; but this could only be valid if their mono- 
layers were of the ‘gaseous’ type, and there is a good 
deal of evidence that they are coherent, not gaseous, 
except when the molecular weight is fairly low. 
Recent work on the hindrance to evaporation by 
monolayers of long-chain alcohols, and on wave- 
damping, are fully discussed. In Chapter 6 there is 
far the best account of reactions in monolayers on 
liquid surfaces that has yet appeared. 

The last two chapters contain-a wealth of informa- 
tion on diffusion across interfaces. and disperse sys- 
tems, particularly emulsions; and there are brief 
accounts of adhesion, including friction, wetting and 
water-repellency, and penetration of liquids into 
capillary spaces. Some unusual but important 
matters which receive full treatment are spontaneous 
emulsification and ‘kicking drops’, obtained when a 
mixture of two liquids, one much more soluble than 
the other, is led into a third liquid. 

These and many other well-chosen topics are 
clearly described and knit together by a mastery of 
theory, old and new, which is very rare. There are 
few names mentioned in the text, but it is easy to 
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find who is responsible for any particular piece of 
work from the numerous and very well-selected 
references at the end of each chapter. The full author 
index refers only to these references, an economical 
but satisfactory plan. 

The authors are to be congratulated on a first-class 
book. Few, if any, others could have presented the 
modern work as fully or skilfully. N. K. Apam 


NEW NAMES IN ENZYMOLOGY 


Report of the Commission on Enzymes of the 
International Union of Blochemlstry, 196! 

Pp. vi+159. (London and New York: Pergamon 

Press, 1961.) 608. net. 


OMENCLATURE in enzymology has become 

increasingly chaotic, and it is very under- 
standable that the International Union of Biochemis- 
try decided in 1955 to set up a commission to con- 
sider the subject. The Commission’s report, which 
has just appeared, consists largely of a classified list 
of enzymes; there is a short discussion beforehand 
of the principles on which are based various recom- 
mendations concerning “‘the classification and nomen- 
clature of enzymes and coenzymes, their units of 
activity and standard methods of assay, together 
with the symbols used in the description of enzyme 
kinetics”. It is evident that much care has been taken 
to avoid over-specialization and obscurity with a 
result that the recommendations will be easily 
understood by those who are not themselves enzymo- 
logista but who use enzymes in extensions of their own 
studies. 

The recommendations about kinetics, coenzymes 
and classification of the cytochromes appear emin- 
ently reasonable, and the standardization of a basic 
unit for all enzyme activities will be a relief, particu- 
larly to the non-specialist. The proposed classifica- 
tion of enzymes is based on the differentiation of six 
main classes of activity; oxidoreductase, transferase, 
hydrolase, lyase, isomerase, ligase. Each of these is 
further sub-divided. One of the most useful aspecte 
of the new system is that each enzyme is given a set 
of numbers which indicates its characteristics to a 
considerable degree; thus enzyme 1.2.3.4 (oxalate: 
O oxidoreductase, trivial name oxalate oxidase) is an 
oxidoreductase (class 1) acting on the aldehyde or 
keto-group of donors (sub-class 2) with oxygen as 
acceptor (sub-sub-class 3), and is the fourth enzyme 
listed in its sub-sub-class. Provision is made for 
enzymes which are not fully characterized, and it is 
suggested that as numbers are intended to be im- 
mutable they should only be allotted in the future 
by a standing committee. 

All methods of classification are arbitrary, and 
the commission was fully aware of the difficulties 
it had to face and the criticisms which are sure to be 
levelled at any particular scheme. I myself feel that 
the intrinsic differences between transferases and 
hydrolases are not sufficient to warrant their differ- 
entiation into main groups as this has led to arbitrary 
separation of similar activities; to take one of several 
examples, levansucrase (2.4.1.10) and 6-fructofuranos- 
idase (3.2.1.26) are widely separated although they 
both hydrolyse and transfer fructosyl residues from 
sucrose. After six years of deliberation, however, the 
Commission must have good reason for the main 
classes they have chosen. 

Turning to nomenclature, the bases here are 
that present names should be changed as httle 
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as possible and that the systematic name of 
an enzyme should be an extensive descrip- 
tion of the nature of its activity; ım this latter 
principle the system follows chemical and not bio- 
logical precedent. It might have been stimulating 
for the other members to have had a professional 
taxonomist on the commission as biologists are well 
aware, from pre-Linnean difficulties, that such a 
basis for nomenclature leads to names which are 
impractical for both print and speech; under such a 
system the question of trivial names, which will 
become to all intents and purposes the real names 
if the systematic ones are unmanageable, becomes 
important, and this report does in fact give a hst of 
detailed rules for trivial as well as systematic nomen- 
clature. Such rules lead inevitably to the elimination 
of non-conformist albeit evocative terms; diaphorase, 
invertase, lysozyme-and many others which are the 
very stuff of biochemical history are to be heard no 
more (it is unimaginable, I hope, that a future botani- 
cal commission will eliminate trivial names like 
squinancywort, stinking mayweed and mung bean— 
although there must be more known varieties of bean 
than there are, say, of invertase). 

How much this report will affect biochemical 
literature remains to be seen; telephone calls to the 
editors of two British journals have indicated that 
the recommendations will be followed so far as is 
reasonable—a veiled hint, perhaps, that some of 
them are not as reasonable as they might be. 

J. EDELMAN 


THE BIOLOGICAL WAY TO THE 
FUTURE 


The Ethical Animal 
By Prof. C. H. Waddington. Pp. 230. (London: 
George Allen and Unwin, Ltd., 1960.) 25s. net. 


ROBABLY many scientists will be glad that 

Waddington has taken up the cudgels against his 
many oritics. He has good reason to know the dangers 
that meet the scientist who ventures to believe that 
he has useful things to say about philosophy and 
ethics. His position is that the biologist and especially 
the geneticist and evolutionist is able to make what 
may orudely be called the transition from ‘is’ to 
‘ought’. The strength of his method shows itself in the 
calm and charitable way he can treat his critics. He 
_ counters the haughty welcome with which philo- 
sophers quickly classify the views of scientists by 
returning the compliment and classifying the philoso- 
phers. He is no novice at philosophy himself, and 
one of his most mteresting chapters describes discus- 
sions with Wittgenstein in 1940, ending with some 
novel suggestions about the motivations of that 
strangely mixed character. 

Waddington believes that from the study of human 
evolution in the past we can derive some guidance as 
to how to direct it in the future and he is not dismayed 
by tbe distinguished attacks on this “naturalistic 
fallacy”. One can certainly welcome his courage and 
his hope that sciance can find better ways through 
even these difficult matters. Nevertheless, he perhaps 
underestimates the difficulties of the problem. He is 
so anxious to repudiate what he regards as the 
nihilism of logical positivism and linguistic philosophy 
that he fails to see that their endeavours are necessary 
if we are to understand precisely what we are saying. 
This leads him to do less than justice to his own case. 
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For example, a common objection to the use of 
statements of fact to validate statements of value is 
that this can only be done by assuming other value 
statements and so on, leaving in the end one that ` 
cannot be established by fact. But an examination of 
the status of language and reward in the communica- 
tion channels of a homeostat can be of some help even 
with this problem. We cannot separate discussions 
of the meaning and use of any words from the facts of 
the contexts ın which they are used. Certainly 
Waddington would not deny this (nor presumably the 
philosophers), but rt is difficult to fully the 
opportunities for attacking the problem by the use of 
new words and comparisons derived from recent 
discoveries. Waddington does so in relation to 
psychiatry, but perhaps in the long run communica- 
tion engmeering and neurophysiology will provide the 
more powerful tools. Surely scientista will agree 
that the information on which we are to act must 
come mainly from the past. The controversies 

arise because we do not understand how to use 
it — can therefore only imperfectly foresee the 
fature. 

Waddington’s account of the course of evolution is 
mevitably here rather sketchy, and his discussion 
of what constitutes ‘progress’ could be further 
developed. It is not obvious in what sense Eocene 
horses were less well suited to the conditions of that 
time than Miocene horses to theirs. The introduction 
of such words as ‘anagenesis’ to describe an evolu- 
tionary break-through does not help us to see what 
the novelty consists of. 

A. deeper understanding of this requires a much 
fuller discussion of the relation of organism and 
environment. Here, as elsewhere, one feels the need 
for further analysis of such concepts as ‘function’ and 
‘homeostasws’. Probmg the origins of biological 
methods of thought themselves is obviously necessary 
if we are to make them a fundamental part of our 
language system, as Waddington rightly advocates 
that we should do. But one cannot expeot everything 
in one short book. 

His main thesis is that the sociogenetic method of 
transmission of information has been responsible for 
man’s very rapid evolution, and this is surely accept- 
able. Perhaps his most original point is that such 
transmission is only possible in societies where the 
genetic and social system allows learning by what he 
eslls authority and acceptance. He argues that we 
can detect whioh societies are capable of growth in 
this sense, just as surely as whether their dietary 
habits are hkely to be biologically successful. This 
belief that by study man can yet advance is, as he 
points out, still held by the greater part of mankind, 
unaffected by any sophisticated pessimism of the 
West. 

In the final chapters Waddington describes his 
view of the essential features of the human per- 
sonality system. These constitute ‘the broad struc- 
tural features of that complex of beliefs and their 
unconscious counterparts which exercises a restrain- 
ing and directing function within the human mind”. 
Undoubtedly, the definition of these features is im- 
portant, but here the author is farthest from his 
own. field. The quotations from psychiatrists that he 
provides are all interesting. They make a somewhat 
miscellaneous collection, but are unified by the 
central conception of the biological importance for 
man of the concept of authority. Here, Waddington 
begins to touch on the special features of the human 


* learning process. But this is, of course, a subject of 
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immense difficulty and surely new concepts will be 
needed before we shall understand the balances that 
are at present symbolized by the ‘ego’, ‘id’ and 
‘super-ego’ of the psychiatrists. This is a further area 
where a more developed biology should have much to 
give to our general understanding of ‘belief’ and its 
mfluence in our affairs. 

Creeds are so important in determining our actions 
that any study of them is welcome. Waddington has 
faith that by learning what he calls “biological 
wisdom”? we shall help mankind to survive. It is 
difficult to deny that if we had the necessary know- 
ledge, based on study of ourselves and other creatures, 
we should be in a much stronger position. His book 
will encourage biologists, and one hopes others, to 
join in the search for a system of biology that is 
worthy to take its proper leading place in the guid- 
ance of human affairs. J. Z. YOUNG 


THE FOURTH STATE OF MATTER 


Plasma Physics 

By J. G. Linhart. (Series m Physics.) Pp. xi+ 278. 
(Amsterdam: North-Holland Publishing Company; 
New York: Interscience Publishers, Ine., 1960.) 50s. 


FEW years ago there was a shock-like wave of 

enthusiasm for plasma physics, ‘plasma’ being 
the name given by Irving Langmuir to ionized gases 
in which electrostatic effects maintain near equality 
between the densities of positive and negative 
charges. The rapid growth of the subject and interest 
in it has been followed by a more gradual wave of 
books, the one under review being one of the first to 
be published. It begins by remarking that plasma is 
the fourth state of matter, and that 99-9 per cent of 
the matter in the universe is in the plasma state. It 
is, mdeed, likely that space research will make sub- 
stantial contributions to the fundamentals of plasma 
physics, but this book is concerned mainly with 
theory, with two chapters on laboratory devices, 
particularly with a view to controlled thermo- 
nuclear fusion reactors. 

The quality of the book is uneven, and some 
sections are not essential to plasma physics. For 
example, the first section is stated to be of more 
interest in electron optics and quite a lot of space is 
devoted to relativistic systems, which so far occur 
only in Christofilos’s Astron. The whole first chapter 
on the motion of single particles in electromagnetic 
fields suffers from an intrusion of accelerator physics, 
not surprising for a book written at CERN, but it is 
unfortunate that equation (100) is reached with very 
little plasma yet seen. The last section of this chapter 
is very useful in collecting together accounts of 
bremsstrahlung, ‘cyclotron (betatron, synchrotron) 
radiation’ and ov radiation. 

After some Hamiltonian mechanics, moments of 
the Boltzmann equation are taken in Chapter 2. A 
major criticism here is that there is not even a 
qualitative discussion of the effects of collisions, 
distasteful as they may be; they are left until the 
last of the theory chapters. Chapter 2 ends with the 
hydromagnetic equations, but without mentioning 
viscosity. Chapter 3 is a useful account of equi- 
librium configurations, including most of those used 
in thermonuclear experiments. Chapter 4 deals with 
longitudinal, radio and hydromagnetic waves in a 
straightforward and clear manner. Landau damping 
is discussed in terms of diffusion (referring forward 
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to the chapter on collisions) rather than in terms of 
particle trapping, and damping by collisions is not 
discussed. The chapter ends with a well-illustrated 
section on instabilities, a branch of the subject which 
now occupies a dominating position. Chapter 5 on 
shocks is not so clear. A typical Z-pinch experiment 
and plasmoids are included. 

Chapter 6 deals with collisions. Use of the Debye 
length as cut-off distance is justifled as due to 
screening—a common fallacy; the true justification 
mvolves thermal fluctuations. The Fokker-—Planck 
equation is introduced early on, and used for elec- 
trical conduction, including a good account of run- 
aways. Other transport coefficients are dealt with by 
cruder methods which are not so well explained. 
There is confusion between a diffusion constant and . 
the speed of a wave, and it is stated that viscosity 
causes turbulence. 

Chapter 7 outlines attempts at controlled fusion, 
end Chapter 8 other applications. 

This book has undoubtedly been valuable to many 
people already, but is now meeting stiff competition. 

J. W. Dunery 


NATURE IN PICTURES 


The Wonderful World of Nature 

Fauna and Flora in 300 Pictures. By F. A. Roedel- 
berger and 60 Wid Life Photographers. English 
version by Mary Phillips. Pp. iv+214. (London: 
Constable and Co., Ltd.; New York: Viking Presa, 
Inc.; Toronto: Longmans, Green and Co., 1961.) 
328. 6d. net. 


HIS is a fascinating book. It is an English 

version of the Swiss original, containing several 
hundred pictures of wild life, taken by sixty famous 
photographers. 

Most kinds of life are included: birds, fish, reptiles, 
mammals, small animals, insects, plants, fungi and 
flowers. The pictures speak for themselves by por- 
traying both ordinary and poignant events in the 
life of each. Every page reveals the truth, whether 
beautiful (as the picture of edelweiss growing on a 
mountain precipice), essential (as a linnet feeding its 
hungry brood) or harsh (as a stoat attacking a 
rabbit’s throat). 

These pictures capture the interest, bringing to 
those unable to enjoy wild life at first hand a sense 
of the freshness of open countryside and the still- 
ness of the forest or water’s edge. They can also 
offer something to those who are more fortunate and 
able to take advantage of these pleasures: they can 
provide glimpses rare even to seasoned naturaliste— 
for example, a battle between a green lizard and 
viper. 

Most of the photographs are black and white, but 
there are twenty-four excellent full-page colour 
pictures. 

To complement the pictures, there is a compara- 
tively small amount of text. Nevertheless, plenty of 
information can be gained from reading, and many 
‘titbita’ of information add to the enjoyment. 

There is no particular sequence, nor is the book 
subdivided in any way. However, this does not seem 
any disadvantage to a delightful book, beautifully 
presented. 

It is gratifying to learn that the publishers have 
decided to present a portion of the profits on the 
sales of this book to the World Wild Life Fund. 

B. J. G. MAITLAND 
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Unsteady Motion of Continuous Media 

By Prof. K. P. Stanyukovich. Translation edited_ 
by Prof. Maurice Holt. Literal translation by J. 
George Adashko. Pp. xii+745. (London and 
New York: Pergamon Press, 1960.) 100s. net. 


XCEPT for two chapters which deal with con- 

densed media, this is a book on gas dynamics, 
covering approximately the same ground as Courant 
and Friedrich’s Supersonic Flow and Shock Waves, 
with the addition of some material of interest in astro- 
physical problems. The basic mathematics and 
thermodynamics of gas dynamics, and the theories 
of plane, cylindrical and spherical shock and detona- 
tion waves are all very thoroughly treated; in some 
respects too thoroughly, for the description is very 
detailed and at times repetitive. The volume might 
well have been condensed a great deal without 
sacrificing any essential material. 

It was felt that the interest and value of the book 
would have been increased if more reference had 
been made to the many physical and technical 
problems to which the theory can be applied. The 
author confines himself almost entirely to problems 
which are amenable to exact mathematical solution; 
numerical methods, which are so frequently required 
in applications of this theorv, are scarcely mentioned. 
Nevertheless, a great deal of material, worked out in 
detail, is included, and the editor and translator have 
performed a valuable service in making this available 
to English-speaking research workers in gas dynamics. 
Unfortunately, the value of the book as a guide to 
Russian literature in this field is diminished by the 
inadequacy of most of the references to original 
work. A. J. M. SPENCER 


Basic Essentials of Blood Group Theory and 
Practice 

By Kathleen E. Boorman and Barbara E. Dodd. 

Pp. viit133+8 plates. (London: J. and A. 

Churchill, 1961.) 18s. net. 


§ explained in the introduction, this book con- 
sists of extracts from the forthcoming second 
edition of the authors’ An Introduction to Blood 
Group Serology. The present work is said, to be 
intended for the non-specialist serologist or technician 
who is responsible for the routine serology in a hospi- 
tal laboratory, and for students taking the intermedi- 
ate examination in blood group serology of the 
Institute of Medical Laboratory Technology. 
The book contains mstructions on equipment and 
ta, and on methods of ABO and Rh testing 
and direct matching of blood. The authors are two 
of the leading British blood-group workers, and their 
practical experience is shown in their choice of the 
tests to be included and in the clarity of the practical 
instructions. It is, however, surprising to find in a 
book published in 1961 that tho first and second 
methods described for ABO grouping are respectively 
the open-tile method and the open-slide method, 
procedures which, except as an occasional rapid 
preliminary to a definitive tube test, ought to be 
regarded as obsolete. Here, unfortunately, it was 
probably felt that they must be included for examina- 
tion purposes. 

In a book for members of medical auxiliary profes- 
sions, whether nurses or technicians, it is always 
difficult to decide how much clinical information 
should be included. The inclusion, in this book, of 
clinical details of hemolytic disease of the new-born 
undoubtedly adds to its interest, but it must not be 
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advice to patients or junior doctors. 

The illustrations are exceptionally good; there are a 
glossary and an adequate index. ‘The thin covers 
may, however, soon become torn on the laboratory 
bench. Nevertheless this book can be recommended 
warmly to the workers for whom it is written. 

A. E. MOURANT 


Astronomy 
By Patrick Moore. Pp. 253. 
Book Co., Ltd., 1961.) 35s. 


HIS is a picture book of astronomy. It has 

strong oye-appeal, the most engaging features 
being the colour photographs of star fields and 
gaseous nebule recently taken at Mount Palomar. 
Black-and-white photographs of heavenly objects, 
which have been the cherished possessions of astron- 
omy students, are well represented too. The repro- 
duction is excellont. There are many drawings of 
the planets, which are very attractive. Further, 
there is a good gallery of old drawings, ancient 
instruments, places and portraits of astronomical 
interest. The text is adequate everywhere, and is 
supported by many well-drawn and informative 
diagrams. The author states in the foreword that 
“this is @ book for amateurs”; ıb is certainly one 
of the best of its kind. T. Krana 


(London: Oldbourne 


Encyclopaedic Dictionary of Physics 

General, Nuclear, Solid State, Molecular, Chemical, 
Metal and Vacuum Physics, Astronomy, Geophysics, 
Biophysics and Related Subjects. Edited by J. 
Thewlis, in association with R. C. Glass, D. J. Hughes 
and A. R. Meetham. Vol. 1: A to Compensated 
Bars. Pp. xv+800. (London and New York: 
Pergamon Press, 1961.) £100 or 300 dollars per 
set. 


DICTIONARY of physics, if it is to be useful 

at all, must be as near perfection as possible. 
In attempting such perfection, the compilers of this 
work have sought the aid of a large number of authori- 
ties, each of whom—with a few exceptions—has 
signed the article he has written, even if it consists 
of only a few words. The result, as judged by the 
first volume, seems to be eminently successful. 

It is much more than a dictionary. There are 
many entries of two pages or so: some of them are 
written for the expert; others, such as that on “Age 
Determination by Radioactivity”, make interesting 
and informative reading. The term ‘encyclopsdic’ 
is therefore well deserved. 

Without a long period of use it is difficult to assess 
the real utility of the work. From the first volume 
it would appear that there is too little cross-indexing. 
For example, to find the item just mentioned, most 
people would first of all have looked up ‘radioactive 
dating’, not ‘age determination’. It is to be hoped 
that difficulties of this sort will be catered for by a 
good index. 

The proof-reading seems to have been excellently 
done, and there are few obvious errors. It is a pity, 
however, that the article on absolute zero does not 
give the value on the centigrade scale. Ampére 
does not have his correct accent, and the first entry 
of all gives Abbe an accent which denies him his 
German origin. 

The work is beautifully printed and produced, and 
it can be thoroughly recommended. 

H. Lresow 
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FUTURE LARGE RADIO TELESCOPES 


By Pror. R. N. BRACEWELL* 
School of Physics, University of Sidney 
AND 


Dr. 


GOVINDA SWARUP and C. L. SEEGER 


Radio Astronomy Institute, Stanford University 


OLOIDAL reflectors for radio telescopes 
have already become large and costly enough to 
incur the attention of national Governments; yet the 
drive for resolving power in radio astronomy, re- 
unforced by a stream of astronomical discoveries, now 
demands even larger instruments. Key objectives 
are to study cosmology and the evolution of galaxies. 
A goal of a one-minute-of-are beam at 21 cm. wave- 
length has been expressed by the National Science 
Foundation Panel on Radio Telescopes', and would 
require an aperture approaching 3,000 ft. This goal 
would not be met by the great 600-ft. paraboloid under 
construction at a cost of more than 100,000,000 
dollars by the U.8. Navy’, even if ıt were made 
avaiable as a full-time radio telescope. This reflector, 
furthermore, presents very severe problems of design. 
We do not at present know how to design a much 
bigger one, and it is apparent that we would not 
know how to finance ıt. We shall show that mechanic- 
ally steerable paraboloids do not offer a means of 
reaching this goal, and we shall consider possible 
alternatives, first establishing a number of guiding 
principles. 

The cost of the material in geometrically sumilar 
steerable paraboloids would obey a cube law. How- 
ever, the cost of erecting @ pound of material increases 
with d; furthermore, a structure scaled up geometric- 
ally has lower surface precision than its prototype 
because of larger dead load and wind deflections, and 
the cost of the necessary extra stiffening increases 
with d. Over the range of, say, 60-600 ft. in diameter, 
the cost is fitted within a factor of 3 by: 


q3.3 
OA 


where the diameter d and minimum wave-length À 
are measured in metres, and C is the cost in the 
United States in dollars. The exponent of d is not 
sharply defined by available data (price quotes over a 
limited range of d may show an exponent less than 
three) but it must itself increase with d as diameters 
exceed several hundred feet. 
Adopting the formula quoted, we find the cost per 

unit area to be: 

43.3 

TÀ 
Thus the cost per unit area is higher by 1013 
(= 16 times) at 600 than at 60 ft., and this dis- 
parity must worsen as still larger sizes are con- 
templated. Since we have already reached costs 
amounting to significant fractions of national budgets, 
it is imperative to abandon the steerable paraboloid 
as a design for future large radio telescopes because 
of its accelerating cost, and to switch to a mode of 
construction where we can more nearly have the 
cost proportional to area. 

* On leave from Stanford University. 


A further guiding principle that has been widely 
recognized? is to keep low on the ground. The 
purpose is to utilize the rigidity of Earth to ensure 
the requisite dimensional stability, and to reach only 
to heights that are comfortably within the possibilities 
of structural engineering. A one-minute-of-arc beam 
requires reflecting surfaces to be figured to an 
accuracy of the order of one part in 108, which is 
beyond the stability of steel structures. The principle 
has been well stated by Khaikin and Kaidanovski', 
who depended on geodetic techniques permitting 
accuracies of the order of one part in 105 in order to 
construct their one-minute fan-beam instrument? at 
Pulkovo. ‘The instruments at Ottawa’ and Stan- 
ford?:8, where one-minute-of-arc fan beams have also 
been realized, likewise depend on the rigidity of the 
Earth for stability (but are brought into adjustment 
by precise equalization of electrical transmission lines 
rather than by precision mensuration). 

Wo now come to antennss that can grow. 

Paraboloids do not have this property; thew 
evolution to large sizes has been by stages, each 
success in the construction of new large mstruments 
encouraging further progress. But at each stage 
new design problems have been met, and the time 
needed to solve these problems and carry out the 
construction has now grown to several years. Thus 
the Australian 210-ft. reflector®, which now furnishes 
the highest resolving power available at 21 em., 
took four or five years to design and finance, and 
two years to build. An antenna that can grow elimin- 
ates the lost trume-intervals; observational work and 
antenna growth can proceed steadily side by side. 
An example of an antenna with this property is the 
large interferometer at Byurakan, described by 
Sanamyan and Minasyan! as a spaced cross (Fig. 1), 
or, in one growth phase, as a spaced T. The great 
l-km. cross at Serpukhov® is in use while still under 
construction, and, the same will no doubt be true of the 
great Mills crosses for Australia and Europe described 
by Messel!! and by Christiansen and Hégbom’*. 

If, in addition to growth, we adopt identical 
elements as a guiding concept, redesign problems are 
eliminated and the construction procedure can be 
standardized. 

Finding funds for a large radio telescope must 
definitely be regarded as one of the technical problems 
of the designer, since at the level of cost now under 
consideration some designs may be acceptable to the 
financing authority while others are not. A design 
that is unacceptable to the prospective source of 
funds is just a failure as a design. Now, an antenna 
that can grow, and is constructed of identical elements, 
is one the cost of which per unit increment is known 
accurately in advance. This appeals to those manag- 
ing the budget. The application for funds for a very 
costly project need not envisage the expenditure of 
a lump sum on an untried new design of uncertain 
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Example of an antenna that can grow. 
to fall on the unwanted peaks of the north-south pattern. 


oc Rist. 
ost, but may instead propose the orderly and con- 
ident implementation of a design based on economical 
ind tested elements, at a rate of expenditure accur- 
ately known in advance. Irregular rate of supply of 
funds, a phenomenon which it is realistic to reckon 
_ with, is one to which the growing design is tolerant, 
` since, by definition, construction can be carried out 
“ inesuch a way that. at the end of each fiscal period 
=o the existing part is usable. 

From the rather general ideas discussed so far we 


— proceed to narrow down. the possible geometrical. 


-= arrangements. It appears that echelon and lattice 
arrangements stand out, the former lending itself to 
“mechanical rotations about single axes, and the 
second to two-axis mounts. The shape of the outline 
vill be assumed for the moment to be square, but in 
the course of growth it may become advantageous 
$9 extend in other shapes, for example, as a Mills 
—eross'® or even to skip the immediate periphery and 
 gecupy more remote stations. The well-established 
~ techniques of interferometry or aperture synthesis’ 
May certainly be ‘practised within the small area of 
sky picked out by the filled nucleus of the growing 
Antenna. 
Although there may be applications of square 
 dattices of identical elements, it is sufficient to deal 
.. here with the less-serious but related problems of 
echelon arrangements. 
The key problem is that a repetitive arrangement 
 ofidentical elements the spacing of which is D behaves 
hike a diffraction grating, and thus possesses responses 


— : <in directions § corresponding to the different orders of 


-oo interference, given by: 


: VA : 
sin 9 = 2 x integer 
D 8 













0m. would mean grating responses. at angles 0-6° 
part. This might be very serious in view of the 
ynamic range of large antennw, because spurious 
ponses to a strong source by way of an unwanted 
ting response, even though weak, may blanket, or 
1ulate, faint sources under study. In addition, 
tributed sources subtending angular diameter 
ceeding 0-6° would be subjected to confusion. 

t is therefore necessary to consider how grating 
ponses might be eliminated. It should be men- 





, and whether or not they would be tolerable 

pends on the particular astronomical problem. 

o, corrections for grating responses in the course 
a reduction appear feasible and have been 

in practice, 

iples of suppression are already known, For 





hed by Covington and Broten? has, in effect, 


Grating response was reduced by causing the rainiina: of thie « east-west antenna pi 
The two —— are: multiples the 


‘Fo or example, at } = 231 em., elements repeated every 


„determined, in spatial frequency and orientation, 


ned, however, that grating responses are not always. 


» the 3,000-Mc./s. compound interferometer - 
-equatorially mounted par aboloids (Fig. 2). 










My nee 






demonstr — — P ility of suppression D ——— 
switching an interferometer. against an extended =. 
element. One may say that in this instrument. ‘the =i: 
nulls of the radiation pattern of the extended element: er 
fall precisely in the directions of the grating responses 
of the interferometer. Since the property of the — 
switched interferometer':!7 is to multiply the patterns. ~ 
of the two components, the desired result follows. 
Blhim**18 proposed to apply the scheme to the. 
32-element interferometer at Nancgay. <A. rather 
different practical demonstration of suppression by = 
switching an extended element has been given at 
26 Mc./s. by Erickson**. For meridian instruments. _ 
that are periodic 1 in the east-west direction, the key Tp 
to the suppression problem is already available. > = 
However, the convenience of tilting long elements 
about their long axes suits the echelon arrangement. — 
to meridian use, with repetition of elements in the 
north-south direction. This re-opens the question, — 
since the extended-element technique is not indes- ` 
pendent of tilt. This is clear from the fact that the- 
extended element, when tilted to point away from 
the zenith, can no longer be of the correct width to 
compensate the grating effect at the new periodicity 
as projected, in the new direction of pointing. The _ 
degree of suppression has been studied®® and is- 
adequate for some applications; furthermore, the =- 
method compensates accurately for off-zenith operas = 
tion in arrangements where the extended element T. S 
phased instead of tilted. — 
Schemes independent of tilt can be devised which eee 
invoke specially spaced standard elements: rather z 
than special elements. We arrive at these arran 
ments by noting the important part played 
vector spacing of point-pairs embracec 
antenna aperture: the antenna is not: se 
certain spatial Fourier components of the celesti 
brightness distribution, | and these componen 






















by the absence within thë antenna aperture of point- a 
pairs with certain vector spacings. Now a periodie ~ 
antenna array has defects, due to the gaps between = 
elements, that can be quantitatively associated with. 
the grating responses (through the ‘spectral sensitivity 
function’ 1:21:23,24), The introduction of an extra 
element, displaced D/2 from one of the periodic set 
of positions defined by the other elements, makes it — 
possible to compensate the defects. It may be shown | 
directly from the theory of the spectral sensitivity ` 
function that the grating responses of the first and 
all odd orders can be virtually eliminated**.. 

A version of this plan has been demonstrated on the 
Stanford microwave spectroheliograph, a3:1 pencil. 
beam instrument*'!*, by adding an extra, staggered - 
element to the east-west array of sixteen. 10-ft. 9 = 
Tho end = 
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PHASE SWITCH 


€) 


Fig. 2. Arrangement for demonstrating grating response suppression by means of a staggered element (far left) built on to the Stanford 
microwave spectroheliograph i 


elements were connected together and switched 
against the remaining elements. When the extra 
element is not used, we obtain consecutive fan 
beam scans, the spacing of the orders being such 
that, after leaving one, the Sun immediately enters 
another (Fig. 3, left). The beam-width is 1-5 min. 
of are. On introducing the staggered member of the 
pair, we observe that alternate orders disappear 
(Fig. 3, right). This observation was made while 
tracking the Sun at high orders of interference. The 
application to a meridian echelon would also be at 
high orders but with stationary elements, and the 
even orders would then be suppressed to the degree 
corresponding to the directivity of individual 
elements. 

Switching should be recognized as a convenient, 
but not fundamental, step in suppression technique.» 
Switching may be regarded as a linear filtering opera- 
tion, often simply a selection operation?®:**, and this 


Received Power 


2330M 


Fig. 3. 
width is 1-5 min. of are, 


196! June 


Records taken tracking the Sun. Left, normal switched o 
The only change made between the righ 


function may, in principle, be relegated to the data 
reduction?5, 

We are satisfied as to the feasibility of grating 
response suppression in particular cases that we have 
studied. One of these is a 10-element echelon with 
two switched elements, indicated schematically in 
Fig. 4, together with its net response to a point source. 
The tapering that is normally included for the 
purpose of smoothing out the lobes immediately 
around the central maximum, and which can be 
simulated by a low pass filtering operation in a 
computer, is omitted here in order to exhibit the 
results of the switching technique alone. In the 
case of Fig. 4 direct tapering of the excitation will 
not produce the desired effects, but will do so in 
arrangements where the parts of the split pair are 
both at one end. A possible mechanical embodiment 
of this case is shown in Fig. 5. The effective area, 
which for a switched interferometer is twice the 
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peration; right, with suppression of alternate fringes. The beam- 
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t and left sections was to turn the staggered element off the Sun 
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ve 4. Theaperture distribution ofa ten-elemoent array in which the two shaded elements 


switched, and the 


geometric mean of the effective areas of the two 
parts; is the same as that of eight of the ten elements. 
As the elements are tilted the collecting area remains 
constant until shadowing begins at a zenith distance 
of 36°. Beyond this, the collecting area falls off. 

The spaced cross (Fig. 1) of Sanamyan and Minas- 
yan? is relevant to the suppression problem encount- 
ered with almost filled apertures such as that of Fig. 5. 
The method of steering the beam of the north-south 
array by means of separate elements that oan be tilted 
produces grating responses which are reduced by 
causing the minima of the 108 x 18 m. element to 
fall on them. ‘This is analogous to the extended 
element technique for a simple array. 

The proposed Benelux cross-antenna!* will have the 
same kind of north-south array, but in this case odd- 
order suppression is to be achieved by a north-south 
displacement D/4 between array centres. This 
introduces a cosine interference factor the zeros of 
which fall on the odd-order responses; or alternatively, 
in terms of the vector spacings embraced, one may 
say that the elements of the north arm complement 
the gaps of the south arm. The arrangement is 
analogous to a T-antenna™, which has certain 
critical aspects that have been revealed by the 
theory***? and noted in practice*®. Christiansen’s 
idea, of displacing the arms of a cross, and his inter- 
pretation of the end result as a 
means of suppressing grating re- 
sponse, were kindly communicated 
in advance of publication and sug- 
gested to us the experiments and 
theoretical investigations on echelon 
arrangement referred to here. 

A further problem presents itself 
as a consequence of the multiple 
line foci that replace the single 
point focus of the paraboloid: 
transmission lines must be used 
to connect the system together, 
and the requirements on geo- 
metrical precision of construction 
are transferred to requirements 
on phase-length precision of the 
lines. Furthermore, phase-length 
stability is needed. In addition, 
the extra sensitivity attainable by 
the use of widened bands requires 
progressively increasing time delays 
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response to a point source. The broken lines show the 
the first and second orders to a similar array of small unawitched elemen 






Fig. 56. A mechanical arrangement of 
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to be applied to the contributions 
from successive elements. A pro- 
cedure for phase measurement over 
long lengths of branching lines, 
or through space, was developed by 
Swarup and Yang% and has 
since been applied to the full dis- 
tance required for resolution to 
l min. of arc. One sends a signal 
from a central point and sets up 
a reflexion from the remote point 
of interest by means of a modul- 
ated - gas discharge. Then the 
phase of the reflected wave is 
observable at the central point 
by virtue of the modulation, even 
though it is comparable with many 
other reflexions and much smaller 
than some. 

Because of - transmission-line 
losses, pre-amplifiers or other active 
elements, such a8 mixers, must be 
distributed throughout the antenna. Continuous 
phase monitoring over several thousand wave-lengths 
of lossy transmission line, including travelling-wave 
tube pre-amplifiers, has been demonstrated at 
Stanford by Mr. 8. Zisk, and is now adequately estab- 
lished for the needs of minute-of-arc resolution. 

The cost of the distributed electronics associated 
with a multi-focus instrument is by no means neg- 
ligible, and is, it seems, the price paid for extending 
beyond the limits of resolution of the singla focus 
paraboloid. 

This raises another point. In the past, the cost of 
the receiver has been comparable with that of the 
antenna, but the huge structures now contemplated. 
will far exceed the cost of a receiver. Consequently, 
it is reasonable to ask what might be gained by 
reapportioning the coste. This question has an 
inescapable answer. In our microwave solar image- 
forming instrument! at Stanford (Fig. 2) the receiver 
responds to only 1 per cent of the Sun’s disk, and yet 
power from the whole of the Sun flows into each of 
the 32 component antenn®. 99 per cent of this is 
then re-radiated or dissipated, but ıt could be fed to 
additional receivers. In a one-dimensional form, 
Blum"! has already demontrated simultaneous forma- 
tion of 15 beams. Consequently, in expensive anten- 
næ of the future, of which the Benelux oross is a 


Ons Ih 


ae “Mar o 
CO tat 
KA 






4 4 
# * r £ a a 
t : on ¢ 1 pS — 4 i D 


oylindrical reflectors m the form of a Venetian 
blind. Note that ‘Celerant A is staggere 
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notable example, we can expect multiple beams. In 
another way of looking at this we can say that n 
simultaneous beams permit observing time to be 
reduced by a factor n, and this becomes a pressing 
need with minute-of-arc beams. 

The increased rate of output of information with 
multiple beams in turn requires adequate digital 
data handling and automatic data reduction, with the 
attendant cost of computers. The design of a large 
radio telescope thus requires careful apportioning of 
the costs between mechanical structure, electronic 
equipment. and computer, even perhaps equiparti- 
tion®?, 

Many of the ideas presented in this article have 
arisen. in connexion with the work on the Stanford 
3’ pencil beam radio telescope, which is sponsored 
by the Office of Scientific Research of the U.S. Air 
Force under contract 4 #18(603)—53. 
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SCIENCE, TECHNOLOGY AND WORLD ADVANCEMENT * 
By Pror. P. M. S. BLACKETT, F.R.S. 


I 

N essential problem to be solved is the part 

that modern science and technology can play 
in the economic, social and cultural growth of those 
new nations which are now setting out to transform 
themselves from their present state of material 
poverty and economic backwardness into prosperous 
and growing societies. 

During the past five years an important change has 
occurred in the attitude of the rich Western World 
to the under-developed and so poor countries: these 
are those which have not yet reaped much benefit 
from the scientific and industrial revolution which has 
transformed the material way of life of Europe and 
its overseas descendants during the past tumultuous 
two hundred years. 

Historians do not know whether, two hundred years 
ago, Europe was better or worse off in matcrial wealth 
than China; nor is1t known whether Europe was better 
or worse off than it was ın classical times. Craft 
technology did not, in fact, make many major 
advances between classical times, or even earlier, and 
about the seventeenth century. Then came the birth 
of modern science which produced modern scientific 
technology. 

One of the fascinating unsolved questions of his- 
tory is why the scientific and industrial revolutions 
of the seventeenth and eighteenth centuries happened 
in Europe rather than in one of the great ancient 
civilizations of the Near and Far East. Craft 
technology may be said to have evolved to a very high 
level about five thousand years ago in the river-valley 


* Substance of the Irvine Memorial Lecture delivered at the 
University of St. Andrews on November 38. 


civilizations of the Near East, and in India and 
China. By 2000 B. O. the level of building, woodwork, 
fine metal work, shipbuilding and transport had 
reached a level which was not surpassed for nearly 
three thousand years. ‘Then, for one reason or 
another, the great civilizations of north India, Egypt, 
Mesopotamia became static and finally declined. 
Then China rose and was socially and technologically 
pre-eminent from 600 B.o. to A.D. 1500, when Europe 
started the extraordinary movement which produced 
the Scientific and later the Industrial Revolution, 
which were, in three centuries, to transform man’s 
life on Earth. The essential foundation on which this 
revolution was based was the high level of craft 
technology which was largely of Near and Far 
Eastern. origin. What it was that prevented these 


.ancient civilizations from making the scientific 


breakthrough is not fully understood. There is no 
evidence to suggest that there are any demonstrable 
differences of innate ability between the different 
races of the world. There may be some yet to be 
discovered, but it would be anyone’s guess what 
would be the order if the races of the world were 
listed according to innate ability. 

The only sound working rule 1s that the different 
people of the world, even though they are now at very 
different levels of development, have the same innate 
capacity for science and technology, as the rich and 
proud Western Europeans who created the scientific 
revolution. ‘Thus the vast differences between the 
meterial wealth of Europe, North America and 
Australia on one hand, and India, China, the 
Middle East, Africa and most of South America on 
the other, cannot be ascribed to racial differences. 


Cal 


No. 4814 February i 1962 


Almost certainly the differences were of complex 
social origin. For not very clear reasons Europo 
produced in the seventeenth and eighteenth centuries 
the social conditions which welcomed and rewarded 
scientific and technical innovation: these conditions 
seemed not to have been present either in the con- 
temporary Moghul Empire of India or in China. 
Thus, these two outstanding civilizations remained 
static or even declined somewhat during recent 
centuries, while Europe and America shot ahead. 

In the century and a half since A.D. 1800 the mater- 
ial standard of life of Europe has been multiplied 
by ten, and by much more in North America, while 
that in China and India has stood still or fallen some- 
what. To-day there are some 400 million people 
in Europe, North America and Australia, and the 
white parts of Africa and South America, with an 
average income a head of some £400 a year. On the 
other hand, in Asia, Africa and South America there 
are some 1,000 million people (excluding Chima) 
with an income a head of less than £40 a year. 

Nearly all these materially poor countries are now 
attempting to become richer and more prosperous 
by making use of modern scientific technology: and 
they are ina hurry. Few of their Governments will 
survive for long unless they provide a steadily rising 
material standard of life. To achieve this a very 
great increase of investment in roads, transport, 
electric power, houses, schools, factories and industrial 
plants is essential. All these are expensive, and the 
countries are poor with very little available resources 
over and above that to keep the population at a 
subsistence level. Moreover, many of these things 
have to be bought from the already industrialized 
countries with foreign exchange which is nearly 
always in short supply. It is the poverty of these 
countries in general and their shortage of foreign 
exchange in particular which makes essential the 
giving of generous financial aid by the rich countries 
of the world. 

For this aid to be effective the recipient country 
must have the will and the administrative machinery 
to carry through the social and political changes 
without which the process of modernization cannot 
succeed. There are only too many cases where 
foreign aid has been poured in, very often for political 
and military reasons, to countries without either the 
will or the social system to make good use of it. But 
there are many countries—India is an important 
example—where both will and social conditions are 
present, and where the main check on progress is 
financial stringency. For such countries generous 
foreign aid is urgent. The survival of parliamentary 
democracy may well depend on the amount and the 
speed, with which this aid is given. 

To carry out this process of social and mdustrial 
modernization a developing country needs a modern 
educational system capable of producing the neces- 
sary teachers, administrators, civil servants, indus- 
trialists, doctors, scientists and agriculturists. With- 
out these, development cannot take place. At the 
early stages of growth, some of these essential trained 
people will have to be engaged from the already 
advanced countries. However, this is expensive 
and the supply precarious. So a major objective in 
all these countries must be to train their own people 
to produce their own native born intelligentsia. 

There is now in the world a vast amount of scientific 
knowledge and technological information ready to be 
applied for the purpose of raising the standard of life 
of the poorer countries. So the first task of such a 
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country is to learn to apply existing knowledge: then 
will come the task of adding to knowledge, especially 
in those fields such as, for example, tropical medicine 
and agriculture, where the required knowledge’is not 
available. But, by and large, the first requirement in 
order to raise the material level of a poor country is 
the application of known technology, rather than to 
wait for new discoveries. For example, an adequate 
supply of doctors and nurses, piped water, main 
drainage and public health measures generally are 
necessary before even known medical methods can 
be applied. So economic and social planning must be 
based primarily on existing technology; energetic 
efforts must be made to improve this technology, 
especially in relation to local problems and there 
must always be readiness to make use of radical new 
developments should they arise. But development 
should not wait on new discovery. 


it 
In order that a country which is now poor and 
under-developed shall be able to transform itself into 
a growing and dynamic one, able to profit by the 


-scientific and technological revolution of the past two 


hundred years, there are at least three requisites. 
There must exist in the country a determination to 
bring about such a change and to face up to all its 
complex social implications: the financial resources 
to make the change must be provided somehow, 
and finally, adequate trained personnel must be 
available. 

At the outeet it is important to remember that 
different under-developed countries have very differ- 
ent needs. India, for example, has had a modern 
university system for very many decades and go can 
now supply the major part of the intelligentsia, 
professional, scientific, technological, managerial and 
teaching personnel which are essential for the imple- 
mentation of the national plan for economic and social 
advancement. India’s vital need is for financial 
resources to carry out her plans; she has both the 
political determination and all but a small fraction 
of her needs for tramed man-power: however, because 
of her large population, this small fraction may mean 
a considerable number. 

However, many of the new emergent countries, 
particularly those in Africa, are in a very different 
situation. An acute shortage of locally born trained 
personnel exists at almost all levels, from technicians 
to professors. Thus such a country, even when it has 
the first two requisites, the will and the money, will 
still need the help of foreign-born professionals for 
many years. Even with the most rapid achievable 
growth of the whole educational system, elementary, 
secondary and higher, many years must elapse 
before some of these countries can supply all their 
needs. In fact, itis the building up of an educational 
system adequate to produce the essential locally 
born intelligentsia, which needs at the start the help 
of foreign-born professionals. While fully aware 
that this problem is world wide in scope and involves 
the general relationship of the already rich industrial 
powers to all the now poorer and under-privileged 
ones, 80 that international action on a wide scale ia 
essential and is, in fact, in train, through many 
agencies, I will here confine myself to the problem 
of what part British universities could and should 
pley in this task. 

In 1946, as a result of the Asquith Report, a 
big plan of expansion of university education in the 
major British colonies was initiated by the British 
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Government. Directly or idirectly, the pattern 
to-day of university education in the Universities 
and University Colleges of Malta, Hong Kong, Malaya, 
Ghana, Nigeria, West Indies, Uganda, Sierra Leone 
and several other institutions was set up by the 
recommendations of the Asquith Commission on 
which Sir James Irvine was an active member. In 
1960, ın. these overseas university institutions (about 
twelve in number) there are nearly 10,000 students 
and an academic staff of more than 1,600. Of 
these some 700 were British-born. The fraction of 
local-born staff is low m the African colleges—-10— 
30 per cent. Many or most of the British staff took 
up their posts in African colleges when these countries 
were still under Colonial rule, but many stayed on 
when the countries became independent. 

Most of these newly independent countries still 
find ıt convenient to make use of the administrative 
machinery available in Britam for the recruitment of 
foreign-born staff, especielly the Inter-University 
Council for Higher Education Overseas. To show 
tho scale of activity of the Counoll, it is interesting 
to note that in 1960 it advertised 400 academic 
vacancies, received more than 2,000 applications, 
and finally recommended more than 300 appoint- 
ments. Of theso, nearly a half were British-born, 
about a quarter local-born and the rest from other 
countries. In all these cases the overseas university 
paid the full salary from its own resources. The 
British Council performed an analogous part in 
relation to some other overseas university institu- 
tions, mainly ım non-Commonwealth countries. 
There may be about 100 British-born academic staff 
in posts overseas through the machinery of the 
British Council. The British Council has funds to 
supplement salaries, but the Inter-University Council 
has not. 

- I give these figures to emphasize that Britam has 
already a big stake in the higher educational systems 


of many developing countries, particularly of those . 


in the Commonwealth. It is essential that Britain 
should be prepared to continue and extend this role 
in the future—if, and only if, the newly independent 
countries want us to do so. A first task is for Britain. 
to find ways of maintaining the supply of able univer- 
sity staff under the new conditions of independence of 
these new countries, so as to make good the losses of 
existing staff, as they move on to other posts in the 
United Kingdom or elsewhere. The second task is 
to be prepared to morease the supply markedly to 
compete with the great expansion of higher education 
which is bound to take place when these newly 
independent countries begin to stride forward into 
rapid economic and social progress. 

The scale of expansion of output of trained people 
in a new nation on the march 1s indicated by some 

taken from the Ashby Report on educational 
needs of Nigeria. The need is estimated as some 
2,000 university graduates a year compared with 
the present output from University College of 200. 
Two other universities are now being formed. In 
addition, there may at present be some 600 returning 
each year from traming overseas. 

In Britain there is one university student to every 
500 population—a low figure by the standard of most 
advanced countries: in Nigeria it is 1 in 20,000 and in 
Ghana 1 in 10,000. So it 1s clear that a great increase 
of university education, as a part of a planned increase 
of education as a whole, is a necessity in all the newly 
developing countries. Compared with some other 
colonial powers Britain can claim that ıt did initiate 
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local higher education on a substantial scale—the 
total number of students now in these colonial and 
ex-colonial countries is more than three times what 
1t was ten years ago. Considerable as this achieve- 
ment 18, it 18 far below the real needs of these emerging 
countries. 

If then the need of the emergent nations for rapidly 
expanding higher education is accepted and likewise 
the duty of the rich and developed countries to help, 
the question then arises as to how this can best be 
done. First we note that one of the objectives of the 
expansion of the higher education systems of these 
new countries 1s to provide enough tramed men and 
women from their own population go as to be able as 
soon as possible to dispense with the use of large 
numbers of foreign staff. As we have seen, this is 
already the case with India: in spite of its great poverty 
it does produce the majority of the trained people it 
needs. The ratio of university students to popula- 
tion m India is about the same as in Britain, though 
it 18 true that the standards are considerably lower in 
some Indian institutions. 

It would probably be reasonable to assume that 
many of the emergent African. countries will remain 
dependent on ex-patriate university staff for a sub- 
stantial fraction of their needs for a decade or more. 

In discussing the part which British universities 
could play in this inevitable educational advance, 
it 1s important to remember that these newly inde- 
pendent countries have no obligation whatever to 
look to Britain rather than to other countries for their 
ex-patriate staff. They can and do shop elsewhere. 
However, our historic relations with these former 
Colonies, and the fact that their common language is 
English, does provide a reason why many Britons 
would be welcomed, especially when they throw 
themselves wholeheartedly behind the aspirations 
of these new nations for social growth and progress. 

In Colonial days most of the British-born academic 
staff in these overseas universities and colleges were 
appointed for life, though in fact many only stayed 
in their posts for a limited number of years. Now 
when these countries are independent, and incident- 
ally hoping soon to be produecmg their own local-born 
candidates for these poste, there ıs much to be said 
for making administrative arrangements in Britsin 
for men and women to take these overseas posts for 
a limited period of say, up to five years, with a guaran- 
teed post in Britain to return to. There could be 
advantages also in this for the overseas university: 
for it often might not be wise for them to appoint a 
foreigner for life when equally good or better local- 
born candidates might be available within a decade 
or less. But the main advantage of working out some 
form of secondment for overseas service, rather than 
relying, as generally in the past, on finding candidates 
willing to take life appointments, even if they do not 
intend to stay for life, is that one should be able td 
widen the apphcation lists and so to allow the selec- 
tion of abler people. 

Though many academics who might welcome a 
period of work in an overseas university, either from 
a sense of adventure or because it would give him 
special opportunities to pursue his research interests 
—as, for example, geologists or biologists, or medicals 
or social scientists, or simply from a sense of service, 
akin to the motives of the religious and medical 
missionaries of earlier decades—they might often be 
deterred from accepting a life appointment. The 
climate might not suil him or his family: education 
facilities for his children might not be available: or 
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unwelcome political changes might ensue. Any of 
these circumstances might throw him, perhaps in 
muddle age with wife and family, on the academic 
labour market. 

Many more might be willing or keen to take these 
posts if they were assured of a post to return to after 
five years or so. In.a Civil Service, appointment to 
overseas service presents bttle difficulty and is, of 
course, usual in the Foreign and Consular branches. 
Since British university staffs are not civil servants 
—they are in France, so secondment would be easier— 
other ways must be found. It has often been suggested 
that the universities should be given extra funds to 
enable them to have continually some fraction, say 
5 per cent, of their staff at any time on overseas 
service. Unfortunately there seems little chance that 
such funds will be available at any rate for several 
years. So consideration must be given to possible 
ways ın which individual universities can act on their 
own without waiting on government action. 

Now the main difficulty in arranging such long- 
period secondment of a senior academic has lain in 
the past in the problem of replacing his role in the 
university department while he is away. Suppose a 
reader is seconded to an overseas university for five 
years as a professor. If he is replaced at home by 
another reader, then, when the first man returns to 
his readership, there will be two, not one, readers on 
the staff. So this procedure effectively earmarks one 
additional readership to the department concerned 
at the end of the five years. Even in an expanding 
university, this might be hard to justify; in a static 
one it would be very difficult. 

However, there is another method which avoids this 
difficulty and which is most easily applicable in fairly 
large university departments, particularly perhaps to 
large science and mathematics departments. This is 
simply to use the salary saved to replace the teaching 
and administrative role of the absent senior member 
of the staff by one or more temporary appomtments 
at a junior level. Almost every such large department 
has a number of able young men and women keen 
to start up the early steps of the academic ladder, 
assistant lecturers on short-period appomtments, 
research fellows, academic research assistants, etc. 
From such a reserve stock of potential academic 
teachers, it is generally easy to find some who would 
jump at the chance of a junior academic post for a 
year or more. For example, a temporary assistant 
lecturer could be offered a fourth year extension at 
the end. of his normal three year appointment: or an 
Imperial Chemical Industries Fellow, for example, 
could be offered a temporary teaching post. 

The essential steps in making such an arrangement 
are that the university concerned must be willing 
to give long-period deferment, up to, say, five years, 
and the university department must be willing to 
use the salary saved to make suitable short-period 
appointments. This procedure has already been put 
in operation. The Univermty of London has given 
one of its readers leave of absence without pay for 
up to five years to fill a chair at an overseas university. 
He ıs free to return at any intervening year, if cır- 
cumstances were to make this his wish, and while 
abroad his name remains on the departmental list 
and College Calendar as ‘Seconded to University X’. 
If at the end of the five years the overseas university 
wanted to retain his services for hfe he would be free 
to accept: he would then resign from his home univer- 
sity. This prooedure appears to offer great advantages, 
particularly because it imposes no financial burden 
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on the home university and because it 1s flexible in. 
operation, and only necessitates relatively minor 
administrative changes within a large department. 

Lhe Secretary of the Inter-University Council has 
told me that he thinks that if this method were to be 
widely adopted m British universities it would 
greatly esse the task of his Council of findmg the beat 
possible candidates to fill all the very many posts now 
vacant in overseas universities. At the present time 
the Council is attempting to fill more than 200 
academic vacancies in all subjects in 12 university 
institutions overseas: of these vacancies nearly 40 are 
professorships. The position of the British Council 
18 similar, but on a much smaller scale. The number 
of posta to be filled overseas in non-Commonwealth 
countries, particularly in medicme, is showing signs 
of rapid increase. 

It is of interest to compare the present 800 or so 
British-born academics now in overseas univermty 
posts in under-developed countries with the 12,000 
university teachers now in the British universities. 
So those in overseas posts are now about 7 per cent of 
those at home. In order to compete with the big rise 
in numbers in the overseas universities as the coun- 
tries’ development plans make progress, one might 
hope that this fraction might rise to nearer 10 per 
cent——assumung, of course, that the overseas universi- 
ties still welcome British candidates: they will only 
do so if, in the long run, British candidates are at 
least equal to the best available from elsewhere. As 
with other exports, Britain must be competitive in 
quality. 

If we suppose that ın a few years’ time, say, 5 per 
cent of British academic staff would be seconded 
overseas, it would mean that in a medium-sized 
department of 20 staff there would on the average be 
one member seconded for overseas service: in a large 
department with 40 or more staff, there would be on 
the average two or more away. That this does not 
involve an impossible organizational problem to a 
department 13 shown by the number of academics. 
who now do go abroad with one year leave of absence. 
Moreover, any university which has a regular seven 
year sabbatical leave of absence must be able to 
compete organizationally, in principle, with 13 per 
cent of their staff absent. 

In small departments there is less flexibility and 
probably here the institution of supernumerary poste 
might be necessary. So, in spite of the fact that the 
secondment scheme from big departments does not 
involve extra financial resources, a considerable 
annual sum is probably required to make possible 
the secondment of staff from the universities as a 
whole. Presumably this in the future will come 
through the Department of Technical Co-operation. 

If able university staff are to be attracted to periods 
of overseas service, it is important that they should 
be able to obtain facilities to carry on their own 
researches. In some cases the local universities can 
produce what is required, but m many cases they 
cannot. In England we have found the great impor- 
tance of having money for special researches available 
direct to the research worker from an outside body. 
It is satisfactory to note that the grants for special 
researches from the Research Grants Committee of 
the Department of Scientific and Industrial Research 
are available for British subjecte on secondment to 
Commonwealth countries from permanent posts in 
this country. On the other hand, under present 
regulations such grants are not avaiable to British 
subjects overseas on permanent appointments. I 
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hope that the Department of Technical Co-operation 
will take the initiative and remove this anomaly. 

If Britain and also the other affluent members of 
the Commonwealth are to play their part in the 
development of university education in the now poor 
countries of the world, then I think two things are 
vital. First, it is important that the governing bodies 
and senates of the universities work out admunistra- 
tive arrangements for seconding a few of their staff 
and encourage the use of this machinery. Then I 
would like to see growing up among the academic 
staff of our universities, both senior and junior, & 
greater readiness to envisage working overseas for a 
period of their career. Of course, to-day, overseas 
service of all kinds, as a contribution which the 
affluent West can make to the growth and prosperity 
of the newly developing nations, is much in the news: 
President Kennedy’s Peace Corps is a much pub- 
licized example, but many other important schemes 
are in operation in Great Britain or elsewhere. There 
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is & desperate need in the developing countries for all 
types of trained people, particularly in the technical 
and technological fields. National schemes must be 
worked out to ensure their supply. This will cost a 
lot of money and must be accepted as part of our 
national obligation to give generous aid to these 
countries. 

Here I have concentrated on the university 
aspect, partly because I know this field best and 
partly because I think that much can be done by the 
local initiative of universities and individuals through 
making use of the secondment method. In the jargon 
of to-day one might call this suggested method an 
administrative ‘do it_ yourself’? trick. How many 
academic pundits have bewailed—in my view falsely 
—-the alleged lack of initiative of the modern genera- 
tion, and the undue reliance on Government action. 
Here is a chance for the academic world as a whole 
to show that much can be done without waiting on 
Government initiative. ; 


AUSTRALIA’S FIRST CARBON-I4 DATING LABORATORY 
By Dr. CHARLES M. FOCKEN 


á Director, Institute of Applied Science of Victoria 


N May 9, 1961, the Hon. A. G. Rylah, chief 

secretary of the State of Victoria, opened a fully 
operating laboratory within the Institute of Applied 
Science m Victoria for age determinations by the 
radiocarbon dating method. To a selected group of 
scientists and representatives of research institutions 
Mr. Rylah outlined the reasons that induced the 
Government of Victoria to invest some £20,000 in the 
project, and the chairman of Trustees, Mr. F. M. 
Read, director of agriculture, described the struggle 
to bring it to fruition. The director, Dr. C. M. 
Focken, explained in simple terms by reference to 
large coloured charts what radiocarbon dating was 
and its unique importance to students of pre-history. 
The guests, divided into groups, were shown the 
functioning of the apparatus in the laboratory. 

The significance of another carbon-14 dating 
laboratory is less related to the fact that it is the 
fortieth to be recognized on the international list! 
than that it is the only producing one in the Com- 
monwealth of Australia. By using foresight New 
Zealand stole a march on her sister Dominion by 
establishing a laboratory some years ago. This has 
been the source of a steady stream of age determina- 
tions; but there is so much work of New Zealand 
interest that few Australian specimens, and even 
fewer from other south-east Asian countries, bave 
been dated. The new laboratory will attempt to 
supply this need, at least until such time as it becomes 
impossible to cope with the flood of samples being 
submitted, when it is expected that a second Aus- 
tralian dating laboratory will come to the rescue. 
This is nearing completion under the guidance of 
Dr. J. H. Green in the University of New South Wales. 

When the national importance of radiocarbon 
dating facilities was stressed by Sir Mark Oliphant, 
the Commonwealth Scientific and Industrial Research 
Organization, and the Australian museums, the 
Trustees decided to establish a laboratory and took 
the firat steps in 1954 after the Director visited some 
overseas laboratories? By an arrangement with 


Prof. J. S. Anderson, Miss A. ham first con- 
structed a pilot apparatus in the Chemistry Depart- 
ment, University of Melbourne. At an early stage 
the decision was made to change from the original 
Libby solid carbon counter to the carbon dioxide gas 
proportional counter, which was unaffected by con- 
tamination from atomic explosions. 

In 1957, Miss ingham, who had just visited. 
leading radiocarbon dating laboratories, planned a 
laboratory in the Institute and began the construc- 
tion of a new apparatus. Soon after, Mr. R. D. 
Carman was appointed and he built nearly all the 
electrical counting apparatus. After some contamina- 
tion trouble due to a faulty counter chamber, which 
had to be discarded, consistent results were obtained 
in 1960. 

Preliminary age determinations were then done on 
a number of check specimens which had been dated 
at world Jaboratories*. The agreements established. 
the reliability of the apparatus and methods. Im- 
provements were made at this stage, one of which is 
novel. The apparatus uses standard counting tech- 
niques, but a new method of stabilizing the overall 
counting sensitivity has been successfully incor- 
porated‘. It uses the constancy of the meson pulse 
amplitude distribution as a reference in a closed loop 
feedback system. The electrical counting and photo- 
graphic recording is automatic and runs continually. 
The only interruptions in a seven-day, twenty-four- 
hr.-a-day schedule are the changes in counter filling 
at intervals of two or three days. The sample through- 
put rate could be increased by improvements in the 
chemical line, more experience, and the appoint- 
ment of a laboratory technician. The techniques 
for processing more difficult kinds of samples, for 
example, bones, will be developed. 

During 1961, age determinations of non-complicated 
samples submitted from all over Australia have been 
completed and some inquiries have been recsived 
from neighbouring countries. The Commonwealth 
Scientific and Industrial Research Organization, the 


No. 4814 February 3, 1962 


universities and research institutions, as well as some 
companies and individuals, are using the service. 

Although few results have been produced as yet, 
some had special significance. One group established 
that the prior stream-beds were actively depositing 
more than 34,000 years ago in the area south-weat 
and west-south-west of Griffith, New South Wales. 
Other results are regarded by archaeologists as of great 
significance to the study of Stone Age man in Aus- 
tralia. Charcoal occurring with uniface pebble tools 
from the Clarence Valley in northern New South 
Wales was aged 3,880 + 120 years, and it is the 
earliest evidence of aboriginal occupation of this 
part of Australia. Of less 1mportance, but great pub- 
lic interest, was the piece of red gum from & deep 
boring on the site of Melbourne’s projected National 
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Gallery and Cultural Centre found to be about 
9,400 years old. The information was of value to tho 
architects, who are about to start the foundations of 
the £5,000,000 building. 

Many persons and institutions have willingly given 
valuable advice and help, and we are especially 
indebted to the staff and those in charge of the 
Institute of Nuclear Science’s Dating Laboratory et 
Lower Hutt, New Zealand. Two grants for special 
equipment from the Australian Institute of Nuolear 
Science and Engineering enabled the date of the 
opening to be advanced by some months. 


? Flint, R. F., and Deevey, E. 8., Amer. J. Sct, Radiooarbon Supp. 
2, "O24 (1960), 

*Focken, C. M., Austral. J. Sci., 17, 10 (1054). 

* Fooken, O. M., Austral. J. Set., 23, 127 (1960). 

t Carman, R. D., Austral. J. Sei., 28, 840 (1961). 


OBITUARIES 


Prof. H. B, Squire, F.R.S. 


HERBERT Brian Squire was born at St. Neots in 
1909, the son of a Bedfordshire farmer, and he died 
on November 23, 1961. He was educated at Bedford 
School and Balliol College, Oxford, where he was an 
Exhibitioner. He read mathematics, and after 
graduating with first-class honours, he t @ year 
as a research student under Prof. R. V. Southwell 
and a further period of a year was spent at Gottingen 
working with Prof. L. Prandtl. This initial post- 
graduate work established his interest and reputation 
in the field of fluid mechanics. He joined the staff 
of the Aerodynamics Department at the Royal Air- 
craft Establishment in 1934 and he remained there 
until 1938, when he became a lecturer m the Mathe- 
matics Department of the University of Manchester. 
He was married in 1937 to Miss Wimifred Fenney 
and they have a daughter aged twenty-one and a son 
aged eighteen. At the outbreak of war in September 
1939 he returned to the Royal Aircraft Establishment, 
where he remained until 1949. He then transferred 
to the Aerodynamics Division of the National 
Physical Laboratory and in 1952 he was appointed 
to the Zaharoff chair of aviation at the Imperial 
College of Science and Technology, London. 

Squire was a scientist of considerable versatility 
and wide-ranging interests, but fluid mechanics 
remained his prime love. Among his earlier achieve- 
ments was a now classic theorem on the stability of 
boundary layers to three-dimensional disturbances, 
a simple method for doterm'ning with acceptable 
accuracy the development of the turbulent boundary 
layer, a method for calculating the drag of wings 
which was readily extended to the caloulation of the 
drag of aircraft, some theoretical and experimental 
investigations of low-drag wings, a numbor of 
valuable solutions to problems of heat transfer, and 
an important study of helicopter stability. His later 
work included an imvestigation of jet flows, the 
characteristics of surfaces planing on water, and some 
applications of linearized supersonic wing theory of 
considerable practical significance leading to a family 
of wings named after him, while in recent years he 
has devoted much of his time and effort to the 
experimental and theoretical study of rotating and 
vortical flows. The hovercraft was a vehicle that 
particularly fascinated him, and he had in progrese 
a number of investigations into some of the inter- 
esting flow problems that this vehicle presents. 


For very many years Squire had been a member 
of the Fluid Motion Sub-Committee and the Heli- 
copter Committee of the Aeronautical Research 
Council, and when the latter Committee was replaced 
by the Powered Lift Committee he was appointed its 
chairman. He was made a Fellow of the Royal 
Aeronautical Society in 1945 and a Fellow of the 
Royal Society in 1957. A few months ago he was 
appointed to the board of the Hovercraft Develop- 
ment Co. 

As a man and as a scientist Squire was of a piece. 
Integrity and an acute sensitivity are the qualities 
which his friends and colleagues would most readily 
associate with him; and he had the great scientist’s 
gift of laying bare the essentials of a problem in 
simple, elegant terms. This gift was in evidence not 
only in his work but also in his approach to social 
and human problems, in which he was deeply inter- 
ested. He took extraordinary pams over his tasks 
as a teacher, and he earned the devotion of his 
students and staff. 

Squire had no special hobbies, but he enjoyed most 
outdoor activities such as , cycling, camping 
and sailing, and he had learnt to fly. A year ago, 
when he was invited to Bangalore, India, he drove 
there and back in a ‘Land-Rover’; he gave as his 
reason the wish to prove to himself that he was still 
young. There is no doubt that he enjoyed the physical 
challenge of the journey, but certainly his main 
reason was to get first-hand experience of life in the 
Near and Middle East. He enjoyed reading, the 
theatre and conversation, and he found some relaxa- 
tion in carpentry. 

His early death is a tragic loss to the world of 
science; his friends will long mourn not only the loss 
of his exceptional mtellect but also the shy, kindly 
warmth that characterized all his thoughts and deeds 
and made his friendship uniquely precious. 

A. D. Youre 


Prof. J. Husband 


Emperrus Pror. Josmra Hossanp died in Sheffield 
on December 4, 1961, in his ninety-first year. He was 
born at Rotherham and educated at the old Central 
Secondary School, Sheffield. In 1888 he was awarded 
a Royal Exhibition, which enabled him to study 
engineering at the Royal College of Science, Dublin, 
where he gained first place in the final associateship 
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examination in 1891. For his contributions to engm- 
eering literature he was elected a Fellow of the College 
in 1917. 

After gaming practical experience of road, river 
and bridge works, as an assistant to the County 
Surveyor of Londonderry in Ulster, Husband was 
appointed a lecturer in 1892 at the Sheffield Tochnical 
School, which later became part of the University of 
Sheffield. Here he developed the civil engineering 
department, becoming in 1920 the first professor of 
civil engineering. 

Husband was outstanding as a lecturer, his quiet 


and dignified manner and lucid exposition command- 


ing immediate respect and attention. He took a keen 
interest ın his students, a large number of whom 
now occupy important positions in Britain and 
abroad, and ıt was a great joy to him to correspond 
regularly with many of them. He was the author of 
several books and many papers on surveying, struc- 
tural and other branches of civil engineering. It is 
probable that his contribution to civil engineering 
which will be best remembered is his fine oral and 
written exposition of the subject. 

On reaching the age limit, Prof. Husband retired 
from the chair of civil engineering and became the 
senior partner in the firm of Husband and Company, 
of London, Sheffield and Colombo, which were the 
consulting engineers for the Jodrell Bank radio 
telescope. 

In recognition of his distinction as a civil engineer 
and of his services to the University for forty-four 
years, the University of Sheffield conferred on him 
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the honorary degree of doctor of engineering im 
1955. 

Prof. Husband had many-sided connexions with his 
profession m Britain and other countries. To men- 
tion only a few: he was a member of the Institution 
of Civil Engineers, the Institution of Water Engineers, 
the French Society of Orvil Engineers and an honorary 
member of the American Sooiety of Civil Engineers. 
During 1937-38 he was president of the Institution 
of Structural Engineers, of which he had been a 
member since 1924. 

Husband was keenly interested in the ssthetic 
aspect of structural design, and many of his friends 
will recall with pleasure his remarkable gift for 
making pen-and-ink and water-colour drawings. 
It is significant that when he was awarded in 1901 
the James Watt Medal and Telford Premium by the 
Institution of Civil Engineers, the paper which earned 
the award was entitled “The Aisthetic Treatment of 
Bridge Structures’’. 

He took a delight in fine scenery and when not 
engaged on his professional work he was a keen 
cyclist and until quite recently an mdefatigable 
walker, being a member of the Derbyshire Pennine 
Club. He was also for many years an executive mem- 
ber of the Sheffield and Peak District Branch of the 
Council for the Preservation of Rural England. 

Husband possessed a dignity and personal charm 
which was reminiscent of the more tranquil years of 
his youth, and his many friends will reca]! his delight- 
fal conversation enlivened by anecdotes. 

N. 8. BOULTON 


NEWS and VIEWS 


Tropical Hyglene at Liverpool :, 
Prof. T. H. Davey, O.B.E. 


Pror. T. H. Davey retired at the end of September 
from the Middlemass Hunt chair of tropical hygiene 
in the School of Tropical Medicine, University of 
Liverpool, an institution he had been continuously 
associated with since April 1929. The early part of 
his career was spent in Freetown, Sierra Leone, in 
the Sir Alfred Lewis Jones Laboratory. There his 
main interests lay ın malaria and schistosomiasis and 
the vectors of these diseases. For a short time in 
1935 he joined G. M. Findlay in the Gambia during 
an outbreak of yellow fever, and there, for the first 
time in Africa, live virus vaccine was used to protect 
the susceptible immigrant population. In 1939 he 
was appointed diector of the Sw Alfred Jones 
Laboratory and continued his work there until 1941 
when. the laboratory was closed. He then returned 
to the Liverpool School, where he worked until his 
retirement. In 1945 he was asked by the Colonial 
Office to undertake a fact-findmg mission and to 
report on human and animal trypanosomiasis in West 
Africa. In the same year he was appointed to the 
chair of tropical hygiene. Davey served on a number 
of official committees, including the Inter-University 
Council for Higher Education Overseas, the Colonial 
Advisory Medical Committee, the Tsetse Fly and 
Trypanosomiasis Committee, and the Federation of 
Rhodesia Medical School Planning Committee. In 
1954 he was appointed by the Southern Rhodesian 
Government to be a member of a Commission of 
Enquiry on Human and Animal Trypanosomiasis in 
Southern Rhodesia, and in 1958 was appointed 


Nuffield visiting professor to the. University College. 
Ibadan. 


Prof. T. Wilson, C.B.E. 


Dr. T. Witson, who succeeds Prof. T. H. Davey 
in the chair of tropical hygiene at Liverpool, is a 
graduate of Queen’s University, Belfast. After 
obtaining a diploma in public health at Belfast and 
a diploma in tropical medicine and hygiene at Liver- 
pool, he joined the Colonial Medical Service and was 
posted to Malaya, where he worked as a health 
officer for a number of years. He joined the Royal 
Army Medical Corps during the Second World War. 
serving with No. 6 Malaria Field Laboratory; he 
was a prisoner of war in Malaya and Thailand from 
1942 to 1945. On demobilization in 1946 he resumed 
his duties as health officer in the Malayan Medical 
Service. In 1949 he was appointed senior malaria 
research officer in the Institute for Medical Research 
at Kuala Lumpur, and in 1956 he was appointed 
director of the Institute. He retired from the Malayan 
Medical Service ın 1959 and was appointed senior 
lecturer in tropical hygiene in the Liverpool School 
of Tropical Medicine. Most of Dr. Wilson’s published 
work concerns the post-war investigation of the 
problems of malaria and filariasis carried out in 
Malaya at the Institute for Medical Research. Dr. 
Wilson has served on various World Health Organ- 
ization panels and committees dealing with malaria 
and filariasis. He has been a member of the World 
Health Organization Expert Advisory Panel on 
Malaria since 1955, and in 1960 was appointed 
secretary of the Helminthiasis Committee of the 
Medical Research Counel. 
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Engineering at the Science Museum: 
Mr. A. Stowers 


Mr. ARTHUR STOWERS, who retired from his post 
as keeper of the Department of Mechanical and Civil 
Engineering at the Science Museum, London, on 
January 24, was born in 1897. He was educated at 
Haileybury College and at the City and Guilds 
College, South Kensington. After holding various 
engineering appointments in industry and with the 
Crown Agents for the Colonies, he joined the Science 
Museum in 1930 as an assistant keeper. During the 
Second World War he became an assistant director 
of instrument production in the Ministry of Aircraft 
Production. After returning to the Science Museum 
he was promoted to deputy keeper in 1946 and keeper 
in 1950. His principal interests have been in the 
history of steam-power and water-power engineering, 
to which he has made several contributions. He has 
taken a leading part in the work of the Newcomen 
Society for the Study of the History of Engineering 
and Technology, being honorary secretary from 1932 
to 1848, a vice-president in 1950 and president in 
1955 to 1957. Another of his interests is in the work 
of the Society for the Protection of Ancient Buildings, 
Wind and Water-mill Section. 


Mr. K. R. Gilbert 


Mr. Kerra REGINALD GILBERT, who succeeds Mr. 
A. Stowers as keeper of mechanical and civil engineer- 
ing at the Science Museum, was born in 1914, He 
was educated at King Edward VI School, Birming- 
ham, and at St. John’s College, Cambridge. He was 
research assistant to Prof. B. W. Holman at the 
Royal School of Mines, Imperial College of Science 
and Technology, from 1936 to 1938. During the 
Second World War he was commissioned in the 
Royal Air Force Volunteer Reserve and was 
occupied in teaching radio-communication theory. 
In 1945 he became assistant chief research engineer 
to C.A.V., Ltd. He joined the staff of the Science 
Museum as an assistant keeper and was promoted 
deputy keeper in 1955. He was placed in charge of 
the collections of textile machinery, hand and machine 
tools, and fire-fighting appliances, the care of which 
he has retained throughout his service; but he was 
also responsible for the formation of the fluorescent 
lighting section of the illumination collection and for 
a period was in charge of the development of the 
electric power collection. He took a leading part in 
the organization of the Leonardo da Vinci Quin- 
centenary Exhibition which was held at Burlington 
House in 1952. Since 1957 he has been honorary 
secretary of the Newcomen Society. 


Chemical Engineering In Universities 


Can the universities make a major contribution to 
chemical engmeermg research ? Prof. G. G. Haselden, 
in his inaugural lecture at Leeds (Chemical Engineer- 
ing and tis Educational Challenge. Leeds University 
Press, 1961) puts forward the stimulating view that 
there is a large area in which well-chosen university 
research ‘‘could be at the forefront of mdustrial 
development”. The attempt to formulate theoretic- 
ally the limiting factors in a given process, and having 
done so, to invent apparatus capable of approaching 
these limits as nearly as possible, could very well be 
carried out in university laboratories. Such research 
could not come to its full fruition without industrial 
development, but it might nevertheless be of great 
importance, both in its own right and in encouraging 
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among students the pioneering spint so desirable in 
industrial engineering leadership. Thus he believes 
in the possibility of basic research which is ‘‘educa- 
tionally stimulating, fundamental to the subject, and 
also relevant to industrial advance’. In treating 
undergraduate teaching, Prof. Haselden has some 
valuable words to say about the point in the course 
at which wide generalization of chemical engineering 
problems is desirable. He also mentions an inter- 
esting teaching experiment which might have wide 
applications elsewhere: the use of tho laboratory 
report-——with 1ts review of theory and discussion of 
results——as a partial substitute for the normal 
essay in tutorial discussion. 


The Optical Metre Legalized in France 


Unpme decree No. 61-501 (May 3, 1961) of the 
Ministry of Industry the metre in France became 
legally defined on January 1, 1962, in wave-lengths 
of light, the definition being exactly the same as that 
adopted by the eleventh General Conference of 
Weights and Measures (Nature, 189, 195; 1961). 
The Times, in announcing on January 2, 1962, this 
change in the statutory definition of the metre, gave 
a figure for the value of the metre in wave-lengths 
which contained two misprints and the English 
translation of the new definition should have appeared 
as follows: the metre is the length equal to 
1 650 763-73 wave-lengths, in vacuo, of the radiation 
corresponding to the transition between the levels 
2p,, and 5d, of the atom of krypton-88. The two 
atomic energy-levels specified in the definition are 
denoted by the spectroscopic terms given in Paschen’s 
notation for the krypton series of energy-levels, and 
the corresponding radiation is of orange light; the 
vacuum wave-length derived from the defined rela- 
tionship with the metre is 0-605 780 211 x 10-* metre. 
It is interesting to recall that the first legal standard 
of the metre—the Métre des Archives, a platinum 
end-standard intended to be equal to one ten-millionth 
part of the quadrant of a meridian of the Harth—was 
established in 1799. This standard was replaced in 
1889 by the International Prototype Metre, a 
platinum—iridium line-standard which was constructed 
to be as nearly equal as possible (say, to 1 um.) to the 
Métre des Archives and from which the metre length 
was found by experience to be reproducible to 2 parts 
in 107. The optical metre, which is equal to the 
metre represented on the former International Metre 
within the uncertainty mentioned, is reproducible to 
1 part in 108 and possibly better. 


Medical Research In Elre 


AN interestmg item in the 1960 report of the 
Medical Research Council of Ireland refers to the 
Health (Fluoridation of Water Supplies) Act, 1960, 
which has now become law. It empowers the Minister 
for Health for Hire to direct health authorities to 
add fluoride to piped water supplies up to a concen- 
tration of one part per million, but stipulates that 
before doing so the Minister must have carried out a 
survey of the incidence of dental caries in a repre- 
sentative sample of day-school children of that area 
and must have submitted the results to each House 
of the Oireachtas. At the request of the Minister for 
Health, the Council agreed to organize and supervise 
the carrying out of surveys required by the Act. Be- 
sides information about administration. the report 
also contains detailed accounts of the research projects 
in the fields of anatomy, bacteriology, biochemistry, 
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cell metabolism, chemotherapy, dermatology, genetics, 
gynaxcology, hamatology, medicine, pathology, phys- 
iology, psychiatry, public health, sociology and 
virology (Annual Report of the Medical Research 
Council of Ireland, 1960. Pp.1+64. Dublin: Medical 
Research Council of Ireland, 1961). 


The Chest and Heart Association 


In a pithy annual report entitled Outlook for Health, 
the Chest and Heart Association reports that lung 
cancer deaths are increasing steadily by a thousand 
a year in England and Wales—in 1960 there were 
21,992, 18,867 of them being men (Pp. 6. London: 
The Chest and Heart Association, 1961). To combat 
bronchitis, which afflicts one person in every twenty, 
the Association recommends a holiday away from the 
polluted air of the industrial centres in which so 
many patients live and work. Tuberculosis still 
causes more than 3,000 deaths a year im Great 
Britain, and there are more than 300,000 people on 
the chest clinic registers. Each year more than 
20,000 new cases of tuberculosis are found, and this 
is no longer predominantly a disease of the young. 
More than half the new cases were men over the age 
of forty-five. The Association, with the co-operation 
of the Federal Government of Nigeria, is sponsoring 
a Conference to be held at University College, Ibadan, 
during March 26-31. The programme will imelude 
lectures and panel discussions on tuberculosis, 
leprosy, community mfection, drug treatment, sur- 
veys and village hygiene. 


Systems of National Accounts In Africa 


THe Working Party on Economic Studies of the 
Commission for Technical Co-operation in Africa 
South of the Sahara recommended in February 1958 
preparation of a factual report on methods of national 
accounting used m Africa South of the Sahara, and 
taking into account the systems of national accounts 
prepared by international organizations. This recom- 
mendation was adopted by the Commission at its 
Session at Brussels in May 1958 when Miss P. Ady 
and M. Michel Courcier were asked to prepare the 
report, with Mr. M. Gilbert, of the Organization for 
European Economie Co-operation, as consultant. A 
draft of the report, which is in four chapters, was 
discussed at a further Working Party m December 
1959, when publication was recommended, subject to 
certain changes. The bulk of the report consists of 
the fourth chapter setting forth the definitions and 
methods in use m African countries (Pp. 232. Paris: 
Organization for Euro Economic Co-operation; 
London: H.M.8.0. 1961 8.60 NF.; 128. 6d.; 2 
dollars). 


National Museum of Canada, 1910—60 


Dr. Loris S. RusseLL has done a service to the 
museum world by compiling a history of the National 
Museum of Canada for the period 1910-60, partly 
from his own experience and partly from those who 
participated in the earlier years (The National Museum 
of Canada, 1910 to 1960. Pp.v+37. Ottawa: Queen’s 
Printer, 1961. 50 cents), The history of the building, 
collections and administration is clearly traced and 
an interesting record, with photographs, is given of 
those curators who were responsible for the work. 
Although research by the staff and others is encour- 
aged and is expanding, even greater opportunity is 
given to the public to view the Museum’s treasures 
and sample its accumulated knowledge. 
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The Museums Journa! 


No. 8, Volume 61, of the new format of The 
Museums Journal is a delightful blend of curatorial 
and technical papers. The former includes one on 
William Scott by Mr. John Russell, and public col- 
leotions and social justice by Mr. Richard Wollheim. 
In the latter category Mr. Crawford Ross writes on 
the problems incurred in labelling biological material, 
Dr. Michael Eager discusses light typing on dark 
backgrounds, and Mr. David Northrop details the 
difficult tasks encountered in cleaning and repairing 
the Golden Rose. Various papers given at the annual 
conference in 1961 are summarized. 


Educational Aids in Metallurgy, Physics, Engineer- 
ing and Chemistry 


Two new publications featuring educational ser- 
vices made available free of charge to science masters 
in grammar, public and technical schools, and lec- 
turers in universities and technical colleges are now 
obtainable from the International Nickel Company 
(Mond), Ltd. Publication 2415 describes educational 
aids which are particularly relevant to the General 
Certificate of Education Ordinary and Advanced 
Level examinations. This booklet lists specimens, 
photographs and samples, wall charts, films (16 mm. 
sound/colour) and publications dealing with a wide 
variety of metallurgical and associated subjecta. 
Publication 2414 describes educational aids which 
are more specially suited to the requirements of 
lecturers in metallurgy, physics, engineering and 
chemistry. Copies of the publications are available 
from the International Nickel Company (Mond), 
Ltd., Thames House, Millbank, London, §.W.1. 


Current Scientific Publications by South African 
Universities 


THE register of current scientific research at South 
African universities is based on replies to question- 
naires, and the entries are printed as received, except 
for occasional corrections and condensations (Pp. 
vi+112. Pretoria: South African Council for 
Scientific and Industrial Research, 1961. R. 1.50). 
English translations are provided where the returns 
were received in Afrikaans, and the alphabetical 
arrangement is also based on English. Entries are 
arranged alphabetically under each university, the 
main grouping being by broad subjects. There are 
768 entries and subject and author indexes in English. 


al-Zahrawl’s Tenth-Century Surgical Treatise 


PROBABLY the earliest independent work in Arabic 
Spain to embrace the whole of the medical knowledge 
of that time is the encyclopsdic al-Tasrif, written in 
the late tenth century by Abū al-Qasim al-Zahrawi, 
also known as Abulcasis. Consisting of thirty 
treatises, it is the only known work of al-Zahrawi, 
and brought him high prestige in the Western World. 
His last treatise, on surgery, is the subject of a paper 
by Sami Hamarneh in a contribution to the Museum 
of History and Technology of the Smithsonian 
Institution: United States National Museum (Paper 
22: Drawings and Pharmacy in al-Zahraéwi’s 10th- 
Century Surgical Treatise. Pp. 81-94. Washington, 
D.0.: Government Printing Office, 1961. 20 cents). 
With its many drawings of surgical instruments, 
intended for the instruction of apprentices, its 
descriptions of formule and medicinal preparations, 
and ite lucid observations on surgical procedures, this 
treatise is perhaps the oldest of its kind. There is 
available a translation of the text and reproductions 
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of the drawings, but many of the latter are greatly 
modified from the originals. Hamarneh’s study 
reproduces examples of al-Zahrawi’s original illus- 
trations, compares some with the early drawings 
based on them, and comments on passages in the 
treatise of interest to students of pharmacy and 
medical therapy. 


Linnaeus 


THe 1960 issue of Svenska Linné—Sallskapets Arr- 
skritt (43, 1960. Pp. 168. Uppsala: Svenska Linné- 
Sällskapet, 1961) contains a report of the president’s 
address to the Society on “The Good and Evil Days, 
Linnaeus on. Youth and Old Days”. Other articles 
are by Telemak Fredbarj] on “Carl H. Wanman, a 
Misjudged Disciple of Linnaeus”, while Dr. Ingrid 
Odelstierns discusses ‘“Curant Eixspectando. Linnaeus 
and the Stahlians’. “Johan Alstomer and Daniel 
Solander—~I[‘wo Disciples of Linnaeus in London 1777— 
78” is the title of a paper by Dr. Stig Ryden. Under 
the title “A Bed-ourtaim from the Younger Linnaeus’s 
Home”, Mrs. Ingegerd Henschen describes a fabric, 
now in the possession of a descendant of Linnaeus, 
which she identified with a similar one on view at 
an exhibition arranged in 1960 by the Victoria and 
Albert Museum. There is also an article by Prof. 
Olof H. Selling entitled “From Linnaeus’s Youth and 
his Native Placo”. 


Ancient Flelds in Britain 

THE British Association’s research committee on 
ancient fields has published a booklet on ancient 
field remains, which can be obtained from the Secre- 
tary of the Association, 3 Sanctuary Buildings, Great 
Smith Street, London, S.W.1, at a price of 7s. 6d. 
The booklet describes the nature of agricultural 
earthworks and basic farming practices. It attempts 
to analyse the nature of field remains and offers some 
suggestions on the typology of ‘Celtic’ fields, ‘strip 
lynchets’, and ridge-and-furrow. It also discusses 
methods of work. It has an annoteted, selective 
bibliography and an appendix which. liste leading 
subjects for research. The Committee hopes that the 
booklet will provide a useful background for detailed 
investigations. Although the title of the booklet is 
Ancient Fields, some of the remains discussed are 
relatively modern and many earthworks are briefly 
considered which are not fields. 


Origin of the Broads 


Tax artificial nature of the Norfolk Broads has 
been convincingly demonstrated by Dr. Joyce 
Lambert and her colleagues. Useful supporting 
evidence from other parte of the Broads now comes 
from Marietta Pallis, who also produces substantial 
evidence to show that the recent Norfolk floods could 
well be of much more than local significance (Pp. 
40+ 4 plates. Glasgow: Robert MacLehose and Co., 
Ltd., 1961). In dealing with the status of fen, 
Marietta Pallis confirms Dr. Lambert’s view that fen 
is not a natural sequence of vegetation but an 
artificially engendered phase. Her evidence has been 
collected from many sources, including Lake Geneva, 
the Danube Delta, Lake Ascania, the Alexandrian 
Lagoons and the Euphrates and Tigris marshes. The 
booklet is attractively produced and is noteworthy 
for some memorable photographs. 


Native Art in Australia 


Ir has frequently been advocated in these pages 
when papers on the Australian rock-shelter art, issued 
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by the Museum at Sydney, have been reviewed, that 
the time was ripe for the publication of a large work 
in book form by a number of research workers in the 
field, which would cover all aspects of the art in the 
various geographical regions where it has been found. 
In reply, the Museum has sent two interesting 
fascicules by Dr. F. D. McCarthy, one dealing with 
the native decoration of various objects (Australian 
Aboriginal Decorative Art. Fifth Edition. Pp. 60+ 
2 plates. Sydney: The Australian Museum, 19658), 
the other with their paintings and engravings on 
rocks and in rock-shelters (Australian Aboriginal 
Rock Art. Pp. 68+2 plates. Sydney: The Australian 
Museum, 1958). Both are well illustrated, several 
plates being in colour. The objects decorated are of 
various kinds and include sacred stones, boomerangs, 
sculptured objects, and the like. Much of the design 
is linear and geometric, but stylized figures both of 
animals and men occur. The motives underlying the 
production of this art are certainly in large part 
bound up with sympathetic magic. The fascicule 
dealing with the rock-shelter art covers the same 
ground more or lees as did the various special papers 
recently noticed (Nature, 190, 767; 1961. 191, 854; 
1961. 192, 221; 1962). The ‘different subjects 
treated, the methods used in the several regions 
where the art occurs, and its antiquity are all dealt 
with. Both these fascicules are excellent, and anyone 
interested in primitive Australian art should hasten 
to obtain them. But they cannot be compared with 
the various volumes on Central and South African 
rock-shelter art which have been published in the 
past few years. Yet Australian primitive art is 
equally interesting. 

Earliest Bone Tools 


Ir was formerly believed that mankind’s first tools 
were always made of stone, and that bone and other 
materials were only utilized at a later stage. Prof. R. A. 
Dart has long questioned this belief and has shown 
that seemingly the Australopithecine in South Africa 
did fashion bones into implements. In Nature (191, 
372; 1961) he directed attention to a scoop made 
from a humerus which recalls closely Dr. A. J. 
Arkell’s cannon bone spatule from the Nile Valley. 
Again, in an article in the South African Journal of 
Sctence for May 1961, he brings forward further 
information on how these earliest human predecessors 
set about making bone tools; previously, in the 
March issue of that journal, he had claimed that these 
methods persisted into later times—indeed, attention 
is directed to an apple corer of the eighteenth or 
nineteenth century now in the Castle Museum at 
York. Obviously, the ways of fashioning bone are 
limited and the types of implement that can be 
usefully made are not very numerous. But it is 
interesting to find that man’s earliest forerunners 
knew how to set about utilizing bone for their own 


purposes. 


Genesis of Gold Ores 


NOTWITHSTANDING the prolonged attention that 
has been given by geologists to the study of ore veins, 
a lack of detailed understanding of the mode of forma- 
tion of these mineral deposits has long remained a 
fundamental deficiency in geological knowledge. An 
important contribution to this field of investigation 
has lately appeared in an unusually comprehensive 
study by R. W. Boyle of the auriferous veins of the 
Yellowknife District in the Northwest Territories of 
Canada (Mem. Geol. Surv. Canada, 310, 193 pp., 18 pl., 
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29 maps and figs. 1961. Price 2.50 dollars). These 
important gold deposite occur in the form of quartz 
lenses both in chlorite-schist shear zones cutting 
pre-Cambrian greenstones and in highly folded and 
contorted pre-Cambrian sedimentary rocks. Exten- 
sive chemical evidence is presented in support of the 
thesis that the elements present in the ore bodies 
came from the country rocks, whence they were 
concentrated into dilatant zones during metamorph- 
ism. It is claimed that both gold and silver are 
constituents of all rocks in the district, and that, since 
they were originally present in amounts sufficient to 
yield any of the concentrations forming ore deposits, 
it is unnecessary to call on magmatic hydrothermal 
solutions as a source for the two elements. These 
views are a reversion to the lateral secretion theories 
of von Sandberger expressed in his Untersuchungen 
über Erzgange nearly eighty years ago, and it seems 
likely that Dr. Boyle’s well-documented revival of 
such concepts will stimulate considerable discussion 
_ by other economic geologists. 


Surface Activity 


An attractive 21-page booklet, entitled Surface 
Activity, by R. J. Taylor of Unilever Research Divi- 
sion (A Unilever Educational Booklet—Advanced 
Series. London: Unilever, Ltd., 1961) is the first 
in the series of educational bookleta which Unilever 
is publishing for sixth-form pupils to use as a 
supplement to school text-books. A detailed ex- 
planation is given, with the help of clear diagrams 
and illustrations in colour, of surface activity and 
some of its important applications, including water 
conservation, emulsification, detergenoy, flotation 
and foams. The treatment is intended to be com- 
plementary to that of surface tension as dealt with 
in school text-books. In the theoretical section 
dealing with adhesion, contact angle, ing and 
bubbles, the four measurable quantities—-surface 
tension, interfacial tension, contact angle and surface 
pressure—are mentioned, and, in the second section 
of the booklet, experimental methods for the measure- 
ment of these quantities are described. Finally, 
various applications of surface activity are discussed. 


Individual Varlation in Nutrition 

A symposium on “Individual Variation”, organized 
by the Nutrition Society, is to be held at the National 
Institute for Medical Research, London, during 
March 17. The chairman will be Prof. B. 8. Platt, 
and topics under discussion will include: nutritional 
individuality (Dr. E. M. Widdowson); normal 
variations in blood constituents (Dr. I. D. P. 
Wootton); individual variations in the lipid trans- 
port system (Dr. R. E. Olson); some aspecte of 
physical and physiological individual variation in 
growth and development (Dr. R. W. McCammon); 
variations in human energy-intake and expenditure 
in Great Britain (Mr. J. M. Harries, Mrs. E. A. 
Hobson and Misa D. F. Hollingsworth); genetic 
variation in the nutrition of Drosophila (Dr. F. W. 
Robertson). Further information can be obtained 
from Miss D. F. Hollingsworth, Ministry of Agriculture, 
Fisheries and Food, Great Westminster House, 
Horseferry Road, London, 8.W.1. 


Cambridge University Library : 
Gowland Hopkins Centenary 
Dr. Malcolm Dixon, Dr. Barbara E. Holmes and 
Dr. Joseph Needham write that: “In commemoration 
of the centenary of the birth of Sir Frederick Gowland 


NATURE 


February 3. 1962 VoL. 193 


Hopkins, a collection of papers, eto., concerning his 
life and work is being formed in the Cambridge 
University Library. We should be very grateful if 
anyone having in thew possession manuscript or 
typescript letters of his, or letters addressed to him, 
or any other relevant documents, would send them to 
us for deposition in the collection as such or for 
copying and return, addressed to Dr. Joseph Need- 
ham, at Caius College, Cambridge”. 


Announcements 


De. Epwarp R. WEDLE, former president of 
the Mellon Institute, Pittsburgh, has been awarded 
the William Procter Prize for scientific achievement 
by the Scientific Research Society of America for his 
work in industrial research. 


Tas Centre National de la Recherche Scientifique, 
Paris, is offering a prize of 10,000 N.F. for the best 
solution, received before October 1, to the problem 
of documenting the enormous amount of scientific 
material at present being published. Further informa- 
tion can be obtained from the Centre National de la 
Recherche Scientifique, 15 Quai Anatole France, 
Paris 7e. 


A, SYMPOSIUM on ‘Ferro Alloy Industry in India” 
is to be held at the National Metallurgical Laboratory, 
Jamshedpur, during February 12-15. Further 
information can be obtained from the Director, 
National Metallurgical Laboratory, Jamshedpur, 
India. 

A. SYMPOSIUM on “Equatorial Geophysics”, spon- 
sored by the Interamerican Union of Scientific Radio 
together with the Interamerican Union of Geodesy and 
Geophysics, is to be arranged by the Instituto Geo- 
fisico del Peru (formerly the Huancayo Geophysical 
Institute) in Lima during March 19-23. Further 
information can be obtained from the Instituto 
Geofisico del Pern, Apartado 3747, Lima. 


Tux thirteenth Pittsburgh conference on ‘‘Analyt- 
ical Chemistry and Applied Spectroscopy” is to be 
held in Pittsburgh during March 5-9. The programme 
will include the symposia on: Raman spectro- 
scopy; vacuum spectroscopy; gas chromatography ; 
spectroscopic studies of polymers; chemical analysis 
of metals. There will also be an exhibition of new 
analytical instruments. Further information can be 
obtained from the programme chairman, Dr. O. F. 
Glick, Applied Research Laboratory, United States 
Steel Corporation, Monroeville, Pennsylvania. 


A sympostom entitled “Basio Problems in Neo- 
plastic Disease”, sponsored by Columbia University 
College of Physicians and Surgeons, is to be held 
during March 12-14, to commemorate the fiftieth 
anniversary of the Institute of Oancer Research at 
the University, and the tenth anniversary of the 
Franois Delafield Hospital. The subjects under dis- 
cussion will include: nucleic acid structure and 
synthesis; viral and genetic studies; protein syn- 
thesis; antibody structure and function. Further 
information can be obtained from the Institute of 
Cancer Research, Columbia University College of 
Physicians and Surgeons, 630 West 168th Street, 
New York 32, N.Y. 


Erratum. The title of the communication by 
Prof. J. M. Wiame et al. in Nature of January 6, 
p. 70, should read: “Mutation of Bacillus subtilis 
affecting the Aconitase and the Dicarboxylic Acid 


Specific Transport’, and not as that given. 
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AN INTERNATIONAL ATOMIC ENERGY LABORATORY 


HE Laboratory of the International Atomic 

Energy Agency at Seibersdorf, some 30 km. 
from the Agency’s headquarters in Vienna, which 
started functioning last autumn, has been designed 
especially for certain types of work that call for 
comparison and co-ordination on the widest possible 
basis. 

Before the establishment at Seibersdorf was built, 
laboratory work on a small scale was done with a few 
facilities installed in the Agency’s headquarters 
building. Now that adequate facilities are available, 
this work has considerably increased and its scope 
somewhat widened. 

The Laboratory is not intended to be a centre of 
independent research; its scope is governed by the 
scientific requirements of the Agency's programmes of 
assistance to its Member States and its role in con- 
nexion with safety and security in atomic energy 
work. The functions of the Laboratory are thus 
limited to: (a) measurement of radionuclides and 
preparation of radioactive standards; (b) calibration 
and adaptation of measuring equipment; (c) quality 
control of special materials for nuclear technology ; 
(d) measurements and analyses in connexion with 
the Agency's safeguards and health and safety pro- 
gramme; and (e) services for Member States that can 
be provided with the facilities established for these 
tasks. 

In the Measurement and Standardization Section, 
measurements of radionuclides are being carried out 
by various means, including 4x proportional counters, 


8-y coincidence arrangements, a y-y coincidence 
arrangement and an automatic micro-calorimetric 
system. The Laboratory will shortly have equipment 
for the standardization of absorbed doses as well as 
sources of radiation for the calibration of instruments 
in terms of the absorbed dose. The Laboratory has 
now started a distribution service of calibrated 
samples of radionuclides to be used for testing and 
calibrating measuring instruments. The first distri- 
bution list includes 12 nuclides. 

Another fundamental activity of this Section is 
to take part in, or to organize, intercomparison 
measurements of reference radioactive sources. The 
section will also provide practical in-service training 
and theoretical instruction in radioactive measure- 
ment and dosimetry. 

In the field of radiation safety, much of the present 
work is related to environmental radioactivity. The 
analyses and measurements carried out in the 
Environmental Contamination Section, which are 
usually undertaken at the request of interested 
Member States, are expected also to help generally 
in the development of the Agency’s health and safety 
programme. About 300 food samples, received from 
nine countries, have so far been analysed. At the 
request of the Austrian authorities, the Laboratory 
is conducting a continuing survey of the radioactive 
contamination of the most important foodstuffs in 
Austria. 

Some scientists and technicians from six Member 
States have already been trained in this Section, and 





Fig. 1. Entrance to the Laboratory of the International Atomic Energy Agency at Seibersdorf, Austria 
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> on questions relating to en omental: ‘monitoring. 
. Plans are also being made for a bio-assay service for 

4 emical analysis: of biological samples from 
f — installations in the less-developed 


ae In the “Medical and Health Physics Section, a 
= whole-body counter is expected to be in operation 
i next Spring for measurements on radiation 
n cers, at the request of Member States. The 
o> "facility will, also be used for the study of certain 
> problems of immediate interest to the Agency’s own 
i ı the health physics field. For example, a 
study of radiation doses received by patients who have 
s been given thorotrast for diagnostice purposes is 
cted to yield useful data on the late effects of 










l , small: amounts of incorporated radioactivity; such 
‘data will be supplementary to those obtained by 
examining radium-dial painters. 









Section, which is- salty 7 we hemis- 
try Section is exper sted to be in full operatior next 


Spring; a major part of its work will be concerned 





with analytical chemistry, particularly trace element J— 





analysis. — a 
Another section of the Laboratory will deal — 


specially with the applications of tritium in hydrology. 
The Agency has already started furnishing tritium = 
laboratories in various countries with water standards _ 
in connexion with its programme for a world-wide — 


survey of hydrogen and oxygen isotopes. 
The Laboratory has its own workshop and. library. 


Twelve scientists from eight countries are at — 
present employed in the Laboratory. In addition, 
there are 15 staff members in the general service — 


category. The approved complement for 1962 
provides for 17 professional and 28 general service 
staff members. 


RADIOBIOLOGICAL RESEARCH UNIT, HARWELL 


‘HE Medical Research Council established its 

~Radiobiological Research Unit at the Atomic 
Energy Research Establishment, Harwell, in 1947. 
_ As the name implies, its activities are devoted to the 
investigation of the fundamental action of ionizing 
radiation in living systems, and thereby to providing 
the solution of potential or actual problems that 
arise from developments in the use of nuclear 
energy. 
By 1954 the Unit (director, Dr. J. F. Loutit) had 
expanded to approximately its present size, forming 
six interdependent sections: Experimental Pathology 
(Dr. R. H. Mole, now deputy director), Physiology 

(Dr. O. A. Trowell), Biophysics (Dr. G. J. Neary), 
Biochemistry (Mr. J. St. L. Philpot), Radiochemistry 
(Dr. G. E. Harrison) and Cytogenetics (Dr. C. E. 
Ford). It was then joined by a Genetics Section 
from Edinburgh, headed then by Dr. T. C. Carter 
and now by Dr. A. L. Searle. 

Since it occupied its permanent quarters in 1953, 
the Unit has been in the unrestricted area of the 
Atomie Energy Research Establishment, but on 
November 28, 1961, it held for the first time an open 


Be 3 5 e day for the Press, each section providing one or two 


der Senetrations as an illustration of its present 










<D. Lucas (Physiology) demonstrated short- 
— in vitro, which maintains small organs or 


on ments of tissue alive for several days in a chemi- 


eally defined medium. This prov ides a means for 
ce seorng effects of radiation directly and wninfluenced 
by interactions in vivo. Radiosensitivity of the cells of 
rat lymph nodes is markedly affected by changes in 
‘oxygen tension; that of visual cells of guinea pig 
retina less so. This system has been used for corn- 
o paring the effects of radiation and chemical toxins, 
and could be applied for the testing of radioprotective 
ze chemical. agents. 
a . A. L. Batchelor and Mr, F. Williamson (Bio- 
| Hhastrated that in collaboration with the 
| Energy Research. Establishment the low- 
r reactor, Gleep, had been utilized for the past 
ten years as a source of low-intensity fast neutrons 
for the chronic irradiation of populations of small 





animals resident therein. By comparison with 
cobalt-60 y-rays, the relative biological effectiveness 
of these fast neutrons from uranium fission for 
several biological parameters was determined to be 
around 10. Bepo, the 6-MW. graphite-moderated 
natural uranium reactor, is now being adapted as a 
source of high-intensity fast neutrons capable of 
providing dose-rates of some hundreds of rads per 
hour in a pit of substantial size. The dosimetry of 
fast neutrons is effected by intercomparison of three 
ionization chambers, each responding primarily to 
fast neutrons, thermal neutrons and ‘y-rays: the 
absolute accuracy for fast neutrons is estimated as 
+ 18 per cent. 

Dr. H. J. Ewans (also of Biophysics) reviewed the 
effects of radiation on the chromosomes of simple cell 
systems. Chromatid and chromosome breakage were 
shown in cells of root meristems of Victa faba. On 
irradiation of Tradescantia pollen with y-rays in 
atmospheres of 0-21 per cent oxygen, a remarkable 
increase in chromosome aberrations at low oxygen 
tensions was evident. 
tion, on the other hand, an oxygen 
mal. 


and the biological fitness of murine populations. 
derived from an irradiated parent. Dr. Searle showed 
that the descendants of two sublines of C3H exposed 
for 10 generations to I r. of y-radiation each night 
showed paradoxically less divergence in’ certain 
metrical and other characters than two unirradiated 
sublines. On the other hand, Dr. Godfrey’s offspring 
of irradiated mice. had lower indices of fitness than 
comparable offspring of normal mice, the two popula- 
tions being identifiable in the same common ‘tene- 
ment’ by a ‘marker-gene’. | 

Dr. Jean Stanier (Biochemistry) reviewed several 
aspects of the work of this Section, much of which is 
concerned with metabolism of the cell nucleus. 
airborne centrifuge has been developed for the separa- 
tion of the contents of ruptured liver cella. Media 


With fast neutron irradia- 
effect was mini- — 


Dr. A. L. Searle and Dr. J. Godfrey (Genetics), 
having noted that most of the work on mouse radia- ` 
tion genetics has been concerned with mutation at 
specific loci, have begun to consider polygenic systems e 


An 

















or the maintenance in vitro of the separated nuclei 
are under test. Enzymes, particularly deoxyribo- 
-nuclease and ribonuclease, which preclude such main- 
nance, have to be inhibited: «-angelica lactone has 
“RNase inhibitory properties. Furthermore, condi- 
tions necessary for synthesis of deoxyribonucleic acid 
are under investigation. Of immediate relevance to 
problems of irradiation, the production of peroxides 
in irradiated mice has been measured and new radio- 
„protective chemical agents are. being sought: poly- 
hosphates and other ring compounds have been 
mamined. 00 ei o . 
Mr. T. E. F. Carr (Radiochemistry) gave results for 
hree human subjects on a month’s diet, basically of 
read and milk, in which the milk strontium. was 
rked with strontium-85 and the cereal strontium 
ith strontium-90.. The experiment indicated that 
here was little difference between the two sources in 
the availability of strontium for absorption by the 
intestine. 
Dr. E. V. Hulse (Experimental Pathology) demon- 
strated an apparatus containing a-hollow cylinder 
_.. Of radioactive foil emitting 8-rays by means of 
which superficial irradiation of mice has been 
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mature lymphatic tissue were added to the myeloi 










effected. It has been found that 3,000 ra 
one malignant neoplasm per 50 em.? of skin. 
the malignant tumours so far scored ‘he 
sarcomas, but a few typical squamous-cell 
also occur. COOLA 

Dr. D. W. H. Barnes (also of Experimental Path 
logy) reviewed the problem of ‘secondary disease’ of 
lethally-irradiated mice treated with myeloid tissue. 
Such ‘secondary disease’ in CBA mice was not con- 
fined to those treated with antigenically foreign 
tissue. When it occurred in mice given isogene 
tissue it was markedly reduced if suspensions: 











cells. eo BOS ae 
Dr. C. M. Clarke (Cytogenetics) surveyed some work => 
on the chromosomes of mammals permitted by the = 
colehicine-hypotonic-medium squash preparation. In. 
irradiated mice with 40 acrocentric chromosomes, 
though not providing ideal material, the competition — 
between, and spread of, clones could be scored in. 
reticular tissues. Chinese hamsters (2n = 22) pro- 
vided much better material, and man (Qn: 46) is 
now being extensively studied. The identification 

of clones in cases of acute leukemia was reported. 


-BRITISH COMMONWEALTH MEDICAL RESEARCH 





=o JN written answers to questions in the House of 
-< A Commons on December 18, the Secretary for Tech- 
= nical Co-operation, Mr. D. Vosper, said that expendi- 
ture from Colonial Development and Welfare Funds in 
= the- year ended March 31, 1961, was £76,275 and the 
|. Medical Research Couneil expended a further. £2,000. 
Expenditure on ‘onchocerciasis research was estim- 
ated at about £3,800 between the same sources. The 
‘main centre. of such research overseas was the Hel- 
—— ‘minthiasis Research Unit of the West African Council 
_. for Medical Research, which investigated all aspects 
~ Of this disease, including research into the breeding 
grounds, habits and possibilities of extermination of 
the vector, Simulium damnosum. Four British entomo- 
+ logists under a British director were employed at the 
Unit, which was now financed entirely by the inde- 





: ` pendent Governments of Nigeria, Ghana and Sierra 
~ Leone and the Government of the Gambia, apart 

















_ from a contribution from Colonial Development and 
Welfare Funds to the last named. In Uganda, 
research into the disease and its vector was conducted 
by two British entomologists employed by the 
‘ganda Government, and in Kenya the work of 
ritish entomologists had eradicated the disease. In 
tain important research was conducted at the 
erpool School of Tropical Medicine and at the 
tish Museum (Natural History). 

When the subject was raised in an adjournment 
lebate on the following day by Mr. Leslie Hale, who 
omplained that copies of the Rodger Report into 
ndness in West Africa and other recent reports on 
“causes and prevention of these diseases had not 
een placed in the Library of the House of Commons, 
fr. Vosper, after a tribute to the work of the Royal 
ommonwealth Society for the Blind, said that 
‘esearch into trypanosomiasis in Africa had been on 
co-operative basis and the British share had taken 
hree forms. J 
stablishment and maintenance of the East African 








We had been associated with the 


Inter-Territorial Research Station in Uganda. We. 
had assisted similarly with the corresponding station” 
in Northern Nigeria, and at the instigation of the 
United Kingdom Committee work was now also being 
carried out at various centres in the United Kingdom. = 
Mr. Vosper instanced research projects at the London © ~ 
School of Hygiene and Tropical Medicine, at the ~ 
University of Liverpool and Liverpool School of | 
Tropical Medicine, at the Lister Institute of Pre-  _ 
ventive Medicine, and a special laboratory being l 
built at the University of Bristol should be ready- 
next summer, EE 
Expenditure from Colonial Development and- 
Welfare Funds during the past quinquennium was _ 
just short of £500,000, apart from the work carried 
on by the Medical Research Council and Colonial = _ 
Governments. While this work was a record of | 


success and the limitations were now the provision = 


of medical services and the willingness of the popula- ~ 
tion to take advantage of them, the position with 
onchocerciasis was less satisfactory. In Kenya it hado 
been practically eradicated, in Tanganyika curbed, © 
and in Uganda greatly reduced by the use of DDT. | 
Research was continuing in Uganda, which had been - 
visited early this year by two research workers from | 
Britain, and there had been concentrated research in 

fest Africa for fifteen years, mainly at the Hel- 
minthiasis Research Unit of the West African Council _ 
for Medical Research at Kumba in the Cameroon __ 
Republic, with an out-station at Bolge Tanga in 
Ghana. The Unit continued to investigate most 
aspects of the problem, and the Royal Common- = = 
wealth Society for the Blind had recently made an 
independent survey of the problem. While finance o 0s 
was now the initial responsibility of the independent ` 
Governments, Mr. Vosper did not think that more > 
finance would necessarily provide a solution, though | — 


he agreed that technical co-operation might find a ` 


way to help. 





ROTATION VISCOMETERS AND THEIR ‘APPLICATION TO 
NON-NEWTONIAN MEASUREMENTS 


F the meeting of the Cambridge Rheology Club 
d on November 27, Mr. R. MeKennell 
nti, Ltd.) discussed rotation viscometers and 
? pplication to non-Newtonian measurements. 
ated that the application of rotation visco- 
rs to. non-Newtonian measurements could give 
serious errors, the magnitude of which depended 
‘the design of the viscometer shearing mem- 
Lon. the degree and type of non-Newtonian 
behaviour. The nature of these errors in coaxial 
— cylinder ‘viscometers was briefly discussed together 
. with the correction terms derived for the more 
<o gommon types of non-Newtonian flow. Errors were 
eliminated in the cone-plate viscometer by subjecting 
the sample fluid to a uniform shear rate. A deserip- 
~ tion of the Ferranti-Shirley cone-plate viscometer 
was given, followed by a demonstration of automatic 
= flow-curve plotting to depict the rheological properties 

. of typical non-Newtonian fluids. 
During the subsequent discussion Prof. K. Weissen- 
‘berg emphasized the great advantages of Mr. McKen- 
nell’s viscometer for practical purposes when one has 
‘to deal with a series of known materials, where it 
suffices to investigate only one type of action in one 
-direction of space, and check it by only one charac- 
teristic, the ‘viscosity’. However, for purposes of 
research into materials of unknown properties a more 
-elaborate instrument, the rheogoniometer, was re- 
quired which provided information about all directions 
in the three dimensions of space with regard to uni- 
directional and reciprocating actions, and measured 
‘elasticity’ as well as ‘viscosity’. The results so 
-obtained were of fundamental importance for attempts 
‘to associate a definite colloidal and molecular struc- 

ture to the materials. 

_ In his reply, Mr. McKennell illustrated how the 
presence of viscoelasticity, mentioned by Prof. 
. Weissenberg, manifested itself in rotation visco- 
meters. An apparent decrease in viscosity occurred 
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which was not due to structural breakdown bu 
geometric effects associated with the angular 
placement between the major axes of stress 
strain velocity. In order to obtain the true vise 
a correction term would be applied which was di 
from a measurement of the elastic modulus ‘using 
either a stress method in a rotation viscometer or a 
rheogoniometer. E 

Dr. D. A. Kok (University of Cambridge) iekea ; 
whether low-viscosity blood serum would be ejected i 
from the cone-plate gap by centrifugal force. ‘The | 
reply was that the capillary forces in the thin fluid 
layer (0-05 mm. mean thickness) acted to prevent 
this. For example, water might be examined at cone => 
speeds up to 600 r.p.m. If viscoelasticity were present. . 
there was a tension along the streamlines of flow 
which tended to exert a centripetal effect. 

Dr. G. H. J. Neville (British Titan Products) 
inquired if it was valid to extrapolate calibration 
data obtained with low-viscosity standard fluids to 
the high-viscosity: range. Mr. McKennell felt that 
the viscometer constants were valid throughout the 
entire range, but extrapolation was usually necessary 
owing to the scarcity of suitable Newtonian fluids 
of high viscosity. 

Dr. P. A. G. Munro (University of Cambridge) 
thought that it might be useful to fit a glass plate to 
observe the motion of suspended particles under 
shear. Mr. McKennell agreed, but felt that, unlike 
that of the rheogoniometer, the design of the Ferranti- 
Shirley viscometer did not permit this. 

The next meeting of the Cambridge Rheology Club 
will be held on February 5 at 7.45 p.m., when Mr. 

W. J. Thompson (University of Cambridge) will 
speak on “The Rheology of Clay Soils” 

Further information can be obtained from Mr. 

H. G. Muller, Spillers, Ltd., Technological Research. 
Station, Station Road, Cambridge. 
H. G. MULLER 


AUDIOGENIC SEIZURES 


FT CHE increased interest in, and use which is being 
zi made of, sound-induced seizures in several 
cies of experimental animals was made manifest 
< international colloquium on “The Psycho- 
y; N leuropharmacology and Biochemistry of 
iogenic Seizure’ which was held under the 
es of the Centre National de la Recherche 
tifique at its laboratories at Civ-sur-Yvette, 
ring November 6-9, 1961. The aim of this collo- 
quium was to bring together scientists who are 
a actively working in this field in order that a com- 
parison of their different. approaches to this phenom- 
enon could be made, so that knowledge of the different 
_ methods which are being used throughout the world 
gould be assembled, and so that the contributions of 
these. different disciplines to the study of audiogenic 
pee res could be discussed and correlated. 
M. Re ‘As Chance (University of Birmingham) 
ited out that. adaptive convulsions had been 
onstrated in certain strains of mice when they 























fall. He suggested that seizures in animals should not. 
necessarily be regarded as pathological, and intro- => 
duced the interesting concept that the audiogenic — 
seizure might be regarded as an adaptive escape = 
reaction. He emphasized that convulsive discharges ` 
in the brain are associated with the occurrence of => 
both normal and pathological seizures in animals. — 
and that a wide biological frame of reference is © 
necessary before it is possible to assess the significance’ 
of what may appear to be an ‘abnormal’ phenomenon. 
Other contributors to the colloquium concerned | 
themselves more particularly with the factors which — 
influenced the production and mechanism of the. < 
seizures. Throughout the colloquium, however, + 
there were numerous references to Chance’s plea are 
that audiogenic seizures should be considered against. 

a wide biological frame of reference. 

O. W. M. Wilson (University of Liverpool) pointed as 
out that the audiogenic seizure could be considered _ 
from two aspects. When anti-convulsant drugs were 
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ig investigated the occurrence of the audiogenic 
izure could be used as a pharmacological tool in 
der to provide a method whereby antagonism 
tween drugs acting on the central nervous system 
could be measured easily and effectively. The 
occurrence of the seizure demonstrated the point 
at which an antagonist to the anti-convulsant drug 
was exerting its effect. Another way in which the 
audiogenic seizure could be investigated was to 
examine it in relation to behaviour in susceptible 
animals in the same way as sleep or activity may be 
amined as facets of normal behaviour. Wilson 
duced seizures in stable groups of miee which had 
en living together for at least a week. In these 
nditions he found that the severity and incidence 
the seizures could be increased when strangers 
(rogues) were introduced into the groups. The 
: Magnitude of the effect produced by the introduction 
of rogues into stable groups in this way was related 
_ to the number of rogues which were introduced. It 
was found that rogues affected the activity of stable 
groups also, and here again the change in degree of 
activity was related to the number of rogues which 
were introduced. Wilson stressed the importance 
not only of establishing stable groups before investi- 
_ gating the reactions of animals but also pointed out 
- that. measurements of the effective doses of drugs 
_ hay depend on whether the assays are performed in 
-stable or unstable groups. 
A. M. Sackler (Long Island University, New York) 
_. described the effect of the audiogenic seizure on the 
weights of various organs in the rat. His evidence 
— suggested that increased secretion of adrenocortico- 
_ steroids was associated with the occurrence of seizures 
and that reductions in uterine and vesicular weights 
-= eould occur after audiogenic stimulation daily for 
three weeks. Like A. Soulairac (Faculté des Sciences, 
University of Paris), he suggested that there is a 
_@lose relationship between endocrine changes and 
_. experimentally induced seizures. From the point 
of view of the endocrinologist Sackler suggested that 
the use of auditory stimuli can provide valuable 
information about metabolic and endocrine mechan- 
isms. 
© o D. Starbuck-Miller (University of Chicago) de- 
> seribed a fascinating series of experiments which 
-= demonstrated that the frequency and severity of 
audiogenic seizures in mice is influenced markedly 
by very low levels of ionizing radiation. She pre- 
sented evidence which indicated that the radioactive 
. fall-out during 1957-59 was sufficient to enhance the 
frequency and severity of the seizures in her strain 
Of mice. In addition to the effect of radiation 6n the 
occurrence of audiogenic seizures in the P1 generation 
mice, she also presented evidence that genetic 
inges were produced in the subsequent generations 
ich were exposed chronically to radiation of 5-10 
ès. background level, so that the effect. of seizure 
ceptibility in response to radiation became 
ered. Her evidence suggested that when the 
iogenic seizure is used as a tool for investigating 
ne central nervous system, it can be convincingly 
emonstrated that the activity of this system can 
influenced by levels of y-radiation of less than 1 r. 
1 Bervit (Czeckoslovak Academy of Sciences) 
sussed the audiogenic seizure in terms of reflex 
conditioned physiology. He suggested that the 
al nervous system of the rat is able to form 
tioned reflexes during the latent.period of the 
genic seizure, but his experiments showed that 
is very difficult, if not impossible, to elaborate a 
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conditioned audiogenic seizure. He ana 
topography of the reflex arc in the audiogenic 
He described how localized morphological 
pharmacological procedures in different parts of 
brain could be used to interrupt the are. He: 
cluded that the localization of the motor signs o 


audiogenic seizure in rats is determined by the © 


dominance of one functional system. The acoustic | 


receptor and the cortical motor and acoustic regions o 
of the same side play an important part in this 


system. The dominance of the system can þe 
influenced by the local application of strychnine or- 
alumina cream to the motor or acoustic areas. 
dominance can be impaired by local injury or exclu 


sion of certain components in the system, including po 
the inferior colliculus on the side on which the _ 


initial motor signs first appear in the animal. | _ a 
J. Bures (National Centre of Research, Czecho- 


slovak Academy of Sciences) described some further __ oe 
experimental evidence in support of the reflex 


theory of the production of seizure, and indicated — 
that the bulbopontine reticular formation plays an © 
important part in the mechanism which mediates- 
propagation of the seizure discharge from the | 
auditory pathway. | 

B. E. Ginsburg (University of Chicago) described _ 
the importance of genetic factors in the production — 
of seizures in susceptible animals. These factors’ 
range from single gene effects such as can be obtained 
with the dilution gene to multiple factor situations. 
He pointed out that these genetic factors can modify — 


seizure susceptibility in mice, rabbits and rats, ~ 
but that comparable instabilities occur only rarely in 
other mammalian forms, unless the inherited pre- = 


disposition to epileptic seizures in man is included 
in the same class. Strains differ in age of maximum 
susceptibility ; diurnal factors, the effects of change in 
temperature and of diet also affect differently the 
susceptibility of different genotypes to seizures. 
Monosodium glutamate has the ability to reduce the 
severity and incidence of seizures in some geno- ` 
types but not in others. The naturally occurring - 
slight sex difference in susceptibility is greatly mag- 
nified by monosodium glutamate so that its protective 
effect becomes much greater in males than in females. 
Ginsburg had developed the breeding characters of 


his colonies to such an extent that it is possible for © — 
him to forecast with great accuracy the seizure = 
He emphasized — 


susceptibility of his different lines. 


the importance of maintaining pure strains in an 


which are being used for examination of the audio- — 


genic seizures, 


G. Nellhaus (Neurological Institute, New York) = 
described a strain of rabbits which had been > — 
selectively bred for seizure susceptibility. - ‘The =. 
incidence of seizure susceptibility is almost 10000 
per cent and seizures characteristically occur during 


the seventh to eighth weeks of life. The seizure 
pattern in these rabbits differed from that describe 
in rats and mice, but, like Ginsburg, Nelihaus stated: 


that a highly standardized seizure susceptibility 


could be produced by selective breeding, and that 
this could prove an excellent model in the study of 
epilepsy. 

A number of papers dealt with the effects of drugs 
on the production of audiogenic seizures. G. Quad- 
beck (University of Saarland) discussed the impor- 
tance of the blood-brain barrier. He pointed out 
that trypan blue affected the severity of audiogenic 
seizures, and later the ability of such drugs as adrenal- 
ine, reserpine and metrazol to pass the barrier and 























E. A. Swinyard (University of Utah) compared the 
seizures induced by electro-shock, metrazol and 


audiogenic stimuli in audiogenic-seizure-susceptible 


mice of different selected strains. He found that the 
patterns of maximal seizures induced by these differ- 


- ent methods were very similar, but that the seizure 
= -> susceptibility of the mice varied in response to the 
<. oo different stimuli. The sensitivity of all his strains to 
metrazol was similar, but he was able to demonstrate 
significant differences to drugs which depress the 
<o o central nervous system when mice in the different 





strains were subjected to eclectro-shock and audio- 
genic seizures. These pharmacological observations 
“were supported by the report of M. Niaussat and 
P. Laget (Centre National de la Recherche Scienti- 
_ fique, France), who demonstrated differences in the 


_» @lectro-encephalograms of mice with audiogenic and 
~~ metrazol-induced seizures. 
<o o Busnel (Centre National de la Recherche Scienti- 


— the use of drugs which altered serotonin-levels in 


A. Lehmann and R.G. 


France) reported their investigations on 
the brain in seizure-susceptible mice. They found 
that. the concentration of serotonin was identical 
_ in both susceptible and resistant sub-lines and that 
audiogenic seizures did not change it. However, they 
found that a decrease in the concentration of serotonin 
produced by reserpine increased the intensity of the 
convulsions, and that an increase in the level produced 
by monoamine inhibitors, serotonin itself, or its pre- 
decessors decreased the intensity of the convulsions. 

N. Plotnikoff (Stanford Research Institute, Cali- 
fornia) showed how drugs could be used to investigate 
different phases of the audiogenic seizure. He found 
that tranquillizers could prevent the pre-convulsive 
phase of wild-running and convulsions, whereas 
sedatives prevented only the convulsive phase in his 
strains. If the mice were given an opportunity to 
escape from the chamber during the audiogenic 
stimulus, he found that the escape response could be 
differentially inhibited by sedative and tranquillizing 
drugs. The different strains which he used varied 
in their response to different pharmacological agents, 
and he suggested that differential inbreeding of 
susceptible mice could provide a convenient tool for 
neurochemical investigations of the mechanisms of 
drugs. 

There was ample time for discussion of the points 
which were raised in all the papers; contributions 


affect the occurrence of the seizures was discussed. 






~ from those who were working on the different 


disciplines enabled the participants to discover the 
advantages of working with physiological phenomena 


of this nature, and also to appreciate the short- | 


comings of the methods which they were using. It — 
became clear that several different species react to _ 
an audiogenic stimulus by abnormal behaviour. — 
This behaviour generally takes the form of a seizure o 


which is characterized by a phase of running, clonic _ 
The details and order of these 
phases vary from species to species and with different 
Alterations in the form of the — 
seizures can also be induced by changing the sound ` 


and tonic phases. 
strains in the species. 


stimulus, the animals’ environment, diet and various ~ 


other factors. Drugs may intensify, inhibit or other- 
wise change the severity and sequence of events in > 


the seizures. It became clear that the audiogenic 
seizure could provide a field of interest for further 
investigations in many different disciplines ; the 
pooling of the knowledge from these different dis- 
ciplines stimulated discussion and thought about the 
physiology of the brain, and the ways in which the 
audiogenic seizure could be used as a model for 
discovering more about human epilepsy. 

It was realized during the course of the colloquium 
that it would be necessary to standardize the descrip- 
tions and nomenclature of the different phases of 
the audiogenic seizure. It was agreed that all known 
strains in all species which are susceptible to audio- 
genic seizures should be registered, and that workers 
in this field should attempt to maintain pure lines 
among their strains and report any alterations in 
their characters. In order to co-ordinate work with 
audiogenic seizure susceptible strains of animals, and 
to assist any workers who wish to obtain susceptible 
animals for their investigations, an international 
committee was appointed with two representatives 
from each of the participating countries. The British 
representatives are M. R. A. Chance (University of 
Birmingham) and ©. W. M. Wilson (University of 
Liverpool). It was arranged that the proceedings 
of the colloquium would be published by the Centre 
National de la Recherche Scientifique ; this publica- 
tion will contain a complete bibliography of all the 
papers which have been published on audiogenic 
seizures. It is proposed that the publication will also 
contain the recommendations of the committee 
regarding the nomenclature and description of the 
audiogenic seizure. Cc. W. M. WILSON 


PRESENTATION OF SCIENCE THROUGH TELEVISION 


TN a Cantor Lecture delivered to the Royal Society 


_of Arts on May 1, 1961, Dr. Tom A. Margerison 
described how science could be presented on television 





not only to the specialist audience but especially to the 


layman'. In spite of the absolute necessity of science 
and technology, the 10-15 per cent of the population 
who guide the destiny of Britain, the professional 
men, the majority of teachers, the industrialists. the 
politicians, are almost completely ignorant about 
science. The bridging of this gap in this most 
-influential part of the population is of great urgency. 
-There are many ways in which television can help 

to close the gap within the framework of the present 
programme structure. 





"Phe main function of a television programme is to 


‘appeal to a large part of the population. While the 





‘influential crust’ shows little interest in science, the 
remainder of the population is more interested in 
scientific subjects than any other type of serious 
programme. Scientific programmes appear to be 
of special interest to the growing body of tech- 
nicians in industry: mechanics, plant controllers, 
radio and electronics experts, electricians, welders 
and a host of others. They seem to be more inter- 
esting to men than to women. The degree of interest 
is shown by the size of the audience, which, for 
recent scientific programmes, has been about five 
million. 

In presenting programmes on scientific subjects, 
the television services are doing more to influence. 
Britain’s attitude to science than any one other 
medium. Recently, Sir Lawrence Bragg gave a 
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ies of lecture-demonstrations at the Royal Institu- 
jon in London which were broadcast over the B.B.C. 
-television network. More people watched each lecture 
than could have attended in person in the Royal 
“Institution’s lecture hall had Sir Lawrence Bragg 
~ been prepared to repeat the same lecture every night 
< until the end of the century. 
- How should science and technology be handled on 
- television ? There is room for different approa ches. 
< What is suitable for a schools programme, with its 
captive audience expecting to be taught, is wholly 
suitable for a mid-evening programme. There is a 
‘ticeable tendency for the commercial network to 
lay safe and seek programmes which will command 
the greatest number at the expense of quality and 
` individual interest. To offset this, the commercial 
companies occasionally include a ‘prestige’ pro- 
_ gramme, sometimes on a scientific subject, which they 
advertise widely. Nevertheless, the number of 
_ scientific programmes from the commercial network 
-ìs below that from the B.B.C. 
-o The low level of general knowledge about science 
“means that any form of science popularization im- 
volves communicating a considerable body of facts 
- before the general argument can be appreciated. The 
--eonflicts of ideas are as satisfying as in any of the 
cultural subjects. The protective screen of facts 
which must be scaled before the argument can be 
- presented, however, becomes a powerful deterrent. 
_. Some parts of science, like solid-state physics, or 
almost the whole of chemistry, have now advanced 
go far that the ‘fact’ barrier is virtually unassailable 
_ by non-scientists, and even scientists need to, spend 
a considerable time assimilating the background 
information. The layman can participate most easily 
in arguments in those fields of science such as cosmo- 
logy where relatively little is known; he has fewer 
facts to master before he reaches the point where he 
-= can enter the argument. One of the virtues of 
_ cosmology is that the facts are so difficult to find 
that almost anyone can put forward his pet theory 
without much risk of being proved wrong. 
Programmes stating only established facts have 
their place both for schools and entertainment; some 
ef these programmes fall into a dangerous trap. In 
their efforts to hold as large an audience as possible 
_ they over-dramatize the wonders of science. ‘Isn't 
- geience wonderful’ is an attitude of mind even more 
= dangerous that the prejudice of the ‘culture’ school. 
- Tt is responsible for the pseudo-scientifie advertise- 
ments of the patent medicine manufacturers, for the 
-= tooth paste containing additives with magic properties 
and names which are parodies of chemicals, for the 
petrols which ‘tests prove’ all give higher mileage and 
we power, and for all the detergents which all 
ish whiter. The aim of science on television is not 
srely to impart facts and to demonstrate applica- 
ms, but also to give a feel for the methods and 
ilosophy of science. 
There are a few simple rules for those who wish 
popularize science on television. The rules are 
ficult to obey, particularly within the technical 
nfines of a television performance. First, the pro- 
ne must be entertaining, otherwise it will not 
a sufficiently large audience. When alternative 
vision services become available, this rule can be 
terpreted less strictly and more highly specialized 
ogrammes included. Secondly, the subject must be 
able. In practice this means that it must be 
ssible to get over the necessary background 
formation within the programme. Thirdly, the 
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method of presentation must be such as to make 
clear the way in which scientists work. Since the 
experiment is the primary tool of science, the demon- 
stration experiment has an important part to play ` 
here. But, too often, the demonstrations are facile ` 
and do not reveal the ‘detective’ essence of the | 
scientists’ work and the care and skill with which he 
plans his experiments. 
Science programmes have followed two main 
trends. ‘There have been various series of studio- . 
mounted productions in which scientists have ~ 
described their own work, illustrated it with films 
and demonstrations simple enough to be transport 
to the studio. Usually these programmes bring — 
together numbers of specialists who illuminate — 


different aspects of the subject. Their contributions — | 
are integrated by a ‘link-man’, sometimes a scientist. 


himself and sometimes a layman or scientific jour- -· 
nalist. eae 
The other approach is to take the television equip- : 
ment to the laboratory to watch the scientist at work. — 
In principle this method has great attractions. A 
visit to the actual working environment should give 
a much greater degree of authenticity than a studio 


production. But there are disadvantages. It is often: 


difficult to produce a genuine atmosphere within the 
laboratory because of the problems of introducing 
cameras. Often: the actual apparatus which & 
scientist is using is unsuitable for demonstration to 
a television audience. Moreover, a research worker 
using the actual experimental apparatus for a 
demonstration may be more tempted to include 
qualifications which confuse the main argument than 
when he is using a simplified version made specially 
for television. Another problem facing the producers 
of these outside broadcasts from laboratories is that 
often it is impossible to tell the whole story within 
the bounds of a single laboratory. It may be possible 
to use more than one outside broadcast unit, or to 
include in the programme film taken at other labor- 
atories. Where this is not possible, people from other 
laboratories may have to be ‘imported’ to deal with 
some aspects of the subject. 

Both studio and outside broadeast science pro- 
grammes have their faults. Studio programmes tend 
to be too didactic while the outside broadeast type of 


programme is too inclined to indulge in showman: z 


ship. The strength of television is in the impact of 
personality. Some scientists have become sufficiently 


familiar with the technique to be able to hold their . — 


own. They are then in a particularly favourable 
position to communicate the working ideas of science. 
The main danger is that the power of personality is 
so strong that experienced performers are sometimes 
tempted to use it as a means of gliding over difficult 
points. 

Why is it that more men like Bragg and Bronowski 
are not seen on the screen? The answer lies partly 
with the scientists and partly with the broadcasting 
organizations. There is no professional reason why 
a research worker should wish to try to communicate 
what he is doing to the lay public. To do so does 
not help his career; in fact, it may jeopardize it. 
For the scientist, the final reward is to see his work 
published in the pages of a learned journal. Often — 
the report is written in a manner which is intelligible | 
only to specialists, since only a few specialists need 
to read it. A television performer, on the other hand, 
is afraid that if he makes things appear too simple 
his colleagues will believe that he cannot be engaged 
on serious or difficult researches. They may even 















he — organiz 


donating orgar nizations i 


aonane. partly for the lack of 

asm : ‘among scientists to take trouble and 
ver the preparation of programmes. One of 
“reasons is that the fees paid to eminent 

-to appear in programmes are often small, 

ower than those of light entertainment artists. 
s little honour i in taking part in a programme 

that values one’s services and skills at 10 guineas. 


that scientists should 3 — that improvem 


needed on both sides. The scientific bodies 
preach Joudest about the need for scientific p 
ization could make their biggest contributi 
trying to convince their members that an appt 
on television is no shameful thing and that a 
who gets asked more than once is not neces — 
charlatan. L7 

i Presented in J. Roy, S60) Arts, 104, No. 5064 (November 1900). 


NEW SCIENTIFIC INSTALLATIONS IN FRANCE 





A MON G new technological installations described 
LA in the July-Sept. 1961 issue of French Science 
ee News is one developed by J. Gasnier at the Centre 
d'Etudes Nueléaires de Grenoble, Section d’ Electron- 
oo o ique. This is a device for high-precision temperature 
— ‘regulation below ambient temperature. In order to 
“gtudy the magnetic drag between ambient tempera- 
ture and — 50° C., the temperature of an enclosed space 

~~ 48 regulated. to within 2/1,000° C. This regulation is 
obtained by adding an additional drift-correction loop 

` to the standard regulation loop. The equipment, which 

is entirely automatic and independent of the mains, 

is designed to operate for a 48-hr. regulation period. 

L: Malnar, Compagnie Générale de Télégraphie 

<o gans Fil, and J.-P. Mosnier, Ecole Normale Supérieure, 
Paris, have developed an optical pump magnetometer 

for studying the spatial field: its operation is based 

on the magnetic resonance of cesium vapour. Reson- 

ance transitions are produced by a high-frequency 

field created by Helmholtz-positioned coils supplied 

by @ generator. The latter is frequency modulated 

at 80 Hz. in order to cover the resonance ray on both 
“sides of its mean value. The measurement is carried 

| on the F= 4 transition group, which is assimilated to a 
single ray of approximately 80 Hz. in width. Proto- 
type sensitivity is at present ly; it is to be increased 
0 Orly. 








A rapid neutron critical assembly was brought to a 
divergence on March 8 in a military centre of the ~_ 


Commissariat & Énergie Atomique. This unit, 
which has been named Rachel, is the first of its kind 
in France. 
surrounded by the associated control, measurement 
and safety instruments. It is to be used for investi- 
gating the physics of non-decelerated neutrons; it 


It consists of a metallic plutonium core = 


has not been possible to carry out such work with — 


the reactors in service up to the present time, 
since their moderating substances slow the neutrons 
down. 

L’Office National d’Etudes et de Recherches Aéro- 


nautiques has put two hypersonic wind-tunnels into — 


service, in which the speed of the fluid content is 
more than five times that of sound. In the first 
wind-tunnel, long blasts (10-20 sec.) oceur at Mach 7 
in a 30-cm. diameter jet, and simulate pressures in 
an altitude range of 25-40 km. The second tunnel 
gives short blasts at approximately Mach 20 in a 
50-cm. diameter jet. The flow-generating tempera- 
ture, of approximately 5,000°, is obtained by an 
electric are. Blast time, limited to 20 msec., none the 
less allows the measurement of pressure, heat flux 
and stress on models. The altitude simulated ranges 
between 30 and 70 km., according to the vehicle 
under consideration. 


MEASUREMENT OF THE THICKNESS OF VACUUM DEPOSITS 

















“JQ RADLEY! has shown that the condensation of 
BD hydrocarbon moleeules on surfaces exposed in 
demountable vacuum systems provides a means for 
neasuring the thickness of vacuum-deposited films 
rhen they are afterwards examined in the electron 
nicroscope. The results now to be described show 
hat the accuracy of the new technique is only limited 

he resolution of the electron microscope and by 
rariations in the thickness of each deposit, 
be a GP ae the — material. 














USING THE ELECTRON MICROSCOPE 
By Miss D. CHESCOE and J. S. HALLIDAY 


Research Laboratory, Associated Electrical Industries, Aldermaston Court, 
Aldermaston, Berkshire 


Specimen Preparation 


For all but the very thinnest specimens, the method 
of preparing the specimens is similar to but rather 


simpler and easier to manage than that described by _ : 
A carbon film about 500 A. thick was 


Bradley? 


deposited? on freshly cleaved mica, and then a narrow ` 


strip, 1-2 mm, wide, of the film was removed by dry- 
stripping with ‘Sellotape’. The specimen was then 


deposited at a known angle, 6, on to the exposed — i: 


mica strip and at right angles to the edges of the 


carbon film. Afterwards the combined carbon and 


specimen film was floated off the mica on to a distilled- F z 
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hydrocarbon—- 


















Contrast Variation in the Microscope Images 


The electron contrast of an electron microscope = o 7 
image formed with this type of specimen is propor- 
tional to the specimen thickness and its density, Ee 
besides being dependent on the electron accelerating 
| voltage and the probabilities that atoms will scatter — = 
ragor: Diode electrons outside the aperture of the objective lens’, 

The average density of hydrocarbon molecules is — 
less than that of most vacuum-deposited materials = 
and therefore the contrast. variation across a carbon = < 
nes Oe specimen prepared as described is as shown schematic-_ 
| direction of specimen ally in Fig. 3. Bradley? observed such contrast ? 
variation if the vertical carbon edge were parallel to _ 
the electron beam. The specimen thickness t is = 
ee es | quite simply — 9, where D is the width of mhe l 
ae : A = material deposited against the sharp carbon edge, the 
~ a | ‘pile-up’. Fig. 4 shows the contrast variation to be 
Fig, 1 expected for a deposit denser than carbon.. — 


deposirion 


vA 







Results 


Results have been obtained for sev eral: materia ls 

















for all materials so far used, for a thickness-range o 
50-600 À. In fact, good agreement was obtained 
for a carbon film about 1750 A. thick (Fig. 2). 
The standard deviations of the thickness measure 
. , ments are plotted against film thickness in Fig. 6 
i — 22 o +2 44 They are praetically the same for both methods 
"Distance (mm.) along edge left by the razor blade, increase with increasing specimen thickness and 
measured from the position of the exposed strip in are not significantly dependent on the specimen. 
the carbon film and negative signs indicating positions ial = È — aa 
s g angle) materia + i : . eer ae 
— The maximum specimen thickness that could b 








nearer the evaporating source (45° shadowin 
F * Fig. 8) 
E — measured by means of electron micrographs was. se 

. 2, Variation of the thickness of a carbon deposit-on the q Janb l . . a i Ree 
— slide. ©. optical and x, micrograph determination by lack of electron penetration through the specimen, - 





















aa still po pytat 
to. the hydrocarbon n — — ahan the 
plate was examined. With thick 
he heavier metals this dip disappeared, 
hicknesses could still be measured owing 
igh contrast over the region of the pile-up, 
ematically i in Fig. 4. A 900-A. thick silver 
sS been measured using 100-kV. electrons, 
aage intensity was so low that an exposure 
20 sec. was required, 

! innest specimens were deposited on carbon 
films _ (following Bradley?) which, with their 
i; carbon strips, were mounted on microscope 
before the specimens were prepared. With 
leposits, the minimum film thickness that 
measured from the micrographs was set by 
s in the thickness of the pile-up, and by 
finition at the outer edge of the pile-up. A 

tinum specimen was measured, 19 + 4 Å., 

the film having been deposited at an angle § = 18: 4°, 
: a A thinner ae about 8 A. thick, was deposited with 
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o Fig. D Comparison of deposit thickness derived from optical 
O measurements and from measurements of electron micrographs. 
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nickel; Ch, gold-palladium ; S, zirconium; ©, silver; or palla- 
ium 


© = 14° but the accuracy of the measurements on the 
micrograph was poor. The thinnest carbon film so 
far measured was about 50 A. thick, the limit with 
this low density material being set by lack of contrast. 
Thus unless the contrast can be improved, by use of 
lower voltages*, the ‘pile-up’ technique is not so 
sensitive for measuring very thin carbon films as that 
based on optical absorption measurements (Agar’), 
or as other interferometric methods® 8, 


Discussion and Conclusions 


It is of interest to discuss the increase in the 
standard deviation o of the mean pile-up widths, D, 
with increasing specimen thickness (Fig. 7) (which 
is similar to Fig. 65 but not confused by the fact that 
several angles of deposition were used). With every 
specimen there are real variations in the width D 
of the material deposited along the carbon edge, 
while every measurement of D will include an error 
+e due to the limited resolution of the electron 
microscope. (As the micrographs were all enlarged to 
about 550,000 times, any errors of measurement due 
to possible ruler inaccuracies were small compared 
with this resolution limit, which is about 10 A. for 
the present type of specimen.) If >, were the standard 
deviation due to the real variations in D then itis 
easy to show that: A 


1\2 T 
o* = G + e1 Eg (1) 


where n is the number of measurements of D. There- 
fore the minimum value that o can have is e(fẹ = 
i/4/n). In the present experiments n was et ween — 
7 and 16, so that (1 + 1/./n) was fairly constant at i 
about 1:3. Thus if 2i is 10 A. the minimum value of 
c is about 6-5 Å. 

As Bradley® has. pointed out, the thickness of 
specimens deposited in a vacuum will vary from 
point to point due to the random arrival of the 
depositing atoms, if for no other cause. Should this 
remain the predominant factor, and surface migration 
be insignificant, then it would follow that : — 


= Av/N 
where A is the — of the depositing atoms: and 
N is the average number of layers (of. atoms) ina. 


specimen of thickness D. Substituting for c, in a — 
then gives the following equation for o?; — 





1a: 4514 F ebr uary 3, 1962 











os 3 r 2 
o? = AD + X 4 =a) 
= AD + 42-25 


ifs, A and D are in A. 
__ The curves labelled 1-6 in Fig. 7 were obtained b 
-letting A in equation (2) be 1, 2, 4, 10, 20 and 40 Å. 
respectively, Comparison with the experimental 
-results show that the majority are consistent with 
equation (2) if 4 = 1 Å. Thus it would appear that 
in the experiments described there was negligible 
surface migration of the atoms over the mica and 
Arbon substrates, which were at room temperature. 
6 crystallites in the metal deposits, which ranged 
from about 20 A. diameter with platinum to several 
hundred A. diameter with silver, must have grown 
in situ. while deposition occurred. 
©- To conclude, it has been shown that the thickness 
of vacuum deposits can be determined with high 
_Aecuracy by means of the ‘pile-up’ technique proposed 
_ by Bradley’. Two factors limit the accuracy of the 
© measurements, First, there is the practical resolution 


(2) 





limit. of the electron microscope which is about 10 A. 
< for this type of specimen, and this in turn limits the 
-o minimum error on D to about 6-5 Å., and on ¢ to 
65 tan 6 A. when sufficient: measurements are made. 
Secondly, and. more fundamentally, there is the real 
variation of the specimen thickness from point to 
point, which is due to the random nature of the 
deposition process. It is important to remember that 
_ the r.m.s. variations in the specimen thickness ¢ will 
be greater than o tan 0, the values shown in Fig. 6b, 

if 6 is less than 45° (t < D). This will be due to the 
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greater effect of random deposition on the une 
of thinner layers, and could be made wort 
self-shadowing effect discussed by Bradley* 
These effects and the lack of contrast of less-d 
deposits set a limit on the minimum thickness- 
can be measured. Lack of contrast could be -com- 
pensated for by lowering the voltage, but thie would 
also lead to a gradual, if slignt, loss in the resolution. — 
Lack of electron penetration sets the limit on the _ 
maximum thickness that can be measured. At = 
100 kV. the maximum measurable thickness ig: 
approximately between.1000 A. for silver and 2000 Å. 


for carbon. It should be possible to measure thicker — — 
films using higher voltage electrons or with the aid eo 


of an image intensifier’. _ 
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‘PURITY’ OF ALPHA-CRYSTALLIN 
By Dr. H. BLOEMENDAL and W. S. BONT 


Department of Biochemistry, Antoni van Leeuwenhoek Huis: The Netherlands Cancer institute, 
Amsterdam, The Netherlands 


AND 


es S in the soluble proteins from the lens of 
=- & vertebrates has inereased considerably during the 
past three years?+.47.19-14 The fact that several 
<0 daboratories verified and carried on the work of 
=o Mörner! (started as early as 1894) is an indication of 
_ the complexity of these proteins and of the difficulty 
to characterize them. The problem is not of theoreti- 
al importance only. Exact knowledge of normal 
ns proteins is also necessary in order to obtain an 
ight in the changes which occur under abnormal 
onditions (for example, studies on cataract?). 
In previous papers one of us*-4 described vertical 
rch-block electrophoresis as the sole purification 
ep for the isolation of «-crystallin from the cortex of 
ovine lenses. 
fhe statement by Björk* that cellulose column 
trophoresis would result in better resolution does 
ot hold. Whereas this author obtained three sym- 
trical peaks, it appears directly from the starch- 
lock electrophoresis pattern that the 8-fraction 
very complex (Fig. 1, segments 6-16). 
Manski ef al’, who performed immunological 



















t we have supposed the lens-protein components, 


xperiments, suggest in the introduction of their paper _ 
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Vertical starch-block electrophoresis pattern of water- 
soluble proteins from the cortex of bovine lens. Phosphate bufer 
0-0254, pH 7-4. 5 V./em., 16 br. (starting zone: segment 2}. Pro- 
tein deiermination with pip mn arpent according to Lowry 
ef ai, (ref. 15) 


obtained by us, to be pure. Careful reading of our 
communication! reveals that our investigations were — 
restricted to one component, in casu «-crystallin — 


ao 


Fig. 1. 


from the outer part of the bovine lens, and did not — 
include the other lens proteins. Our preparation, _ 
isolated by zone electrophoresis on starch, could be 


characterized by the following criteria: 















a d d č b a 
Fig. 2. Vertical starch-gel electrophoresis pattern of a- and 4. 
fractions eluted after starch-block elect rophoresis (compare Fig. 1) 
B-fraction{ a segments 6-10 from the starch block 
s 10- 


č ee 17-18 o> T 1 ve 
a-fraction< d segment 19 i as Ys pè 
e segments 20-22 ., ., 4, t 


Borate buffer 0-03 M, pH 8-4, 47 V./em., 16 hr. Staining with 
amido black 


(1) It is homogeneous from pH 3-9 up to pH 8-9 in 
free as well as in zone electrophoresis; (2) ultracentri- 
fugation resulted in the appearance of a single peak ; 
(3) glutamic acid was the sole N-terminal amino-acid 
with the exception of trace amounts of other amino- 
acids’; (4) it formed a single band with the Ouchter- 
lony precipitation technique. Generally, the combina- 
tion of such observations justify the determination 
of the total amino-acid composition of a protein. 
Other laboratories meanwhile have affirmed our 
observations® 10, 

We have now obtained new data on -crystallin 
with the aid of vertical starch-gel electrophoresis. 
Whereas in paper, starch-block, agar, continuous 


3 2 
a, Ultracentrifugal pattern of a-erystallin at 20° C., in 01 M ik a buffer, pH 7-4. Ex 


Fig. 4, 
reaching max. speed (59.780 r.p.m.). 
20° C., in 0-1 M phosphate buffer (pH 7-4) + 7 M urea. 


Sedimentation coefficients calculated after correction for density and viscosity of the medium. 
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Sedimentation coefficient = 10-5 
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Vertical urea-starch-gel electrophoresis pattern of 7 M 
urea-treated a- and f-fractions (compare Fig. 1). 


a segments 6-10 from the starch block 
p-fraction j * 10 


Fig. 3. 


c 7 17-18 1 + t + 
a-fraction< d segment 19 ae ey T 
e segments 20-22 ,, s s , 


7 M urea-tris buffer, 0-076 M, pH 8-6, 7-1 V./om., 16 hr. Staining 
with amido black 


and free-electrophoresis «-erystallin moves ahead of 
the other soluble lens proteins, a reversed pattern is 
observed in starch-gel medium (Fig. 2). The fact that 
a-crystallin migrates with the lowest mobility must 
be attributed to the large size of this protein. In 
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ures taken 3, 11 and 19 min. after 
. Ultracentrifugal pattern of urea-treated a-crystallin at 


Exposures taken 33, 49 and 65 min. after reaching max, speed (59,780 r.p.m.). 


A,53. B, 38. 0,16 
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ultracentrifugal studies we found a value of 19-5 S 
for the sedimentation constant, whereas the major 
component of the -fraction has a sedimentation 
constant of about 10 S. Apparently «-crystallin 
cannot penetrate the pores of the gel as easily as the 
other lens components. As is shown in Fig. 2 (c, d, e) 
«-crystallin behaves substantially as a single com- 
ponent also by this method. The amount of ‘impur- 
ity’ with higher mobility was determined to be less 
than 10 per cent, using a Chromoscan integrating 
reflexion scanner. 

The ‘impurity’ may be a result of denaturation of 
native «-crystallin. Experimental support for this 
explanation was found after treatment of «-crystellin 
with 7 M urea and subsequent electrophoresis in 
starch-borate gel. This resulted in disappearance of 
tho slowly migrating main zone of a-c in and 
enlargement of the impurity band. A full account 
of this phenomenon will be presented later. 

When «-crystallin is prepared by isoelectric pre- 
cipitation from lens cortex extract, two peaks appear 
in the ultracentrifugal pattern™. Fractionation of 
a-crystallin on hydroxylapatite resulted in severel 
subfractions’. A similar fractionation of a-crystallin 
can be carried out on diethylaminoethy)-cellulose™. 

As regards the homogeneity of a-crystallin, the 
discrepancy in our results and those of workers who 
applied other isolation procedures may be explained 
by denaturation. In this connexion, splitting of an 
originally intact molecule into sub-unite should also 
be taken mto account (eventually denaturation may 
precede the latter phenomenon). We checked this 
possibility by submitting our «-crystallin to vertical 
starch-urea gel electrophoresis. Fig. 3 demonstrates 
clearly that the ‘pure’ component splits into a great 
number of bands. 

After 7 M urea treatment of a-crystallin, the ultra- 
centrifuge pattern also changes. The values of the 
sedimentation coefficients of the probebly polydis- 
perse components are 5-3; 3-6; 1-6 (Fig. 4). 

The trace amounts of N-terminal amino-acids 
found in addition to glutamic acid and attributed by 
us and later by Hahnel!® to random breakages of 
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-crystallin during the reaction with dinitrofluoro- 
benzene may mean that end-groups of the sub-units 
of the large «-crystallin, initially masked, become 
accessible, 

Also the other fractions isolated from the starch 
block . undergo a comparable effect in 7 M urea 
(Fig. 3). A number of the new zones coincide with 
those of a-crystallin; others have a different position. 
It is tempting to believe that the crystallins are built 
up, at least to a certain extent, by similar sub-units. 
Further investigations are in progress in order to 
obtain an answer to the question whether these 
coinciding sub-units are identical peptide chains or 
not. 

In our opinion the present investigation demon- 
strates the possibility to isolate a homogeneous 
a-crystalin, provided the isolation procedure is a 
gentle one. More rigorous techniques may cause 
denaturation and dissociation into sub-units, which 
can also be accomplished ‘artificially’ when the 
homogeneous preparation is treated with strong 
solutions of urea. The question whether this treat- 
ment simply implies a breakage of hydrogen bonds 
cannot at this moment be answered. 

We thank Dra. L. Bosch and P. Emmelot for 
valuable discussion and criticism. 
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EFFECT OF HYDROGEN ION CONCENTRATION ON THE 
DISSOCIATION OF CALCIUM ALBUMINATE 


By Dr. N. A. PETERSON, Pror. J. M. CRISMON and Pror. G. A. FEIGEN 
Department of Physiology, Stanford University, Stanford, California 


HE effect of pH on the dissociation of caloium 
proteinate (CaPr) given by McLean and Hast- 
ings! as CaPr= Catt + Pr” has not been clearly 
established. The purpose of this communication is 
to show that the equilibrium constant, Ky, given in 
equation 1: 
[Car] Pr"] 
is not affected, by pH in the range 6:05-9:40. 
Calcium ion concentrations were measured directly 
by means of 10on exchange resin equilibria. The 
cation exchange resin (‘Jon-X’, 50 x 4, 200-400 
mesh) was of the strong acid type, and was obtained 


in the hydrogen form (‘Ion-X’ is manufactured by 
Microchemical Specialties Co., 1740 University 
Avenue, Berkeley, California); it was converted to 
the sodium form of the resin (NaR) by repeated 
washi with 2 N sodium hydroxide. The ion 
capacity of the resin was found experimentally to be 
4 m.equiv./gm. Known concentrations of calcium 
chloride in 1 per cent sodium chloride were equili- 
brated with known weights (10-50 mgm.) of NaR and 
the equilibrium constant, Kr, for the reaction 
INaR + Cat = CaR, + 2Nat, was calculated from 
the relationship: 


(CaR,);[Nat]? — 
(NaR)*;[Cat*] £ 





(2) 
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Table 1. DISSOCIATION CONSTANTS 
Published 
No. o values 
— Range pK Mean SD, (refs. 
inations 2 and 8) 
Calcium albuminate* $0 211-245 280 00078 
Calcium citrate 9 2:-98-3-24 $12 00087 3-15, 3 22 
Calcium sucolnate 16 0 80-1:41 1-20 00344 100, 1°20 
Calcium malonate 6 1-41-1-81 1°48 0-0055 1-36, 1:46 
Oalotuam malate 4 1 8684-1-95 1:80 0-0188 2:06, — 


* pH range, 6 06-9 40. 


in which (CaR,), and (NaR); are mole fractions of 
the respective compounds. The experimental value 
obtained for K, was 3-00 x 10° m/l. 

Solutions varying in their content of bovine serum 
albumin and calcium chloride were prepared in 1 
per cent sodium chloride at pH values ranging from 
6-05 to 9-40. Each solution was then mixed with a 
small amount (10-40 1ngm.) of NeR and after equil:- 
bration the total calcium concentration [Caz] was 
determined in the liquid phase. The calcium ion 
concentrations were calculated by means of equation 
2 and values for [Pr], [CaPr], and Kp were derived 
from the relationships [Caz] = [Catt] + [CaPr] and 
[Pr] = [TPr] — [CaPr] in which [TPr] and [CaPr] 
are the concentrations of total protein and calcium- 
bound protein, respectively. 

The calculated values of Kp are presented in Table 1 
for the albumin system along with those obtained on 
several dicarboxylic acids which were tested according 
to the same procedure. The pK values for the general 
reaction CaX = Catt + X- are in good accord with 
previously published values**. Table 1 shows that 
pH has no effect on the dissociation of calcium 
albuminate in the pH-range studied. Work in thia‘ 
and other*-* laboratories suggest that an increase in 
the dissociation of calcium proteinate is associated 
with an increase in [H+], when calcium is measured 
as ultrafiltrable calcium. A more precise interpreta- 
tion of the calecium-—protein equilibrium, and of the 
notation Kp, is necessary in order to predict the effect 
of pH. An explanation may be constructed on the 
accepted assumption that several equilibria exist 
between calcium and pairs of carboxyl groups on the 
protein molecule, in which Kp represents an average 
of several equilibrium constants’. It follows from 
this hypothesis that the equilibrium between calcium 
and protein oan be treated mathematically as a 
simultaneous equilibrrum between calcium and 
solutions of a digarboxylic acid mixture which is 
constant with respect to proportional amounts of the 
individual acids. Consider, as a simplified case, a 
protein bearing two types of carboxyl group pairs 
which differ with respect to their calcium-binding 
capacity, such as (HCOO-), and (R’COO-),. A molar 
solution of this protein is X M with t to 
R(COO-), and Y M with respect to R’(COO-),. The 
ratio, X/Y, being a characteristic of the protein, is 
independent of [TCa] and [T'Pr], and the equilibrium 
is analogous to a simultaneous equilibrium between 
calcium and two dicarboxylic acids, 4 and B. Assum- 
ing that the reaction proceeds in the usual manner 
the dissociation of A will be given by: 

Cada Catt + A (3) 
and that of B by: 
CaB = Catt + B= (4) 


Putting [TA] = [Cad] + [47] and [TB] = [CaB] + 


- [B7] our previous assumptions will apply provided 


that [TA]/[TB] is constant. Under this restriction, 
the Mclean—Hastings equihbrium constant: 
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g, — HRT] 
[ax 
may be calculated from the relationship: 
[Ca] (4=] + [B=] 5 
~ [Cad] + [CaB] 

By solving for the two equilibria simultaneously, 
that is, equations 3 and 4, it is evident that Kx is not 
a constant, but is a function of ([CaX] + [Ca+]) and 
((CaX}] + [XF]; hence of the total calcium and 
protein concentrations, respectively. If Ke and Ky» 
are the dissociation constants of Cad and CaB, 
respectively, then: 


2K ,[CaB] 
ane nl 


2K o{[TCa] —((Cat+]+[Cad])} _ 
[TB] —{[TCa] —([Ca]*+* +[Cad])} ~ 

— (Catt + Cad) +TA + Ka + 

V4Ko(Catt +Cad)+{—(Cat++Cad)+T4 + Ka}? (7) 
The results of some calculations made from this 
equation are shown in Fig. 1. Values obtained for 
Kz lie between Ka and Ky, and change to a very 
small extent over a wide range of TX and TCa 
concentrations. However, the term Kz becomes a 
constant only when Ka = Ke. (Similar results were 
obtained on solving three equilibria simultaneously 
(CaX = Cad + CaB + Cad, and X” = AF + B7 
+ C7), in which T4/TB/TO 18 constant.) 

The general form of equation 8, which applies to 
serum albumin, is: 
[Catt}([X,"] + [X7] +... + [X] (8) 

[(CaX,] + [(CaX,] +... + [CaX,[ 
in which n represents the total number of carboxyl 
group pairs on the protein molecule. If one takes 
65,000 as the molecular weight of albumin, and 50 as 


the value for n (ref. 8), then the appropriate form of 
Ky becomes: 


(5) 


Kz = 


Kp = 


5a — [CaPr] )[Ca+ 
[CaPr] = ? (9) 
18 
17 
18 
„m 16 
an TCa]=10 
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Fig. 1. Variations of the 
Co ons are in 


neon 


No. 4814 February 3, 1962 


in which — total protein concentration in gm. 
per cent; $5 = [TPr]; Pr” = [TPr] — [CaPr] =X~; 
CaPr = Cax, 

When the experimental data are used with equation 
9, a value of 37 x 10> is obtained for Kp. 

Equation 9 is analogous to equations 6 and 8; 

thus Ky is a theoretical constant only if all the 
equilibrium constants, k,, ko .. 
corresponding 
CaX,, CaX,, . CaXn are equal. 
Constant experimental values for Kp might be 
expected from the fact that typical protein con- 
centrations used in this type of experiment (1-10 gm./ 
100 ml.) correspond to high TX values (7-7 — 77 
miM/l.), and therefore changes in either [TCa] or 
[TX] are associated with a minute change in Ks 
(Fig. 1). It is likely also that small differences occur 
between k,, ka eto.?. 
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Fig. 2, The effect of pH on the quotient, Ks, calculated for 

suocinic acid (upper ony. and malonic acid (lower curve). For 

succinic acid, A,K,y = 1-86 x 10-** (M/1)*, and Ka = 60 x 10° 

Mil. For malome soas Aik ow 10” (MJL), and Ke = 
: : 
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The effect which [H+] might have on the quotient, 
Kz (equation 6), was examined by solving simultane- 
ously the reactions: Cad Cat + A= and H,A= 
2H+ + A>: 
2A™ = 


— ([Cad] + [A™]) + [TCa] + Ka + 


2K ,KA{[TA] — ([Ca4] + [A=])} _ 
[H+]? 7 


~ kn; 
to the dissociation of V4Ka([(Cad] + [A~)) + {—((Cadj+[4>]) + [T08] + KF (10) 


in which: 
_ HAIA") p _ IAS] p _ [CHA J 
K= A OS EAT S ad] 


Fig. 2 shows the effect of pH on Ks in the case of 
malonic and succinic acids. It is apparent that the 
pH influences Kz to a greater extent as Ka increases 
and the product KK, decreases. One notes, however, 
that Kz approaches a constant value at a pH of about 
5-2 in malonic acid and 5-8 in succinic acid. 

In serum albumin, the value obtained from equa- 
tion 9 corresponds to the dissociation constante for 
calcium malonate and calcium succinate. The 
intrinsic acid dissociation constant (Aint), for the 
carboxyl groups of serum albumin® corresponds to 
K, and K, for the dicarhoxylic acids, thus making 
K K, analogous to (Amnt.)*. These values for serum 
albumin, (Kint.)}* = 1 x 10 and Kp = 37 x 10-3, 
both lie between the values for malonic and succinic 
acids. One might expect, then, that the value Ks 
becomes independent of pH at some value at least 
below 6. 

This work was supported by grants A-3374 and 
H-3693 from the U.S. Public Health Service. 
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INCORPORATION-RATES OF 2'4C-GLYCINE INTO GLOBIN AND 
HAM BY DUCK RED CELLS INCUBATED IN 
VITRO WITH PLASMA OR SALINE 


By Dr. L. BIANCO and Prof. E, LAZZARINI 
Centro Studi Nucleari Enrico Ferml, Istituto di Fistca, Politecnico di Milano 


HFR, whether or not the prosthetic group 
of complex proteins is synthesized at the same 
rate as the protein portion has not been thoroughly 
investigated. Some experiments have been made on 
hæmoglobin synthesis in vitro. Unfortunately, there 
ig no agreement among the resulta obtained. 
The following summarizes briefly the conclusions 
of previous investigations; a more complete review 
is given by Prof. C. Rimington in the British Medical 
Bulletsn (15, 19; 1989). 


The first e iments on hæmoglobin synthesis 
were performed by J. Kruh and H. Borsook!. They 
used rabbit reticulocytes as substrate and the tracer 
technique as experimental method, that is, they 
carried out the incubation of rabbit reticulocytes in 
the presence of 24C-glycine, which is used for synthe- 
sis of both moieties of hemoglobin. They found that: 

(1) The incorporation of 2'C-glycine into globin 
and hem occurs simultaneously during the time of 
incubation, at least during the first 4 In other 
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words, the ratios of specific aotivities of hem and 
globin are unaffected by incubation time. (2) These 
ratios agree to within ~t 20 per cent with the theoreti- 
cal value, evaluated on the basis of glycine content of 
globin (5-86 per cent glycine in globin), of glycine 
used for protoporphyrin synthesis* and of the presence 
of 4 hem molecules for one of globin. 

Therefore, it was argued that a parallel synthesis of 
prosthetic and protein moieties occurred. 

London et al. repeated the same experiments using 
nucleated red cells and several incubation media 
except plasma’. The results conflicted with those of 
Kruh and Borsook owing to: (1) variation of ratios of 
hem and globin specific activities with incubation 
time; these ratios Increase with incubation time; (2) 
these ratios are affected by the composition of the 
incubation medium. 

A. possible explanation could be found in the differ- 
ent kinds of red cells used. In fact, in the first experi- 
ments red cells without nuclei were investigated. 

We performed experiments in order to examine 
the influence of plasma on incorporating 2“C-glycine 
in hem and globin using duck red cells incubated in 
their own plasma‘t*. We found: (1) the ratios of 
hæm and globin specific activities were constant dur- 
ing the whole incubation time; (2) these ratios can 
differ from one experiment to the next; perhaps they 
were dependent on concentration of reticulocytes 
(minimum value 10-8 + 0-4; maximum value 21-1 + 
0:8; mean value 14:7. About 50 per cent of the values 
are in the range 15 + 2). 

Since we used plasma as the incubation medium, a 
possible way of explaining London’s reeults and ours 
could be by assuming the role of the plasma in co- 
ordinating and equalizing ham and globin formation. 
Following this, we examined the influence of plasma 
in the incorporation of carbon-14 into hem and globin 
using red cells taken from the same anımal and 
incubated in plasma or saline at the same time. 

A duck (Catrina muschata L.) wes bled and the 
blood collected. The plasma was removed by 
centrifugation and the red cells washed four times 
with saline. After washing, part of the red cells were 
re-suspended in their own plasma and part in saline, 
The ratio volume of red cells/vol. of medium was 
chosen as in normal duck blood. To 100 ml. of 
heparinized plasma were added 300 mgm. of glucose, 
30 mgm. of sodium-benzyl penicillin, 35 mgm. of 
dihydrostreptomycin and about 24 uc. of 24C- 
glycine (specific activity 1 mc./mM). To 100 ml. of 
saline were added the same amounts of glucose, penicil- 
lin and dihydrostreptomycin and 0:3 mgm. ferric 
chloride, and 12 amino-acids. The concentrations 
of amino-acids are given in Table 1. 

About 15 ml. of these red-cell suspensions were 
incubated at 38-5° C. in an atmosphere of 95 per cent 
oxygen and 5 per cent carbon dioxide in 35-ml. 
vessels slowly rotating (at a rocking-rate of 25 cycles/ 


min.). After incubation; the red cells were collected 
Yable 1. AMINO-AGID CONOENTRATIONS IN MG3L/100 MI. OF SALINE 
USED AS THE INCUBATION MEDIUN WOR BED CELLS 
Amino-acid mgm. in 100 mL 
of saline 

8 1-54 

Aspartio acid 2 50 

Hystidine 2-16 

® 1-00 

Leucine 2-50 

PES anning F 

ony * 

Threonine 1°35 

tophane 0°45 

Valine 2-49 

Methionine 1-80 

Oystme 1-80 
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by centrifugation and washed four tumes with saline. 
They were then frozen and thawed. Distilled water 
and ethyl ether were added (3 and 1 vol. in respect 
to the hemolysed red cells). The hemolysate was 
centrifuged in order to discard ghosts, nuclei and 
the ether solution. The hæmoglobin solution was 
dialysed at 2—4° C. for a week against fluxing distilled 
water. Finally, the sample was brought to pH 1 
with hydrochloric acid; thus the hemoglobin was split 
into ham and globin. After 3 hr., globin was precipit- 
ated by acetone (0-36 per cent in hydrochloric acid) 
cooled at 0° C. Hem remained in solution. After 
a day the glob was separated by filtration and 
washed with acetone (until filtered acetone was colour- 
less) and with ethyl ether. The hem acetonic solution 
was dried and ham was crystallized according to 
Shemin ef al.*. 

In order to investigate the radiochemical purity 
of globin. the following three experiments were carried 
out: 

(1) Two samples were prepared with the same 
dialysed solution of hæmoglobin. From the first one the 
globin was prepared as has been described. The second 
sample was added by inactive glycine (10 per cent 
w/w of hemoglobin) and globin precipitated. The 
globin was washed several times with trichloroacetic 
acid {~ 10 per cent) and then with acetone and 
ethyl ether. Within experimental error (< 6 per 
cent) the two samples of globin had the same specific 
activity. 

(2) Twice a sample of globin was re-dissolved ın 
distilled water and precipitated with acetone (0-36 
per cent hydrochloric acid) as already described. 
We found, within a few per cent, the same specific 
activity of carbon-14 for crude globin and re-pre- 
cipitated globin. 

(3) Previous experiments show that the hmmo- 
globin dialysed is free from 2“C-glycine, which is the 
more important radioactive contaminant of hæmo- 
globin. But other proteins present in the super- 
natant after elimination of ghosts and nuclei could 
affect the radiochemical purity of hæmoglobin. 
We therefore performed an experiment in order to 
ascertain if the presence of these proteins affects the 
radiochemical purity of globin. After centrifugation 
the supernatant was divided into two parts. From one 
globin was prepared as described and to the other was 
added a solution of equivalent amounts of potassium 
dihydrogen phosphate and dipotassium hydrogen 
phosphate to give 2:85 M phosphate. Small amounts 
of proteins different from hæmoglobin were salted 
out. The solution was filtered, and from the filtrate 
hemoglobin was salted out at 3-2 M phosphate salte 
concentration. Hemoglobin was collected by filtra- 
tion, re-dissolved in distilled water and dialysed. 
Finally, globin was prepared as already described. 
Carbon-14-specific activities of two globin samples 
were found equal (first 407 +7 disintegration/min./ 
mgm. carbon, second 417 + 16 disintegration/min./ 
mgm. carbon), For this reason we did not purify the 
hemoglobin by salting out. Indeed, the radiochemi- 
cal purity of globin after dialysis is satisfactory. 

© specific activities of the samples were measured 
by determining the carbon content with gas-mano- 
metric technique and carbon-14 activity by gas count- 
ing technique. The efficiency of the counting equip- 
ment was 53 per cent. Details are given in ref. 7. 

The results are shown in Table 2, where specific 
activities of globin and hem and their ratios are 
tabulated against incubation time. The following 
points emerge: (1) The ratios of hem and globin 


no a814 February 3, 1962 NATURE 443 
Table 2 
Incubn- Medium. lasma : 
Esp iion p —— Medium : saline — 
0. ims ün * +> * a vaius of a 
Chr.) a H Ro R+S.D, G "H Ro- E RLSD. 
z G *q 
i 20 270 8,180 118 316 4,780 15-1 
5-0 410 3.720 91 10 01-3 438 : 1 40- 
16 0 498 4,540 9-1 600 O80 i338 — 
2 1-5 78 576 7.4 136 1,430 10 § 
30 72402 208 2'470 11-9 11-6414 
8-0 318 3:200 10-1 
210 356 2,610 7-0 T 858 4.980 13-8 
3 1s 214 2,232 10:4 — 224 3754 18-8 
7 
* * * * 8318 5,740 18-0 16-741 1 
: 87 840 A 
S R RR OR owo GO PM m 
; +0 622 
8-0 538 9,430 16 0 828 19 308 ate 
21-0 774 11-004 15-4 058 20-800 21 8 


AE a (hem) specifo activity in disintegrations/min/mgm, of carbon. ‘Duck red cells taken from the same animal were incubated 
with 2“C-glycine either in thoir own plasma or in saline containing amino-acids. Globin and ham speoiflo activities and their ratios are 


reported against incubation time. 


specific activities are constant with the incubation 
time whether red cells are incubated in their own 
plasma or in salme. (2) The rate of 24C-glycine 
incorporation is higher in saline than in plasma. 
(3) The ratios of ham and globin specific activities 
vary from experiment to experiment. (4) The ratios 
of hem and globin specific activities are higher in 
saline than in plasma. 


The first point shows that the 2'*C-glycine is incor- - 


porated into globin and hem at the same rate. This 
result agrees with our previous findings, but disagrees 
with that of London et al. Indeed, they found? that 
at about 20 hr. of incubation this ratio is 2-5 times 
higher than that at 1-5 hr. We cannot explain these 
differing results; indeed, the different duck strain 
used (we used Cairina muschata and London ef al. a 
Perkin duck) does not seem to give a satisfactory 
reason for the difference. Although it is not correct 
to assume the incorporation-rate of carbon-14 as 
reaction-rate because of intermediate pools between 
labelled primary substance and final products, the 
constancy of the ratio of hmm and globin specific 
activities during each experiment seems to test for a 
parallel synthesis of both moieties of hæmoglobin. 

But from this point of view the results of these 
experiments, which we call re-incubation experi- 
ments‘11, are more interesting. Briefly, if duck red 
cells are incubated in their plasma with 21*C-glycine 
for 30 min. and then, after washing, re-incubated in 
other unlabelled plasma, the specific activities of 
hsm and globin increase according to an exponential 
law and reach an asymptotic value at the same 
re-incabation time. In our opinion it is difficult to 
explain this fact on the basis of the law of chance, and, 
on the other hand, a parallelism between ham and 
globin synthesis and a strict relation between the 
sizes of the poola of their precursors is the more 
simple explanation. Indeed, it was found®?° that 
suitable substances can stimulate (ferrous sulphate, 
for example) or inhibit (lead acetate, for example) 
one or other moieties of hæmoglobin; but in this case, 
according to the examples reported here, not only the 
hem synthesis is affected but also that of globin. 
(Concerning the influence of lead acetate some of our 
unpublished results seem to agree with those of Nizet, 
but not with those of London et al.) 

The fact that 2“C-glycine incorporation into 
hemoglobin is higher in saline than in plasma medium 
can be easily explained recognizing the amount of 
glycine present in the plasma, Indeed, the specific 
activity of glycine is higher in saline than in plasma 
because plasma and saline were added with the same 
amount of radioactive glycine In our experiments. 


If hem and globin are synthesized from glycine of 
the same pool and their precursors have their specific 
activities in equilibrium with that of glycine, the 
ratio of specific activities of ham and globin in 
arbitrary activity units/min./mgm. carbon is: 


8 
oy 43 “aly 


—— “gly 
TE 0-056 x 0-50 
where: gly is specific activity of glycine; 8 is number 
of carbon atoms of haem molecule coming from the 
methylene group of glycine; 12/75 is per cent of carbon 
methylene group in glycine ; 5-6 is per cent of glycine 
in globin; 50 is per cent of carbon in globin. 

We found this ratio different from experiment to 
experiment and different also for the same cells 
incubated in plasma or in saline. A possible explana- 
tion could be offered by the conversion of glycine to 
serino and alanine’, Therefore, values less than 
13-2 could be due to these conversions. Although 
we carried out the determination only a few times in 
the course of our measurements, values lower than 
13-2 were found in bleod richer in reticulocytes. 
But this point needs to be investigated with caro. 
It is more difficult to explain the values higher than 
13-2. In our opinion the sizes of intermediate pool 
between glycine and globin and between glycine and 
ham would give the key to explain this variation. 
Except two experiments of eighteen in which plasma 
was used, the dispersion around the theoretical value 
of this ratio is of the same order as that found by 
Kruh and Borsook in their experiments. Finally, 
we have no hypothesis which might explain why the 
ratio of specific activities is higher in saline than in 
plasma. 

We wish to thank Prof. C. Rimington for his interest 
in this work and for his useful criticisms. 
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ALLEGED CAUSES OF THE PRESENT-DAY WORLD DISTRIBUTION 
OF THE HUMAN ABO BLOOD GROUPS f 


OURANT’S question! whether the antigens of 

infecting organisms are the primary factors 
responsible for the polymorphism of the ABO blood- 
groups has stimulated some recent reports on the 
subject**. In these reports, it ıs claimed that the 
present blood-group distribution in large areas of the 
world is most probably due to blood group H(Q) 
activity of the causative agent ın plague (Pasteurela 
pestis) and a postulated blood group A activity of 
variola (smallpox) virus, inferred from the 4 activity 
of vaccinia virus grown. in chicken eggs. It has been 
asserted that individuals of blood group O(H) or A 
would be unable to form sufficient antibodies against 
the respective micro-organisms, and therefore would 
be more susceptible to fatal infection. Selective 
elimination of group A and group O individuals by 
epidemics in the past has been cited as the under- 
lying cause of the present distribution of the ABO 
blood-groups. 

Shapiro® has criticized such attempts to correlate 
present-day in vtiro findings with historically remote 
epidemics. Besides challenging the conclusions on 
immunological grounds, he considered as highly 
questionable Pettenkofer’s assumption that the 
blood-group frequencies of the affected populations 
were substantially different before the historical 
plagues than they were directly after these epidemics. 

But even if one considers the tn vttro results alone, 
the following must be borne in mind. It is not reason- 
able to extrapolate from the two P. pestis strains and 
the single vaccinia strain used by Pettenkofer 
to the large number of native P. pestis and variola 
strains as regards minor antigenic components. 

Experiments on Pasteurella pestis have shown that 
of three different P. pestis strains, which were all 
grown on a fully defined medium devoid of blood- 
group activity, two had not the slightest blood-group 
activity as measured by hemagglutination inhibition 
tests, while one possessed treces of both B and H(0) 
specificities’. This trace activity amounted to less 
than 1 per cent (weight basis) of that of highly blood- 
group active bacteria, and to only about 1-2 pro 
mille of purified human blood-group substances. This 
lack of significant blood-group activity of P. pestis 
strains is in agreement with chemical studies on at 
least four different strains of P. pestts*:*, in which 
none of the monosaccharides considered to be respon- 
sible for H(O) and B blood-group specificity was 
found (cf. refs. 10, 11). 

The absence of significant blood-group H(Q) 
activity in two of three different strains of P. pestis 
and the presence of a trace of B activity together with 
faint H (O) activity in the third strain are incompatible 
with the thesis of the authors mentioned above. 
Besides, there are other disturbing factors, including 
the lack of any knowledge of the antigenic composi- 
tion of the strains causing the old epidemics. It has 
been established (cf. ref. 12) that individuals of all 
blood groups, not only those of blood group O(#), 
have the H(O) antigen, and thus do not readily form 
anti-H(O), especially an anti-H(O) which reacts at 
body temperature. This fact cannot be reconciled 


with Pettenkofer’s thesis, which asserts that indi- 


viduals of blood groups other than O(H) have a 


selective advantage against P. pestis due to their 
capacity for forming anti-H(Q). 

So far as the vaccinia virus is concerned, one may 
well question whether it can be equated with the 
variola (smallpox) virus in its minor serological 
specificities, such as the reported A activity. Although 
Pettenkofer asserts!: ‘Smallpox virus is, concerning 
its antigens, identical with vaccinia virus’’, there is 
no evidence for this in modern virological literature. 
On the contrary, the literature stresses the diversity 
of different strains es well as the obscurity of their 
origin and the likelihood, according to Downie, that 
most vaccinia strains are derived from true cowpox 
virus, that 1s, the virus for the pox disease of cows 
but not of man! (see also ref. 14). 

The vaccinia virus used by Pettenkofer had been 
grown in chicken eggs. It has bean known since 1924 
that the chicken possesses blood group 4-like antigens 
in its tissues!*, Moreover, m alcohol fractions of 
aqueous extracts of the uninoculated chorioallantoic 
membrane of chicken eggs (embryonated White 
Leghorn eggs 7-12 days old) some blood group 
A-specific substance has regularly been found", 
Pettenkofer therefore has not excluded the possi- 
bility that the -active material he detected in 
vaccinia virus preparations was derived from chicken 
egg, from which it had been either adsorbed on, or 
incorporated into, the virus. The chicken egg, how- 
ever, is not a natural host of the variola virus. 

Furthermore, ıt is important to bear in mind that 
even the most powerful blood-group antigens of the 
micro-organisms studied so far represent only a few 
of the many serological specificities!? which make up 
the antigen mosaic of such micro-o isms (see 
ref. 18). Moreover, while it has been found that in 
special circumstances ‘hyperimmune’ but not ordin- 
ary blood-group agglutinins can be instrumental in 
the inhibition’ and even killing of bacteria, which are 
very highly blood-group active*, it appears, on the 
basis of experimentation, that the blood- -proup anti- 
bodies are “relatively insignificant in the presence of 
an antiserum directed against the entire antigenic 
mosaic of the o 20, 

Therefore, it is evident that Mourant’s original 
question remains unanswered. Attempts to answer it 
certainly should not lead investigators into premature 
conclusions based on dubious extrapolations. 

Work by Springer et al. on this topic was supported 
by grant G—10906 from the National Science Foun- 
dation. 

GEORG F. SPRINGER * 
ALEXANDER 8. WIENER 
Immunochemistry Section, 
William Pepper Laboratory and 
Department of Medical Microbiology, 
University of Pennsylvama, Philadelphia, 
and Serological Laboratory, 
Office of the Chief Medical Examiner, 
Now York City. 
* Established Investigator, American Heart Association. 


No. 4914 February 3, 1962 


iMourant, A. E., Ths Dintribuhon of Human Blood Groupe, 185 
(Blackwell Ser, Pub., Oxford, 1954}. 


1 Pettenkofer, H J., Proc. Ewhth Intern. Cong. Soc, Blood Transfu- 
sion, IIa-11 (Tokyo, 1060), 


* Pettenkofer, H. J., and Bickerich, R., Zbl. Bakt. Parasitol., 178, 
433 (1060). 


1 Pettenkofer, H. J., Highth Intern. Cong Soc. Blood Transfusion, 
164 (8. Karger, Baale and New York, 1961). 


t Vogel, F., abstracted in Klin, Woschr., 38, 608 (1961). 


* Shapiro, M, Eighth Intern Cong. Soe. Blood Tranafusion, 161 (3. 
Karger, Basle and New York, 1861). 


1 Springer, G. F., Wilhamson, P., and Brandes, W. C., J. Exp. Med., 
113, 1077 (1961), 
‘Davies, D. A. L., Brochem. J., 88, 105 (1956). 


* Davies, D. A. L., m Advances in Carbohydrais ——— 15, 271, 
edit. by Wolfrom, M. L., and Tipson, B. R. (Academic Press, New 
York and London, 1980), 


an eee W. T. J., and Watkins, W. M., Brit. Med. Bull., 15, 100 


11 Kabat, K., A, Blood Group Substances (Acad. Press, New York and 
London, 1956). 


13 Race, R, R., and Sanger, R., Blood Groups in Man, 44(C. C. Thomas, 
Springfleld, 1968). 

n Dowme, A. W.,in Viral and Rickeltsial Infections in Man, third ed., 
690, edit. by Rivers, T. M , and Horsfall, jun., F. L. (J. B. Lappin- 
cott, Philadelphia and Montreal, 1959), 


u Burnet, F, M., The Viruses, 3, 4, edit. by Burnet, F, M , and Stanley, 
W, (Academio Press, New York and London, 1959). 


1s — , and Adelsberger, L., Zb, Bakt. Paramtoi., 98, 172 
1 ; 

18 Springer, G. F., and Guerrero, W. (unpublished work). 

17 sea Sa E., Entsrobacterraceae (B. Munksgaard, Copenhagen, 

18 Wiener, A. S., Transfusion, 1, 308 (1961). 

it Springer, G. F., Nadurswiss., 43, 98 (1056). 


se A L., and Osawa, E., Proc. Soe. Bop. Biol. and Med., 10L, 614 
1 . 


Springer and Wiener argue against a hypothesis 
brought forward recently!‘ that the world distribu- 
tion of ABO blood-group genes may be influenced by 
the history of some great epidemics in former times. 
This influence might be due to a serological inter- 
action between the human ABO system and related 
antigenic properties of the micro-organisms con- 
cerned. Unfortunately, some basic facts and con- 
clusions seam to have escaped their attention. 

First of all, we wish to correct the view of Springer 
and Wiener concerning our ideas about the protective 
mechanism of blood groups in connexion with small- 
pox infection. We claim that people with the blood 
group O or B in case of smallpox infection have an 
immunological advantage compared to people with the 
blood group A. The serum of persons with the blood 
group O or B always contains anti-A. In the case of 
amalipox infection, the virus has to react with the 
antibody anti-A during the stage of viremia and thus 
will be inhibited. Therefore, we have to emphasize 
once more that plague and smallpox are to be con- 
sidered separately and not together, as is done by 
Springer and Wiener. 

Shapiro’s remark® about the distribution of the 
blood groups many thousands of years ago 1s certainly 
correct, but this fact cannot be proved to-day. In 
this matter we are in the same situation as Springer 
and Wiener. There are nevertheless some American 
mummies with the blood groups A, B, and AB 
(ref. 6). 

The assertion that it is not reasonable to extra- 
polate from one strain to other strains of the same 
species must be rejected, since strains are assembled 
in one species because they have most of their antigens 
in common. 

Speaking of antigens of bacteria, we feel that we 
should mention the need of certain culture conditions 
for P. pestis ın order to obtain highly active antigenic 
properties of the bacteria (mucous, smooth growth). 
Tf Springer? found H(O)-activity in only one out of 
three strains of P. pestis, it is apparently due to the 
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fact that he used the rough variant of the bacteria. 
Concerning the low concentration of H(O)-activity 
found in P. pestis by Springer, using principles com- 
mon to population genetics, it is of minor umportance 
how much antigen an invading organism contains, 
but whether or not this antigen is present. As to the 
quantity, 1t should be kept in mind that P. pestis 
multiples during infection and so produces constantly 
more and more antigen. We feel that it is not correct 
to compare purified, concentrated blood-group sub- 
stances with the H({Q)-activity of P. pestis. 

That there is a “lack of any knowledge of the 
antigenic composition of the strains causing the old 
epidemics” 1s certainly indisputable. But it was proved 
beyond any doubt that the strains of vaccinia-virus 
and P. pestts which were used in our experiments 
possess the antigens A and H respectively. Springer 
and Wiener should demonstrate that it was not so in 
former times. 

Tt 18 very well known that many people have the 
blood-group substance H independently of their blood 
groups ABO. However, a certain percentage of per- 
sons of group 4, and A,B do not possess the substance 
H. It is this group that 1s involved in the selection 
mechanism. 

So far as the vaccinia virus 18 concerned, the 
remarks of Springer and Wiener are not in accordance 
with the facts. The vaccmia-stram ‘Berlin’ is a 
strain of variola attenuated by passages through 
rabbits and calves and mixed with vaccmia virus’. 
Since 1917 this etrain has been mixed several times 
with virulent variola virus derived from human 
beings in order to increase the protective action of the 
vacoine. The infectivity of this vaccine shows so high 
a titre that ıt is necessary to dilute the stock lymph 
to 1:120,000 before vaccination in order to get 
normal reactions. From these considerations it 
geems to be clearly established that the strain we used 
contained attenuated variola virus. 

Experiments dealmg with the question whether 
embryonated uninoculated chicken eggs contain 
blood-group A specific substances gave the following 
results: After unmunization with normal chorio- 
allantoic membrane, there was no increase of enti-A 
in anti-A rabbits. After immunization of anti-A 
rabbits with herpes virus and certain psittacosis 
strains, all grown on chicken eggs, no inorease of the 
normal anti-A titre was observed. From 65-fold 
concentrated alcoholic extracts derived from the 
aqueous suspensions used for immunization, the 
extracts and residues showed no A-ectivity, except 
one that contained vaccinia virus. So far as the 
chicken with blood group A quoted in Schiff’s paper’ 
is concerned, Schiff did not perform experiments of 
his own, in this matter, but quoted from a paper by 
von Dungern and Hirschfeld’. In this famous paper 
about the subgroups of A, the authors refer to 
experiments with 3 chickens besides other material. 
In the chicken sera they found a very weak anti-B 
{+ — reaction) only, but no A-substance. Obviously, 
from this Schiff drew the conclusion that chicken 
blood contains A-substance. Von Dungern and 
Hirschfeld, however, found blood-group substance A 
among the vertebrates investigated only in chimpan- 
gees. Finally, if any chicken with blood-group A 
exists, the widely applied Hirst test could only be 
performed with selected chickens. 

The argument cited by Springer and Wiener that 
ABO activity may represent only a very small part 
of the entire antigen mosaic of the micro-organism is 
certainly correct. But even a partial antigen is able 
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to react with the corresponding antibody, and this 
reaction has consequences for the fate of the whole 
micro-organism in the host. To quote a very well- 
known example, the red blood cells contain a large 
number of different antigens, and yet a single antibody 
may cause the destruction of the whole cell. Hence, 
we put forward the hypothesis that antigenic rela- 
tionships between human beings and micro-organisms 
might be very important for the prognosis of infec- 
tious diseases. 

This hypothesis does not seem to be so far-fetched 
as Springer and Wiener believe. It has been su 
independently by Livingstone’. Since this is a 
hypothosis, direct evidence is needed. For P. pestts, 
this evidence cannot be established; there is practi- 
cally no more plague in the world’s population 
available for examination. In the case of smallpox, 
however, one of us (W. H.) has set up a comprehen- 
sive research programme in India and Pakistan. In 
fresh smallpox cases, we are looking for statistical 
relationships between blood groups and the course of 
smallpox. In former smallpox patients, the number 
and type of scars are compared with the blood groups. 
Both types of examinations are carried out in a blind 
arrangement. To date, only the very first results are 
available (Fig. 1). Among 358 persons with smallpox 
scars, the deviation found was in the direction 
expected, gi a value of x = 2-155; Xi (mel) = 
10-49; P = 1 x 10- (ref. 12). Ina smaller series of 
fresh cases the comparison of patients having a severe 
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course of the disease with those having a mild course 
produced a deviation in the same direction and order 
of magnitude which is not significant at present. At 
the same time oue of us (H. J. P.) examined a series 
of 103 patients from Germany who showed post- 
vaccination, reactions (more than 90 per cent encepha- 
litis): 71 had group A or AB, 32 had group O or B. 
Comparison with a control series of the same popula- 
tion. (ref. 13) gives the following result: x = 2-344; 
Xim=1) = 16:89; P = 7 x 10 (see also Fig. 1). 

To date, the number of cases examined is very 
small. However, the differences in the ability to 
overcome the infection are in the direction suggested 
by the antigenic property of the virus. The order of 
magnitude seems to be so unexpectedly high that 
even with the small number of cases examined the 
resulis are statistically significant. It should be kept 
in mind that z = 2-3 means that the chance of 
persons with blood group A and AB showing a post- 
vaccination reaction is more than twice the corre- 
sponding chance of persons with blood groups O or B. 
We are trying to accumulate material to establish the 
correlations more exactly. 

In conclusion, we wish to emphasize that our 
hypothesis concerning the relationship between the 
world distribution of the 4 BO genes and the history 
of groat epidemics is not only based on the serological 
arguments discussed above but also on the striking 
agreement between the geographical distribution of 
ABO genes and the history of the epidemics concerned. 
For details seo refs. 1—4. 

H. J. PETTENKOFER 


B. 87688 
Robert Koch-Institut, Berlin. 
W. HELMBOLD 
F. VOGEL 
Max Planck-Institut 
fúr vergleichende Erbbiologie 
und Erbpathologie, Berlin. 
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EFFECT OF EQUINE EOSINOPHILS ON HISTAMINE IN VITRO 


By J. BROOME and Dr. R. K. ARCHER 
Equine Research Station, Animal Health Trust, Newmarket, Suffolk 


VIDENCE that ocosinophils may, in certain 
circumstances, antagonize histamine has been 
reported!+. These findings depend on techniques 
for the assay of histamine, such as inhibition of 
contraction of guinea pig ileum or of guinea pig 


bronchospasm produced by histamine; inhibition 
of skin cedema produced by histamine in various 
species. Kovacs! and Vercauteren? concluded that 
they had evidence that eosinophils contain an anti- 
histamine compound. However, this phenomenon 
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could be explained either by the presumption of a 
competition for histamine receptor sites comparable 
to that exerted by antihistamines like mepyramine, 
or by a metabolic detoxication of histamine itself. 
Experiments were therefore designed in an effort to 
decide this point. 

Using horse eosinophils isolated by a technique 
previously published’, batches were incubated with 
histamine acid phosphate. Approximately one-half 
of each batch of 300 x 10° eosinophila was incubated 
at 37° C. for 30 min. with 125 ugm. histamine acid 
phosphate in 3 ml, of physiological salme. The cells 
were separated by centrifugation at 20,000g for 3 min. 
at 2° C., the supernatant was ed and the 
deposit washed with fresh saline. The cells were 
suspended in water and an aqueous extract was made 
by ultrasonic disintegration (M.8.E.~Mullard 60-W. 
generator) and removal of insoluble debris by filtra- 
tion’. The other half of the isolated eosinophils was 
treated precisely in parallel except that no histamine 
was added. The two extracts were subjected to 
bioassay using as the test inhibition of cedema 
production by histamine in horse skin*. The results 
of two such experiments are shown in Table 1 and 
indicate that extracts from cells incubated with 
histamine were no longer capable of inactivating 
further histamine, and that they contained no 
cadema-producing agent. 

Aliquots of the various extracts used were sub- 
jected to paper electrophoresis in pyridine/acetic 
cata pater buffer at pH 8 for 2 hr. at 12 V./em. In 
no cese could free histamine be demonstrated by the 
ninhydrin reaction, or by the more sensitive bioassay 
on horse skin (Table 1). It would therefore appear 
that the eosinophils had not only exhausted their 
capacity to antagonize histamine but also that they 
did not contain any free histamine. 


Table 1. Tau RESULTS OF BioAssay ON Honsm SKIN BY INHIBITION 

OF HiISTAMINE-INDUCED ADAMA. THE ABOLITION OF THE ANTIHIST- 

AMINH EFFECT, PRODUCHD BY EOSINOPHILS, OF Priok INCURATION 
éa vitro WITH HisTaMOeE 


Materials infected intradermally Skin codema (m.m.) 
separ ment ent 
onl 25 18 
Control extract only 10 10 
erlmental extract only 10 10 
Control extract and histamine 15 11 
extract and histamine 25 17 


During an earlier investigation into the ability of 
horse eosinophils to delay the onset of histamine- 
induced bronchospasm in guinea pigs, it was found 
that only certain horses possessed cells which exerted 
a significant effect‘. Three horses designated 
‘positive’ and one designated ‘negative’ were used as 
blood donors. From these animals, living eosinophils 
were isolated and at the same time some of the 
‘buffy-coat’ layer was retained. Samples were 
prepared from each 750 ml. batch of blood such that 
in each fraction the total number of white cells was 
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of the same order, but differed sharply in eosinophil 
content. The prepsrations were ded separately 
in saline, counted, and the tubes centrifuged to sedi- 
ment the cells. The saline was drained and tho cells 
incubated in water with a quantity of 2-“C-histamine 
dihydrochloride (specific activity about 40 uc./mgm.; 
obtained from the Radiochemical Centre, Amersham) 
to give about 1 ugm. per 20 x 106 cells. The cells 
were incubated for 30 min. at 37° C. in a water-bath, 
disintegrated with ultrasonic energy, and the cell 
debris was deposited by centrifugation. The super- 
natant was freeze-dried. 

The residues were reconstituted in about 0-1 ml. 
water and applied to Whatman 3 MM filter paper 
for electrophoresis in the system described here. 
After 2 hr. the strips were dried and scanned with 
an automatically recording Geiger counter. A 
characteristic peak due to free histamine was invar- 
iably found which had moved about 10 om. from the 
origin towards the cathode. However, preparations 
from ‘positive’ eosinophils displayed a second peak 
near the origin, but this did not ocour either with 
‘negative’ eosinophils or with eosinophil-poor leuco- 
cyte controls. A measure of the amount of histamine 
retained near the origin was obtained by estimating 
the area underneath the peaks and expressing this 
in pgm. of histamine (Table 2 and Fig. 1). 

From these results it may be concluded that a 
biochemical interaction between eosinophils and 
histamine can be demonstrated in vitro. The observed 
antihistamine effect of these cella shows a sharp 
difference from established pharmacological anti- 
histamine drugs since it is active in vitro and renders 
the histamine physiologically inactive. Furthermore, 
the variation in activity shown by these biochemical 
tests parallels the results of testa on bronchospasm 


Geiger 
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A a of aron or ETDE Ae uaire in Fig. 1 was evaluated for radloastivity. 
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rins nee On POSE ae TORNI dody this these peaks is used as an te of 
histamine content 
Activity of EEE ee fraction Bosinophil- fraction (control 
ph a phfl-poor ( ) 
Pony Wi Total of second Total of ssoond 
No. respost x No. of —— pesk — No. of ai Sa peak n 
guinea p SEM. o agm o 
bronchospasm (x 10*) (x 10*) histamine 
1 4 507 46 § 218 7-5 0 
2 ne 488 7 7 297 6:0 0 
8 4 310 51 1 570 9-0 0 
4 = 480 46 0 655 40 0 
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of the guinea pig lung. In the series so far examined 
high activity is ahown in the same animals by both 
techniques, so that it is likely that the same basic 
phenomenon is under investigation. It is also clear 
that leucocytes other than eosinophils, isoluted from 
horse blood, do not show comperable histamine- 
inactivating properties. 

We are obliged to Dr. F. Wild of the Department of 
Medicine, University of Cambridge, and to Prof. 
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Wm. ©. Miller, director of this Station, for their 
advice and encouragement and also to the National 
Research Development Corporation, Chemical Group, 
for financial assistance. 
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VARIABILITY OF THALASSAEMIC RED CELL CHARACTERS 


By Dr. G. H. BEAVEN 
Medical Research Council Laboratories, London, N.W.3 


AND 
Dr. J. C. WHITE 
Department of Hematology, Postgraduate Medical London, School, W.12 

HALASSZEMIA is now known! to be very widely Table 1 

distributed outside Mediterranean peoples, not- Combinations of characters t Total 
ably in the Middle and Far East, parts of Africa and a oe E maf maf No. 
the West Indies, and sporadically in north-west K T se Ce E 
Europe. In all these areas recognition of the trait B Le se ee ee Ig ee 4 
rests on the demonstration of a genetically determined J a oe ee = > 
mild ansmia with characteristic red-cell morphology’, Total 5 3 6 0 8 1? 0 8 24 
increased osmotic resistance’, frequent elevation of TOt a 


the hzmoglobin A, minor component‘ and often the 
presence of a detectable proportion (> 0-4 per cent) 
of foatal hemoglobin (hæmoglobin F}. 

Coincidental iron deficiency or other nutritional 
defects, loss of blood from hookworm infestation, 
infections, ete., may obscure the diagnosis of thalas- 
sæmia unless large family groups are examined. When 
these complications can be excluded, however, there 
is abundant evidence for the intrinsic variability of 
the heterozygous condition in which the hæmato- 
logical abnormalities are often minimal. The high 
variability has recently been demonstrated in both 
Italian*®:? and West Indian! populations, and also in 
the scattered families of purely European stock in 
which the condition has been found’. 

In the thalasssmic state the red cells exhibit a 
variety of structural abnormalities combined with 
some degree of interference with synthesis of hamo- 
globin. The synthesis of globin iteelf may be dis- 
turbed?*1!; the alternative possibility that hem 
synthesis is impaired has also been examined’, 
In some cases, in which the familial nature is not 
always evident, there is a partial response to pyrid- 
oxine therapy, with some improvement in iron meta- 
boliam?*, 

In the present work five families of purely Anglo- 
Saxon stock were examined, all of which contain 
individuals with demonstrably hereditary hypo- 
chromic ansmias of thalassemia type. In at least 
two of these families the existence of one entirely 
normal parent indicates the heterozygous nature of 
the condition, which has been detected over two or 
three generations. All the individuals concerned 
have been characterized with respect to disturbances 
of red. cell structure (morphology, osmotic fragility, 
ete.), hæmoglobin A, level and hemoglobin F level, 
and the incidence of overt clinical symptoms (Table 1). 
Technical procedures, detailed hematological and 
clinical observations, and complete familial data are 
discussed, eleewhere’. 


— 


y 
affected 2* 2* 5* 0 19 9 0 0 10 


Key. Red ell gohei m, absent. Rlevated 
Delectable hemoglobin F: 


The results show that: (1) The three characters 
studied occur in different combinations in both 
affected and non-affected subjects. (2) Elevation of 
hemoglobin A, (character A) is not an invariable 
feature of the clinically expressed state. (3) Detect- 
able proportions of hæmoglobin F (character F) 
occurs at higher incidence combined with character 
M (Maf) in affected subjects than the combination 
of the latter with elevated hæmoglobin A, (MAf). 
Observations on a larger number of thalasssmio trait 
subjects! have shown an incidence of character F 
of not less than 50 per cent. (4) In the present series 
the character M (which embodies several parameters 
of red cell morphology and structure) is an invariable 
feature of the clinical state. (5) The affected members 
of the three families N, K and D exhibit unequivocally 
the hematological features of classical heterozygous 
Mediterranean thalassemia (microcytosis, hypo- 
chromia, increased osmotic resistance and normal 
serum iron-level with slightly reduced tron-bindmg 
capacity), namely: 

7146 


Mean corpuscular volume (normal 86 + 10) 


Mean corpuscular haemoglobin 
n 


concen 80 + 2 — 34 + 2) 
Mean osmotic fragility 085 +003 (normal 0 4-—0-42 
Seram iron 95 — 180 (normal 90 — 140 
Total fron-binding capacity 280 + 80 normal 330 + 30 


All expressed in conventional hematological units (ref, 14). 


Families H and B each contain a single affected 
propositus, together with several healthy relatives 
showing minimal hematological abnormalities. 

A gene (M) controlling the appearance of the 
microcythzemia character in thalassemia has fre- 
quently been postulated in earlier Italian studies. 
The genetic separability of the M gene from another 
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gene (A) controlling the elevation of hemoglobin A, 
was later demonstrated by Silvestroni and Bianco® 
and more recently by Ceppellini’. The present results 
on the variability of the observable characters of the 
thalassssmic red cell support the view that these 
characters are, in fact, separable though the detailed 
family studies* indicate that the genetic basis of this 
situation is not simple. Within a given family group 
the expression of thalassemia is not uniform, but 
embodies several observable characters in a variety 
of possible combinations. It is clear that clinical 
expression of thalassmmie is not associated with any 
particular combination of characters, though all the 
affected subjects in this work possess the M character, 
which appears to be of major importance in this 
respect; its expression in terms of abnormalities of 
red cell structure is clearly complex. 

The elevation of hemoglobin F has recently been 
considered by Zuelzer ef al., who postulated a 
reciprocal relationship between the elevation of 
hemoglobin F and of hæmoglobin A, in ‘B-chain 
thalassemies’, in which the synthesis of the globin 
B-chains is thought to be impaired by the operation 
of one of several possible allelic genes at the B-chain 
locus. Since the present group contains several 
members with the character combination MAF, it 
would appear that the F and A characters, although 
separable, are not mutually exclusive. 

Went and MacIver? examined hæmoglobin A,- and 
hæmoglobin F-levels in West Indian thalasssmic 
subjects, and their observations reveal a variety of 
character combinations similar to those encountered, 
here. The concept of separable characters in the 
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heterozygous condition clearly has important impli- 
cations for the analysis of the homozygous state and 
extreme variability of the same three characters has 
recently been emphasized by Gouttas et al.1* for Greek 
cases of Cooley’s anmmia. 

All these investigations support the view that the 
thalassæmic state is too complex to be regarded as a 
disturbance of globin synthesis alone, and that other 
factors controlling the structural integrity and 
function of the red cell" also appear to be concerned 
in its stiology. 
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SPECTRAL SENSITIVITY OF VISUAL RECEPTOR CELLS 


By ORLO E. MYERS 
Genera] Dynamics Convair Scientific Research Department, San Diego II, California 


OME sort of transducer is required to convert 
electromagnetic energy into nerve impulses in 
the visual process, either directly, by initiating a 
chemical reaction which proceeds across the synapse, 
or indirectly, such as by localized release of heat 
energy, the resulting thermochemical reaction pro- 
ceeding across the synapse in the same way as for 
thermal receptor neurones elsewhere in the organism. 
It has been established that rhodopsin (or porphyrop- 
sin), the’ transducer involved in scotopic vision, 18 
associated with the outer segments of the ‘rods’ of the 
vertebrate retina’. The situation is leas well under- 
stood for the ‘cones’, responsible for photopic vision, 
although it appears likely that the transducer is 
associated with the outer segments: Wald was able 
to associate iodopsin, Amax. ~ 560 my, with the cones 
of the chicken, pigeon, and a marine turtle’, and 
Dartnall has found a rhodopsin, Amax. ~ 500 mu, in 
the pure-cone retina of the grey squirrel’, but no 
histological evidence is avaiable. 

Clearly, a transducer does not provide an output 
unless it is presented with an input energy. The 
transfer property of a receptor cell—rate of nerve 
firmg as a function of incident photon energy and 
intensity—will be determined in part by the electro- 
magnetic energy density available to the transducer. 
Spectral modifications will occur because of: (a) selec- 
tive attenuation in pre-retinal media; (b) selective 


energy distributions in the receptor cell; (e) selec- 
tivity of the transducer. 

Experimental data on pre-retinal attenuation are 
available* and will be accepted for the purpose of 
discussion. Energy distributions can be obtained by 
consideration of the Poynting vector for those modes 
by which radiation may be propagated along the 
receptor cell. Consideration of transducer selectivity 
will be deferred. 

To find the Poynting vector it is necessary to solve 
Maxwell’s equations for the system under considera- 
tion. Use of the exact solution for a uniform, lossless, 
infinitely long, dielectric rod in a uniform dielectric 
medium’ involves numerous approximations but is 
perhaps the best way to characterize the outer 
segment of the visual receptor cell. The existence of 
an absorber does not alter the conditions for propa- 
gation. Finite length introduces no complication so 
long as the length/diameter ratio is much greater then 
unity. The solutions are, of course, only approxim- 
ations for conical or irregular cylindrical outer 
segments, but the Kapany-Burke® treatment, which 
resolves the propagating modes into ‘rays’ at 
proper angles, is indicative that the approximations 
are reasonably good for the conicities and irregulari- 
ties which are observed experimentally‘. 

Propagating modes are characterized by two indices, 
the first, n, referring to azimuthal angular dependence 
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and the second, m, to radial dependence. Forn > 0 
the modes are hybrid, that 1s, both the electric and 
magnetic field intensities, E and H, have longitudmal 
components. For each n and m there are two solutions, 
corresponding to dominance of E or H. All modes 
have cut-off wave-lengths (longer wave-lengths will 
not propagate) except the first H dominant mode for 
n = l,m = 1, designated HH). 

The longest cut-off wave-length occurs for the 
TE, and TM, modes for: 


Ao = 2:6128 a(n,*-n,*)1/8 

ào = free space cut-off wave-length 

a = radius of dielectric wire 

n, = index of refraction of dielectric wire 
n, = index of refraction of environment 


The HE,, mode has a somewhat shorter cut-off 
wave-length. The next longest cut-off is for the EH, 
and HE, modes, at: 
Ae = 1:6398 a(n,%n,%)1/2 

Thus for n, = 1:39 and n, = 1°35 for a cone outer 
segment only the HH,, mode occurs in the visible 
for diameters less than 0-9u. (There are no data on 
the refractive indices of human visual cells, but 
average values for various species’? are 1:41 and 1-39 
for rod and cone outer segments, and 1-35 is estimated 
for the surround.) Only this, the pure transverse 
modes, and the H#,, mode can occur in the visible for 
diameters less than 1-4. Still larger diameters are 
required to accommodate modes of higher indices. 

The fraction of propagated energy which is con- 
tained inside the dielectric wire is given by: 


Qn a 27 œ 
F = (f J Syrdrde) (J J Srdrdo)-? 
0 0 0 9 


S, = time-average longitudinal component of 
Poynting’s vector. 

This fraction is plotted in Fig. I for the longest 
wave-length modes as a function of aj. As may be 
seen from the auxiliary curves, F for a given mode is 
nearly proportional to (n,*—-n,*)!/. 

If 1t be assumed that the transducer (absorber) has 
uniform azimuthal and radial distribution through- 
out the outer segment, the fractional energy available 
to it for a given mode may be computed by taking 
into account also the pre-retinal attenuation. This 
has been done for various diameters in Fig. 2. 

Concerning rod outer segments, generally larger 
than In diameter and probably of larger relative 
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refractive index, this energy distribution effect makes 
only a minor correction to ‘the observed shift of 
maximum visual sensitivity to longer wave-lengths 
in vivo than the absorption peak of rhodopsin. But 
concerning the outer segments of cones, even were 
the absorber black, that is, without spectral sensi- 
tivity in the visible, there is here a basis for colour 
discrimination for small diameter cone outer segments. 
A single photopigment with peak absorption near the 
middle of the visible spectrum and an appropriate 
distribution of cone sizes could account for the 
mediation of colour vision. (From another pomt of 
view, J. J. Sheppard! of this laboratory has predicted 
selective response curves for receptor cells as a 
fanction of cell diameter, and has suggested that a 
simple Gaussian distribution of cone outer segment 
diameters may be mvolved rather than three distri- 
bution peaks correspondmg to three primaries.) 
Rushton’s results by reflexion densitometry’ could 
be accounted for if this photopigment were bleached 
by light absorption. Rhodopsin meets these require- 
ments. That ıt is difficult to observe in cones might 
then be ascribed to its small concentration. Thus 
erythrolabe, chliorolabe, and cyanolabe would be 
rhodopsin contained in large, medium, and small 
diameter cone outer segments, respectively. 

In an array of dielectric wires (such as a retina) it is 
necessary to consider also the coupling between 
proxmnal elements. Coupling will be negligible if the 
magnitude of the Poynting vector outside a given wire 
is very amall at the distance of the spacing between 
wires. For one severe situation plotted in Fig. 2, 
a= Odu, A = 820 mp, n, = 1:39, na = 1:35, the 
energy density is down by a factor of e at a separation 
of 0-20. This is indicative that coupling will be 
weak for observed separations’. In an inhomogeneous 
array (in the sense of a multiplicity of wire diameters) 
the resultant effect of couplmg will be to concentrate 
longer wave-length radiation into those wires of larger 
diameter. Thus, if we regard the larger cone outer 
segments as ‘red-receptors’, sensitivity to red is 
enhanced by coupling, at the expense of spatial 
sensitivity. 

(Since preparation of this manuscript it has been 
learned that J. M. Enoch (J. Opt. Soc. Amer., 51, 
1122; 1961) has obtained direct experimental evidence 
which is in agreement with these calculations.) 
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PHOSPHOPROTEIN METABOLISM AND ION TRANSPORT IN 
NERYOUS TISSUE: A SUGGESTED CONNEXION 


By Dr. P. J. HEALD 
Twyford Laboratories, Ltd., Twyford Abbey Road, London, N.W.10 


HE mechanisms by which ions such as sodium and 
potassium are actively transported across cellular 
membranes against a concentration gradient are of 
fundamental importance both to an understanding of 
aspects of cell physiology and to the manner in which, 
in tissues such as comprise the brain, these mechan- 
isms relate to normal or abnormal functioning. 
Although this basic problem has been the subject of 
extensive investigations, the details of the mechan- 
isms are still largely unknown (for reviews see refs. 
1-6). Of various hypotheses which have been 
advanced those based on ion exchange models appear 
to be the most favoured, and experimental designs 
and theoretical analyses of such systems have been 
given’, 
It seems widely agreed thet the cell membrane ig 
a highly organized structure consisting of lipids and 
proteins with charged sites distributed in both aqueous 
and non-aqueous channels. Active transport requires 
metabolic energy, and the specificity normally 
exhibited is presumably obtained by the interaction 
of factors such as the relation of the ion to the charged 
site, the radius of the ion when hydrated and the 
size of the membrane pores. For a substance to be 
capable of taking part in the active transport of a 
molecule it appears necessary that it contains 
anionic sites such as —-COOH; --OH; —SH and 
—PO,H groupings, and fulfils criteria which include: 
(1) ¥t sheuld be found in the cells in which active 
ort of that substance has been demonstrated. 
(2) It should be located in a membranous structure. 
(3) Ita operation must be linked to an energy source. 
(4) If the process of transport is rapid the energy 
transfer must be either equally rapid or be capable of 
operating the system with the required degree of 
rapidity. (5) Specific enzymes capable of mediating 
the energy transfer must be present in the cell. (6) 
The substance should be capable of combining with 
the molecules to be transported in such a manner as 
to release them when transport is complete. 
Although substances such as phospholipids have 
been considered as being Involved in such a process, 
the present article is concerned with directing atten- 
tion to a different group of compounds, the metabol- 
ism of which has been largely neglected and yet which 
appear to possess certain of the structural and 
metabolic features necessary to a role in active 
transport. These compounds are the phosphopro- 


teins, or specifically, lipophosphoproteins, of the cell. 
Evidence leading to this view has arisen from work on 
the phosphate metabolism of nervous tissue during 
its excitation by an electrical stimulus and is sum- 
marized here. 


The Experimental System 


Of the cells and tissues exhibiting active transport, 
nervous tissue possesses a major advantage as an 
experimental system. Thus it is capable of metabolic 
excitation by an electrical stimulus, which, by virtue 
of being applicable for long or short intervals of time, 
permits a precise degree of excitation without the 
addition of any chemical substances to the experi- 
mental system. This type of excitation has been 
used extensively with peripheral nerve’, and indeed 
led to the development of hypotheses of sctive 

rt involving a lipid-soluble carrier molecule. 
Tt has been established as being applicable to slices 
of cerebral tissue én vitro’. In both tissues an electri- 
cal stimulus brings about considerable alterations in 
the cellular concentrations of sodium and potassium 
ions, which are restored to the normal ‘resting’ levels 
when the stimulus is removed**, Since this process 
involves the movement of such ions against a con- 
centration gradient existing either internally or 
externally to the cell, the mechanisms involved, at 
least in the restoration phase, must clearly be those of 
active transport. A further advantage of such a 
system is that excitation of the tissue, oy temporarily 
increasing the speed of the 
renders more likely the possible —— of motabolio 
counterparts to this process than does the examina- 
tion of a more passive system. Indeed, without the 
ability to stimulate the transport process the detec- 
tion of intermediates likely to be involved is rendered 
extremely difficult. Slices of cerebral cortex provide 
& greater quantity of tissue than does a single nerve 
and have been used in many of the experiments 
described here. It should be pointed out, however, 
that cerebral cortex is multicellular and that only 
some cells are excitable, Analytical data therefore 
includes information from cells which are not excit- 
able. Further, the tissue swells considerably in the 
salines normally used for incubation’ and makes an 
accurate assessment of concentrations of intracellular 
substances a difficult process. Nevertheless, the 
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advantages of dealing with a reasonably large quant- 
ity’of material has made it a very suitable tissue for 
study of problems relating to phosphate metabolism 


end excitation. 


Relation of Phosphoproteln Metabolism to the 
Metabolism of aie pals Phosphate In Stimu- 
lated Nervous Tissue 


The observations which led to the consideration of 
phosphoprotein as being involved in active transport 
arose from examination of the changes occurring in 
phosphocreatine and adenosine triphosphate when 
cerebral tissues were stimulated electrically. In vivo, 
changes in these two phosphates are intimately linked 
with the electrical activity of the brain (see ref. 10 
for review). Jn wtiro, using a specially developed 
technique*, it was found that a measurable breakdown 
of adenosine triphosphate occurred within 1-2 seo. of 
applying an electrical stimulus followed by an equally 
rapid return to normal levels, while at the same time 
phosphocreatine docreased in quantity to a new stable 
lower level!!. The rate of breakdown of phospho- 
creatine was 1,200-1,400 pmoles/gm. wet wt. tissue/ 
hr. This rate is far greater than any single reaction 
known to use energy-rich phosphate in nervous tissue, 
other than adenosine triphosphatage!* and creatine 
phosphokinase. Since phosphocreatine is metab- 
olized in nervous tissue, only via creatine phospho- 
kinase! 14, it followed that the rate of metabolism of 
adenosine triphosphate proceeded at a rate equivalent 
to that of phosphocreatine. The total time period 
from the moment of applying the stimulus to the 
stabilization of phosphocreatine at a new lower level 
was less than 6 sec., of which Jess than 2:5 sec. was 
occupied by the breakdown of the phosphocreatine. 
It was concluded that part of the phosphate of 
phosphocreatine was metabolized, via adenosine 
triphosphate, by a process triggered by the stimulus 
and not by reactions involving an inoreased activity 
of enzymes such as hexokinase. 

The situation was further analysed using redio- 
active phosphate. The tissue was incubated with 
radioactive phosphate for a period sufficiently short 
to prevent the different phosphates from coming into 
isotopic equilibrium. At this point the tissue was 
briefly stimulated for a few seconds and the new 
distribution of radioactivity was determined. Under 
these conditions the specific radioactivity of inorganic 
phosphate, adenosine triphosphate, phosphocreatine 
and the hexose phosphates, decreased** while that of 
phosphoprotein phosphorus increased by 60 per 
cent’, No change was detected in the radioactivity 
of the total lipid phosphorus, nucleic acid phosphorus 
or phosphorus comprising the remainder of the tisave 
residue. The change in the radioactivity of the phos- 
phoprotein was calculated to occur at a minimal rate 
of 400 pmoles phosphorus/gm. wet wt. tissue/hr. 
In the light of the subsequent discovery that only a 
part of the phosphoprotein phosphorus is metabolized 
this rate is probably several times too low. No 
measurable change occurred in the total quantity 
of phosphoprotein phosphorus, showing that the 
incorporation represented an exchange and not a 
total synthesis. Proof that the phosphate showing 
this change ‘was organically bound m a phospho- 
protem was provided by the isolation of O-phosphoryl- 
serine from acid hydrolysates of the phosphoprotein 
‘fraction, and the demonstration that the radioactivity 
of the phosphorylserine was increased when it was 
derived from tissues incubated with radioactive 
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phosphorus and subjected to brief stimulus as 
described above’. These experiments established a 
phosphoprotein as being a macromolecular substance 
the phosphorus metabolism of which was intimately 
associated with the excitation of nervous tissue. 


Intracellular Localization of the Phosphoproteins 


A wide variety of cella and tissues contain phospho- 
proteins, some of which are enzymes (see ref. 10), and 
suggestions have been msde that the phosphoproteins 
of brain may be of this type'*-?*. In such a case the 
increase in radioactivity following the application of 
a stimulus might simply have been the result of a 
generally increased activity of such enzymes, due to 
the increased metabolism of the tissues. Calculations?® 
of the quantities of phosphorus derived from such 
sources showed that these could represent only a small 
fraction of the total phosphoprotein phosphorus 
present. Nevertheless, the knowledge that different 
phosphoproteins existed in the cell made it necessary 
to study the localization of the phosphoprotein which 
exhibited an increased rate of incorporation of 
phosphate when the tissue was excited electrically. 

Dispersions of cerebral cortex made in aqueous 
sucrose were fractionated by centrifugation into 
‘nuclear’, ‘mitochondrial’ and ‘supernatant’ fractions 
by a standard procedure®. The phosphoprotein 
sought was found to be carried down in the ‘nuclear’ 
fraction. Further sub-fractionation of the nuclear 
fraction revealed that the phosphoprotein was con- 
centrated in particles distinct from’ mitochondria 
and nuclei. This distribution was obtained with 
tissues incubated in saline, but a re-examination of 
the distribution of phosphoprotein from tissues not 
incubated in saline yielded essentially similar results**. 
This particulate fraction contained no nuclei, few 
mitochondria, and little DNA and RNA, while chole- 
sterol and phospholipids were almost completely 
absent. The particles also contained little acid or 
alkalme phosphatase. Electron microscopy showed 
the particles to be heterogeneous with few mitochond- 
ria present but a large number of granules and mem- 
brane-like structures. The chemical data appear to 
rule out an origin in nuclei, endoplasmic reticulum, 
mitochondria, the myelin sheath of the axone, or dis- 
integrated vascular tissue or pial membranes. 
Until a means of obtaining better preparations is 
available a precise identificatien is not possible. 
Nevertheless, the present evidence is in harmony 
with the phosphoprotein being localized in cellular 
membranes, probably of the neurone, and may well 
form part both of the cell wall and the dendrites. 


Nature of the Phosphoprotein 


Information is available regarding several important 
features of the chemical nature of the phosphoprotein. 
Thus it appears to be a lipophogphoprotein. This 
has been established by the isolation of a crude 
phosphoprotein fraction from particulate fractions 
of brain. The preparation was obtained only after 
dissolving the particles with the aid of an anionic 
detergent, the phosphoprotein in the original particles 
being insoluble in a variefy of buffers and salines™. 
The preparation contained 40-66 per cent Lpid, none 
of which could be extracted with ethyl ether or a 
mixture of dry chloroform-methanol but was 
extracted with ethanol-ether or with wet chloroform— 
methanol. This was taken to indicate that the 
lipid and protein are firmly associated as a complex. 
Although sedimenting as a single component in the 
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ultracentrifuge the material was polydisperse; salt 
fractionation revealed the presence of two major 
components differing in the gross composition of the 
lipids attached to the protein. Only 25 per cent of 
the lipids could be accounted for as phospholipid. 
Glycerol esters as determined with hydroxamate, 
accounted for the total lipids, suggesting that the 
non-phospholipid fraction was triglyceride. When 
the phosphoprotein was partially hydrolysed in acid 
and the resulting phosphopeptides examined, it was 
found that these contained sequences of adjacent 
phosphoseryl groups of the type (Ser—P,) where n 
can range up to at least six**, Such sequences also 
occur in casein and phosvitin**. This finding estab- 
lished that the phosphoprotein examined possessed, 
in part of the molecule at least, certain of the charac- 
teristics of an ion-exchange resin. Phosphoproteins 
from cerebral mitochondria also contain similar 
sequences though these phosphoproteins do not show 
the marked change in radioactivity, exhibited by the 
phosphoproteins of the ‘nuclear’ fraction, when 
derived from electrically excited tissues. 


Enzymes metabolizing Cerebral Phosphoproteins 


The incorporation of 1adioactive phosphorus into 
phosphoprotein without a change in the total quantity 
present is presumptive evidence of & simple metabolic 
exchange of phosphorus. Such a process requires 
a minimum of a protein phosphokinase and a phos- 
phoprotem phosphatase. Enzymes of both types 
have been isolated from brain. Crude brain phospho- 
protein preparations are readily phosphorylated by 
dispersions of whole brain or by a mitochondrial 
protein phosphokinase’? and a preparation of a 
protein phosphokinase has been obtained from pigeon 
and ox brain**. The phosphorylation requires a 
source of adenosine triphosphate. In cerebral tissues 
it has been shown that guanosine triphosphate is 
also involved and is a closer precursor of phospho- 
protein phosphorus than is adenosine triphosphate’ 1’, 
Both the mitochondrial system and the ox-brain 
preparations were specific in their requirements for 
substrate, being active on casein and derived peptones, 
and phosvitin only. Further, for such activity the 
phosphoproteins were required in an almost com- 
pletely phosphorylated form, for removal of appre- 
ciable amounts of phosphorus either by alkali or with 
& non-specific phosphatase yielded products incapable 
of being phosphorylated by the enzymes*’**, The 
studies of enzyme specificity have lead to the con- 
olusion*®:18 that the presence of adjacent serylphos- 
phate groups in the molecule is a requisite in the 
substrates on which they act. The phosphorylation 
of cerebral phosphoprotein preparations by these 
enzymes thus not only places them among specific 
acceptor phosphoproteins, but also provides alterna- 
tive evidence for the existence in the molecule of the 
adjacent serylphosphate groups which have been 
directly demonstrated by other means. 

The existence of a phosphoprotein phosphatase in 
cerebral tissue which has been previously indicated** 
has been confirmed by the isolation of such an enzyme 
from ox brain®*. This enzyme, activated by mag- 
nesium ions, exhibits an interesting degree of speci- 
ficity liberating phosphate only from phospho- 
proteins and not from phosphomonoesters, diesters, 
glycolysis intermediates, nucleotide phosphates or 
peptones derived from a-casein. Of the various 

phosphoproteins examined only a-casem, phosvitin 
and brain phosphoproteins were attacked, that is 


NATURE 


453 


only those phosphoproteins which act aa substrates 
for the protein phosphokinases. The action on 
a-casein and phosvitin under optimal conditions was 
extremely limited, only a small percentage of the 
phosphorus being removed before action ceased. If 
phosvitin was made radioactive with a protein 
phosphokinase almost the entire radioactivity was 
removed when the radioactive phosvitin was after- 
wards exposed to the phosphatase. 

These results strongly imply that the enzyme is 
specific for certain groupings in phosphoproteins of 
the a-casein, phosvitin and cerebral phosphoprotein 
type and that such groups include the site of phos- 
phorylation by protein phorphokinases. At this 
juncture it seems reasonable to consider part of a 
polyserylphosphate chain as the locus of action. 

Little work has been done on the localization of 
these enzymes. The protein phosphokinase of liver 
appears to he localized in the mitochondrial fraction?” 
and may be similarly distributed in brain. Prelimin- 
ary experiments (Heald, P. J.. unpublished observa- 
tions) have indicated that the phosphatase in brain 
is also found partly in the mitochondrial fraction, 
but further work is needed. Actmg together, the 
enzymes result in the conversion of adenosine triphos- 
phate —> adenosine diphosphate + P;, that is, an 
overall reaction analogous to an adenosine triphos- 
phatase. It should be noted, however, that the speed 
with which the protein phosphokinase acts is pot 
known and that the phosphatase, in dispersions of 
whole brain, has so far been found to operate at a 
rate of only 60-80 moles phosphorus liberated/gm. 
wet wt. tissue/hr. This is st least ten times lower 
than the speed with which the phosphoprotein 
phosphorus can be caloulated to turnover in response 
to a stimulus, and factors such as the configuration 
of the substrate in relation to the enzyme and the 
effecta of varying concentrations of sodium and 
potassium ions need to be examined. It is clear, 
neverthelees, that in cerebral tissue there are enzymes 
capable of phosphorylating and dephosphorylating 
cerebral phosphoproteins and of acting at a similar 
site in a phosphoprotein molecule. 


Conclusions 


The above commentary has summarized very 
briefly the evidence that there is a non-enzymatic 
phospholipoprotein in bram which is actively phos- 
phorylated and dephosphorylated by spevific enzymes, 
which is associated with particulate material, possibly 
deriving from the neuronal wall, and the metabolism 
of which, as regards phosphorus, is very greatly 
increased within a few seconds when the intact 
tissue is excited electrically. The phospholipoprotein 
contains sequences of adjacent phosphorylserine 
groups and is thus placed in the category of natural 
polyelectrolytes which are capable of acting as ion- 
exchange resins. 

Of the many hypothetical models which have been 
elaborated as a basis for active transport those 
involving a re-orienting rather than a mobile carrier 
appear to have the sounder basis for consideration®. 
Of such, the hypothesis’? that continuous rhythmic 
folding and unfolding of proteins activated by 
adenosine triphosphate underlies protoplasmic move- 
ment, as applied® to the concept of a membrane 
pore lined with suitably spaced polar structures 
through which a solute might migrate and be dis- 
placed either by alteration of the shape of the pore 
or by a phosphorylation, is an attractive one (see 
also refs. 36, 37). The phosphoprotem described here 
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and the features of its metabolism clearly make it 
worth considering in such a role, and a scheme 
illustrating the general linkage between energy metab- 
olism, phosphoprotein and ionic transport in nervous 
tissue has previously been given clsewhere!®, 

This may now require revision, the phosphoprotein 
no longer being regarded as a phosphate donor to an 
unknown system involved in the active transport of 
ions across cell membranes but be accorded the role 
of the transporting substance itself. However, it 
must be emphasized that the placing of phospho- 
protein in such a position rests heavily on the speed 
with which its phosphate metabolism is increased 
within a few seconds of stimulating the nervous tissue 
and that critical data, such as the determination of 
the equivalence between the numbers of ions trans- 
ported and the turnover of phosphate in the phospho- 
protein and the effecte thereon of inhibitors of ion 
transport have not yet been provided. In mito- 
chondrial systems?! the metabolism of phosphoprotein 
has been equated with the inflow and outflow of water, 
® process which analysis of a hypothetical model has 
shown to be capable of mediating ion transport*’. 
. The devising of a suitable experimental system to 
examine these pointa in cerebral tissues may prove 
insoluble and other tissues or model systems may 
provide more rewarding fields. 

Experiments of this type, by themselves, do no 
more than direct attention to phosphoproteins as 
possible candidates for a cellular polyionic material 
capable of engaging in active transport processes. 
Yt is hoped, however, that in doing this, further work 
will be undertaken which will serve to strengthen or 
refute this hypothesis. 

‘Shanes, A., Pharmacol. Rev., 10, 69, 165 (1959). 
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A COLORIMETRIC METHOD FOR ESTIMATING THE PYRIDINE 
NUCLEOTIDE CONTENT OF SMALL AMOUNTS OF 
ANIMAL TISSUE 


By Dr. T. F. SLATER and BARBARA SAWYER 
Department of Chemical Pathology, University College Hospital Medical School, University Street, London, W.C.1 


T has long been known that the reaction between 

the succinic dehydrogenase complex (SDC) and a 
final dye acceptor like tetrazolium can often be 
increased by adding a substance (for example, 
pyocyanine!) which functions as an electron mediator 
between the enzyme and the final acceptor. In recent 
years several reactions of this type have been studied: 
SDO-methylene blue-tetrazolium*; SDC-menadione- 
neotetrazolium? ; 8DC-phenazine methosulphate-tetra- 
zohum‘*; §8DC-phenazine methosulphate-dichloro- 
phenol-indophenol®. Similar reports have been 
published concerning the reaction between DPN- 
linked enzymes and dichlorophenol-indophenol'. 
Smith! has reported the non-enzymatic reactions of 
reduced di- and tri-phosphopyridine nucleotides with 
phenazine methosulphate. 

After trying a method’ for the pyridine nucleotide 
content of tissue extracts and finding it unsuitable 
for small amounts of tissue and -unreliable for triphos- 
phopyridine nucleotide, TPN+ (where the overall 
change in E, is very small), we started to develop a 
method based on Smith’s* observation mentioned 
above. The method depended on reduced nucleotide 


reacting non-enzymatically with phenazine metho- 
sulphate, which then reduced a tetrazolium salt, 
O,N-dipheny1!-N’-4,5-dimethylthiazol-2-yltetrazolium 
bromide (MTT) (ref. 8). Continuous reduction of 
nucleotide was achieved using alcohol dehydrogenase 
and zwischenferment (glucose-6-phosphate dehydro- 
genase) and the final colour was extracted with ethyl 
acetate. However, our attention was then directed 
to a preliminary note by Villee* suggesting a similar 
procedure in which reduced pyridine nucleotides are 
coupled to diaphorase and 2,6-dichlorophenol-indo- 
phenol. We eventually found the latter more suitable 
than MTT as final acceptor. Since our method in- 
volves one less enzyme than the method of Villee*, we 
think it worth reporting in full. Another advantage- 
ous feature is its applicability to small amounts of 
tissue (for example, biopsy material) by suitable 
adjustment of volumes, etc. Both aleohol dehydrogen- 
ase and zwischenferment are readily available 
commercially. 

Two pieces of rat liver (approximately 0-7 gm. 
each) are removed rapidly after killing the animal by 
cervical dislocation, weighed on a torsion balance and 
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one piece dropped into 4 ml. cold 6 per cent perchloric 
acid in a glass Potter-Elvehjem homogenizer; the 
other piece is dropped into 4 ml. hot 0-1 N sodium 
hydroxide in a glass homogenizer placed in a boiling 
water-bath. The acid sample is homogenized, 
neutralized and centrifuged as described by Holzer 
et al.". The supernatant is made up to 10 ml. with 
water. The protein pellet remaining after centrifuga- 
tion may be retained and extracted with hot perchloric 
acid for estimation of deoxyribonucleic acid (DNA), 
using Schneider’s procedure’; final boiling-time with 
diphenylamine reagent, 5 min. The estimation of 
DNA permits final expression of pyridine nucleotide 
content per ugm. DNA-phosphorus, thus largely 
eliminating errors due to variable quantities of blood 
in the wet tissue. The hot alkaline extract is homo- 
genized, by hand for 30 sec., while still in the boiling 
water-bath, then homogenized at approximately 
1,500 r.p.m. for 30 sec., keeping the barrel rmmersed. 
in hot water, and finally left in boiling water for a 
further minute. These times are as suggested by 
Glock and McLean". The homogenizer is then cooled 
in ice, the contents diluted to about 10 ml. with water, 
the pH adjusted to approximately 8-0 with 1 M 
potassium dihydrogen phosphate and then spun 
at 30,000 r.p.m. for 30 min. The supernatant is then 
diluted to 16 ml. with water and kept cold. 

The following reagents are used: phenazine metho- 
sulphate (L. Light and Co.), 1 mgm./ml. freshly pre- 
pared and kept in the dark; dichlorophenol-indo- 
phenol, stock solution 35 mgm./200 ml., diluted 
ten-fold with water before use; phosphate buffer, 
pH 7-4, 0-1 M; tris buffer, 0-1 M, pH 8-0; glucose-6- 
phosphate, sodium salt, 0-1 M; alcohol dehydrogen- 
ase (ADH, Boerhinger), 6 mgm./ml.in water ; zwischen- 
ferment (ZwF, glucose-6-phosphate dehydrogenase, 
British Houses, Ltd.), 20° mgm./ml. in tris 
buffer, pH 8-0; DPN+, DPNH, TPN+, TPNH (Sigma 
purest grade). 

The method for DPN*+ in acid extracts was as 
follows: pipette into each of two cuvettes 2:5 ml. 
dichlorophenol-indophenol, 0-05 ml. phenazine metho- 
sulphate, 0:5 ml. phosphate buffer, 0-1 ml. absolute 
ethanol, 0-1] ml. acid extract diluted further five-fold 
with water. Mix and follow the change in extinc- 
tion at 600 mu against water until the decrease/min. 
is small and constant. Add 0-05 ml. ADH to one cell, 
mix, and measure change in extinction between this 
cell and the other dichlorophenol-indophenol cell 
occurring in a 10-min. (or 20-min.) interval. Under 
the above conditions, this difference is proportional 
to the amount of DPN present in the acid extract. 
A small correction must be made for the decrease 
produced, by the addition of ADH itself. TPN+ does 
not interfere. The method for TPN* in acid extract 
is very similar except that 0-1 ml. glucose-6-phosphate 


Table 1. LEVELS OF PYRDINEBE NUCLEOTIDES IN NORMAL FRMALB 
Rat LIVER 


Livers were removed (i) after wung by cervical dislocation, (it) with 

the animal under ether anesthesia. The contents are given as “gm./gm. 

wet weight bver + standard error of the mean of at least four animals. 

Tho values given for previous Investigations were obtained with rata 
of different body-weight from those used In the present work 


DPN+t DPNH aS TPN+ TPNH TR ' 
Reference + 
DPNE TPNH 
This ala 
tion: ? 5419+29 1714565 891430 8944 309420 3454 23 
9) 682 +53 1509+17 720464 32*æ6 247+12 278412 
Holzer, Busch 
and Kroeger 
(ref, 7) 505 192 697 6 227 284 
ook and 
(ref. 11) 8704+13 20449 574417 Gtl 20546 21148 


-NATURE 





455 
DPK blank 
0-8 | 
DPN extract 
A DPNH blank 
E 
E 
H 0-4 
0-2 
DPNH extract 
5 10 18 20 25 
Min. 


Kstimation of DPN+ and DPNH in acid and ae 
rat liver. Experimental details as in taxt. In the 


of r., 
DPN+ — 0-1 mL of diluted extract was used, equivalent 
to 0 81 mgm. wet weight hver. For the DPNH estimations, 0-2 mL 


extract was used, equivalent to 12°6 mgm. hver tissue 


0-5 ml. tris buffer and 0:05 ml. zwischenferment take 
the place of the alcohol, phosphate buffer and ADH 
respectively. For TPN*+, 0:2 ml. of the undiluted 
acid extract is used. 

The estimations of reduced di- and tri-phospho- 
pyridine nucleotides in the alkaline extract are 
carried out using the same conditions as for DPN+t 
and TPN*+ respectively. With the alkaline extract, 
however, @ larger period of equilibration is required 
before adding the specific enzymes to allow the 
reduced nucleotides to be oxidized by phenazine. 
Thus, ın the alkaline extracts containing DPNH and 
TPNH, the reduced forms are converted non- 
enzymatically to DPN+ and TPN+, and the amounts of 
DPN*+ and TPN+ are then measured by adding ADH 
and zwischenferment respectively. A typical experi- 
ment for DPN+ and DPNH is illustrated in Fig. 1. 
Under the conditions given above, with light path of 
l cm, 1 pgm. DPN+ (similarly TPN+) produced a 
decrease in extinction in a 10-min. interval of 0-21; the 
purity of the commercial samplea used was checked 
using normal procedures!, 

The method has been applied to various normal rat 
tissues. Table 1 shows the values for normal rat liver 
(females, body-weight approximately 150 gm.); 
values previously published are included for com- 

ison. It can be seen that the main difference is 
that the level of TPN* is higher than previously 
reported?11, 

Using the method described we have compared the 
pyridine nucleotide contents of rat liver (1) when the 
animal was killed by cervical dislocation, (2) when the 
liver was removed with the rat under ether anzsthe- 
sia. There were no statistical differences between 
the levels of DPN+, DPNH, TPN? and TPNH with or 
without ether anesthesia. 


As mentioned, the method is suitable for small . 


amounts of tissue by adjustment of extract volumes. 
The pyridine nucleotide content of biopsy samples 
taken from patiente with liver disease 1s being 
determined. 

Although we have not worked out the details of 
the alternative method using MTT in place of 
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dichlorophenol-indophenol it is possible that such a 
procedure would be advantageous where the final 
tissue extracts are not clear enough to be used direct'y 
for colorimetric analysis. Conceivably, where a high- 
speed centrifuge is unavailable, the MTT modification 
would allow determinations to be made with final 
extraction of colour into an organic solvent. 


es eae Biochem. J., Rh one 1936). Green, D. — Mi, S., 
Mahler, H., and Book, R., J. Biol. Okem., 208, 1 (19543, 

a Zoliner, N., and Rothemund, B., Z. physiol. Chem., 298, 97 (1054). 

* Slater, T, F., Biochem. J., 78, 314 (1969); Nature, 183, 50 (1859). 
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ISOLATION FROM PEAS OF CO-FACTORS AND INHIBITORS 
OF INDOLYL-3-ACETIC ACID OXIDASE 


By MASAKI FURUYA, ARTHUR W. GALSTON and BRUCE B. STOWE 
josiah Willard Gibbs Research Laboratory, Yale University 


HE in vitro activity of indolyl-3-acetic acid 
(IAA) oxidase is known to be enhanced by 
anous ion! and substituted phenols’, and to be 
inhibited by caffeic acid’, chlorogenic acid’, p-benzo- 
quinone’, and scopoletin‘. Gortner and Kent! have 
is0lated esters of p-coumaric acid and ferulic acid from 
pineapple stem tissue as naturally occurring modifiers 
of LAA oxidase. In peas, natural inhibitors of LAA 
oxidase have been reported in green tissues*’, and, 
in red light, pretreated buds of etiolated seedlings’, 
while natural cofactors were in dark-grown 
pea buds and roots’. The chemical nature of these 
compounds has so far been obscure. 

In the past two years, we have isolated several 
active substances from green leaves and etiolated 
plumules in peas, and have partially identified them 
as at least four different flavonol derivatives. Two of 
them appear to be new natural compounds which 
yield a flavonol, a phenyl propanoid and a sugar 
after hydrolysis. 

The active substances were extracted from pea 
tissue by boiling water or hot methanol. They are 
insoluble in ether, benzene, chloroform, and ethyl 
acetate but soluble in ethanol, n-butanol, and acetone. 
They are precipitated by lead acetate, but not by 
lead subacetate. With powdered cellulose (Whatman 
standard grade) column chromatography in 10:1:10 
n-butanol/acetic acid/water (organic layer), the 
extract from green leaves yields three active fractions 
(9-6 per cent in I, 53-2 in IT, 31 in MI, and 6:3 in 
column). These were detected by standard IAA 
oxidation assay and ultra-violet absorption spectra. 
Similar extracts from etiolated plumules yield two 
active materials (55-6 per cent in IV, and 33 in V). 
All these fractions produce typical anthocyanin 
absorption spectra when reduced in ethanolic solution 
with magnesium and hydrochloric acid, although some 
of them have ultra-violet absorption spectra not 
characteristic of the common flavonols. After further 
purification by chromatography, we detected four 
active substances which show different ultra-violet 
spectra (Fig. 1), Rr values and hydrolysed products 
(Table 1). f 

The compounds were hydrolysed in 1 per cent 
sulphuric acid solution by refluxing for 1 hr. at 100° C. 
‘The aglycones precipitated in aqueous solution were 
determined to be quercetin in unknowns ITI and III, 


‘and to be kaempferol in I, IV and V, in terms of 


ultra-violet spectra, melting pomt, Rr in paper 





225 245 265 285 816 855 
Wave-length (mz) 


Fig. 1. Uia viant —— spectra of naturally occurring sub- 


stances affecting LAA oxid idase o activity (measured in ethanol). 
~——, active substance IL; s TIL: teresse , V (these 
numbers are ‘the | same as those in Table 1) 


chromatography, and either their acetyl or methyl 
derivatives. Mumford ef al.!° have reported the 
existence of kaempferol complexes in the apices of 
etiolated plants previously exposed to red light. 
The supernatants after hydrolysis of compounds IIT 
and V did not show any peaks in the ultra-violet, 
but those of I and IV showed peaks at 311 and 224 mu 
and that of II at 315 and 227 mp. Various character- 
istics led us to believe the former spectrum is due to 
glucosidyl-p-coumarate, and the latter to an ester of a 
cinnamic acid derivative, but their precise structure 
is still unknown. The supernatant fraction of each 
hydrolysed compound also contamed a sugar, which 
was identified as glucose by paper chromatography, 
including two-way chromatography with a mixture 
of the unknown with possible candidates such as 
glucose, mannose or galactose. The unknown I 
and IV yielded 1 mole of kaempferol, 1 mole of 
phenyl propanoid, and 3 moles of glucose after 


Tabie 1. o Rori PRODUCTS AND Rr VALUES OF NATURALLY 
OcoURRING LAA OXIDASE ALODIPIERB FROM PRAS 
Products 
No of Source after acid 6 per cent 

unknowns hydrolyzis* B- — -Wft Act 
I green leaves EK, Q, P 0-50 0-47 
Ir green leaves ; G, px 0-55 0 36 
I green leaves G 0°50 0-58 
IV etiolated buds g A P 0 57 O41 
y etiolated buds K,G O46 0-62 


* K, kasmpferol; Q, quercetin; P, glucosidyl-p-cowmarate, and P, 
glucose ester of a phenylpropa noid. 

n- — per cent —— aeatio acid (1:1). 

5 par cent aqueous solution of acetic aeld. 
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hydrolysis if measured according to the method of 
Hörhammer”, 

Both I and ID yielded 3-hydroxy-3’,4’,5’,7-tetra- 
methoxyfavone (m.p. 191° C., max. 261-5 and 359 
mu) after methyl ether formation followed by hydro- 
lysis, while both I and V yield 3-hydroxy-4’,65,7- 
trimethoxyflavone (m.p. 161° C., max. 254 and 355 
mu) by comparison of their melting point and ultra- 
violet spectra with authentic compounds'*. There- 
fore, it is Lkely that III is quercetin-3-glucoside, and 
V is kaempferol-3-glucoside. In case of I, alkaline 
hydrolysis with 2 N sodium hydroxide yielded 
kaempferol-3-triglucoside and p-coumaric acid. Thus, 
1t can be concluded that kaempferol is not bound to 
p-coumaric acid, but both kaempferol and p-coumaric 
acid are bound to glucose. Therefore a possible struc- 
ture for I is kaempferol-3-(triglucosidyl-p-coumarate). 
IT is probably also a similar type of quercetin complex. 





R’ 


—— 


The structure of flavonol complexes from peas, In unknowns I 
and IV, R and R’ are hydrogen, and a ts 3; in unknown II, R is 
H, X is uncharacterized, and n 1s 8 

In a standard [AA oxidation assay reaction mixture 
consisting of 1 ml. of horse radish peroxidase (10-* M), 
2 ml. of IAA (10° M), 2 ml. of phosphate buffer 
(pH 6-1, 1/10), and test solution, plus water to total 
volume of 10 ml., dose-response curves were determ- 
ined for each compound to detect inhibitorial 
or co-factorial activity. The resulta are shown in 
Fig. 2. It is clear that the quercetin derivatives act 
only as inhibitors while kaempferol derivatives are 
co-factors at low (physiological) concentrations and 
inhibitors at higher concentrations. Manganous ion 
enhances the co-factorial activity of the kaempferol 
derivatives. 

These facts are in agreement with the previous 
finding that TAA oxidation 1s usually activated by 
monophenola, and inhibited by diphenols’. 
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10-* 19> 
Conc, natural modifiers (M) 
Fig. 2. Action-conoentration curves of naturally occurring sub- 
8 TAA 


tances affecting oxidase 
—O— O, active substance I; —-@—@, OI 


i) 


It is interesting that etiolated tissues yield only 
kaempferol glycosides, while quercetin glycosides are 
found only in peas grown in lbght. This may have 
some bearing on our understanding of the mechanism 
of the photomorphogenic control of plant growth’. 
Further work on the light effecta, and on the dis- 
tribution and production of these substances, is in 
progress. 

We wish to thank Prof. C. W. , jun., of 
Indians University, and Dr. Shunji Wada of Tohôku 
University for their helpful advice, and Dr. F. E. 
Mumford and his colleagues at the DuPont Experi- 
mental Station for allowing us to compare our 
samples with those from red-light treated peas, and 
for a useful exchange of information. 

This work was partially supported by the National 
Science Foundation under grant NSF G-11333 to 
one of us (A. W. G.). 
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SEED-TRANSMISSION OF VIRUSES 


By Pror JOHN CALDWELL 
Department of Botany, University of Exeter 


~Y JHE fact, now well eatablished, that in only a vary 
small number of virus diseases of plants is the 
agent actually present in the embryo of the seed 
poses two questions. The first: Why should the 
embryonic tissues be free of virus, even in such 4 
markedly systemic disease as, for example, tobacco 
mosaic ? The second: Why should only a small propor- 
tion of the embryos be infected in those plants in 
which the virus is, in fact, carried in the embryo ? 


The fact of the embryo itself being infected is 
important because it 1s well known that in some— 
probably in many—instances the virus can be present 
in the testa, both in the cells and as a contaminant 
on the surface, and in viruses such as tobacco mosaic 
virus in which the virus is very persistent this might, 
on occasion, be a source of infection for a seedling 
in which some superficial damage allowed entry of the 
virus into the protoplast. 
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To deal with the first question first, it is many 
years ago since I showed! that it is possible to grow 
tomato seedlings in juice extracted from plants 
heavily infected with tobacco mosaic virus and yet have 
no instance of infection unless some superficial 

is done to the epidermal cells or root hairs. 
If these are damaged, infection can occur, and since 
it is known that the causative agent is most persistent 
in dead, tissue”, it would seem reasonable to assume 
that the very few instances of seedling infection 
reported for this particular virus were probably 
consequent on accidental infection from the virus 
on the testa, ete.?. 

In a paper published in 1957, Crowley showed 
that of some three hundred plant virus diseases 
which had been described, only forty-five had then 
been reported as being seed-transmitted. It is fair 
to comment that some of these reports were of a 
fairly early date and many may well be suspect. 
Crowley further makes the points that in only four 
instances does the percentage transmission exceed 
fifty and that transmissibility is not specifically a 
property of any virus or of any host. 

Various hypotheses have been advanced to account 
for the lack of seed-transmission, that is, transmission 
through the embryo of the agent of virus diseases of 

lants. 

j The earliest is that of Allard’, who that 
virus infection “may disturb the normal relations of 
stamens and pistils to such an extent as to cause 
sterility”. This scarcely accounts for the many 
cases where there were large numbers of seeds 
produced—though none of the embryos was infected 
with virus. Clearly sterile plants are not gomg to 
produce seeds of any kind. 

In 1930 Duggar suggested that the absence of 
virus in the embryo was associated with the presence 
of some specific substance in the seed which prevented 
the development of the virus in the embryo*’. No 
supporting evidence of any such inactivator has been 
produced by any subsequent worker‘. 

The third hypothesis I formulated in 1934. I 
suggested that the markedly different rates of growth 
respectively of the endospermic and of the embryonic 
tissues would result in the breakdown of the plasmo- 
desmata between these. tissues and between them and 
those of the nucellus”. If one accepts the view that 
movement of the virus is through these strands then 
the embryo could not be similarly infected from the 

tal tissues. This view was supported by 
Bennett in a later paper’. 

The fourth hypothesis was that of Bennett himself 
who suggested that as there is no vascular connexion 
between the embryo and the tissues of the parent 
then viruses which move exclusively in the vascular 
tissue could not possibly reach the embryo. This 
hypothesis could clearly apply only to those viruses 
in which movement is confined strictly to the vascular 
system. In any event, it is difficult to believe that 
even when the main movement ıs in these tissues 
there ig no subsequent movement into cells in the 
neighbourhood. 

The fifth hypothesis I in & paper pub- 
lished in 1952°. I described work carried out in 
these laboratories on the so-called aspermy disease 
of tomato. This is a widespread disease of the tomato 
and especially of the chrysanthemum, and is of great 
importance in the commercial production of the latter 
plant. It was found that this virus has a remarkable 
and devastating effect on the prophase of meiosis. 
The division of the spore mother-cells of both micro- 
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spores and megaspores was completely held up in 
diseased planta and only a very few seeds, if any, 
were formed in diseased plants—hence the name 
given to the disease. Incidentally, the few seeds 
which were produced gave rise to healthy plants. 

Crowley suggested that this condition must be 

confined to this particular virus and could not be of 
wide application’. He writes: “If Caldwell’s sugges- 
tion is assumed true [sic] the scarcity of reports of 
virus-induced sterility is surprising, particularly 
with highly infective viruses such as Tomato Spotted 
Wilt, Cucumber Mosaic and Tobacco Mosaic Virus”. 
This seems to ignore the fact that some seed is, in 
fact, produced from time to time even in the largely 
seedless fruita of tomatoes infected with aspermy 
virus. 
Furthermore, there is evidence from various 
quarters that virus diseases do in fact result in a 
reduction in the amount of seed produced by diseased 
plants and in some cases in sterility. For example, 
Valleau’? showed as long ago as 1941, as Allard had 
previously shown in 19155, that tobacco plants 
infected with virus produced much fewer seeds than 
did the healthy controls. He also showed that the 
amount of pollen produced was considerably re- 
duced. 

A recent paper by Wilkinson! describes observa- 
tions carried out in this Department. In it he shows, 
for the first time, that tobacco mosaic virus has a 
definite effect on the mitotic divisions of some of the 
cells of infected plants, especially in connexion with 
the postponement of the dispersal of nucleolar con- 
tents. It is curious that this has not been observed 
before since tobacco mosaic virus was the first virus 
to be described, and even yet, is the most widely 
examined of all the viruses. . 

It seems reasonable to suggest that the effect of 
viruses on meiotic divisions may well be much more 
marked than has yet been noted. The only fully 
established instance reported so far!’ describes 
meiotic irregularities induced in the meiocytes of 
Nicotiana glutinosa in the presence of ‘aspermy’ 
virus, and correlates this with a reduction of seed 
output per capsule. 

The fact that even in tobacco mosaic virus no 
previous worker seems to have noted its effect on 
plant tissues is significant. It may well be that 
aspermy virus furnishes an extreme example of an 
effect on nuclear division which is to a lesser extent 
yet quite markedly shown by many other viruses. 
At any rate, the observations of Wilkinson on the 
effect of virus on cell-divisions in plants are probably 
very significant and open up a new field of investiga- 
tion. 

Yet another hypothesis, and one which seems of 
supreme importance, has recently suggested itself 
as @ result of some work carried out by research 
workers in this Department. This offers the most 
probable explanation which has so far been formu- 
lated. 

Merrett was concerned with the multiplication of 
virus in plant cells and especially with the effect of 
various inhibitors of enzyme systems on this multipli?” 
cation. He found that phosphate starvation affected 
adversely the multiplication of virus and that certain 
respiratory inhibitors had a similar effect. He 
suggested that this might be a consequence of the 
effect on phosphorylation. It appears possible that 
tomato aucuba mosaic virus (a strain of tobacco 
mosaic virus) cannot multiply when phosphorylation 
is uncoupled from respiration, and it may well be 
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that a surplus of high-energy phosphate-compounds 
is necessary for virus establishment and continued 
multiplication in the plant cell. The location where 
these are most likely to be present is in the green leaf. 
In other tissues, when rapid synthesis of cellular 
components is occurring, competition for adenosine 
triphosphate and other nucleotides conteining high 
energy is likely to be greater. Dinitrophenol, which 
has an inhibitory effect on virus multiplication, fails 
to stimulate respiration in the early stages of germina- 
tion and in meristems. This absence of a surplus of 
high-energy material in the developing embryo may 
well account for the inability of the virus to develop 
in the tissues. It may also account for the apparent 
absence of virus in the apical tissue of such plants as 
dahlia, tomato and chrysanthemum which has been 
reported by various workers (for example, Holmes?*) 
and which has been confirmed by observations made 
in this Department. 

Tf this last hypothesis is acceptable, then it offers a 
reasonable explanation for the absence of virus in the 
embryo and also in certain meristematic regions in 
which the cells may be physiologically in a very similar 
condition. 

When we have finally accepted one or more of these 
hypotheses as being adequate to account either alone 
or together for the absence of virus in the embryo 
of the seed, one is faced with the second question, 
which is in two parte and which seems difficult to 
answer. This is: Why, in a small minority of planta, 
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is it possible for virus to be transmitted through 
the embryo when so many factors seem to be un- 
favourable to its occurrence there; and why, even in 
these plants in which seed-transmussion does occur, 
is only a small proportion of the seed infected ? It 
should be noted that almost all the seed-tranamitted 
viruses have been described by American workers 
and are usually not found in Britain at all. One 
outstanding exception is the virus of lettuce mosaic, 
and with this virus I have myself worked, and have 
confirmed that it is seed-transmitted, though only in 
@ very small percentage of cases is infected seed 
produced even when both parents are markedly 
infected. 

If a-reasonable explanation of the absence of seed- 
transmission has been suggested, the exceptional 
cases pose another and apparently more difficult 
question. 
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RESPONSE OF IRRADIATED CHICKENS IN OXYTETRACYCLINE 
ADMINISTRATION 


Response in the Peripheral Blood of Total- 
Body Irradiated Chickens following 
Oxytetracycline (OTC) Administration 


NTIBIOTIC administration should prevent the 
secondary post-irradiation phenomena. On 
the basis of experiments antibiotic administration has 
been justified’. First of all the application of anti- 
biotics possessing a broad spectrum of antimicrobial 
action was examined’. In the liver a total-body 
X-ray irradiation resulte in disintegration of lympho- 
cytes, liver cell plasma homogenization and necrotic 
foci formation. In the spleen, as has been described, 
the lymphocyte destruction occurs within 24 hr., 
followed by complete destruction of lymphatic 
nodules. Experiments were carried out on chickens*:‘ 
and pigeons’. 

In this experiment a batch of 30 chickens, 8 weeks 
of age, was used. Two groups, one irradiated, the 
other non-irradiated, were given OTC (Pfizer) m a 
dose of 0:7 mgm./kgm. live weight in a 1 per cent 
aqueous solution, 30 dayslong. The single total-body 
irradiation was performed, with a total dose of 500 r., 
14 r.jmin. Peripheral blood picture and histological 
changes in the liver and the spleen were examined. 
To be able to compare the reactions of ‘active’ areas 
in the liver and the ‘productive’ follicles in the spleen 
we measured the relative size in sections by means of 
a calibrated ocular. 

In the red blood cells of both irradiated groups 
of chickens, changes characterized by macrocytic 
anemia were observed. Values of the red blood 
results were not essentially influenced by feeding on 
OTC. Feeding OTC to non-irradiated chickens had 


no demonstrable effect on their red blood cells. In 
the first days following irradiation there was a statis- 
tically significant drop in white blood cells in both 
groups, characterized by lymphopenia and hetero- 
penia. In the irradiated group fed with OTC the 
leucopænia was lower. In this group there was also 
a faster recovery from post-irradiation leucopenia. 
Gross changes after 30 days manifested themselves 
only by a slight diminishing of spleens in all test 
groups. Microscopic changes after 30 days, found in 
the parenchyma of livers and spleens, were minimal, 
but there was a marked response in the ‘active’ areas 
of the lymphatic tissue and the ‘productive’ follicles. 
While in all cases there was a statistically significant 
diminishing of ‘active’ tissue areas in the liver (Fig. 
1A), in ihe irradiated group of chickens and after 
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OTC administration as well, a statistically significant 
intensive activation, that is, enlargement of ‘produc- 
tive’ follicles (Fig. LB) occurred m all cases. OTO 
suppressed the active tissue of the liver in the irra- 
diated area to a much higher degree. 

In conclusion, it may be said that OTC has a positive 
effect on recovery from post-irradiation leucopenia. 
The question arises, of course, why OTC manifests 
itself by suppressing tho areas of ‘active’ tissue of the 
liver while it causes an activation of follicles in the 
spleen. Perhaps it may be supposed that, in view of 
the fact that the blood formation in birds does not 
take place in all hrmatopoietic organs with equal 
intensity, the hrematopoiesis-stimulating substances 
may assert themselves as activators at one time and 
in a paradoxical manner at another, as could be 
observed in our case. 

P. Maca 
J. SURYNEK 
J. KRUL 


1 Miller, P., and Hammont, O. W., J. Lab, Clin, Med., 39, 462 (1952). 
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Stimulating Effect of Oxytetracycline on 
some Fractions of Blood Plasma Proteins 
in Irradiated Chickens 
THE changes in blood plasma proteins in total-body 
irradiated chickens have characteristics of such 
changes as had been described in mammals!. Oral 
tetracycline administration to non-irradiated humans 
in a daily dose of 60 mgm. markedly influences 
the metabolism of plasma albumin and ĝ- and y- 
globulins*. The antibiotics of tetracycline line being 
a common component of fortified feeding mixtures the 
influence of feeding OTC (Pfizer) on the blood plasma 
proteins was followed in total-body X-irradiated 
chickens. 
A batoh of 30 chickens, 8 weeks of age, was used in 
this experiment. Two lots were fed OTC in a dose of 





Fig. 2. §-Globulins plus fibrinogen 
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Fig. 3. y-Globulin 


0-7 mgm. per 1 kgm. live weight in 1 per cent aqueous 
solution per day during a period of 30 days. A single 
total-body irrasistion was performed with a total 
dose of 600 r. (14 r./min.). The plasma was subjected 
to analysis with the aid of paper electrophoresis in a 
wet chamber with the MGF Berlin apparatus. 

In view of separation difficulties B-globulins and 
fibrinogen had to be evaluated jointly. In the lots fed 
OTC, constantly raised values are found, that is, in 
the group that had been irradiated, this occurs after 
the sixth day following exposure (after an initial slight 
drop); in the group that had not been irradiated it 
can be observed as early as the third day following 
administration of OTC (Fig. 2). 

The y-globulin component was the most affected 
one following the irradiation. In the lot that had been 
irradiated, following administration of OTC, an early 
remission occurred (Fig. 3). In the other fractions of 
the blood plasma proteins the administration of OTC 
did not manifest iteelf. 

In conclusion, the stimulating effect manifesting 
itself in the fraction 8-globulins plus fibrinogen can 
be evaluated in both irradiated and non-irradiated 
groups. The stimulation of y-globulins manifested 
itself in the irradiated area only. 

The active share of OTC in the transformation of 
the blood plasma proteins is an indirect one. In spite 
of the marked economic success attained by feeding 
antibiotics to domestic animals the mechanism of 
action in transformation of substances is not ex- 
plained sufficiently, as well-demonstrated facts may 
show: the relationship between antibiotics and 
vitamin utilization (especially B,, and folic acid that 
participate in protein metabolism), between endocrine 
glands and the metabolism of mineral substances. 
The entering of antibiotics into ferment complexes 
cannot be regarded as fully explained. 


P. Maon 
J. SURYNEK 
Department of Pathological 
Physiology, 
Veterinary College, Brno. 
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LETTERS TO THE EDITOR 


RADIOPHYSICS 


Identification of Sporadic-E from Low- 
Frequency Sweep Polarization Records 


MEASUREMENTS of the group height and sense of 
rotation of the polarization ellipse by Brunnschweiler' 
in the swept frequency-range of 100—1,000 ke./s. have 
frequently displayed an interference pattern similar to 
those shown by the records of Fig. 1. This is an 
ordinary h’—f record to which has been added a sense 
of rotation indicator; corresponding to a dark trace, 
the echo polarization is a north into east rotation 
(N—E) while the light trace refers to the echo having 
a north into west rotation (N—-W). Further details 
on the recorder design have been given by Carlson*. 

The interesting phenomenon of the appearance of 
an interference pattern is usually confined to the 
frequency-range of 400-600 ke./s. and corresponds to a 
periodic reversal of the sense of rotation of the polar- 
ization ellipse of the received echo. Since the polariza- 
tion ellipse can be decomposed into ordinary and 
extraordinary modes, the fringe pattern is formed 
whenever the ordinary and extraordinary amplitudes 
alternately exceed each other as the frequency is 
swept. 

Brunnschweiler interpreted the pattern as formed 
from two overlapping echoes, which from ray theory, 
considerations one would expect the upper trace to be 
polarized N—-E (if v<v,-) and the lower one N—W 
as in Fig. la. However, the two echoes are circular 
polarized at ground-level (according to ray theory), 
and interference is impossible. Only if coupling 
occurs can the two overlapping echoes properly 
interfere. The precise manner in which it does would 
be difficult to verify by computation, but with reflex- 
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Fig. 1. Examples of interference fringes 





Fig. 2. Idealized electron density model 


ion taking place above 100 km. (critical coupling 
occurs at 86 km.) it is supposed that the coupling, if 
present, may be quite weak. Thus this phenomenon 
has not been adequately explained. Since the h— 
trace is at almost constant height over the sweep- 
range, it is believed that steep gradients of electron 
density are present so that for a more exact inter- 
pretation one must resort to wave theory. 

It was believed that the steep gradients might be 
associated with the presence of a thin sporadic layer 
and was thought important to investigate the nature 
of the theoretical polarization of the reflected wave 
over the swept-frequency range. 

As a first approximation, the sporadic layer is 
idealized by a rectangular slab of ionization super- 
imposed on the normal ionospheric model as shown 
by Fig. 2. The model examined fixed N max. as 8-5 x 
10° electrons/c.c. and d as 2-75 km. The ion 
for the reflexion coefficient for the two modes of 


propagation (ordinary and extraordinary) is given by: 


1 ~ R: 
l-a —— 
a + and [1 Z ATE R) 
(1 z% %1,2) l l — aut) ti — (1) 
+ Hise 1 4 — 


where F,,, is reflexion coefficient of the two modes; 
B, is propagation constant associated with the 
modes; B, is propagation constant of free space; 
a... is B/B}; d is thickness of the ionized slab. 
In the above relationship it was assumed that the 
background ionization could be neglected so that 
free space prevailed above and below the sporadic 
layer and that the coupling between the modes was 
negligible. This last restriction is justified for fre- 
quencies up to about 600 ke./s. (when N max. = 85 
x 10?) since it can be shown that the mode polariza- 
tion is essentially circular in the slab as well as in 
free space and this implies weak coupling. 

The theoretical reflexion coefficients are shown in 
Fig. 3. Below 368 ke./s. (x = 1+ y, Ratecliffe’s 
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_ notation®), the (N—-W) polarized signal undergoes 
strong reflexion since the complex index of refraction 
- 18 6ssentially a large imaginary quantity which means 

that the wave reflected from the top boundary of 
-the layer is strongly absorbed on reaching the lower 
boundary and cannot interfere with that wave 
reflected at the lower boundary. Because of the high 
absorption the medium appears as a semi-infinite 


l-n 


- slab, thus having a reflexion coefficient of TE. 


But n being a large imaginary quantity results in the 
magnitude of the reflexion coefficient being almost 
unity as shown in Fig. 3. Above 368 kc./s. there is a 
marked decrease in the imaginary part of the index 
80 that proper interference can occur between the 
waves reflected at the upper and lower boundaries. 
The amplitude of the pattern diminishes with increas- 
ing frequency since the index (for the N->W signal) 
approaches unity. The frequency spacing between the 
peaks is determined by the thickness and clectron 
. density of the layer. 

For the mode polarized N-—+E, the situation is 
reversed. At less than 830 ke./s, (x = 1), the imagin- 
ary part of the index is quite small so that interference 

is possible with the reflexion coefficient remaining well 
-below unity particularly for frequencies less than 
368 ke./s. In the vicinity of 800 ke./s., the index 
becomes strongly imaginary so that the reflexion 
coefficient approaches unity. 
. From the proposed model, the ionogram would 
‘correspond to a horizontal trace polarized N—-»W 
below 368 kc./s. while the polarization sense would 
alternate between N-»>W and N—-E above 368 ke./s. 
These genere] features are clearly exhibited by 
Figs. 1b, lc. The theoretical results deviate from the 
experimental ionograms above 600 ke./s. since the 
polarization becomes N—>E as shown by Fig. 3; 
however, it must be emphasized that the theory 
presented is not valid above 600 ke./s. since the mode 
© -~ polarizations in the slab of ionization are no longer 
ireular. Under these conditions the coupling between 
the modes, as introduced by the steep gradients, must 







gradient may no longer’ be valid at these shorter 
_-wave-lengths. 
oy .. Several rocket measurements of the electron 
< _ density reported by Seddon! have quite consistently 
are — wn the presence of high-gradient layers having a 


thickness of 100-2,000 m. in the E-region. Elling® 
has also regularly observed ledges below the F-region 






in the range of 110-170 km.; the critical frequency of 
ledge existing below 110 km. could not be measured, 

- but the density was estimated as 1-5 x 10° electrons/ 

oo . It-is believed that the proposed explanation ade- 
quately describes the general features of the records in 
= view of the idealized model used and yields a method 





considered; in addition, the assumption of a steep — 


“of determining the lectron density by ne ing the 


frequency at which the interference pattern begins; — 
also, one can estimate the thickness of the slab from __ 
the frequency spacing of the ‘beats’. : 
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(604-8,012). 


C. P. Tou 
Ionosphere Research Laboratory, 
Pennsylvania State University, 
University Park, Pennsylvania. 
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Sudden Increase in the lonosphere F2- 
Region lonization associated with Solar 
Flares 


Knecht and Davies! reported recently two cases of 
sudden increase in the #2-layer ionization, associated 
with solar flares. With the previous communications 
of Dieminger*?, Minnis and Bazzard* and Harrison‘ 
a total of five cases has been reported up to now. 
We present five more cases, observed at São Paulo 
during November 20, 1960, and July 11, 12, 18 and 
21, 1961. We are ignoring here another event 
associated with the 3 + flare of July 23. On that day 
an ionospheric storm was in progress, causing very 
erratic behaviour of the F-layer. 

The #2-layer maximum electronic density as a 
function of time is shown in Figs. 1 and 2; in the same 
figures are indicated the occurrence of flares and 
short-wave fade-outs (on a Rio de Janeiro—-Saio Paulo 
circuit). 

A. significant increase of the F2-layer ionization 
was observed in all cases examined, shortly after the 
beginning of the flares. The resulting perturbation 
had a life-time of 1-2 hr. In some instances (for 
example, July 11, 18 and 21) other unknown phenom- 
ena caused further strong perturbations of the F'-leyer. 
During July 12 the strong absorption made impossible 
the measurement of f,/, immediately after the flare, 
but the following measurements suggest an increase 
in F-layer ionization. 
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Nma. of the F2-layer as a function of time for July 11, se 18 and 


Fig. 2. 
21, 1961, at Sho Paulo. —O—O—, Observed values; 
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It is possible to estimate the attachment coefficient, 
B, in the F-layer using the data for November 20, 
1960, with the following assumptions: (a) the radia- 
tion associated with the flares caused a burst of 
ionization, superposed on a decaying ionization; 
(b) the ionization decays by attachment processes 
only ; (c) the values of ‘normal ionization’ extrapolated 
—from observations made before and after the per- 
turbation—can be determined by the method indi- 
cated by Minnis and Bazzard*; (d) the influence of 
ionospheric movements is negligible. 

Lack of detailed knowledge of the perturbation, by 
reason of the time-interval between ionospheric 
soundings (C hr.), does not allow a precise calcula- 
tion. However, during the perturbation of November 
20, we estimated the value of $ to be between 3-6 x 
10 and 5-3 x 10~ per sec., at a true height of about 
315 km. This estimate is somewhat higher than the 
values indicated by Ratcliffe’. 

This work was supported by the Conselho Nasional 
de Pesquisas and the Instituto de Pesquisas da 
Marinha. 

L. Q. ORSINI 
R. H. MAzza 
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PHYSICS 


Flow of a Dusty Gas between Rotating 
Cylinders 


Ix a recent article, Sproull! describes some experi- 
ments in which he measured the torque with air in a 
rotating cylinder viscometer and found a significant 
reduction of torque when the air was dusty. He 
attributes this to the viscosity of dusty air being less 
than that of clean air because the dust particles 
reduce the mean free path of the air molecules. 
However, this explanation is difficult to understand, 
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and in any event contradicts the 
Einstein formula’ for the viscosity of a 
suspension, according to which the 
viscosity will increase in proportion with 
the bulk concentration of the dust. 

In the experiments, the axes of the 
cylinders are vertical and there is an 
axial flow vertically upwards to prevent 
the dust settling out. The dust particles 
tend to move along the streamlines of 
the air, but they have a small downwards 
velocity relative to the sir due to 
gravity and an outwards radial velocity 
due to centrifugal force. As the part- 
icles move onwards, they carry momen- 
tum with them, thus providing an 
extra mechanism, in addition to the 
normal effect of viscosity, for the trans- 
mission of stresa inside the air. This 
extra stress perturbs the distribution of 
tangential velocity and alters the 
torques on the cylinders; and it is 
believed that this is basically the 
ex planation of the phenomenon. 

Let V(r,z) denote the tangential velocity of the air 
at a distance r from and at a position z along the 
axes of the cylinders. For clean air, V depends only 
on r; for dusty air it varies with z because the con- 
centration of dust will in general vary with height. 
The outwards velocity of a dust particle due to the 
centrifugal force is u = V*r/r, where + = m/6rua, m 
denoting the mass and a the radius of a particle, and 
it is assumed that the particles are sufficiently small 
for the drag on them to be given by Stokes’s law’. 
(+ is a measure of the time for the velocity of a particle 
to become adjusted to changes in the velocity of the 
air.) The flux of angular momentum per unit length- 
carried by the dust across the surface of a cylinder of 
radius ris 2xnrNumVr = 2nmNerrV4, where N is the 
number density of the particles, mN being their mass 
concentration. Hence, the torque per unit length on ` 
the cylinder is 
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where G is the torque per unit length on the inner 
eylinder ‘and u is the viscosity of air. Equation (1) is 
approximate in that the variation of V with z is 
assumed small; this is valid if the mean axial velocity 
W is large compared with the mean migration velocity 
a. The value of N will follow from a calculation of the 
trajectories of the dust particles and a knowledge of 
the distribution of N at the bottom of the cylinders. 
The latter depends upon the inlet conditions and will 
not be known precisely, so that for the present purpose 
a rough approximation is taken. This is N = 0 for 
R, <r < Riz); N= N, for R@) <r < Rẹ where 
R-R, = fiz/W, and R, and R, are the radi: of the 
inner and outer cylinders, respectively. The boundary 
conditions for equation (1) are V = 0,R,whenr = R, 
and V = 0,8, whenr = R, where 0, and O, are the 
angular velocities of the cylinders, together with V 
continuous atr = R. If R > R, the dust has all 
migrated to the outer wall, which acts as a sink of ` 
dust, and the air is clean. 

For small values of mN,t, we may replace V on the 
right-hand side of (1) by its value for olean air. The 
integration of (1) is now perfectly straightforward and 
gives: 
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where Qr = 0,-—(0,—Q,) (R,-#)/(R,-R,), and the 
formula has been simplified by assuming RR £R.. 
The torque per unit length on the outer oylinder then 
follows from (1) with rV? = R,*,?. 

It follows from (2) that the magnitude of the 
torque on the inner cylinder is reduced or increased 
according as Q, is greater than or less than 9,. In 
Sproull’s experiments, the inner cylinder was at rest, 
Q, = 0, and the torque on it would therefore be 
reduced by the outwards migration of the dust, which 
is in accordance with the observations. With typical 
values of mN, = 2 x 10-*gm./e.c., t = 4 x 10- sec., 
Ry-h, — 7° mm., R, = 5 CM., QD, — 6 860.71, u = 
1-8 x 10~ poise, the percentage reduction in torque 
is of the order of 15 per cent, which is of the order of 
magnitude as that observed. A more precise com- 
parison with experiment would need to take account 
of the variations of size of particle in the dust and 
would also need a better knowledge of the distribution 
of dust in the gap between the cylinders. 

Sproull! also reports the observation that adding 
dust to a turbulent flow of air through a pipe of other 
system reduces the loss of pressure for given rate of 
flow. The explanation of this phenomenon seems to 
be that when the dust particles are not too small, 
their ‘relaxation time’ + will be comparable with, or 
greater than, the time-scale of the turbulent fluctua- 
tions. The dust particles do not then follow the air 
motion but lag behind the turbulent fluctuations of 
velocity. Tho relative velocity of dust and air causes 
an extra dissipation which extracts energy from the 
turbulence and presumably damps it, thereby reduc- 
ing the Reynolds’ stresses and the loss of pressure. 
(Preliminary calculations have indicated that this 
damping effect of coarse dust may be sufficient to 
stabilize a laminar flow of air which is otherwise 
quite unstable.) On the other hand, with fine dust for 
which + << turbulent time-scale, the dust follows the 
air motion closely and its main effect is to increase the 
effective density of the air, thereby increasing the 
effective Reynolds’ number of the flow and the 
Reynolds’ stresses. 


P. G., SAVFMAN 
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In the article to which Dr. Saffman refers', it was 
stated that tests in 1958 using horizontal disks showed 
a decrease of about 40 per cent in the viscosity of air 
when dust was suspended in it at a concentration of 
about 0:25 kgm./m.*. Subsequent tests in 1960 using 
vertical cylinders yielded the same result, within 
experimental error. 

In the 1958 teste, the gravitational field was normal 
to the horizontal test surfaces, whereas in the 1960 
teste, the gravitational fleld was parallel to the 


vertical test surfaces. This field, having a strength of . 


about 980 om./ses.*, is about six times as strong as the 
centrifugal field produced when one of the test cylin- 
ders, about 12 em. in diameter, was rotated at 50 
rev./min. Thus, in the 1958 teste, the dust particles, 
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because of gravity, drifted downward, away 
from the sensing disk, obeying Stokes’s Law, 
at a rate about six times that at which the 
dust particles, because of centrifugal forces, drifted 
outward, away from the sensing cylinder, obeying 
Stokes’s Law, in the 1960 tests. 

If Dr. Saffman’s theory that this drift plays a key 
part in the phenomenon be accepted, then the observed 
reduction in ‘apparent viscosity’ (Dr. Saffman infers 
that it is not really a reduced viscosity) should have 
been (six times ?) greater in the 1958 tests than it was 
in the 1960 tests. This, however, is contrary to the 
facts, so I cannot accept his explanation, but still 
maintain that the gas viscosity is really greatly 
reduced by the suspended dust. Moreover, his expla- 
nation would predict a different result when the 
driven cylinder rotated at 25 rev./fmin. from that 
obtained at 50 rev./min., but no difference was 
observed. 

Regarding Dr. Saffman’s comments about dusty 
gas flowing turbulently, I certainly agree with him 
that “the dust particles do not then follow the air 
motion but lag behind the turbulent fluctuations of 
velocity”. Here we are confronted with inertial 
forces hundreds or thousands of times as great as 
the weight of the particles. Nevertheless, a simple 
calculation based on well-established equations such 
as those of Darcy or Fanning? shows that the observed 
reduction in the difference of pressure necessary to 
maintain the turbulent flow can be accounted for 
exactly (within experimental error) by ascribing it 
entirely to the reduction in viscosity observed in my 
experiments. In fact, the observed reduction m 
difference of pressure led me to look for a viscosity 
reduction of about 40 or 50 per cent at this concen- 
tration of dust, and this is just what was found. 

Dr. Saffman’s statement that my explanation 
“contradicts the Einstein formula” is not alarming 
because Einstein’s formula was derived for the case of 
particles suspended in a liquid, in which the basic 
phenomena of viscosity are quite different from those 
in a gas. Moreover, Einstein’s formula does not agree 
with experiment, even for a liquid suspension’. 

Dr. Saffman’s comments introduce some challenging 
ideas and some nice mathematics which I appreciate. 
I regret that I cannot agree with his conclusions. 


Wayne T. SPROULL 
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Complexes of Amino-Acids with Oxygen 


It has been well established by Evans'~* that 
oxygen will form contact charge transfer complexes 
with a wide variety of hydrocarbons. The formation 
of the complex is observed spectroscopically. It is 
seen that when oxygen is dissolved in solutions of 
hydrocarbons under very high pressure, a new 
broad absorption band appears to the long wave- 
length side of the first singlet absorption band of the 
hydrocarbon. In many cases there is superimposed 
on this broad band a structure which is the first 
triplet absorption spectrum. This has been used by 
Birks and Slifkin® for measuring the first triplet-levels 
of the polycyclic aromatic hydrocarbons. 
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The importance of oxygen in biological systems is 
only too obvious. In this communication some obser- 
vations are presented on the spectra of oxygen- 
amino-acid solutions. 
high pressure (about 2,000 Ib./in.*) in concentrated 
aqueous solutions of some amino-acids, that is, 
proline, glycine, alanine and tryptophan, these bemg 
among the more soluble amino-acids, and the spectra 
of these solutions observed with the SP 500 spectro- 
photometer. The experimental arrangements were 
very similar to those of Evans’. 

In all cases it was observed that the addition of 
oxygen caused a reversible increase in the ultra- 
violet ahsorption of the solutions. The new spectra 
for oxygen in proline, glycme and alanine were very 
similar; a typical example is shown in Fig. I. A 
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different spectrum resulted for tryptophan and is 
shown in Fig. 2. The spectrum of oxygen only in 
water is also shown in Fig. 1, and it is seen that this 
absorption 1s much less than that appearmg with an 
amino-acid. It seems very probable that this new 
spectrum is due to an oxygen—amino-acid complex. 
In the case of tryptophan the structure seen on the 
band with a maximum at about 380 mp (3-27 eV.) 
is probably due to the transition from the ground 
singlet state to the first triplet state of the tryptophan. 
Phosphorescent measurements® show the maximum 
of the emission band from the first triplet state to the 
ground singlet state to be at 450 my (2-76 eYV.). 
However, ıt is well known that there is little overlap 
between the singlet absorption and emission band 
maxima for tryptophan. The fluorescent spectrum 
has a peak at 348 mp (3-56 eV.)? while the first 
absorption band has a peak at 285 my (4°35 eV.)®. 
Hence this value of 3-27 eV. for the ground-level to 
triplet-level absorption spectrum is very reasonable. 

No effect was observed with oxygen in aqueous 
solutions of fibrinogen and y-globulin. This negative 
result, however, may well be due to the compara- 
tively low concentrations of protein as compared with 
amino-acid, or due to the high turbidity of the protein 
solutions which may have masked any spectral 
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Packing of Spheres 

Koort! has described experiments with equi-sized 
steel balls of 0-3175 cm. diameter in loose and in 
dense random stable packings, having volume packing 
densities of 0-60(1) and 0-63(7), corrected for wall 
and top—bottom effects. The specific gravity of steel 
is high, and this may have had an influence on the 
arrangement of the spheres, as the impact of the 
falling or rollmg balls will have been rather high. 
Some experiments have been done with nylon spheres 
of comparable diameter, 0:287 + 0-002 om., and a 
specific gravity of 1-15(6) + 0-02. These were a loan 
from Prof. H. Kramers of Delft. 

The balls were fed into a polythene cylinder of 3-8 
om. diameter and 17-5 em. high by pouring them from 
a flask at a fixed position, 9 cm. above the cylinder, 
on the conical part of a funnel, which had an approxi- 
mately cylindrical lower part of 3-0 om. diameter and 
4-0 em. height. The funnel was placed some milli- 
metres above the cylinder. Packing heights of about 
8-7 and 17-5 om. were used. The fillmg time was 11 
and 1-5 sec., the latter being the shortest time possible 
without clogging the funnel. Furthermore, the 
spheres were dumped slowly, in 60 sec., directly 
from the flask into the cylinder. ‘Some experiments 
were done with water in the cylinder. the water-level 
being 2 om. above the spheres after filling. 
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After measuring the top level in the loose state, the 
cylinders were tapped 400 times with a machine 
making 245 taps per min. of 0-3 cm. height. Constant 
volume was then reached always for this denser 
packing. 

Table 1 shows the resulta obtained, expressed 
in uncorrected volume packing densities. Hach 
experiment was performed twice, duplicates showing 
differences averaging 0-0015. 


Table 1 
la mg Ba height Loose stato Dense state 

800. 

15 17°5 0:556 0-588 
11 17-5 0-501 0-598 

1:5 8-7 0 568 0-587 
it 8-7 0-683 0-601 
60 176 0 575 0-505 

Under water 

11 8-7 0 588 G-goi 
80 8-7 0 582 G 608 


All dense-packing figures were close to each other, 
but some of the differences present in the loose state 
remained, demonstrating the freezing of interstitial 
space distribution even for these large, almost perfect 
spheres of low specific gravity. This would indicate 
that there was not quite perfect random piling after 
tapping. 

A emaller filling height gave somewhat higher 
densities. The wall effect should be higher, causing 
lower overall packing, as was found by Scott for 
steel balls. For the lighter nylon spheres, however, 
the effect of greater average falling height predom- 
inated. More rapid filling gave lower dense packing 
and in the loose state a lowest figure of 0-556. Filling 
slowly in 1 min. from the flask, and thus from a 
smaller height of fall, decreased the density again. 
Filling below water, causing a smaller velocity of fall, 
increased the loose-packing density somewhat, but 


the dense packing was practically equal to the density. 


in air (compare Fraser’). 

The correction for the higher marginal voidage at 
the walls is somewhat difficult. Application of the 
equations of Verman and Banerjee? and of 
Zahvoronkow (see ref. 4), which assume that the walls 
influence the particle distribution in one or two 
layers, would give rather low corrections of about 
0-01. The empirical formula of Brown and Hawksley® 
using Ad = 0-28 would give a correction of 0-036 for a 
cylinder of a height equal to the diameter, or about 
0:03 for my apparatus. Scott determined the correc- 
tion empirically by varying height and diameter. 
Taking from his Fig. 3 the correction for a diameter 
of 4-2 am. and using it for my experiments with some- 
what smaller spheres in a cylinder of 3:8 cm. would 
give 0-03 for loose and dense packings. The correction 
for height will be rather low, about 0-01. Applying a 
total correction of 0-04 to my extreme densities in air 
would result in 0-58(6) and 0:64(1) respectively for 
loose and for dense ‘random’ packing, in good agree- 
ment with Scott's figures. 

Lower sphere-packing densities of 0-53 have of 
course been reported, obtained by rapidly inverting 
a cylinder or by diminishing the air flow through a 
fluidized bed. Brown and Hawksley’ reported a 
corrected value of 0-57 for loose packing of steel ball 
bearings of 0-635 om. poured rapidly into a rather 
small cubical container. Kohn and Gonell* men- 
tioned figures of 0-587 in the loose state and 0-638 
after tapping for glass spheres of 0:05 cm. diameter, 
falling from a considerable height in a mass into a 
large cylinder. For lead shot of 0:378 cm. poured and 
shaken in portions into a large cylinder, Smith’ 
obtained a maximum density (corrected) of 0-641. 
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A concluding remark may be made about the 
packing density in flowing suspensions of nylon 
spheres, dispersed in a sugar solution of specific 
gravity 1-174 and a viscosity of 8 cP. Using a rotation 
viscosimeter with a rotating inner cylinder of 3-9 cm. 
diameter and 6-0 am. height within a vessel of 8-7 cm. 
diameter, and a total height of the suspension of 
9 cm., with rotation speeds of 243 rev./min. and less, 
the spheres were just under the fluid-level at uncor- 
rected packings of 0-60(6) at shearing and 0-61(6) at 
rest after shearing. Correction for wall effects now 
implies two cylinder walls and four top and bottom 
surfaces, and would give a corrected density of 0-66- 
0-67 on shearing. A somewhat more dense packing is 
thus reached by such flowing as compared with ran- 
dom packing. More regular packing was also observed 
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METEOROLOGY 


Water Vapour Supply to the Middle 
Stratosphere 


Goldsmith and Brown! recently proposed a new 
model for stratospheric circulations. The essential 
feature distinguishing this model from the Brewer- 
Dobson™* model is that the upwelling and drymg of 
air in equatorial regions do not penetrate to greater 
heights than about 80,000 ft., above which height 
stagnant air prevails. Observations show that the 
air above 80,000 ft. 18 moister than below. 

The authors postulate that moisture passes 
through the dry layer over the poles in the summer- 
time, which suggests that the source of moisture is 
the Earth’s surface. In a note added in proof they 
withdraw this suggestion because measurements 
have shown the lower polar stratosphere to be dry 
also in the summertime, and suggest an extra- 
terrestrial source. 

Jt occurs to me that not all possibilities for moisture 
supply from Earth’s surface to the middle strato- 
sphere have been examined. 

Because of heat balance requirements, I was, in 
an earlier paper‘, forced to postulate an upward 
stream of air through the tropical lower stratosphere, 
effected through smaller air pockets being rapidly 
carried up to levels where pronounced radiation 
excess exists. If these disturbances were of limited 
extent and of a temporary nature, the conditions in 
the lower stratosphere need not be disturbed to a 
measurable degree. 

Rapidly rising air in narrow currents, where the 
flow is strong enough to carry along most of the 
condensed water, may be able to transfer a consider- 
able amount of moisture from the troposphere to the 
middle stratosphere. 

In a column of air rising rapidly through the 
stratosphere, the temperature will generally be lower 
than the environmental air temperature. This may 
cause heating of the rising air by various means, 
making evaporation of droplets possible. This will 
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raiso the dew-point temperature somewhat. The 
upper limit for-the temperature and, therefore, also 
for the dew-point temperature in the rising air, must 
be the equilibrium temperature satisfying the heat 
balance requirements, an approximation to which 
must be the local environmental temperature. 

After the upward flow of air has terminated only 
slow movements will occur for a long time, and con- 
densed water vapour will be removed in the same way 
as for the Brewer process; but water in vapour form 
will stay. It is thus possible that as a net result 
more moisture will be supplied to the region well 
above than to the region just above the tropopause, 
because the normal temperature at the upper level 
18 higher than that at the lower level. 

The vertical transfer of air is an energy-consuming 
process and must draw its supply of energy from 
another source. In order to satisfy the condition of 
undetectability we must look for this source among 
the smaller, but still violent, atmospheric disturb- 
ances, that ıs, thunderstorms or possibly tropical 
cyclones. It may be mentioned that Glass’, during 
an investigation in Arizona, found that a number of 
thunderstorm heads penetrated into the stratosphere. 
It seems likely that even more vigorous storms occur 
in the tropics. 

It is mteresting to note that if the vertical transfer 
were caused by thunderstorms, surface air rather than 
upper tropospheric air might be brought into the 
stratosphere. This air must be expected to be rela- 
tively rich in radon and may explain the high con- 
centrations of radium-D measured by Burton and 
Stewart in the stratosphere‘. 

PER B. Storpse 
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ENGINEERING 


Permanent Electrodes for 
Magnetohydrodynamic Power Generation 


THE principles of magnetohydrodynamic generation 
have been experimentally verified!, and quite large 
amounts of electrical power have been produced 
experimentally using plasmas at temperatures around 
2,500° C. obtained from the products of combustion 
of hydrocarbons with oxygen by seeding with pot- 
assium. Brogan et al.2 have generated more than 
200 kW. for 9 seco., and Way et al.? have generated 
10 kW. for many minutes; but the electrode sur- 
faces were considerably eroded during the course of 
both these experiments. One of the major problems 
18, therefore, to find an electrode which is stable and 
which will emit electrons (to maintain electronic con- 
ductivity in the plasma) into a fast-moving partially 
ionized gas stream containing carbon monoxide, 
water vapour and impurities such as sulphur which 
normally poison low-temperature cathodes, at a 
pressure of about one atmosphere and a temperature 
In excess of 2,000° C. 

The purpose of this communication is to report 
some preliminary results which suggest a possible 
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way in which such permanent electrodes may be 
obtained. 

Experiments are being carried out using a kerosene- 
oxygen rocket motor test facility described by Zie- 
bland‘, and up to 3 per cent by weight of potassium, 
present as the naphthenate, has been used in the 
fuel. Conductivity measurements have been made 
using initially carbon and then water-cooled copper 
electrodes placed in the exhaust of the motor. 

A carbon electrode inserted into the gas stream 
approaches the stagnation temperature of the stream 
and will emit electrons up to the temperature-limited 
current given by the Richardson equation. Such 
current saturation has been observed in the experi- 
ments of Mullaney, Kydd and Dibelius*’, who have 
measured the electronic conductivities of propane- 
oxygen flames. At 1,800° C. their carbon electrodes 
saturated at 25 m.amp./om.2. We have found no 
clear evidence of saturation using carbon electrodes 
up to fairly high current densities (4 amp./cm.*), but 
the temperatures are higher (greater than 2,500° C.). 

In the course of our experiments large currents 
were observed from the carbon electrodes to the 
water-cooled rocket nozzle, suggesting that there was 
considerable electron emission from the cooled 
copper surface. ‘This fact, which was unexpected, 
led us to consider the use of water-cooled probes in 
place of carbon. We should expect water-cooled 
electrodes with a surface temperature around 400° C. 
to produce results corresponding to ionic conduct- 
ivity® with resistances higher by a factor of at least 
100 compared with the electronic conductivity 
(emitting probes) case. Experimentally a factor of 
only 10 was found. 

Deposition of a thin layer of carbon on the cooled 
surfaces may explain the results obtamed. Slight 
photographic evidence has been found of bright 
layers on the water-cooled probes, although the 
presence of high-temperature gas in the immediate 
vicinity makes discrimination difficult. A carbon 
deposit certainly remains after a firing is completed. 
but it is not possible to say how much of this is 
caused by the excess fuel which is necessarily present 
during shut-down. : J. P. Sellers, jun.’, has shown 
experimentally that heat transfer in rocket motors 
can be considerably less than expected, and he has 
put forward a similar explanation in terms of a layer 
of carbon deposited on the walls. Under his operating 
conditions, that is, gas (presumably stagnation) tem- 
perature 3,258° O., the calculated surface temperature 
of the carbon lies between 2,500° C. and 2,800° C., 
which should be sufficient to give very large therm- 
ionic emission. 

The thickness of the carbon layer at the mid- 
point of this temperature-range is calculated to be 
0-0022 in. using the value of thermal conductivity 
for lamp-black. Most of our experiments were made 
in the oxygen-rich condition, and it is difficult to 
understand how there can be sufficient free carbon 
present. There are, however, several possible ex- 
planations such as catalytic effects due to copper 
or thin films of copper oxide. Variations of mixture 
ratio to the fuel rich side had no significant effect, 
as was also found by Sellers. It may be possible 
to improve the emission characteristics if necessary 
by introducing small quantities of barium into the 
stream in addition to potassium; any barium present 
in the deposited layer would considerably enhanco 
the available cathode electron current density. 

There is some variation in the properties of elec- 
trodes in reported msgnetohydrodynamic experi- 
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ments. Pain and Smy’*, using very high-temperature 
gases (around 10,000°C.) in a shock tube, discuss 
boundary layer breakdown at very high currents 
with cold metal electrodes. Brogan et al.* report 
electrode voltage drops of 60-80 V. with hot carbon 
electrodes. They abandoned extended electrodes in 
favour of +-in. diameter carbon rods to obtain cur- 
rent densities high enough for the generator to mani- 
fest the ohmic behaviour of the hot gas. Way et al? 
with hot electrodes do not have very large electrode 
drops (only 3 V.) while in our own experiments with 
both carbon and water-cooled copper electrodes the 
voltage-current characteristics go sensibly through 
the origin. Furthermore, these characteristics were 
all linear, contrasting with the Langmuir type satura- 
tion observed in similar exper:mmenta at these labor- 
atories using water-cooled copper electrodes in the car- 
bon free plasma from an arc-heated argon plasma jet. 

As & result of our experiments it appears that it 
may be possible to have stable electrodes of indefinite 
life by using cooled metal surfaces on which a thin 
layer of carbon is deposited from the gas stream. 
As this layer is ablated away more carbon may be 
deposited to maintain an eqwilibrium thickness, so 
that the electrode surface is continuously replaced. 
The carbon surface in contact with the ionized 
will be hot enough to emit freely so that there should 
be no drop in voltege at the electrodes, and the heat 
transfer should be considerably less than that to a 
_ bare cold metal surface. 

Experiments are continuing to investigate the pro- 
posed electrode system more fully. 

We should like to thank the Director of E.R.D.E., 
Waltham Abbey, Essex, for his permission to use 
the rocket facilities, and Mr. H. Ziebland for his 
assistance and for many helpful discussions. This 
communication is published by permission of the 
Director of the Central Electricity Research Lab- 
oratories, Leatherhead. 
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A Development of the Use of the 
Electrolytic Tank for Field Studies] 


A TECHNIQUE for the establishment of a field 
which satisfies Poisson’s equation in a conducting 
sheet analogue is that suggested by Peierls? and 
involves supplying current to the sheet so that current 
and voltage in the analogue represent respectively 
the potential and stream functions of the original 
field. If the current supply is to be distributed it is 
necessary to make an approximation by subdividing 
the region into a number of finite areas each fed with 
a current concentrated at the centre, and refine- 
menta of this method have included an examination 
of optimum electrode size for these currents when 
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the complete solution may be built up of a number 
of particular solutions’. 

An alternative analogue which I am investigating 
is derived from the generation of eddy currents 
within an electrolyte. Electric field E, magnetic 
induction B, electrolyte resistivity p and eddy cur- 
rent density J are related by: 


Curl E = —B 


E = pJ 
Thus, for current flow in two dimensions; 


0 op ð ( aa on 

se) + ao alae 
where > is the current (or stream) function, and B, 
is the induction of the transverse magnetic field. 
This reduces to Poisson’s equation as the dependence 
of B on ¢ is diminished. 

For the measurement of local eddy current density 
and direction, J have used a probe composed of a 
rectangular wafer of insulating material arranged to 
pivot vertically about a central axis. Flat electrodes 
cemented to the two vertical edges of the wafer are 
connected to a coaxial cable concentric with the pivot 
by leads running along the top of the wafer, and the 
far end of the cable is connected to a remotely 
placed resistor the value of which is made equal to 
the resistance between corresponding faces of the 
bulk of electrolyte displaced by the probe when the 
latter is dipped into the electrolyte; the current 
density is measured in terms of the potential differ- 
ence across the external resistor. An essential 
requirement for accuracy of measurement is that the 
probe dimensions should be small relative to the 
radius of curvature of the local current path, and, 
provided this is satisfied, tests on models of simple 
geometry with the electrolyte energized by an 
alternating magnetic field of frequency 1,000 0. /s. 
have justified the method as regards both orientation 
of the probe for maximum current in the resistor 
and the value of current density obtained. 

J. HUDSON 
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Irradiation Effects in Strain-aged Pressure 
Vessel Steel 


Boru neutron irradiation and normal ageing 
phenomena may separately cause deterioration in the 
properties of mild steels by increasing the brittle— 
ductile transition temperature. In the case of reactor 
pressure vessels, the effects of neutron irradiation 
alone may increase this transition temperature to 
values well above room temperature. For purposes 
of reactor design, as well as for estimating the permiss- 
ible service-life of a reactor pressure vessel, it is 
therefore essential to have reliable data regarding 
this effect, and considerable effort hes been, and is 
being, devoted to this end. So far as we are aware, 
published data for mild steels are limited to steels 
in the normalized condition. In the absence of irradia- 
tion, ordinary ageing phenomena occurring during 
the life-time of a pressure veasel may alone cause a 
significant (~ 80 — 40°C.) increase in the brittle— 
ductile transition temperature, and the question 
arises whether the effects of neutron irradiation and 
ageing are additive or whether the increase due to 
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irradiation can be considered. to include any deleterious 
effects arising from ageing. 

We have therefore irradiated specimens of the steel 
used in the pressure vessel of thə Swedish reactor 
now under construction at Ågesta. Half the speci- 
mens were made from normalized plate, whereas the 
remainder were made of strain-aged material from 
the same plate. The steel in question is a modified 
version of the Swedish standard steel SIS 142103, 
being an aluminium-killed carbon manganese steel. 
The actual plate used had the following analysis: 


Cc Rh An P 8 Cr Ni Mo Cua N Al 
0-15 0-41 1-59 0-014 0012 002 001 005 005 0-008 0-034 


Strain-aged material was obtained by pulling rods 
cut from the plate to 10 per cent elongation and 
then heating them for 1 hr. at 250°C. The material 
was in the form of compound plate of thickness 
65 mm. and clad with 5 mm. austenitic stainless steel 
on one side. 

Charpy V-notch impact specimens, sub-size impact 
specimens and tensile specimens were made with 
their length parallel to the direction of rolling and 
taken from a@ position 10 per cent of the plate thick- 
ness from the surface. The notch in the impact 
specimens was oriented perpendicular to the plate 
surface. The sub-size impact specimens were 
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3-33 mm. x 3:33 mm. x 27-5 mm., with a 0-8-mm. 
deep notch of 0-11 radius and 45° angle suitable for 
testing in a small Charpy-type impact machine with 
22 mm. distance between the supports'-*. Tensile 
specimens were 30 mm. between shoulders and 4 mm. 
in diameter; they were tested in a hydraulic machine. 

The specimens were irradiated in the French 
graphite-moderated reactor G1, the rig used being 
similar to the one described by Merinot and Wallet‘, 
and placed in the vertical channel P@4. The irradia- 
tion continued for 120 days at a temperature between 
the limits 160° and 190°C. Neutron dose was 
measured by threshold detector foils of nickel, copper 
and titanium which were placed about every 15 cm. 
along the rig. At the moment, only results from 
the nickel foils are available. Assuming that the 
neutron spectrum was similar to that of an infinite 
homogeneous graphite system, as described by 
Robinson ef al.', the neutron dose received by our 
specimens was, in terms of different neutron en 
regions: 87 x 10! n./em.? (> 0-6 MeV.); 2:4 x 1018 
n./eom.? (> 1 MeV.); 1:0 x 108 n./em.* (> 2 MeV.). 

Relative values of neutron doge along the experi- 
mental channel have been measured accurately, and 
it is known that all the sub-sized impact specimens 
received the same neutron dose. Other specimens of 
the normalized material received about 15 per cent 
lower dose, whereas other specimens of the strain- 
aged material received about 10 per cent higher dose. 
These doses are, within a factor of 2 or so, similar 
to that which, according to current Swedish con- 
ditions, might limit the useful life of a reactor 
pressure vessel. 

The results of the Charpy V-impact tests are 
shown in Figs. 1 and 2. Defining the brittle—ductile 
transition temperature by the 2-6 kgm./em.? (15 ft. Ib.) 
value, the values given in Table 1 are obtained. 

The greater increase in transition temperature of 
the aged material may be attributed to the somewhat 
higher neutron dose. The sub-size impact test results 


Table 1 
Normalized Normalzed 
and aged 
Transition temperature, unirradiated — 96°C —§0°C, 
Transition temperature, irradiated — 65°C 0° 0, 
Increase in transition temperature 40° © 50° 0. 
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are shown in Figs. 3 and 4. There is, of course, no 
standard method of assessing results from sub-size 
specimens in terms of a given specific energy absorp- 
tion, but it will be seen from the graphs that for any 
given value of energy absorption in the low-energy 
region the shifts in the curves due to irradiation are 
very nearly the same for both aged and normalized 
material. The results from tensile tests are given 


in Table 2. 
Table 2 
Uniform Total 

Yield atrength Tensfis keno) elongation elongation 

(kgm. fmm.*) (per cent) (per cent) 
Normalized $i 18 82 
Normalized 
and irra- 26 
diated 43 60 16 28 
Aged 60 61 5 19 
Aged and 
irradiated 68 69 5 16 


We therefore conclude that, in this particular 
case, effects due to neutron irradiation and those 
due to ageing must be considered as additive. 

We acknowledge the help of the Service de Tech- 
nologie, Commissariat è Energio Atomique, Saclay, 
which arranged for the irradiations. 
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GEOLOGY 


Age of the Cuddapahs, India 


In India, the term ‘Archacan’ has been applied 
to the formations below the so-called Eparchaean 
unconformity—the unconformity at the base of the 
Cuddapabs and their equivalents. The importance 
of the Cuddapshs as a chronostratigraphic unit arises 
out of this consideration. Investigations were initiated 
by me to date the galenas occurring in Cuddapahs and 
related formations. This communication presents 
preliminary results of the lead isotope studies. 

The locations, modes of occurrence and strati- 
graphic positions of the host rocks of galenas are 
given in Table 1. 

Galena is separated from the host rock without 
introducing contamination, and lustrous, unaltered 
crystals are hand-picked and powdered. Lead 
sulphide is converted, into lead chloride and then into 
lead tetramethyl. The experimental set-up and the 
chemical procedure suggested by Collins et al.: were 
largely followed, with some modifications which were 
necessitated by the extremely high humidity (85- 
95 per cent) at Bombay during summer when this 
work was undertaken. The lead isotopic abundances 
were determined with a O.H.C. source mass- 


spectrometer (model 21-103 O; 5 in.; 180° instru- 
Table 1 
al. Geological formation in 
No. General area Location which galena ocours 
1 f: — patie 14° 4522” Yeims in the Cumbum shalos 
Cuddap trict  78°61°38", belonging to Nallamalnt aet- 


lea of the Cuddapah system 


2 Rudrammakota, 17° 14° 20°; Disseminations in the lime- 
Khammam district 80° 12°11". stones of the Pakhal series. 
* Ouddapahs ?) 
~ Middle Dharwars 7) 
3 Kambalapadn, near 15° 30’ 60", route ane in tho por- 
urnool 77° 49’, phyritie granite, 


Dhone, 
district (= ahe piak — ?) 
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Table 2 
Preferred 
8]. model 
No. Area Pp tPp Pb **Pb o, Remarks 
1 Zangam- 1 1586 14-49 384-70 ty Precambrian 
rajupalle 840 
2 Khammam 1 1618 14-80 8578 SAR Precambrian 
8 Dhone 1 5798 2011 4987 - J- 


type lead 
* Tioutermann’s formula, constants of Russell and Farquhar (ref. 8), 
t Houtermann’s formula: constants of Moorbath (ref 4) calculated 
from the unpublished tables of B. P. C. Pockley. 


ment). Not less than 40 sets of peaks were recorded 
for each run, and the run was repeated starting with 
& fresh aliquot of the original mineral sample. Peaks 
were recorded both in the elemental lead and tri- 
methyl lead regions, though the latter were used 
principally in the computations. The mass resolution 
of the instrument is about 1 part in 300 and the aver- 
age reproducibility for peak heights is about 0-5 per 
cent for lead-206, -207 and -208 and about 1 per 
cent for lead-204. The peaks were corrected for 
hydride formation, carbon-12/carbon-13 effect and 
loss of hydrogen, by the method of Bate et al.*. 

The lead isotopic abundance data and the preferred 
model ages (calculated from 206/204 and 207/204 
ratios) are given in Table 2. 

The model age of the Zangamrajupalle galena 
(780-840 m.y.) is not inconsistent with the view that 
Delhis may be approximately the tumme equivalents 
of Cuddapahs, since the post-Delhi pegmatites were 
found to be 735 m.y. old’. The present galena date 
indicates that the Cuddapahs may be younger than 
the Dharwars (2,400 m.y.), Eastern Ghats (1,600 m.y.) 
and Satpuras (950 m.y.)5*, which conclusion is con- 
sistent with geological evidence. 

The Pakhals were regarded by King’ as time 
equivalents of Cuddapahs. Mahadevan! considered 
Pakhals as being comparable with Middle Dharwars. 
The model age of Khammam galena (650-720 m.y.) 
does not constitute any conclusive evidence to sup- 
port either of the surmises. 

The Dhone galena has yielded a J-type lead with 
one of the highest radiogenic components ever re- 
ported in the literature, if not the highest ever. The 
significance of this extreme type of isotopic con- 
stitution is under investigation. 

It must be clearly stated that since the above 
conclusions are based on model ages of a few leads, 
they should be taken as merely pointers, to be checked 
against more extensive data which are being accumu- 
lated. 

I am grateful to Prof. C. Mahadevan and M. B. 
Krishnan for their helpful criticism and to Dr. J. 
Shankar and his associates of the Atomic Energy 
Establishment, Bombay, for the provision of labora- 
tory facilities and technical advice. The samples were 
kindly collected and given to me by my colleagues, 
P. S. Rao, R. Vaidyanathan, K. K. Rao and B. E. 
Vijayam. The financial assistance of the Council of 
Scientific and Industrial Research (India) is thankfully 
acknowledged. 

U. ASWATHANARAYANA 
Department of Geology, 
Andhra University, Waltair, A.P. 
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GEOCHEMISTRY 


Inclusions in Garnets 


A NUMBER of papers have appeared in the geo- 
logical literature in which the relationship between 
inclusion fabrics of garnets and the surrounding 
matrix has been interpreted as giving information of 
deformational significance; the paper by Harris and 
Rast? may be cited as a recent example. As a result 
of the microscopic examination of some two thousand 
garnets in the course of three separate geochemical 
studies (to be published) we are of the opinion 
that some of the interpretations put forward in 
earlier work are not the only possibilities which 
could account for the observed fabric patterns. 

The garnets, which we have examined, came from a 
variety of metasedimentary rocks, in each of which 
examples of the following characteristic types of 
inclusion fabrics were observed: (1) Inclusions in the 
centre of garnet with a clear outer shell: the thickness 
of the clear zone was found to be independent of 
grain size and almost constant for crystals within 
any one lithological band (Fig. la); (2) Inclusions 
apparently randomly dispersed throughout the crys- 
tal in which inclusions may be all large, all small, or 
an apparent mixture of grain sizes. Elongate grains 
often show relationship to cracks in the garnet and 
are not necessarily to be regarded as true inclusions; 
(3) Helicitic structures (S;) are conformable with 
matrix fabric (Se); (4) Angular discordance between 
Sı and Se; (5) S: is S-shaped; (6) S: represents part 
of a microfold overgrown by garnet; (7) Few or no 
inclusions. In addition we observed: (A) garnets of 
type (7) often occurring close to garnets with numer- 
ous inclusions (Fig. lb); (B) garnets intersecting, 
without deflecting, micas and chlorites in the matrix 
often occurring close to garnets with associated 
‘augen’ structures. The above S; fabrics (1-6) show 
no apparent correlation between any of the variables 
—grain size of garnets, grain size of inclusions and 
position of inclusion within the host crystal, with the 
reservations that, in sieve garnets, grains which are 
only partly included are usually larger than the mean 
grain size of those completely included, and that some 
of the less common fabrics (fabrics 5 and 6 above) are 
more easily observed in larger crystals. 

Little work has been published on the experimental] 
establishment of mechanisms of inclusion formation 
in growing crystals. The work of Johnson, of Stober, 
of Correns, and of Schubnikov, as discussed by 
Buckley’, however, has shown that the values of the 
three interfacial tensions: crystal and surrounding 
matrix; crystal and inclusion material; inclusion 
and surrounding matrix, may be a controlling factor. 
The frequent occurrence of quartz as an inclusion in 
garnet may therefore suggest that the quartz-garnet 
interfacial tension is low. The size of such inclusions 
might be expected to be related to the size of the 
growing crystal and to be influenced by external 
factors (for example, temperature) which would 
change the surface-tension values, This model 
assumes the crystal to be growing in a homogeneous 
environment but is not necessarily valid under con- 
ditions where crystal growth is limited by the rate at 
which reactants can diffuse to the surface, and in this 
case dendritic growth would be favoured in directions 
determined by the micropore structure of the matrix. 
This structure may be modified during growth both 
by externally applied stresses and forces resulting 
from the growth of the crystal. A further possible 
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Examples of garnets in metamorphic rocks 


Fig. 1. a-c. 


mechanism of inclusion formation is that the mechani- 
cal properties of the matrix are such that the foreign 
grains cannot be displaced from the growing surface 
but are held in position as the garnet grows around 
them. The most important experimental evidence on 
the influence of inclusions on rate of crystallization, 
which we have found, is due to Stober*, who showed 
that inclusions increased the rate of linear advance of 
a growing crystal surface, in contrast to the views of 
Rast and Sturt*,who believe that a high rate of erystal- 
lization resulted in the development of inclusions. 
While it is not certain that valid conclusions can be 
drawn from comparisons of such widely different 
systems, we believe that Stober’s work at least 
provides an alternative explanation which should not 
be overlooked, 

In addition to these physical models there are 
possible chemical differences in the garnet formation 
reactions which further complex the system and make 
it too involved to allow profitable speculation about 
the influence of all the factors involved. For example, 
a pore solution, which is rich in ionic reactant species 





uati g grains bý —— of A at thei — pane 
interface as a step in garnet growth, while, under 
similarly imposed external conditions, a pore solution 
in reactant B (in another part of the rock or at a 
" stage in reaction) might react at the garnet 
e only. The inclusion structure of the resultant 
ets could be quite different, though they grew 
under similar externally imposed conditions. 
We believe that our observations and those reported 
in the literature such as compositional zoning (based 
_on differences in refractive index) and zoning of inclu- 










— sion patterns may result from two main groups of 


fluences, changes in either of which can alter the 
inclusion fabric of the garnet: (1) Externally imposed 
ce mditions including pressure, temperature, water 
pour pressure, shear stress, possibility of meta- 


5 — somatism. (2) Internally determined conditions such 









ag local changes in chemical composition and 


“mechanical properties resulting from heterogeneity 
of the immedistely pre-garnet lithology. Structures 
described under B, for example, might be explained 
by heterogencity and consequent different nucleation 
and growth environments of garnet and thus would 


not indicate, necessarily, post- or syn-tectonic growth 


as believed. by Sturt and Harris’. Fig. lc shows a 
‘common structure in which one side of the garnet 


“guts across, without deflecting intergrown micas and 


chlorites, which on the opposite side shows a type of 
‘augen’ structure, thus suggesting that the criteria of 
Sturt and Harris are not necessarily valid. Zoning, in 
addition to appearing as a result of changes in external 
conditions, and the local availability of elements, 
could also be correlated with change in growth 
mechanism during development of a garnet crystal. 
Nucleation of the new phase probably occurs initially 
in @ micro-region where the total chemical composi- 
tion approximates to that of garnet; such situations 
may easily be envisaged in metamorphic rocks. 
Growth would then proceed comparatively easily by 
means of rearrangements of readily available elements, 
retaining small amounts of excess quartz (and other 
minerals) as inclusions. When this material has been 
transformed growth may then continue by diffusion 
. from external sources, the composition of the deposi- 
ted material perhaps differing slightly from that of 
the core crystal. These phenomena are not necessarily 
indicative of a time-break in the growth of the crystal 
(ef. Sturt and Harrist, p. 696) and could also account 
„for zones of inclusion patterns’ which would then 
provide no information concerning the deformational 
history of metamorphic quartz. 
We believe that, since these considerations are of 
— fundamental importance to a part of metamorphic 
pe trology, very great care must be exercised in inter- 





ting inclusion fabrics owing to the difficulty in 


— P 
Re tage — information about garnet growth mechan- 
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CHEMISTRY | n. 
Separation and Characterization of the 7 
Stereoisomers of © ee) be 


N .N-Ethylenebis-[2-(o-hydroxypheny!)}- : 
glycine 





THE exceptional efficiency of the TIR E — 


available iron chelate of N, Nothylenebis- [2-(0. 
hydroxyphenyl)]-glycine (EHPG) in correcting iron 
chlorosis induced by hme in plants has long been- 
recognized!, Extensive studies of solution equilibria’, 
analytical’ and medical‘ applications of this substance 
have also been conducted. 
isomeric forms of it are possible has not been indicated 
previously. 
of EHPG: 
OH HO 

| S ⸗ 

J V 


Wk o x. 
CHNHCH CH, NHCH 
| | 
COOH HOOC 


it is apparent that two like asymmetric carbon atoms 
are present as indicated by the asterisks. Accordingly, 
two forms of the compound with different physical and 
chemical properties should exist, a meso form and a 
dl-racemic mixture. It was of interest, therefore, to 
separate and characterize these isomers and to determ- 
ine their possible significant difference in trans- 
locating iron to plants. 

When the iron chelate of unseparated EHPG is 
chromatogrammed in n-butanol/acetic acid/water 
(4 : 1 : 5) as developing solvent, two distinct coloured 
spots of approximately equal intensity are obtained 
(Hill-Cottingham, D. G., private communication), one 
violet spot at Rr = 0-65 and a brown spot at 
Rr = 0-44. The two spots are undoubtedly the iron 
chelates of the meso form and racemic mixture of 
EHPG. 

Purified NaFeEHPG-3H,O (10 gm.) was shaken 
for 4 hr. at room temperature with 200 ml. of the 
upper layer of an n-butanol /acetic acid/water (4 : 1 : 5) 
system; 6-7 gm. dissolved. This saturated solution 
was loaded on to a column prepared in the following 
manner. To 800 gm. of ‘Hyflo Super-Cel’ (Johns- 
Manville Co.) was added with stirring 800 ml. of the 
lower layer of the n-butanol/acetic acid/water system, 
which was then slurried with 2,500 ml. of the upper 
layer. Approximately one-half of this slurry was 
packed into a glass column of 4:4 cm. inside diameter 
to a height of 100 em. 

The separation was accomplished by eluting with 
approximately 4 litres of the upper layer of the 
n-butanol/acetic acid/water system. Two distinct 
bands appeared: a dark violet band below a dark 
brown band corresponding to the high and low Rr 
spots on paper chromatograms respectively. Aliquots 
of the collected fractions were chromatographed on 
Whatman No. 1 paper with n-butanol/acetic acid/ 
water (4 : 1 : 5) as developing solvent. Each major 
fraction gave only one spot, which was identical in 
colour and position with the corresponding spot on a 
chromatogram of the starting material. Intermediate 
fractions collected m the area where the bands over- 
lapped gave two spots of varying intensities. 

The two major fractions containing the separated 
isomers as the iron chelates were concentrated to 
dryness under vacuum. The solid residues were then 





The fact that stereo- z. 
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heated at 95° C. for 4 hr. in the presence of excess 
concentrated hydrochloric acid to dissociate the iron 
chelates and form the amino-acid dihydrochlorides. 
The solid hydrochlorides were washed several times 
with concentrated hydrochloric acid to remove the 
iron chloride, then made pH 3-5—4:0 with 1 N sodium 
hydroxide to form the free acid. Each fraction was 
filtered, washed with water until the filtrate was free 
of chloride, then dried under vacuum. The dry free- 
acid fractions were analysed spectrophotometrically by 
an. iron increment addition method simular to that of 
Hill-Cottingham*. The results are given in Table 1. 


Table 1 


Weight (gm.) Purity (per cent) 
BEPG from violet tron chelate 0:7130 90-0 
EHPG from brown iron chelate 1-4752 98-9 


Paper chromatograms of the iron chelates of thege 
separated isomers yielded only one spot ın esch case. 
Complete visible absorption spectra of aqueous 
solutions of the iron chelates were identical with 
reported spectra!-*, except for a slight difference in the 
wave-length of maximum absorption. The maximum 
absorption of the violet chelate occurred at 485 my 
whereas that of the brown chelate occurred at 475 mn. 
The reported wave-length of maximum absorption of 
the iron chelate of unseparated EHPG and that 
found in this laboratory with the starting material was 
480 mu. Attempts to determine which separated 
isomer was the di-racemic mixture by resolution of 
the free acid using strychnine, brucine and amphet- 
amine were unsuccessful. 

An experiment to demonstrate any significant 
difference in the abilities of these isomers to trans- 
locate iron to bean plants growing in alkaline soil was 
conducted. To 0:246 m.moles of each isomer was 
added 0:224 m.moles of ferric chloride contaming 
20 ue. of iron-59. The pH was adjusted to 5-7 with 
sodium hydroxide and the resulting solutions were 
diluted to 50 ml. with water. Two 20-ml. aliquots of 
each solution were mixed with 500 gm. of alkaline 
Uteh soil (pH 8-4), and five bean seeds were planted 
in each pot. Fourteen days after planting, the bean 
plants were thinned out to leave two plants in each 
pot. Twenty-seven days after planting the primary 
leaves of the remaining two plants in each pot were 
removed, dried and ground. The uptake of iron was 
determined by counting a known weight of leaf 
sample using a well-type scintillation counter and 
comparing this count with thet obtained from an 
aliquot of the original iron-59 solution. The results are 
given in Table 2. 


— T 

on (p.p.m. vorage 
Violet iron chelate He i 90°5 
Brown iron chelate one 776 


The small difference m average iron uptake is 
within expected variability among plants in an 
experiment of this size. Thus both forms of EHPG are 
effective in translocating iron to bean plants grown mn 
alkaline soil. 

Dania. P. RYSKIEWIOH 
GEORGE Bora 
Geigy Research Laboratories, 
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Ardsley, New York. 
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Some Chemical Reactions of Sulphur 
Hexafiuoride 


SULPHOR hexafluoride has customarily been con- 
sidered to be chemically mert. It is unaffected by 
aqueous or fused alkali, ammon'a or oxygen. The 
earliest report! states that sulphur hexafluoride is 
reductively degraded by sulphur and selenium 
vapours, and hydrogen sulphide at elevated tem- 
peratures, but these reactions have never been 
reinvestigated. The only substantiated chemical 
reaction of sulphur hexafluoride 1s that with a hot 
alkali metal, reaction with a film of sodium commen- 
cing at 200°". The great stability of sulphur hexa- 
fluoride is kinetic rather than thermodynamic mn 
origin since it is thermodynamically unstable with 
respect to water?. The mability of nucleonhilic 
reagents to attack the su'phur hexafluoride molecule 
can be ascribed to their failure to form an Sx, type 
transition state because the sulphur atom has no 
orbital of sufficiently low energy to permit its co- 
ordination with the unshared electron pair of the 
entering nucleophile. Attack by a nucleophilic 
reagent on & fluorine atom of sulphur hexafluoride is 
improbable foi the same reason. However, there still 
remains the possibility of reaction with an electro- 
philic reagent, for example, a strong Lewis acid, the 
transition state of which is formed by co-ordination 
of the reagent with a fluorine atom using one of its 
lone electron pairs. This possibility does not appear 
to have been investigated until now. 

The reaction of sulphur hexafluoride with several 
‘fluorophilic’ Lewis acids has now been investigated. 
We have found that it is reductively degraded by 
anhydrous aluminium chloride at moderate tem- 
peratures. Thus when the reactants were heated 
together in a sealed glass ampoule at 180-200° for 
24 hr. a 15 per cent conversion to aluminium fluoride 
(identified by X-ray powder photography) occurred 
with the concomitant formation of chlorides of sulphur 
and chlorme. No compound containing sulphur and 
fluorine other than unchanged sulphur hexafluoride 
was found among the reaction products. 

Using published thermodynamic data‘ 5 it can be 
shown. that a reaction between sulphur hexafluoride 
and sulphur trioxide is thermodynamically feasible: 


SF, + 250, _ >} 380, F, x AG295° coon — 136 koal. 


We have found that such a reaction occurs when the 
reactants are heated together in a sealed glass 
ampoule at 250° for 24 hr. A 20 per cent conversion 
to sulphuryl fluoride (identified by infra-red spectro- 
scopy) was found under these conditions; a trace of 
silicon tetrafluoride was the only other product. This 
is the first reaction of sulphur hexafluoride observed 
in which the hexavalent state of the sulphur is retained 
in the products. 

No reaction was detectable between sulphur hexa- 
R and boron trichloride at temperatures up to 
200°, 

J. R. CASE 
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A Method for Quantitative Starch-gel 
Electrophoresis 


Errorts to make use of starch-gel electrophoresis 
even in quantitative protein analysis has led to 
several techniques to make the gel transparenti, A 
further method, where the gel is stained in the same 
medium which helps it become transparent, is 
described here. 

The gel is cut with a device giving a slice 1 mm. 
thick with even surfaces on both sides. The slice 1s 
immersed in a 95°C. bath of 47-5 :47-5:5 (v/v/v) glycerol/ 
water/acetic acid saturated with amido black 10 B 
for 10 min. and then washed at room temperature 
with slow, continuous shaking in a series of glycerol/ 
water mixtures where the glycerol content is increas- 
ing, giving a final wash medium of pure glycerol. 
‘The washing procedure is somewhat slow, taking two 
days. The slice can then be analysed in a chromato- 
graph for transmitted light using a supporting device. 
The data of two normal human sera and two 
myeloma sera analysed using an electrophoresis 
method enabling the separation of 14 fractions and 
a transmission chromatograph (Spinco ‘Analytrol’) 
are presented in Table 1. Paper electrophoresis data 
of the same normal sera are presented in Table 2. 
For comparison the data of some normal sera 
analysed using the same electrophoresis method as 
in Table 1, but the original methanol-staining method 
and a reflexion chromatograph (Joyce, Loewell and 
Co. “Chromograph’) are presented in Table 3. The 
striking difference in the amount of albumin fraction 
obtained by the two methods emphasizes the need 
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for different normal values when using different 
methods. 
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Structural Revisions in the w-Halobenz- 
aldehyde Arylhydrazone Series 


Soms twenty compounds, described as 3-keto-1,2- 
endo-arylimino-1,2-dihydro-1,2-bonzisodiazole 1-ox- 
ides (I), have been prepared by Chattaway et al.1-; 
eleven of these have been reduced by stannous 
chloride in hydrochloric acid (or, in some cases, by 
prolonged boiling in ethanol) to deoxy compounds, 
formulated as (I1)*-*. 

A recent study of the Chattaway—Adamson 
rearrangement’ has directed attention to these 
interesting compounds. The ‘oxdes’ result from mild 
basic treatment of the appropriate w-halo-o-nitro- 
benzaldehyde arylhydrazones; from a mechanistic 
point of view!®, these compounds should be regarded 
as 3-arylazo-anthranil l-oxides (III), and, as such, 
are seen to be analogous to the isoxazoline oxides of 
Kohler. Such a conclusion is supported by the 
electronic and vibrational spectra of compound (I, 
Ar = 2,4-dibromopheny]), and is in harmony with the 


Table 1. BLECTROPHORRETIO DISTRIBUTION OF DIFFERENT PROTEIN Fractions oF ‘Two NORMAL BERA AND Two MYELOMA SERA MBASURED 
BY STAROR-GEL KLROTROPHORESIS AND TRANSNITTHD LIGET 
Normal serum 1 Normal serum 2 Myeloma Myeloma 
Fraction Run 1 Run 2 Bun 8 Run 1 Run 2 Run 8 2 
mnin 1 1:7 15 1°7 15 1:0 1-1 1-6 1-6 
Pre-albumin 2 1 8 16 1°38 1-8 14 13 11 10 
umin 57-0 56 5 58'9 B8 65 0 61-2 48 +4 46 -6 
Post-albumin 1 1:9 24 1°7 12 1-6 1°6 1:0 (* 
Post-albumin 2 — e 1-7 aa 1'0 10 1°5 
Cerruloplasmin 26 1°5 1 6 — 4-1 
Transferrin 4-4 $3 4°38 8-2 3-4 82 6-1 
a,-f-Globuling 1:9 2:4 2°68 [i > 1-5 T9 42 s1 
toglobins 52 4:0 8°5 20 1-1 {2 6 ao 
* towe OO: p g 
‘Slow’ obulin 26 40 ’ ° ° - 
Fg pide nti 61 68 5-2 29 1-9 32 29-2 5-6 
mvelomaproteln) 
lobulin 13-2 12 8 14 6 16 2 14-5 16-2 6-9 8-2 
Myelomaprotein = — = — * — — 8 6 


Table 2. ELECTROPHORETIO DISTRIBUTION OF DIFFERENT PROTEIN 
FRACTIONS OF THE SAME TWO NORMAL SERA AS IN TABLE 1 MRAB- 
URED BY PAPER BLEOTROPHORESIS 


Fraction Normal serum 1 Normal serum 2 
Albumin 58°38 64:5 
a,-Globulin 4-9 8-9 
a,-Globulin 8°7 6:2 
B-Globulin 10°6 10°83 
y-Globulin 17°5 16°2 

Table 3. ELROTROPHORHTIO DISTRIBUTION OF DIFFERENT PROTEIN 
FRACTIONS OF FOUR NORMAL BERA MBASURED BY STAROH-QHL 
ELECTROPHORESIS AND REYLHOTRD LIGHT 

Fraction 1 2 8 4 

Pre-albumin 1 13 16 2-8 1°38 
Pre-albumin 2 4-8 85 8-4 23 
Albunun $3°1 86-0 87°8 80'3 
Post-albumin 1 2-2 28 2-2 2-0 
Post-albumin 2 2-9 2°7 8-5 21 
Camruloplusmin 87 4-9 12-2 D2 
errin 4.8 77 62 6-8 
a,-f-Globuling 4:5 28 3-2 88 
25 81 2°68 2-8 

Haptogiobins an { 8-5 { 32 { 3-8 
‘Slow’ a,-Globuiln 11-2 7-7 8-4 89 
f#-Lipoprotein 34 8-5 4°5 70 
y-Globulin 13-2 14°7 18-5 16-9 


intense colour and with the chemical properties of 
these labile compounds. 

Reduction to the near-colourless deoxy-compounds 
evidently involves scission of the heterocyclic ring, 
followed by recyclization to the mesoionic indazole 
derivatives * This is implied by the general 
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mertness of the compounds’, which may be distilled 
unchanged, and which are not affected by hot mineral 
acids, by nitrous acid, by halogens, or by acetic 
anhydride. Two reactions have been effected, 
namely, reduction with tin and hydrochloric acid to 
give the anthraniloy! arylhydrazide, and nucleophilic 
attack by ethanolic potash to yield the N-arylazo- 
anthranihe acid’. The last-mentioned, products do 
actually provide evidence of the linear arrangement 
of nitrogen atoms shown m (IV). These conclusions 
are supported by spectroscopic data for compound 
(IV, Ar = 2,4-dibromopheny)l). 

The structure of the product resulting from the 
reaction of w-hydrazinobenzaldehyde 2,4-dibromo- 
phenylhydrazone with nitrous acid!? is also under 
review. Spectroscopic data confirm that the product 
is not an azide, but favour Stollé’s assertion!? that it 
18 & tetrazole derivative. 


M. S. GIB80N 


Chemistry Department, 
Faculty of Technology, 
The University, 
Manchester 1. 

1 Chattaway and Walker, J. Chem. Soe, 2407 (1925). 
*Chattaway and Walker, J. Chem. Sos., 323 (1927). 
3 Ohattaway and Adamson, J. Chem. Soe., 157 (1980). 
4Chattaway and Adamson, J. Chem. Soe., 843 (1980). 
* Ohattaway and Adamson, J. Chem. Soe., 2787 (1931). 
*Chattaway and Adamson, J. Chem. Soe., 2792 (1981). 
? Ohattaway and Parkes, J. Okem, Soe., 1005 (1935). 
* Parkes and Burney, J. Chem. Soe., 1619 (1935). 
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te Flulagen, Centenary Leoture, Proce. Chem. Soc., 857 (1961). 
11 Kohler, J. Amer Chom. Soc., 48, 608 (1924) and later papers. 
1? Chattaway and Parkes, J. Chem. Soc., 118 (1026). 
2 Stoll4, J, prakt, Ohem., ti, 114, 848 (1926). 


Electron Affinities of Quinones : 
Correlation of One-electron Redox 
Potentials with Quantum-mechanical 

Calculation 


Iw 1949, Maccoll! showed that a linear relationship 
existed between the energy of the lowest unoccupied 
molecular orbitals of aromatic hydrocarbons (their 
electron affinities) and their polarographic half-wave 
potentials (Ea) This relationship was further 
discussed and extended by Pullman et al.? and 
Hoijtink’, although ıt was not always appreciated at 
that time that strictly only those #,;, values obtained 
under conditions such that the reversible addition of 
one electron only (R + e = R-) is involved should be 
considered‘; the potential is then virtually the 
standard potential for a one-electron addition. It 
has been suggested‘ that such measurements for other 
aromatic molecules might provide equally valid 
parameters for certain properties, such as electron 
affinity, for which few independent estimates exist, 
and recently some Æj, values of well-known electron 
acceptors were given with an indication of their 
possible application to charge-transfer studies’. 

Evidence that a linear relationship exists between 
the one electron #,;, values of a series of unsubstituted 
o- and p-quinones and the energy of the corresponding 
lowest unoccupied molecular orbital is presented ‘here. 
The energy values in terms of the exchange and 
resonance integrals of carbon were read from the 
energy-level diagrams given by Kuboyama‘® from 
molecular orbital calculations based on self-consistent- 
field molecular orbital resulta for o- and p-benzo- 
quinone. The reversible #,,, values were measured 
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in acetonitrile (Peover, M. E., unpublished resulte)’. 
The H,,, values of the first one-electron addition 
(conversion to semiquinone ion) are plotted in 
Fig. 14. With the exception of diphenoquinone the 
correlation with orbital energy is good. Inevitably 
the H,,, values include factors such as the solvation 
energy changes which it is assumed are constant in 
the series; this was found to be nearly so for the 
similar reaction of a wide variety of aromatic hydro- 
carbons and is apparently true for the quinones also. 

Hoijtink® found a correlation between the Ea of 
the second one-electron step for unsubstituted 
aromatic hydrocarbons (R- + e = R*) and the 
electron affinity of the parent molecule, to a good 
approximation. However, with quinones there is 6 
large energy separation between the first and second 
unfilled orbitals’. No correlation 1s found between 
the second one-electron Ej, for the quinones (con- 
version of the semiquinone to quinol di-ion) and the 
energy of the second unfilled orbital, and Fig. 18, 
in which the second #,,, is plotted against the 
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lowest unfilled orbital energy, makes it clear that the 
second electron enters the same orbital as the first. 
Diphenoquimone is again anomalous. 

The conventional redox potential (R + 2e + 2H+ = 
RH,) (Fig. 1C) will bear a complex relation to the 
elect:onic properties of the molecule since other 
factors’ such as the dissociation constants of the 
reduced species are involved. That only a poor 
correlation with the orbital energy 1s found is thus 
to be expected. 

Since the anomalous position of diphenoquinone is 
supported by the value of its redox potential, it 
suggests that the assumptions made by Kuktoyama® 
in his quantum mechanical calculations for this 
molecule are less valid than for the other quinones. 

A few experiments show that very simlar results 
are obtained w:th measurements of half-wave poten- 
tials ın dimethylformamide. A detailed account of 
this and related work is to be published’. 

M. E. PROVER 
National Chem‘cal Laboratory, 
Department of Scientific and Industrial Research, 
Teddington, Middx. 
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Attractive Forces between Macro- 
molecular Chains of Biological Importance 


Tan strong London-Van der Waals dispersion 
forces between macromolecules at small distances 
have long been recognized as a contributing factor 
to the stability of many biological structures in which 
two or more long molecular chains are found to be 
only a few A. apart. However, it has been very 
difficult to make a reliable estimate of the magnitude 
of these forces when very large molecules are in- 
volved and to compare their contribution with that of 
hydrogen bonds, electrostatic forces, etc., because 
the macromolecular dimensions are usually much 
larger than the intermolecular distances, so that 
London’s familiar inverse sixth-power distance force- 
law does not hold. 

Most macromolecules of biological importance are 
built up of basic units between which electron corre- 
lation is relatively small, and tho dispersion energy 
between two such macromolecular systems will be 
locally additive over pairs of umts (atoms or bonds), 
one in each molecule’. If the various basic inter- 
actions are known (usually the London force law will 
apply to these), the total attraction can be calculated 
by a term-by-term summation. Pioneer calculations 
are due to Müller, for paraffin crystals’, and to 
Pitzer and Catalano, for intramolecular forces in 
paraffins’. The summations are extremely tedious. 
It is therefore rewarding to develop a simple model 
for which the total interaction energy can be expressed 
in closed form, even though the distance between the 
interacting molecules is much smaller than the 
molecular length. 

We consider two linear chains, opposed and parallel, 
of length L, each built out of N identical units of 
length 4(NA=L). The mutual distance is D; D may 
be large or small relatively to L, but must be large 
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enough with respect to the dimensions of the basic 
unite (à) for the London force law w=A/d* to hold 
between two units, one in each chain, at a distance 
dzD. If, for example, the basic units are bonds of 
average length 1-5 A., D can be chosen as small as 
about 4 A. 

The total dispersion energy between two such 
macromolecular chains is found to be!: 


A p 
W = asap 0(8 tanp + T+ p e=L/D (1) 


For D<L, which is a common case for biological 
systems, this expression reduces to: 


3r L 3r N 
W = 435 pi = 4y ji (2) 


Hence the total attraction is proportional to the 
number of units in each of the interacting molecules, 
and also proportional to the inverse fifth-power of the 
intermolecular distance. One may therefore expect 
rather large forces between long chams, and also a 
very sensitive variation of these forces with distance. 
If two chains, previously 5 A. apart, come 1 A. closer, 
the total attraction is tripled. Expression (2) also 
shows that a calculation of W which would include 
only the interaction between opposed units, W= 
A(N/D*), would grossly underestimate the total 
energy by a factor of order A/D(A <D). 

To give an example of the orders of magnitude 
whichshould beinvolved for normal biological systems, 
I have calculated the total dispersion energy 
between the hydrocarbon tails of fatty acids in 
monomolecular films. Ries*1° hag derived from 
experimental measurements the ‘zero-pressure Cross- 
sections’ of molecules of stearic acid, isostearic acid 
and hexatriacontancic acid in such films. A cross- 
section is roughly equal to (4/3/2)D* for closely 
packed molecules. I considered each hydrocarbon 
to be made up of a linear succession of 


oo" 
H” 


units, of effective length 1-26 A., centred in the middle 
of the C—C bond. The basio interaction A/d* between 
two such units was obtained by calculating the 
various bond—bond interactions (CC <> CC, CC@CH, 
CH < CH) from the formula!: 


et a g 


w = a X ant a ay — _, — 
eer F oe ri)* 





(3) 


and adding the nine interactions. The quantum- 
mechanical averages were calculated from ordinary 
molecular orbitals. Orientation effecta were neglected. 
The numerical factor A is found to be: 


A= — 922 a.u. = — 1,270 keal./mole x A.* (4) 


This number should be accurate within about 15 
per cent. It enables one to predict attractive energies 
in paraffin crystals which are in excellent agreement 
with previous calculations’, and sublimation energies 
in sound agreement with experiment’. Equation (2) 
then yields for the attraction between two neighbour- 
ing molecules in monomolecular films of: 


a Steario acid (D=4 8 Å , N=18) We 8-0 keaL/mole. 
b) Isostearicacid (D «6-0 A., N= 18)* W 7 keaL/male. 


m 9 

c) Hexatriacontanotc acid (D=4-8 4.,N=86) W=16-0 kcal./mole. 
* I negiect the slight decrease in effective chain-length due to 

the 180 3 group. 
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The energies vary from one-tenth to more than one- 
half of an electron-volt. In the case of the hexa- 
triacontanoic acid molecules, it would teke four 
hydrogen bonds to give as large a stability to a pair 
of molecules. In structures where H-bonds are 
present, it should now be possible to compare their 
stabilizing contribution to that of the London—Van 
der Waals forces. 

The large difference in attractive energy for stearic 
acid molecules and for isostearic acid molecules is an 
example of the great sensitivity to distance men- 
tioned earlier. One could almost speak of attractive 
forces between macromolecular chains as being 
‘distance-specific’, in the sense that they increase 
from negligible values to large values if a minor 
structural change enables the two macrorholecules to 
come into closer contact. An illustration of this 
specificity is given by the particular properties of 
cts-unsaturated fatty acids as compared with trans- 
unsaturated or saturated fatty acids!*4%. Another 
possible consequence is considered elsewhere. 

This work was supported in part by a grant exten- 
ded to Harvard University by the U.S. Office of Naval 
Research. 
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BIOCHEMISTRY 


Oxidation of «-Tocopherol with Potassium 
Ferricyanide and its Application to 
distinguishing d-«-Tocopherol from 

Synthetic di-.-Tocopherol 


Ey the course of work on the oxidation products of 
vitamin E, we have oxidized a number of samples of 
d-a-tocopherol and synthetic dl-a-tocopherol with 
alkaline potassium ferricyanide. In studying the 
products from these oxidations, the interesting obser- 
vation was made that the oxidation product from 
d-a-tocopherol had a high optical rotation, [a]; = 
+ 31-5°, whereas that of dl-a-tocopherol had no 
detectable rotation. This difference provides a con- 
venient method for distinguishing between the d- and 
the dl-forms. 

Such a method has been needed, since d-«-toco- 
pherol has greater vitamin E activity than dl-a-toco- 
pherol (36 per cent greater, ref. 1), but hitherto there 
has been no satisfactory chemical or physical method 
for distinguishmg between the two. The alight 
difference between the optical rotations of d-a-toco- 
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pherol (ref. 2) and dl-a-tocopherol ([a]ifs. = 
-++ 032°, 0°, respectively) is too small to be useful. 

Samples of the tocopherols (approximately 0-40 gm.) 
in petroleum ether solution (60 o.c.) were oxidized 
by shaking for 3 min. with alkaline potassium ferri- 
cyanide (1-0 gm. in 10 ml. of 0-2 N sodium hydroxide). 
After washing the petroleum ether phase with water 
and drying over anhydrous sodium sulphate, the 
solvent was evaporated and the optical rotation of 
the total reaction product determined in iso-octane 
solution (6 per cent concentration) using a Rudolph 
polarimeter (model 70). An average value of [«];, = 
-+ 27-5°, for the unpurified reaction product from 
d-a-tocopherol, was obtained by averaging the values 
for the products from separate oxidations of ten 
different preparations. These values ranged from 
4 26° to + 29°. The values, [a], = + 31:5° and 
[a]l = + 38°, were obtained on a sample of the 
oxidation product which had been purified by chroma- 
tography. The corresponding oxidation product from 
dl-«-tocopherol showed no rotation. 

We have used this method to determine whether 
certain commercial samples of «-tocophery] acetate 
and acid succinate were of natural or synthetic 
origin. In these analyses, the esters were hydro’ ysed 
to give the free tocopherols*. The tocopherols were 
then oxidized and the optical rotation measured as 
described. The procedure was convenient and its 
application to the differentiation of d- and dl-«-toco- 
pherol esters in vitamin E-supplemented preparations, 
such as drugs and preparations for animal feeds, 
appears feasible. 

Our oxidations of «a-tocopherol with potassium 
ferricyanide were carried out by a method essentially 
the same as that described by Martius and Eilingsfeld‘. 
However, our product differed from theirs in having 
a strong ultra-violet absorption maximum at 300 mu 
with a weaker band at 337 my. They reported the 
ultra-violet absorption maximum at 235 my and a 
weak band at 300 muy. 

Our investigations on the structure and chemistry 
of the potassium ferricyanide oxidation product of 
a-tocopherol will be described separately. 

Donar R. NELAN 
CHARLES D. ROBESON 
Researoh Laboratories of 
Distilation Products Industries, 
Division of Eastman Kodak Company, 
Rochester 3, New York. 
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Presence of N-Methylmetadrenaline in 
Human Urine and Tumour Tissue of 
Phzochromocytoma 


In 1960, Axelrod! found N-methyladrenaline in 
adrenal glands of several animals and a large quantity 
of N-methylmetadrenaline in the urine from the rat 
administered with N-methyladrenaline. On these 
findings a new metabolic pathway of adrenaline 
involving ite N-methylation was suggosted. The 
ater of this new pathway of adrenaline in 

umean beings has been investigated. 

Previously we reported a new method? for the 
differential determination of metadrenaline and 
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normeteadrenaline in the human urme. Further 
work on metabolites of adrenaline, however, revealed 
the presence of an additional compound in the 
fraction of metadrensline measured by our method 
which could not be distinguished from metadrenaline 
by high-voltage paper electrophoresis, but could be 
separated from metadrenalme by paper chromato- 
graphy. , 

50 ml. of acidified 24 hr.-urine from normal human 
subjects was treated in the same way as described 
previously. The metadrenaline fraction thus obtained 
was dissolved in absolute methanol, condensed to a 
small volume and an aliquot of this sample sub- 
jected to paper chromatography using several solvent 

ms. 

The following were the solvent systems used and 
Re values obtained: butanol/acotic acid/water 


(4:1: 1), 0-68; ipopropanol/ammonia/water 
(8: 1:1), 0:76; tis-hydrochloric aod buffer (pH 
8-4), 0-85; butanol/methanol/ammonia (8:1: 1), 


0-67; butanol/ethanol/water (4:1: 1), 0-76. 

After spraying with diazotized p-nitroaniline, two 
purple bands were obtained which corresponded to 
the authentic methylmetadrenaline and metadrens- 
line, respectively. These bands were cut into pieces, 
eluted with 4 ml. of alkaline methanol and measured 
spectrophotomotrically at 520 my against the blank 
treated in the same manner. 

The urinary excretion of methylmetadronalins (free 
and conjugated) was determined semiquantitatively. 
The conjugation was hydrolysable by the usual 
procedure, suggesting its sulphate-ester nature. 
Normal values did not exceed about 40y a day and 
excretion ratio of methylmetadrenaline : metadren- 
aline was approximately 1/10 to 1/20. This means 
that metadrenaline values as determined by our 
method would not significantly be affected by the 
contamination of methylmetadrenaline in normal 
human urines, so that the method remains to be a 
practicable measure of determining metadrenaline 
for the most clinical purposes. However, we have 
observed that in cases of three patients with phæo- 
chromocytoma, two patients who excreted excessive 
metadronaline showed notably increased methyl- 
metadrenaline excretion, while the remainder, who 
showed slightly increased excretion of metadrenaline, 
excreted methylmetadrenaline within almost normal 
ranges (Table 1). 


Table 1. URINARY EXORETION OF A, MA, NMA and MMA IN Taree 
CASES OF PHMAOOHROMOCYTOMA (NWGN./DAY) 


No. of case A MA NMA MMA 
1 35 18°45 404 8-9 
2 2°76 8-7 8-1 2-7 
8 0-22 0-92 6-2, <0-04 


A, Adrenaline; MA, metadrenaline, 


NA, normetadrenaline; 
MMA, methylmetadrenaline, 


The compound having the same Rr values as the 
authentic methylmetadrenaline was also found in 
tumour tissues of phszochromocytoma. The tumour 
tissue was homogenized with 0-1 N hydrochloric acid 
and after centrifugation the supernatant fluid was 
extracted with ethyl ether to remove fat and 
pigment which, if present, would disturb the pro- 
cedure which follows. Then the compound was 
identified in the aqueous phase by applying the same 
procedure as used for urine but without hydrolysis. 

From these observations described above, it is 
suggested that the folowing metabolic pathway which 
was found in the animals is also present in human 
beings: adrenaline—>N -methyladrenaline—>N-methyl- 
metadrenaline. 
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Refinement of this method directed at the differ- 
ential determination of methylmetadrenaline im 
biological materials is in progreas. 

We wish to thank Dr. J. Axelrod for supplying us 
with synthetic N-methylmetadrenaline. 
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Hemolytic Activity of Vitamin K3 : 
Evidence for a Direct Effect on Cellular 
Enzymes 


BROBERGER 6t al.1 have recently recorded changes 
in the absorption spectrum of a solution of crystalline 
human hæmoglobin after the addition of vitamin K, 
or menadione (2-methyl-1,4-naphthoquinone). These 
changes they attributed to the conversion of oxy- 
hæmoglobin to methmmogilobin, and the rate of 
methsmoglobin formation was investigated as a 
function of the rate of increase in optical density at 
630 my. This report could be interpreted to imply 
that neither oxyhemoglobin nor methemoglobin is 
converted by menadione to irreversible degradation 
products of hæmoglobin. 

The concentrations of oxyhsamoglobin and 
methæmoglobin in mixtures with other pigments may 
be determined from the changes in optical density at 
634 my associated with the conversion of oxyhswmo- 
globin to methemoglobin and of methsmoglobin to 
cyanmethsamoglobin*. Using a modification of this 
method, the concentration of ‘intact’ hæmoglobin 
(oxyhsmoglobin plus methemoglobm) has been 
shown to decrease in washed, human erythrocytes 
incubated with menadione*. Concomitant with this 
decrease, Heinz bodies appeared in intact erythro- 
cytes and turbidity was noted in hmmolysates. 
These findings were taken to indicate that Heinz 
bodies may result from destruction of intra- 
erythrocytic hæmoglobin by menadione*. Investiga- 
tions with solutions of crystalline hemoglobin have 
also shown that hemolytic aromatic amines cause 
oxidative denaturation of hæmoglobin and its 
precipitation as Heinz bodies‘. 

The present work was designed to relate methmmo- 
globin production and Hemz body formation to 
other changes which precede the destruction of 
erythrocytes exposed to menadione. Using described 
methods’, washed erythrocytes from normal adults 
were suspended in isotonio glucose buffer (pH 7-4) 
and incubated at 37° C. with buffered menadiono 
sodium bisulphite, in molar ratios of menadione : 
hem ranging from 1: 1,024 to 8:1. At intervals, 
samples of erythrocytes were washed, the concen- 
trations of methemoglobin and ‘intact’ hæmoglobin 
measured, and cella examined for Heinz bodies. In 
addition, the percentage decrease in the content of 
reduced glutathione (GSH) and percentage hmmo- 
lysis in 0-5 per cent saline were determined by 
standard methods’. 
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Fig. 1. Changes in erythrocytes suspended in punos bufor, 
after Incubation at 87°C. for 4 hr. with menadione. ‘“Tntact’ 
aame bin comprises methemoglobin and oxyhæmoglobin 
SH denotes reduced pute SORE. The initial molar ratio of 
ded ghicose : heam was 24; 1. Upper: @, ‘Intact’ hemoglobin 
©, decrease in GSH content; O, hmmolysizw in 06 per * 
saline; lower @, methamoglobin 


Fig. 1 shows the result of a typical experiment, 
involving incubation of erythrocytes for 4 hr. with 
menadione. Initially, with increasing concentrations 
of menadione, increasing degrees of methemoglobin 
production and GSH depletion were found. Thus, 
with a molar ratio of 1 : 1, approximately 70 per cent 
conversion of oxyhamoglobin to methsmoglobin and 
90 per cent decrease in GSH content were noted 
without significant degrees of ‘intact’ hemoglobin 
destruction, Heinz body production or increase in 
osmotic fragility. With increasing molar ratios above 
1:1, however, increasing degrees of these latter 
changes were observed. 

When cells were washed and re-incubated in 
glucose buffer after preliminary incubation with 
menadione, in molar ratios to hem of 1:4 and 
1:1, negligible methemoglobin reduction occurred. 
Markedly impaired ability of hsemolysates from these 
cells to reduce triphosphopyridine nucleotide in the 
presence of magnesium ions and excess glucose-6- 
phosphate was also detected, without evidence of 
simultaneous methemoglobin reduction. 

To investigate further the effect of menadione on 
methsmoglobin reduction, cells suspended in glucose 
buffer were incubated with sodium nitrite, then 
washed and re-incubated with menadione (Fig. 2). 
In molar ratios to hem ranging from 1 : 1,024 to 
1:4, menadione caused an increased rate of recon- 
version of methemoglobin to oxyhsmoglobin. 
Although the initial effect was greatest with the higher 
concentrations of menadione, the most marked 
methemoglobin reduction, after 8 hr. of re-incuba- 
tion, was noted with a molar ratio of 1 : 64. With a 
molar ratio of 1: 4, moreover, marked initial con- 
version of methemoglobin to oxyhsemoglobin was 
followed by reconversion of oxyhmmoglobin to 
methamoglobin. 

Theee findings would appear directly relevant to 
the hamolytic action of menadione. Increased 
oxygen consumption of erythrocytes incubated with 
menadione has been taken to reflect enhanced 
activity of the glucose oxidative pathway’. The 
present demonstration of an increased rate of 
methemoglobin reduction further suggests that low 
concentrations of menadione may activate the 
reduced triphosphopyridine nucleotide (TPNH)-depen- 
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dent methemoglobin reductase. Such activation 
would facilitate the competition of methemoglobin 
with oxidized glutathione for enzymatic reduction 
by TPNH, with a resulting tendency to GSH deple- 
tion. Adequate levels of GSH appear essential 
both for the protection of hæmoglobin from oxidative 
destruction’? and for the maintenance of cellular 
integrity®. 

The impaired methemoglobin reduction in cells 
incubated with higher concentrations of menadione 
probably reflects inactivation of multiple cellular 
enzymes. The hemoprotein*, TTPNH-dependent 
methemoglobin reductase may prove as vulnerable 
ag hæmoglobin to oxidative denaturation, and the 
postulate seems reasonable that low concentrations 
of menadione produce ‘perturbation’! of the protein 
moiety with enzyme activation, whereas higher 
concentrations cause denaturation of protein with 
disorganization of the active centre and loss of 
enzyme function. Furthermore, the inability of 
hemolysates to reduce triphosphopyridine nucleotide 
in the presence of excdss glucose-6-phosphate indicates 
inactivation of glucose-6-phosphate dehydrogenase, 
an essential link in the enzymatic chain of glutathione 
reduction!!, 

Reduced glutathione, in turn, protects inorganic 
pyrophosphatase!?, almost certainly maintains the 
integrity of glyceraldehyde-3-phosphate dchydro- 
genase and many phosphokinases!’, and might be 
expected to protect the hmmoprotein enzymes, as 
well as hemoglobin, from oxidative destruction. 

While many questions remain unanswered, these 
observations suggest the following hypothesis as to 
the mode of action of menadione on individual 
erythrocytes. Initially, oxyhemoglobin and GSH are 
oxidized, respectively, to methemoglobin and oxidized 
glutathione. Depending on relative concentrations 
and redox potentials, cellular age and enzyme status, 
and the activation of TPNH-dependent moethemo- 
globin reductase, an equilibrium is established with a 
slightly greater relative degree of GSH depletion than 
methamoglobin production. With critical degrees of 
GSH depletion, however, further menadione pro- 
duces irreversible hemoglobin destruction, Heinz 
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body production, inactivation of multiple cellular 
enzymes and membrane changes leading to increased 
osmotic fragility. While the rapid removal from the 
circulation of cells containing Heinz bodies! may 
lead to essentially extravascular, and gross membrane 
changes to massive intravascular hemolysis, loss of 
recuperative power associated with inactivation of 
cellular enzymes may prove the critical determinant, 
in erythrocytes in vivo, of oxidant-induced destruc- 
tion. 
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Children’s Medical Resesrch Foundation, 
Royal Alexandra, Hospital for Children, 
Camperdown, Sydney. 
——— O., Ernster, L., and Zetterstrom, B., Naturs, 188, 316 
1 Michel. H. O., and Harris, J. 8., J. Lab. and Oln. Med., 25, 445 
(1989-40). 
ary te D., and Mauer, A. M., Blood, 18, 1722 (1960); 17, 418 
1 Jandl, J. H., and Allen, D. W., J. Clin. Intesi., 39, 1000 (1960). 
s Grunert. R. E., and Phillips, P. H., Arch. — ., 80, 217 (1951). 
Parpart, A A. K., Lorenz, P. B., Parpart, E. R., Gregg, J. R., and 
Chase, A. ML, J. Clin, Invest., 26, 630 (1947). 
t Carver, M. J., and Ryan, W. L., Prec. Soc. Etp. Biol. and Med., 
104, 710 (1960). 
"Mills, G. C., J. Biol. Chem , 229, 189 (1957). 
' Fegler, G., Nature, 170, 624 (1952). 
* Huennekens, 3 F. M., moun Cory RE. W., Basford, R. B., and Gabrio, 


W., J. Biol. Chem., 261 (1957). 
1 Holden, H. F., Austral. J. Exp. Biol. Med. Sci., 25, 47 (1947). 


Foulkes, E. O., and Lemberg, R., Proc. Roy. Soc., B, 136, 435 


(1949), 
11 Carson, P. Flanagan, ©. L., Ickes, ©. E., and Alving, A. B., 


E., 
Scvence, 124, 484 (1958). 
12 Rapoport, 8., and Schsuch, D., Nature, 188, 967 (1960). 
13 Dixon, M., and Webb, N. O., Enzymes (Longmans, London, 1958). 
za BS E., Corallo, I. A., and Crosby, W. H., Blood, 14, 1180 


THERE is considerable controversy concerning the 
mechanism of the so-csiled drug-induced hemolytic 
anemias end the mechanism and significance of 
Heinz body formation in red blood cells. Harley et al.? 
were one of three groups of investigators*:? who 
found independently that the various oxidant drugs 
which have been implicated in the causation of 
hemolytic anæmia have a profound effect on intra- 
cellular hemoglobin, and that oxidation of hamo- 
globm may be an important part of the mechanism 
whereby these drugs lead to shortening of the life- 
span of red blood cells. Before the publication by the 
three groups mentioned, Beutler in a comprehensive 
review denied this possibility. 

The three groups of investigators agroe that the 
so-called oxidant drugs lead to oxidation of mtra- 
celular hemoglobin to methssmoglobin tn vitro and 
probably in certain circumstances tn tivo as well. 
Both Harley’s! and Jandl’s* groups have shown, in 
addition, that exposure of red blood cells to the 
various oxidant drugs leads to denaturation of 
hemoglobin and that this latter process correlates 
well with the appearance of Heinz bodies. Broberger, 
Ernster and Zetterstrém, when incubating hamo- 
globin with vitamin K, have also noticed a change 
of the chocolate-brown colour of methemoglobin to 
black and the development of a precipitate, the latter 
changes depending on both time of incubation and 
concentration of vitamm K,. This confirms the facts 
elaborated in much more detail by the other two 


groups. 

We feel, however, that while the recognition of the 
denaturation of intracellular hemoglobm by oxidant 
drugs is a most significant finding in connexion 
with our understanding of the nature of the Heinz 
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body formation, the denaturation of hæmoglobin by 
oxidant drugs may not be the decisive step in the 
production of drug-induced red cell damage leading 
to hamolysis in vivo. In favour of this contention one 
could consider that drug-induced bhamolysis may 
occur without apparent Heinz body formation. 
Secondly, methmmoglobin can often not be detected, 
in the blood of actively hamolysing patients. This 
one would not expect to find, since according to 
Harley e al.t methsmoglobin production precedes 
obligatorily the oxidative denaturation of hemo- 
globin, or according to Allen and Jandl**, methemo- 
globin formation runs parallel to oxidative denatura- 
tion, but at & faster rate. 

Based on his obsorvation with Broberger and 
Zetterstrom of the methemoglobin-forming properties 
of vitamin K, Ernster* has proposed a theory in 
1959. He suggested that incressed rate of oxidation of 
intra-cellular hæmoglobin to methemoglobin may 
lead to increased activity of one or both the TPNH- 
or DPNH-dependent methawmoglobin reductases. 
These enzymes, while keeping the methwmoglobin- 
levels at the minimum, may drain TPNH from 
the TPNH-dependent glutathione reductase either 
directly or via DPNH and a transhydrogenase. 
Evidenco that lactic dehydrogenase in the red cell 
may act as a transhydrogenase has been obtained 
recently. 

This theory, which was restated by Harley and 
Robin”, is attractive in that it could explain how the 
hemoglobin-oxidizing property of the hemolytic 
drugs could lead to red cell damage without the 
appearance of significant amounts of methemoglobin 
or denatured hemoglobin in the cell, and that prob- 
lems arise when the supply of TPNH is limited, as in 
drug-sensitive individuals, or when glucose is short of 
demand, as in the new-born. However, one has to 
admit that it is not yet known whether the methremo- 
globin reductase has in fact a higher affinity to 
TPNH than the glutathione reductase, and therefore 
it is uncertain whether the methwmoglohbin reductase 
can effectively compete with glutathione reductase 
for TPNH. 

Attempts by us% to prove the operation of the 
above mechanism have failed so far, probably because 
of the use of liberal amounts of substrate (glucose) 
which ensured ample supply of TPNH to a faster rate 
of both methemoglobin and glutathione reduction. 
Experiments of a similar kind with more 
supply of substrate are now in pro 

The observations of Harley and Robin concerning 
the direct- effect of vitamin K, on methmmoglobin 
reductase : activation with low and inhibition with 
high concentrations are of great interest in this 
connexion, although one wonders about the signifi- 
cance of the inhibitor effect of high concentrations, 
which one would not expect to reach in the body, 
even with considerable overdose”. Harley and Robin 

that vitamin K, acts on the hemoprotein, 
methemoglobin reductase (the TPNH-dependent 
methemoglobin reductase). We have tried in a few 
experiments to test whether vitamin K, may act as~ 
intermediary acceptor similar to methylene blue, 
when TPNH is incubated with the purified TPNH- 
dependent methamoglobin reductase preparation of 
Huennekens et al.*. We found’ that when vitamin K, 
in & concentration. of 3-33 x 10-* moles/l. was added 
to the enzyme used by Huennekens ef al., it accelerated 
somewhat the disappearance of added substrate- 
amounts of TPNH, but the effect was only 1/10 that 
of catalytic amounts of methylene blue. Vitamin K, 
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had no measurable effect, 1,4-naphthoquinone was l 


active to a degree similar to vitamin K,, 2,6-dichloro- 
phenol-indophenol wgs more active than vitamin K,, 
but only half as active as methylene blue. This 
suggesta that low concentrations of vitamin K, will 
very slightly activate the TPNH-dependent 
methemoglobin reductase, an effect similar 
that observed by Harley and Robin, when incubating 
cells containing methemoglobin with glucose in the 
presence of low concentrations of menadione. 

These findings tend to support Ernster’s theory, 
provided that one is right in assuming that high 
concentrations of reduced glutathione are necessary 
in the red cell not only to protect hemoglobin from 
oxidation, but also and primarily to ensure proper 
function of the glyceraldehyde-3-phosphate dehydro- 
genase, and thus loss of reduced glutathione can 
seriously hamper the generation of adenosine tri- 
phosphate in the red cell. 

The other theory, which was held earlier by Harley 
et al.'ab and is particularly well supported by the 
elegent and most elaborate experimental work of 
Allen and Jandl’, ascribes to the loss of erythrocytic 
reduced glutathione the role of ə mere indication of 
the powerful and overwhelming effect of the oxidative 
druge. According to this theory these drugs, following 
the loss of protective reduced glutathione, act 
primarily on hemoglobin, bringing about oxidative 
denaturation, which leads to premature ageing of 
these cells and consecutive destruction in the spleen. 

It remains to be seen which of these two theories 
will prove correct; but even at this stage it seems 
that significant progress has been made by the 
recognition of the importance of mtracellular 
methemoglobin formation and oxidative denaturation 
of hemoglobin by the so-called oxidant drugs capable 
of producing hemolytic reactions. 
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Accumulation of S-Sulphocysteine by 
a Mutant Strain of Aspergillus nidulans 


Rsognt work in this laboratory), together with 
earlier observations by Hockenhull?, have provided 
strong evidence indicating that in Aspergillus nidulans 
cysteme is synthesized from inorganic sulphur 
sources via S-sulphocysteine (cysteine-S-sulphonate) 
as the immediate precursor. This latter compound 
has, however, not yet been reported to occur in 
micro-organisms. In the present communication we 
report that a mutant strain of 4. nidulans actually 
accumulates radioactive S-sulphocysteine when grown 
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in a medium containing sulphate labelled with 
sulphur-35. The mutant used, strain 793, has been 
shown to be gonetically blocked in the reaction by 
which S-sulphocysteine is converted to cystoine’*. 

Strain 793 was grown in a sulphur-defic:ent medium 
supplemented with 25 mgm. L-methionine and 100 
mgm. choline sulphate per Ltre. After 40 hr. culti- 
vation with shaking, the mycelia were washed and 
transferred to the fresh medium in which methionine 
was omitted and 2 me. carrier-free labelled sulphate, 
50 mgm. unlabelled choline sulphate and 50 mgm. 
DL-serins were added per Lire. The cultivation was 
then continued for 7 hr. with shaking. Practically all 
the radioactivity was incorporated mto the mycelia 
under these conditions. Unlabelled choline sulphate 
was included in the medium to depress the extrava- 
gant consumption of radiosulphate for the sulphuryl- 
ation. of choline‘. 

The mycelia thus obtained (35 gm. wot we ght) 
were suspended in 400 ml. ethanol containing 0:02 M 
N-ethylmaleimide. The suspension was stirred for 
10 min. to convert all the mtracellular thiol com- 
pounds into corresponding N-ethylsuccimide deriva- 
tives’. The myce'ia were then separated by filtration 
and dried over phosphorus pentoxide. The N-othy!- 
maleimide treatmont was essential for the successful 
detection of the accumulated sulphocysteine, since 
the latter compound is Jabile in presence of thiols and 
decomposed during extraction. 

To 75 gm. dried mycelia was added 140 mgm. 
sodium S-sulpho-L-cysteine as carrier. The mixture 
was ground with quartz sand and extracted with 
100 mil. distilled water. More than 80 per cent of the 
radioactivity originally present in the medium was 
recovered in the aqueous extract thus obtainod. The 
presence of labelled S-sulphocysteine in this extract 
could be clearly demonstrated by paper chromato- 
graphy. As can be seen from Fig. 1, a radioactive spot 
corresponding to S-sulphoocysteine appeared on the 
chromatogram in addition to those of choline sulphate, 
inorganic sulphate and an unidentified sulphur 
compound. The identity of S-sulphocysteine was 
confirmed by ita ninhydrin reaction, Rr value and 
co-chromatography with an authentic sample. 

The sulphocysteine in the extract could be purified 
further by ion-exchange resin and celluloso-powder 
column chromatography. The purified product gave 
only one radioactive and ninhydrin-positive spot 
when subjected to paper chromatography in five 
different solvent systems, the Ry values obtained 
being in coincidence with those of an authentic sample 


in corresponding systems. 
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Fig. 1. Radioohromatogram of mycelial extract obtained from 
strain 793 grown in the presence of labelled sulphate. Solvent: 


wo-propanol/water (7 . 3). Recorded in a Nuclear-Chicago arti- 
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The purified sample of S-sulphocysteine was then 
submitted to performic acid oxidation which resulted 
in almost quantitative breakdown of the moleculo into 
cysteic acid and sulphate. By measuring the radio- 
activity of these oxidation products separately, 1t 
was found that the two sulphur atoms of the sulpho- 
cysteine wore oqually labelled and, therefore, must 
have been derived from the inorganic sulphate. This 
finding seems to support previous suggestion’? that 
the sulphocysteine is synthesized by the condensation 
of a 3-carbon compound, probably serino, with radio- 
active thiosulphato formed from sulphate. 
In further confirmation of this pathway of sulphato 
assimilation, it was found that all the mutants of 
A. nidulans tested which are genotically blocked at 
oarlier steps than S-sulphocysteine did not accumu- 
late this compound when they were grown in the 
prosenee of labelled sulphate. The wild-type strain, on 
the other hand, was shown to accumulate a trace of 
the sulphocysteine in its mycelia. 
Taro NAKAMURA 
Ryo ATO 
Institute for Protem Research, 
Osaka University, Kita-Ku, 
Osaka, Japan. 
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Oxidative Phosphorylation coupled with 
Aerobic and Anaerobic Respiration in 
a Bacterial Cell-free System 


Ir has been presumed that in anaerobic respiration, 
such as nitrate! or sulphate’ respiration, formation of 
some high-energy phosphate is coupled with the 
process in a simular way to oxidative phosphorylation 
in aerobic respiration. We have reported? that, in the 
whole cell system of Pseudomonas denitrificans, radio- 
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ra: 2 Oxidative —— in anaerobic respiration. a, 
Activity of nitrate ction; b, meorporation of “Py into 
organic phosphate. (@, Lactate + ‘ADP: O, lactate; x ADP.) 
Main compartment Thunberg tube: Teaction medium (same 
as Fig. 1), 2 mi. and 0-1 mil. of 0-1 Af sodinm nitrate. Side-arm;: 
0-5 mi. cell-free extract (protein concentration, 7:1 per cent). 
Added reagents: eer of 98 mM ADP and 0'1 ml, of 0-2 Af 
lactate, The incubation was carried out at 30° O. 


active inorganic phosphate (°*P;) is incorporated into 
labile organic phosphates coupled with the denitrifi- 
cation reaction where nitrite plays a part as a ter- 
minal electron acceptor in the anaerobic condition. 
In this communication more direct evidence that 
phosphorylation is coupled with aerobic (oxygen) and 
anaerobic (nitrate) respiration in the cell-free system 
of this bacteria is described. 

Washed Pseudomonas denitrificans cells‘ were 
suspended in 0-1 M irts-hydrochlorie acid buffer 
(pH 7-8) to give a final cell concentration of about 600 
mgm. of wet-packed cells a ml., and disrupted for 
§ min. by 10-ke. sonic oscillation at 0° C. The resulting 
suspension was centrifuged at 10,000g for 30 min. 
and the supernatant was used as the cell-free prepara- 
tion. Oxygen uptake in aerobic respiration was 
measured by the polarographical method with a 
rotating platinum electrode’. Nitrate respiration was 
carried out in Thunberg tubes and nitrite produced 
was determined by using the Griess reagent". Phos- 
phorylation coupled with aerobic and anaerobic respi- 
ration was measured by counting the radioactivity 
of 3P; incorporated into organic phosphoric com- 
pounds after removal of 3P; by the hexanol—‘Celite’ 
column method’. Formation of adenosine triphos- 
phate (ATP) or glucose-6-phosphate was identified 
by papor chromatography. Fig. 1 shows an example 
of oxidative phosphorylation coupled with the 
aerobic respiration in a cell-free extract of aerobically 
grown cells. Without added adenosine diphosphate 
(ADP), phosphorylation activity was very low both 
in endogenous respiration and in respiration with 
added substrates. On addition of ADP, phosphoryl- 
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ation activity was remarkably enhanced. The P: O 
in endogenous respiration is about 0-4—0-6. By the 
addition of substrate (such as reduced diphospho- 
pyridine nucleotide (DPNH), lactate) both respiration 
and phosphorylation are accelerated, but the resulting 
P : O is lowered in comparison with that of endogen- 
ous respiration. In the respiration with formate 
as substrate, very little phosphorylation was observed 
in spite of a very high uptake of oxygen. As seen in 
Fig. 1, when dissolved oxygen was completely con- 
sumed, no more phosphorylation occurred, suggesting 
that no uptake of "P; was present by any exchange 
reaction at least in the later stage of incubation. The 
time-course of nitrate respiration in anaerobic con- 
dition by cell-free extract from anaerobically grown 
cells and phosphorylation coupled with this respira- 
tion is shown in Fig. 2. Behaviour of coupled phos- 
phorylation im the anaerobic respiration is quite 
similar to that of aerobic respiration. The phosphoryl- 
ation efficiency (P : 2 electrons) is also approxti- 
mately the same as in the case of aerobic respiration. 
Formation of ATP (or glucose-6-phosphate when 
hexokinase and glucose were involved) in the medium 
was identified by paper chromatography both in the 
aerobic and anaerobic respiration. The ATP—*P; 
exchange reaction did not seem to occur m a signifi- 
cant amount, since P; incorporation in the 

with added ATP was much less than that with ADP. 
Cytochrome components are different in aerobically 
grown. cells (without nitrate ion) and in anaerobically 
grown colls (with nitrate ion). Aerobic and anaerobic 
phosphorylation in cell-free preperations from these 
bacteria is now being investigated. 
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Formation of p-Amino-acid Oxidase 
Artificial Michaelis Complex 


Ix our series of investigations on the formation of 
an apo-enzyme-coenzyme-—substrate complex of D- 
amino-acid oxidase!“, we set oub to examine the 
Michaelis complex of this enzyme 
to elucidate the mechanism of 
enzyme action. For this purpose we 
have been striving to isolate a model 
of the Michaelis complex. Norm- 
ally, real substrate is oxidized by 
the enzyme, so we used a ‘substrate- 
substitute’, which combines with the 
enzyme in the same way as real 
substrate but is not attacked by 


the enzyme. 


— 


Fig. 1. 
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Recently, we succeeded in crystallizing tho apo- 
enzyme—coenzyme—‘substrate -substitute’ complext-*, 
using benzoic acid or p-nitrobenzoic acid as ‘substrate- 
substitute’. It was demonstrated that the crystal was 
composed. of equimolar amounta of the apo-enzyme, 
coenzyme and substrate-substitute and that the apo- 
enzyme was not denatured by the orystallization. 
When D-amino-acid, real substrate, was added, the 
‘subatrate-substitute’ was driven off quantitatively 
from the complex. From these results, it 18 considered 
that the complex thus obtained ıs æ model of the 
Michaelis complex of this enzyme, and that it could be 
nominated as ‘artificial Michaelis complex’. 

As the three-dimensional arrangement of apo- 
enzyme in the Michaelis complex was supposed to be a 
key to olarify the enzyme action, we tried to compare 
the conformation of the protein ın the artificial 
complex with that of holo-enzyme or of apo-enzyme. 

In this communication, we report the sedimentation 
coeficient and intrinsic viscosity of the artificial 
Michaelis complex of D-amimo-acid oxidase com- 
paring with those of the holo-enzyme and apo- 
enzyme. 

The apo-enzyme was prepared as described in a 
previous paper’, and was dissolved in pyrophosphate 
buffer (44/60, pH 8-3). The holo-enzyme was recon- 
structed by the addition of excess coenzyme, flavin 
adenine dinucleotide, in the same buffer. The artificial] 
Michaelis complex was obtained in crystalline form by 
mixing the apo-enzyme, coenzyme and benzoate, as 
described in a previous communication‘. The crystal 
was dissolved in pyrophosphate buffer (44/60, pH 8-3, 
containing 0-1 per cent benzoate). 

First, the homogeneity of these samples was ascer- 
tained by ultracentrifugation using a Spinco type E 
ultracentrifuge. These samples sedimented across 
the ultracentrifuge cell as a single, symmetrical 
boundary without too much broadening of the 
boundary. 

The sedimentation coefficient of the artificial 
Michaelis complex was determined as follows: the 
Spinco type E ultracentrifuge was operated at top 
speed (59,780 r.p.m.) at 15° C. Photographs were 
taken at 8-min. intervals, as shown in Fig. 1. The 
sedimentation coefficient of the complex (Sops,) was 
calculated by the rate of movement of the boundary, 
and it was corrected to the standard state (S4...). 
Siro, at infinite dilution was estimated to be 11-0 x 
10-13 seo. by extrapolation of the data of runs at 
different concentrations, as shown in Fig. 2. 

Sedimentation coefficients of holo-enzyme and 
apo-enzyme were measured in the same way. Values 
of Siow at infinite dilution of holo-enzyme and apo- 
enzyme were found to be 8-0 x 10° sec. and 4:5 x 
10-7 s60., respectively, as shown in Fig. 2. 

The specific viscosity (Ysp.) Of the samples was 
determined by an Ostwald-type capillary 
viscometer at pH 8-3 and 20° ©. The intrinsic 
viscosity [n] of the samples was obtained by extra- 
polation of the reduced viscosity (sp./c) (where 


Š 
. : 
t 
F H ' 1 
i ‘ 
| 





Representative ultracentrifo 2 ‘iid of the artificial Michaelis complex. 
The centrifugal direction 18 toward agers a 
speed, 69,780 r.p.m.; protem concentration. s125 


wero taken every 8 min. 
mgm. ml ; Bchlieren diagram, 70 
rotor temperature, 15-0° C 


484 
a IH oO 
è 0 è 
g 
A 
m H 
: 
a 
nN 
50 
Coren. e I ~ 
Oo 
0 10 20 30 40 50 80 


Concentration of the enxyme (mgm. jml} 


Fig. 2. Values of Sæ,w for D-amino-acid oxidase. I, apo-enzyme; 
lir II, holo-ensyme; IXI, artificial Michaelis complex 


o=gm /dl.) at different concentrations (10 mgm./ml.-- 
3 mgm./ml.). 

Measured [n] of the samples was decreased with the 
moreased combination of the apo-enzyme with 
coenzyme and ‘substrate-substitute’ : 6-2 x 10-3 for 
the apo-enzyme, 2:6 x 10-* for the holo-enzyme and 
1-75 x 10-2 for the artificial Michaelis complex 
respectively. 

As the sedimentation coefficient increased and the 
intrinsic viscosity decreased when the apo-enzyme 
formed its holo-enzyme and then artificial Michaelis 
complex, it was considered that the conformation of 
the oxidase was changed from a random coil to a 
rigid structure by combining with its coenzyme 
and substrate. 

Kunio Yaar 
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identification of the Main Ethylenediamine 
Condensate of Noradrenaline with that 
of Catechol 


Broauss of the importance of fluorometric micro- 
analysis of catecholamines, the cothylenediamine 
condensation method} should be examined in detail 
The specificity of this method for noradrenaline might 
be importent. In previous communications*.?, 
we indicated that the main condensation product of 
noradrenaline or of 3,4-dihydroxymandelic acid is 
considered to be the same as that of catechol, and that 
the side-chain of noradrenaline or of 3,4-cihydroxy- 
mandelic acid might be damaged severely during the 
condensation reaction. Weu-Malherbe! reported that 
with catechol, noradrenaline and 3,4-dihydroxyman- 
delic acid, two main products which appear to be 
identical for the three compounds are formed. 
According to Joly and Nadeau‘, at least three of the 
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fluorescent spots on a two-dimensional paper chrom- 
atogram of an ethylenediamine condensate of tagged 
adrenaline (§-C-pn-adrenalins) were not radio- 
active, and these three fluorescent spots were found 
to be common to the three chromatograms obtained 
from adrenaline, noradrenaline and catechol. 

These reports all agreed as to the side-chain cleavage 
of noradrenaline or of 3,4-dibydro delic acid 
and as to the identity of their main ethylenediamine 
condensate with that of catechol. However, the 
precise identification of these compounds in the pure 
form has not yet been reported. 

In this communication we report the crystallization 
of a main ethylenediamine condensate of norad- 
renaline and that of catechol, and the identification 
of these two substances. 

To obtain the catechol-ethylenediamine conden- 
sate, 1 gm. of catechol was dissolved in 20 ml. of 
ethanol, and 4:0 gm. of ethylenediamine hydro- 
chloride were suspended in the solution. To this 
solution a mixture of potassium hydrexide (3-4 gm.) 
and ethanol (150 ml.) was added dropwise with con- 
stant stirring; the reaction was allowed to proceed 
for about 90 hr. at room temperature. The precipitate 
which formed was filtered. The orange-yellow fil- 
trate was acidified with concentrated hydrochloric acid 
until the solution became orange-red. As a result of 
this acidification the fluorescence of the solution 
changed from bluish-green to yellow. A white pre- 
cipitate appeared (ethylenediamine hydrochloride) 
and was filtered, and the filtrate concentrated under 
reduced pressure. The residue was redissolved in 
water and the aqueous solution washed with ether 
to remove the catechol remaming. The aqueous 
layer was concentrated under reduced pressure, the 
reeidue extracted with methanol, and acidified by 
concentrated hydrochloric acid. After adding ethyl 
ether to this methanol solution the catechol-ethylene- 
diamine condensate was precipitated as its hydro- 
chloric acid salt. The brownish-red precipitate thus 
obtained was purified twice by paper chromato- 
graphy using n-butanol/acetic acid (100: 15) satur- 
ated with water as the solvent®. The orange-coloured 
band was cut out and eluted by methanol/concen- 
trated ammonia (9: 1) (ref. 7). The final eluate waa 
concentrated under reduced pressure and re-extracted 
with methanol, and acidified as mentioned previously. 
By adding ethyl ether the orange-red main condensate 
could be precipitated as its hydrochloric acid galt. 
The precipitate was isolated and dissolved in methanol, 
from which crystals appeared as shown in Fig. la. 

For the separation of the main condensate of 
noradrenaline 500 mgm. of pi-noradrenaline was 
dissolved in 50 ml. of ethanol/concentrated hydro- 
chloric acid (250 : 1). A mixture of anhydrous 
ethylenediamine (25 gm.) and ethanol (25 ml.) was 
heated in a boiling water bath with a reflux condenser, 
and into this solution the acid ethanol solution of 
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Big. 1. Crystals of the maim ethylenediamine condensate of 
a, catechol, b, noradrenalbne. (x 125) 
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noradrenaline was added dropwise with vigorous 
stirring. The reaction mixture was heated for 3 hr. 
and then left overnight at room temperature. To 
the orange-yellow solution (with bluish-green fluor- 
escence) concentrated hydrochloric acid was added 
(with cooling) to.neutralize the ethylenediamine base. 
When the reaction mixture became acidic, its colour 
changed to orange and the fluorescence became 
yellow. The white precipitate (ethylenediamme 
hydrochloride) was removed by filtration and the 
filtrate concentrated under reduced pressure. The 
residue was extracted with a small: amount of 
methanol, and the methanol extract purified twice 
by paper chromatography as described previously. 
The main condensate was crystallized from methanol 
as in the case of catechol, and the shapes of the 
crystals (Fig. 1b) were similar to those of the catechol- 
ethylenediamine condensate. The infra-red spectra 
of both main condensates were identical. The spectrum 
is shown in Fig. 2. The absorption spectra in the 
visual and the ultra-violet region, and fluorescence 
spectra of these two main condensates were identical 
in both acidic and alkaline aqueous solution. pH- 
fluorescence curves were also identical. These results 
confirmed the identity of the main ethylenediamine 
condensate of noradrenaline and that of catechol. 
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Fig. 2. Infra-red spectrum of the — ethylenediamine con- 
densate of catechol! or of noradrenaline 


Considering these results and our previovs com- 
munications*?, noradrenaline, 3,4-dihydroxymandelic 
acid and catechol give the same condensate with 
ethylenediamine. This should be taken into considera- 
tion when catechol derivatives are analysed by the 
ethylenediamine method. 
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Metabolism and Selectivity of Plant-growth 
Regulator Herbicides 


Tum inability of the herbicide 4-chloro-2-methyl 
phenoxyacetic acid (MCPA) to control certain 
dicotyledonous weeds can. be overcome by introducing 
into the molecule a single a-alkyl substituent’. 
DL - æ - (4 - chloro - 2 - methylphenoxy) propionic acid 
(OMPP) is now widely used to control Galtum aparine 
(cleavers), an important cornland weed. 

The resulta of an investigation of this behaviour 
appear to have an important bearing on the problem 
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of selectivity of the plant growth regulator herbicides 
and their metabolism. 

Penetration, translocation and metabolism of 
MOPA in G. aparine were compared with that of 
CMPP. Materials labelled with carbon-14 and 
chlorine-36 were used. Penetration was measured by 
applying to leaves known amounts of the potassium 
salts of the two acids and, at intervals, measuring the 
amounts of material which had not penetrated. 
Translocation was measured by determining the rate 
of movement of the two compounds out of the leaves 
to which they had been applied. No significant 
differences were found between MCPA and CMPP 
and it was concluded that neither a physical exclusion 
nor an immobilization accounts for the inactivity of 
MOPA. 

After treatment of G. aparine with MCPA-2-™0 and 
CMPP-2-4C samples were taken at intervals and 
separated into gross fractions. After 10 days very 
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little MCPA remained, but at the same time radio- 
activity appeared in the fractions containing water- 
soluble substances not extractable by ether at pH 
4-0, protein and nucleic acid, starch, and in the tissue 
debris. Nearly all the CMPP was recovered un- 
changed. Absorption of respired carbon dioxide after 
treatment with MCPA-2-“C and MCPA-1-"C showed 
that about 7 per cent of the metabolized MCPA could 
be accounted for in this way. 

Two possibilities are likely for the metabolism of 
MCPA ın G. aparine: (1) The side-chain may be 
degraded, the liberated carbon being incorporated 
either as a one- or two-carbon fragment, or released as 
carbon dioxide, or (2) the metabolism may involve 
conjugation to another cellular component. Fang and 
his associates?-* claim to have found protein/growth 
regulator complexes as the main metabolic product 
of 2,4-dichloro-phenoxyacetic acid in several species; 
Andrese and Good’ have described the isolation of an 
amino-acid conjugate of 2,4-dichloro-phenoxyacetic 
acid from peas. 

Metaboliam of MCPA-**Cl was compared with that 
of MCPA-1-4C and MCPA-2-4C. Fig. 1 shows a 
typical result. Obviously the rate of disappearance 
of MCPA is the same whether the molecule is labelled 
in the methylene or carboxyl carbon or the chlorine 
(see a). The level of radioactivity in the water- 
soluble fraction (b) never rose higher than 10 per cent 
of the applied dose when carbon-labelled material was 
used, but rose to more than 75 per cent after applica- 
tion of chlorine-labelled material, thus demonstrating 
the production of a major water-soluble metabolite 
containing neither carbon atom of the side-chain. 
Conversely, it is evident that the protein/nucleic acid 
and residue fractions (c and d) contain radioactivity 
derived from the carbon of the side-chain but do not 
contain the phenoxy moiety: thus radioactivity in 
these fractions must also arise after a split at the 
ether 

In this way it has been established that the resis- 
tance of G. aparine to MCPA is due to a detoxication 
of the molecule involving the loss of both carbon 
atoms of the side-chain. The introduction of an 
-alkyl group, preferably methyl, into MOPA. blocks 
this degradation and establishes the basis for the 
success of CMPP in controlling this weed. 
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Storage of Fertilized Rabbit Ova 


Cana! successfully stored fertilized rabbit ova at 
0°C. and 10°C. for 4 days; Averill and Rowson? 
stored sheep ova at 4:5-7°C. for 3 days. In both 
cases the environment used was the blood serum of 
animals of the same species, and the effectivity of 
the method was tested by the resulta of their develop- 
ment after transplantation. Chang has found that 
the most favourable temperature to store rabbit ova 
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was 10° C., and he also has shown? that the cleavage 
of eggs in the medium after their previous storage 
at low temperatures does not mean that the eggs 
can develop normally in the female tract. Hafez‘ 
demonstrated in - paper published in 1961 that 
fertilized rabbit ova may be successfully stored " 
vitro during 6 days in liquid medium made of | : 
serum/saline solution mixture. He applied also the 
transfer technique, and the results were examined 
by killing the recipients and counting the embryos 
15 days post cottum. Experiments on the deep- 
freezing of eggs* have so far not led to the successful 
storage of ova. 

I have used a mixture of equal quantities of 
Locke’s solution and of the blood serum of rabbit 
does in heat, with the addition of 0-02 per cent 
streptomycin. With the view of improving the con- 
trol of the content of particular ingredients in the 
medium, the serum was partially replaced by an 
artificial solution. 

The mixture of serum and artificial solutions has 
been used many times by studente of mammalian 
ova. A mixture of equal quantities of Locke’s solu- 
tion and serum was recommended by Pincus for the 
manipulation of ova in 1936. In successful expen 
ments on the storage of unfertilized rabbit eggs, 
Chang’ used a mixture of rabbit blood serum and 
Ringer—Dale’s solution. 

In my experiments the ova were obtained from 
the oviducta of does of albino breeds 69 hr. post 
coum and transferred to the uterus of does of the 
chinchilla breed mated with a vasectomized buck of 
the same breed 76—77 hr. before the operation. 3—5 ova 
were stored in ampoules in 1 ml. of liquid at 6—-12° ©. 
for 4 hr. to 9 days. 123 ova were transferred to 
30 does. From the fourteenth to the twenty-ninth 
day of pregnancy, autopsies of some of the does 
were carried out, the remainder being kept until the 
young were born. The viability of the eggs stored at 
low temperature are shown in Table 1. 


Table 1. SURVIVAL OF TRANSFERRED FERTILIZED RABBIT OVA STORED 
At 6°-12° C. yor 4 HR.—9 DAYS. RESULTS OF AUTOPSY AND PARTURI- 
TION 


Ova number 
No. of Develop i 
recipient does Transferred Developing bo hate! 


(days Used Pregnant — cent) 

He 4 3 18 5 28 
3 2 16 6 40 

2 5 3 20 9 46 
8 8 8 14 12 86 
4 1 1 3 I 33 
5 1 1 3 8 160 
6 4 1 16 8 19 
7 4 2 16 4 25 
8 4 1 16 1 8 
9 1 0 8 0 0 


As a result of transplantation, normal development 
was obtained of ova previously stored for periods 
from 4 hr. to 8 days. The number of ova in particular 
groups is too amall to permit the percentages of viable 
ova to be regarded as more than rough estimates, 
which_do not express the real probability of the 
viability of ova in these conditions. The results 
obtained suggest, however, a decrease of viability of 
ova after 6 days of storage. Three ova (19 per cent) 
developed after 6 days of storage of 16 ova trans- 
ferred to 4 does, while 40 per cent developed of 
15 ova after storage of l day. The longest time 
of storage with a positive result was 8 days for 1 
ovum out of a total of 15 ova, as shown by the 
presence of a normal developing embryo found by 
autopsy after 14 days of pregnancy. After storage 
for 7 days of 16 ova, 4 young in 2 litters were obtained. 
















No. aaia February 3, 1962, 


nal development of 27 — was shown by 
psy in 23 does into which 94 ova had been 
ferred, and only two embryos succumbed in 1 
The greater number of ova had succumbed 
ore. implantation. 

‘he method used in this work differs from Chang’s 
1ethod in several ways. The determination of the 
ole of the particular factors in the process of storage 
nd transplantation needs further comparative 
: vestigations. 

~The possibility of creating a stock of mammalian 
va by means of storage at low temperatures makes 
ossible increased research on ova development, 
nsplantation and transport. 
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_ Metabolism of Phosphatido-Peptide and 
Phospholipid in the Supersensitive Sub- 
maxillary Gland of the Cat, in vivo 


oo OO EARLIER work by Emmelin and Muren? has shown 
— ‘that section of the parasympathetic nerve supply to 
the submaxillary glands of cats renders them super- 
sensitive to cholinergic and adrenergic agents pro- 
_. ducing a greatly enhanced secretion from the super- 
sensitive gland when compared with the normal 
gland. Hokin and Sherwin? have suggested that the 
turn-over of phosphoryl units in the phospholipid 
fraction of acetylcholine-stimulated. submaxillary 
gland slices may represent a carrier mechanism 
funetioning in the secretory process. In addition 
_ Huggins‘ has shown that there is an increased incor- 
poration of radiophosphorus into the phosphatido- 
_ — peptide fraction of slices of chicken pancreas when 
incubated in the presence of acetylcholine. These 
observations suggest that the increased secretory 
activity seen in the supersensitive submaxillary glands 
might be related to increased metabolic activity in 
the phosphatido-peptide and phospholipid fractions. 
Cats were denervated by aseptically removing 
0 mm. of the left chorda lingual nerve 2-3 weeks 
before the acute experiment. For the acute experi- 
ment the animals were anesthetized with 30 mgm./ 
gm. sodium pentobarbital. (intraperitoneal). Fine 
lass cannule were inserted into Wharton’s duct from 
he mouth. Retrograde injections of acetylcholine in 
emineralized water were made according to the 
cedure of Emmelin, Muren and Strömblad’. A dose 
acetylcholine which elicited a threshold secretory 
ponse in the normal gland was used throughout the 
riment on both glands producing 3-4 drops of 
iva from the normal and 10-14 drops of saliva 
‘om the denervated glands. Phosphorus-32 (disodium 
drogen phosphate), 200 yuc./kgm., was injected 
ubeutaneously, 5 min. before starting the 
xeriment. The test dose of acetylcholine was 
njected every 15 min. during a 2-hr. period and the 
‘ops of saliva were recorded manually with a signal 
marker. At the end of the 2-hr. period the animal 
yas killed by an intravenous embolus and the 
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Table 1. EFFECT OF ACETYLOHOLINE ON 


. Speeifia 
Phosphatido- 


Treatment 

; peptide Phospholipid 
Normal 121 285 
Denervated 214 43-5 


pgm. hexosamine m.equiv. sodium m. equiv. pot p jt 


per ml, saliva per mi. saliva — per 
— Ag : Bi 
Normal 27 E pone, 4 
Denervated 61. T 414 8 


* eee dose sufficient: for threshold ——— fror 
“ Specific activity = e.p. m. per ngm. P, — 


submaxillary glands were quickly remo 

separated into the different phosphorus-con 

fractions as described by Huggins and Cohn‘. i 

Analyses for mucin’, sodium. and _potassitin * vere e 

carried out on the pooled saliva. — Lay ORS 
Results presented in Table 1 show that the turn- — 

over of the phosphorus in. the. phosphatido-peptide : 

fraction of the supersensitive gland is increased some 

175 per cent while that of the phospholipid fraction is 

increased some 150 per cent. The specific activity 

of the total acid-soluble. fraction does not change ` 

significantly. Also, the secretory data in Table 1 

show an increase in mucin secretion of 225 per cent, in 


sodium secretion of 670 per cent and in potassium 


secretion of 180 per cent, when compared between 
supersensitive and normal glands. Work on the com- 
ponents of the phospholipid fraction has shown that 
phosphatidyl inositol. and phosphatidic acid are the 
most rapidly metabolizing components. In the phos- 
phatido-peptide fraction it is the phosphorus atom __ 
that forms the diester linkage between glycerol and 
inositol which is stimulated in this process: Atropine,  — 
0-5 mgm./kgm., was found to inhibit the stimulatory 
effect of acetylcholine. Furthermore, atropine in this 
concentration inhibited the increased turn-over of 
phosphorus in phospholipid and phosphatido-peptide 
found in glands which had been caused to secrete by 
electrical stimulation. Results similar to. those 
obtained with acetylcholine were found with adren- 
aline as the stimulating agent. 

The results presented here suggest a relationship. — 
between secretory processes and the metabolism of the 
phosphatido-peptide and phospholipid fractions Of eee 
submaxillary glands. Indeed, the supersensitivity to 
secretion which follows parasympathetic decentral- — — —— 
ization was paralleled by a marked increase in the 
metabolism of these fractions. The role of the com- 
ponents of the phosphatido-peptide and phospholipid — 
fractions in the phenomenon of supersensitivity and — 
secretory processes is under active investigation ine 
this laboratory. ae 

This work was aided by a grant from the National — — 
Cancer Institute, Public Health Service (grant =. 
C-3979). We are indebted to Dr. B. C. R. Strömblad. > 
for the demonstration of the surgical procedure used —— 
during this work. see 
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-Insulin Sensitivity of the Rat Heart 


GALACTOSE, a stereoisomer of glucose which is not 
. mnetabolized by peripheral tissues!.*, is transported in 
olated perfused rat heart by an insulin-sensitive 
carrier mechanism*. The effect of insulin, which is to 





_. inerease markedly the rate of movement of the sugar 
_. geross the muscle cell membrane, 


: is most clearly 
| demonstrated in the efflux of the sugar from the 
tissue. Hearts loaded with galactose by perfusion for 
20 min. with a Krebs—bicarbonate medium containing 


the hexose (1 gm./100 ml. ) are transferred to a sugar- 


free perfusate, and the effluent collected in a timed 
vsample. The fractional fall in the heart galactose 
content during the fourth minute after transfer is 
used as a measure of efflux-rate. It has been shown? 
‘that the dose-response curves of rate of galactose 


efflux: against insulin concentration show a marked 
— _ seasonal: variation; the sensitivity being greatest in 





summer and least in winter (Fig. 1}. The dose- 
response curves are Michaelis-Menten in form; and 
the change with season suggests the presence of a 
competitive inhibitor of insulin during the winter 
months. 
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Fig. Ae Change in the response of the heart to insulin during 
the course of the year. The response, which is measured as the 
O° pate Of efflux of galactose (the fraction of the heart content 


— < emerging pe — minute), is recorded for two concentrations 


n; ©, lO me/ml; @, 05 majmi, 


a i was found that hearts removed from rats main- 
taimed during winter with a 12-hr. day of artificial 
light gave the same response as rats kept under 
natural lighting conditions in summer; the respective 
figures for the fractional fall in the heart galactose 
content with I mu/ml. of insulin were: 0-36 + 0-02 (5) 
during the winter period with twelve hovrs light, 
0-38 + O01 (8) during summer and 0-25 + 0-02 (8) 
during winter with natural day-lengths. The sharp 
fall in insulin sensitivity in the early autumn (Fig. 1) 
suggested, therefore, that the presence of the inhibitor 
might be related to the rapid shortening of the day at 
this time of the year. 

‘The following experiment was carried out in winter 
(J: anuary~February) in a constant-temperature en- 
vironment to test this supposition. A number of rats 
which had been maintained on a constant day-length 
of 12 hr. of artificial light were divided randomly into 
two. groups. The control group continued on the 
constant day-length of 12 hr. The dav-length of the 
experimental animals, also maintained with artificial 
light, was shortened by daily decrements for six weeks 
so that the natural decrement in day-length corre- 
sponding to that of September 26- 
November 15 (lat, 52° N.) was 
closely simulated. At the end of 
this period the rats were killed and 
the response of the hearta to 0-5 
my/ml. of insulin determined. The 
rates of galactose efflux (fraction/ 


ath. min.) were 0-31 + 0-02 (6) Fig. L 
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y be induced experimentally. fect 
of maintainiz ag the relatively constant: winte day- 
length and of inereasing day-length, however, have 
yet to be investigated. 





Rowett Research Institute, 
Bucksburn, Aberdeen. 
? Levine, R., Goldstein, M. S., Huddlestun, B., and Klein, B, P., 
Amer. J, Physiot., 168, 70 {1950 }. 
* Fisher, R. B., and Lindsay, D. B., J. Physiol, 181, 526 (1956). 
* Fisher, R. Be amd Young, D, A. B. J. Physiol., 158, (1961). 


Electrical and Mechanical Activity of the 
Chick Amnion 


A PHYSIOLOGICAL study of conduction and excita- 
tion in the smooth muscle of the chick amnion is of 
interest as this structure is devoid of nervous elements. 

Prosser and Rafferty’ have recorded conducted 
action potentials from the musculature of the chick 
amnion with surface electrodes and have adduced 
this as evidence for intercellular conduction in 
smooth muscle. A more satisfactory method of 
recording the action potentials has been developed 
by using the sucrose gap technique, first described by 
Stampfli*, in which the extracellular fluid of part of 
the preparation is replaced by a non-conducting 
sucrose solution. This greatly reduces the conduction 
through the extracellular fluid and produces mono- 
phasic action potentials, the shape of which can be 
more closely studied. 

Strips of chick amnion were dissected from the 
dorsal surface of 6-14 day embryos and mounted in a 
sucrose gap apparatus, one end being connected to a 
mechano-electronic transducer. The apparatus was 
similar to that described by Bilbring and Burnstock? 
for the guinea pig tenia coli. Hanks’s balanced salt 
solution was used as the physiological saline solution 
throughout this work, and the temperature of the 
preparation maintained at 38° C. The flow-rate was 
approximately 2 ml/min. Changes in membrane 
potential and in isometric tension of the strip have 
been recorded photographically from a dual beam 
oscilloscope. It has been confirmed that conducted 
action potentials occur in the chick amnion and that 
these are correlated with changes in tension. 

The chick amnion has autorhythmicity and Fig. 1 
shows parts of a record from a spontaneously active 
preparation. The action potentials are of long 
duration, some 2-5 sec., and are preceded by a period 
of slow depolarization, the so-called prepotential. 
There is a rapidly rising depolarization phase, a 
plateau and a slower phase of repolarization, often 
followed by a small hyperpolarization. The plateaux 
show small undulations and are possibly composed of 
fused, spikes, due to the asynchronous firing of many 
units. However, the ureters of the rat and guinea pig 
show such plateaux’, which persist even with miero- 
electrode recording (Burnstock, G., personal com- 
munication). 


—— — —— 
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14-day amniotic membrane strip showing spontaneous rhythm. Electrical 
activity is shown on the top trace and mechanical activity below 
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10 sec. 


Fig. 2. 12-day amniotic membrane strip showing two types of 
action potential occurring in the same preparation 


Each spike is associated with a tension increase 
which usually occurs immediately after the potential 
change, but sometimes the action potential does not 
arise until a later stage, when the tension change has 
already begun. This is thought to depend on which 
cells the recording electrode is ‘seeing’. If the elec- 
trode is situated in the region of a pacemaker a slow 
depolarization phase or prepotential is seen and the 
spike precedes the tension rise. When no prepotential 
is seen it is possible that the spike arises away from 
the recording electrode but is conducted to it. Since 
both types of spike occur in the same preparation 
(Fig. 2) it would indicate that the sites of the pace- 
makers are continually changing. 

Acetylcholine has been found in the chick amnion* 
and is believed to act as a local hormone responsible 
for spontaneous rhythm". The effect of acetylcholine 
on this smooth muscle is shown in Fig. 3. There is an 
increase in the rate of firing of the spikes, each spike 
still being associated with a tension increment. No 
overall increase in tone or fusion of the tension 
responses can be seen. The duration of the plateau 
of the action potential is shortened. This shortening 
is most pronounced where the rate of firing due to 
acetylcholine is greatest. Possibly many units now 
fire synchronously under the influence of the acetyl- 
choline, supporting the idea that the plateau is com- 
posed of fused asynchronous spikes. 





Fig. 3. Continuous record from a spontaneously active 11-day preparation. 
At the arrow the solution flowing through the chamber was changed to one 


containing 3 ugm., of acetylcholine chloride per mil. 
to flow for 35 sec. 
seconds after the acetylcholine was admitted 
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This solution was allowed 
The figures on the right of the traces indicate the time in 
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HAMATOLOGY 


Difference in Gross Structure of Two 
Electrophoretically Identical ‘Minor’ 
Hzmoglobin Components 


DurınG a search for the possible presence of 
abnormal hemoglobin types in the white population 
of the south-eastern area of the United States, minor 
hæmoglobin variants were discovered in the blood of 
two healthy adult males, both being admitted to the 
VA Hospital, Augusta, Georgia, for reasons not 
related to any hematological abnormality. In paper 
electrophoresis at pH 8:6 both components showed 
an electrophoretic mobility slightly faster than 
hemoglobin-S (Hb-S), while in starch-gel electro- 
phoresis!* at pH 8-0 they were indistinguishable from 
Hb-S. The amounts present were considerably less 
than usually found in the blood of an abnormal 
hæmoglobin trait carrier; in both cases the per cent 
abnormal component was estimated between 10 and 
15 per cent. 

When analysed by DEAE-cellulose chromato- 
graphy? the hemoglobin of one patient (case di L.) 
was found to contain 10-2 per cent 
of the abnormal hemoglobin. The 
percentage Hb-A, (2-3 per cent) fell in 
the normal range, while the amount of 
Hb-F was slightly elevated (2-0 per 
cent). Results of hematological studies, 
including blood smears and osmotic 
fragility determinations, were indicative 
of the presence of thalassemia trait. 
Three of patient’s four children showed 
the same abnormality; his fourth child 
was normal. The percentages of the 
abnormal h#moglobin-fraction in these 
three additional cases were 11-3, 9-9 and 
9-9 respectively; the Hb-A, levels were 
normal, namely 1-9, 1:8 and 2-3 per 
cent, while the amounts of Hb-F were 
increased to 2:7, 9-5 and 1-3 per cent 
respectively. Comparison of the abnor- 
mal fraction with Hb-Lepore*, which 
was carried out by Dr. P. S. Gerald 
(Boston, Mass.), established the identity 
of the abnormal component of patient 
di L. with this variant of hemoglobin. 

Analysis of the hemoglobin of the 
second patient (case R.) by starch-gel 
electrophoresis revealed the presence of 
one extra abnormality: in addition to 
normal Hb-A, Hb-A, and the abnormal 
component (designated as Hb-A Russ) 
a minute amount of a slow-moving 
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Fig. 1, Starch-gel electrophoretic pios of different hæmo- 

globin types formed in hybrid 

with the dimethoxybenzidine reagent an 
glycerol, C, Control; H, hybrid 


fraction was detected. The mobility of this com- 
ponent, which was readily detectable with the use 
of dimethoxybenzidine in the staining reagent, was 
almost identical with that of Hb-B,, which is known 
to be an abnormality of Hb-A, (ref. 5). When 
analysed by DEAE-cellulose chromatography? the 
slow-moving abnormal minor hemoglobin-component 
(designated as Hb-A,®4) was eluted in front of 
Hb-A,, which in turn was followed by Hb-ABuss and 
finally by normal Hb-A. All four isolated components 
showed their specific electrophoretic mobilities and 
were virtually free of any contamination. Quantita- 
tive analyses revealed the following percentages: 
Hb-A,8u% 0-4 per cent, Hb-A, 23 per cent, 
Hb-ARuss 12-3 per cent and Hb-A 85-0 per cent. 
It is worth noting that hematological studies of the 
blood of patient R. showed no abnormalities. 
Larger quantities of the abnormal hemoglobin- 
fractions also were isolated with the use of DEAE- 
cellulose chromatography*. 20-30 ml. of an approxi- 
mately 10 per cent solution of hemoglobin, previously 
dialysed for 24 hr. against an 0-005 M sodium phos- 
phate buffer of pH 8-6, were applied to a 30 x 2 cm. 
‘DEAE-cellulose’ column (‘Selectacel-DEAF’, type 
40, Brown Company, Berlin, New Hampshire), which 
was equilibrated with the same buffer as used for 
dialysis. Elution was carried out with a 0-01 M 
sodium phosphate buffer pH 8-6 at a rate of approxi- 
mately 50 ml. per hour. Hb-A, and Hb-Lepore were 
isolated from the solution of hæmoglobin of patient 
di L. and Hb-A,Bus*, Hb-A, and Hb-A ss from 
that of patient R. The diluted effluent fractions were 
combined, concentrated with the use of short ‘OM- 
cellulose’ columns’ and finally tested for purity by 
starch-gel electrophoresis':*. Re-chromatography of 
the isolated fractions was found to be unnecessary. 
In order to study the possible abnormalities in gross 
structure, many hybridization experiments were 
carried out following the technique of Gammack et al.’ 
with some minor variations. The mixtures of hemo- 
globin were dialysed for 7 hr. against a 0-1 M sodium 
acetate buffer of pH 4-7, while recombination of the 
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dissociated hæmoglobin units was obtained by dialysis 
for 20 hr. against the tris-ethylenediamine tetraacetic 
acid—borie acid buffer pH 8-0, which was also used for 
the preparation of the starch gels*. The following 
hzmoglobin-components were used in these experi- 
ments: the 8-chain variants S, C and Æ; Hb-J 
(Georgia)*; Hb-A, and its variant Hb-B,; Bart's 
hemoglobin known to be composed solely of the 
y-chains of Hb-F; Hb-APuss and Hb-A,B48 and 
finally the Hb-Lepore of our patient di L., which 
shows a close resemblance with normal Hb-A, 
(Gerald, P. S., personal communication). Examples of 
the results obtained are shown in Fig. 1. Two hybrid 
hemoglobins were formed from a mixture of the elec- 
trophoretically identical Hb-ARuss and Hb-S (a,8,5); 
one component was identical with Hb-A (a,8,) and 
the other showed a mobility similar to that of Hb-A,. 
Assuming that the normal «-chains of the normal 
Hb-A were derived from Hb-S one has to conclude 
that Hb-ARuss possesses normal $-chains. In conse- 
quence, the slow-moving hybrid hæmoglobin is 
composed of abnormal «-chains of Hb-ARuss and the 
abnormal §-chains of Hb-S. When Hb-A®us 
(a,"8,) was mixed with Hb-A, (a23,) again normal 
Hb-A was produced as hybrid, while the second very 
slow-moving component («,“8,) showed the same 
mobility as the naturally occurring Hb-A,®"s, The 
hybridization of Hb-ARuss (2,*8,) with the abnormal 
Hb-fraction isolated from the blood of case di L. 
(Hb-Lepore) resulted in the formation of Hb-A and a 
slow-moving fraction indicating the presence of 
normal a-chains in Hb-Lepore. The presence of 
normal «-chains in Hb-Lepore was supported by the 
formation of normal Hb-/ from hybridization of 
Hb-Lepore with Bart’s hemoglobin (y,) and by the 
absence of hybrid hemoglobins from mixtures of 
Hb-Lepore and $-chain abnormalities such as Hb-S 
and Hb-C. 


Table 1. HYBRID H&ZMOGLOBINS FORMED FROM MIXTURES OF 
DIFFER 


ENT HÆMOGLOBIN TYPES 


Mixture of hæmoglobins * Hybrid hæmoglobins * 


ARo + S : a+) + aS +2) aP +4) + a 

Aue + C ; as "Bl +2) + al +4) — OCs o + * 

Attu + FE ; Sonne tat + afal +4) a, *B,8( +6) + Ofa 

Afius + J : anpa +2) a"By!(0) + aapa 

Atuw + A,: pad HE + adsl + 4) a, Ôi + 6) + afa 

Aum + By: agBg +2) + asðPa +6) Oa: +8) + asa 
A,Rum + A: gh +6) + dahs ay ®Bgl +2) + agd +4) 
AR + J ag +6) + aa (—2) aBa (0) + as +4) 

A Ru + Ag: aP’ +6) + aða + 4) None 

ARU + Bg : ag®bg( +6) + agal +6) aað,” A +8) + aða + 4) 
A,lpore + S: agds (t3 + aS + 2) one 

Aglepore + (C: agdg'*P-( +2) + aael + 4) None 

A glepore + 4 Russ: agdglp-( + 2) + aghBg( +2) aR +4) + asf 
Bart's + Aly, + afa Formation of: asya = Hb-F 
Bart's + Lepore: ya + aað m Formation of: asy = Hb-F 


* Values between parentheses indicate the relative differences in 
charge as compared with normal Hb-A (a4). 


The results of different hybridization experiments 
are summarized in Table 1. They can all be explained 
by the following assumptions: (a) Hb-A®™s is com- 
posed of abnormal «-chains and normal §-chains 
(a."8,); (b) Hb-A,B"8s is composed of the same 
abnormal «-chains and normal 3$-chains («,"8,); (c) 
Hb-Lepore normal «-chains and probably 
abnormal -chains (a,5,!P-.); (d) Hb-J (Georgia) is, 
like the Hb’s S, C and E, abnormal in its $-chains. 
At present it is unknown if the Hb-A®4* is identical 
with the Hb-D, which was found to be also abnormal 
in its «-chains’ ; the low percentage of Hb-A®uss in 
the blood of patient R. makes non-identity likely. 
Further structural studies are in progress to determine 
the amino-acid abnormality in these Hb-variants. 
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A Rat Serum Protein related to Repro- 
duction, Tissue Synthesis and Lactation 


Darcy' has demonstrated by immunoelectro- 
phoresis the presence of a protein in the sera of foetal, 
neonatal, pregnant, twmour-bearing and regenerating 
rats not found in the sera of healthy, non-pregnant 
adults of either sex. More recently, Beaton et al.** and 
Heim® have shown, in the sera of pregnant and 
neonatal rats, the existence of a distinct protein com- 
ponent in the electrophoretic pattern obtained by 
starch-gel electrophoresis which is absent from the 
patterns of sera from healthy, non-pregnant, adult 
rats. Beaton et al.‘ also demonstrated this component 
in certain pathological conditions and Heim’ found it 
in sera from foetal and lactating rats. The presence or 
absence of the new component, hereinafter termed 
reproduction-associated protein, has now been determ- 
ined over most of the life-cycle of the rat and under 
certain experimental conditions. A hypothesis of 
identity of the reproduction-associated protein with 
the protein discovered by Darcy’ is suggested. 

The sera were obtained as previously described’ 
from Sprague-Dawley rats. Agos of f@tuses were 
counted from the day on which sperm first appeared 
in daily vaginal smears. After collection, the samples 
of blood were stored at 4-6° C. for 4-6 hr. The sera 
were then obtained by centrifuging in the cold. 
Electrophoresis was conducted by the vertical starch- 
gel technique of Smithies? with four modifications: 
(1) all separations were done at 10° C.; (2) a voltage 
gradient of approximately 8 V./em. was used; (3) the 
block was stained for 15 min.; (4) a mixture of 
paraffin and mineral oil was used in place of petroleum 
jelly to prevent evaporation. 

The reproduction-associated protein band (Fig. 1) 
was found in the sera from certain rats, as given in 
Table 1. It has a mobility, in starch gel, slightly 
slower than S«,-globulin of the adult, according to 
the nomenclature of Smithies*. It should not be 
confused with an indistinct, broadly staining area in 


OCCURRENCE OF REPRODUCTION - ASSOCIATED PROTEIN 
IN RATS UNDER VARIOUS CONDITIONS 


A. Reproduction-associated protein present: Fortal, fifteenth day of 
rap pe onward (see text), Neonatal, birth through about twenty- 

fth day. Pregnant female, eighth day of gestation onward. Nursing 
female, parturition through about twentieth day. Partially hepa- 
tectomized adults, 3 and 4 days post-operative. Adults bearing large 
Walker 256 carcinosarcomas. 

B. Reproduction-associated protein absent. Adults, healthy and 
non-pregnant, either sex. Adult females injected with mstrone, 
progesterone or chorionic gonadotropin, alone, together or in 
sequence, Laparotomized adults, sham operated as controls for 
partially hepatectomized rats, 3 and 4 days post-operative, 


Table 1, 
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Fig. 1. Starch electrophoresis patterns of rat sera. (1) Pooled 
sera from neonatal rats within 10 hr. after birth; (2) serum 
from dam of above neonatal rats, taken within 10 hr. after 


giving birth; (3) sernm from nonpregnant, adult, female rat; 

(4) serum from sire of above neo-natal rats. Arrows indicate 

he reproduction-associated protein. Starting wells at left; 
migration toward right 


approximately the same region of the pattern which 
may appear after excessively strong centrifugation of 
the clotted sample. In many fetal sera, it stains 
more intensely than the adult-type Sa,-globulin. The 
time of first appearance of reproduction-associated 
protein during ontogeny could not be determined 
because it is already present in the sera of the youngest 
embryos from which enough blood could be obtained, 
that is, those of 15 days gestation. 

The immunoelectrophoretically demonstrable serum 
protein component of Darcy is reported present in 
sera from pregnant, neonatal or juvenile’ and foetal 
rats? as well as in sera from rats subjected to partial 
hepatectomy or partial renalectomy and, weakly, in 
those with partial dermatectomy or laparotomy’. It 
is also present in rats with large neoplasms’. The 
component of Beaton et al.* is also found in pregnant 
rats after the Sth day of gestation, in neonatal or 
juvenile animals and in animals bearing large neo- 
plasms. Further, its appearance could not be brought 
about by the injection of oestrogen, progesterone or 
growth hormone. The pattern of appearance in the 
previous studies is thus generally confirmed and 
extended hereby. The mobility of Darcy's component 
in the slow «- or fast 6-globulin region during agar 
electrophoresis', as compared with the more cathodal 
position of the pertinent protein in the work of 
Beaton et al.‘ and the present work, is explained by 
the observation that the component migrates in the 
x,-globulin region during paper electrophoresis’®. The 
difference in position is thus probably due the molecu- 
lar size selectivity of the starch gel. It is therefore 
postulated that the components observed by Darcey", 
Beaton et al.*:* and me represent the same material, 
and that it is a serum protein which appears whenever 
large-scale synthesis of tissue or milk occurs in the 
rat. 
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ig leucocytes from ‘allergic’ donors. The 
of the sensitivity proved to depend on the 
tage of mononuclear cells present in the 
tie suspension. By disrupting the ‘sensitized’ 
mponent resembling an antibody of the 


action called ‘IV-10’ fr. or an a-globulin 


sed which was found to induce a ‘delayed’ 
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at fempt ‘thas therefore been made to confer 





reic sensitivity on ‘normal’ leucocytes in vitro, 





AAsrgit 
< following contact with an ‘allergenic factor’ resulting 


from the lysis of ‘allergic’ cells. Induction of ‘delayed’ 
 yensitivity in normal animals was achieved by trans- 
< ferring in vitro ‘sensitized’ leucocytes. 
Four ‘prepared’ albino guinea pigs (350-450 gm.) 
were used as ‘allergic’ donors. 
tuberculin type was evoked by a single subcutaneous 
inoculation of 5-0 mgm. of heat-killed tubercle bacilli 
-in 1-0 ml. paraffin oil, followed by 3 subcutaneous 
-injections weekly of 10 mgm. B.C.G. each. Twenty- 
-five days after the first injection, when the animals 
had developed a strongly allergic state (the tuberculin 
< gkin-test strongly positive to 0-1 ml. O.T. 1: 20), 
they received intraperitoneally 30 mi. of Eagle 
-solution (pH 7-2) per animal with 1 per cent glycogen 
and 1 ml. mineral oil. Five days later, exudates were 
- eollected from the peritoneal cavities by washing out 
< each cavity with 30 ml. of chilled Hanks’s solution 
(pH 6-9) with 0-005 per cent heparin and @-2 per cent 
gelatin. The cellular suspensions from all the animals 
were pooled and the fuid allowed to settle in order to 
<- separate immiscible phases. The cell suspension was 
< eollected by suction and then centrifuged at 1,000 
p.m. for 10 min. The cells deposited were washed 


Sensitization of the 


twice with Hanks’s solution (pH 6-9), re-dispersed in 


60 ml. of this solution and its pH immediately adjusted 


to 7:2. This suspension was divided into three 
- portions of 20 ml. each, and the suspended cells were 
| Table 


T, skin- 


; portion was for 10 min, in a Sieme 
sonic vibrato co/s., 4 W./em? at 3 


Average of O.T. skin-test (after transfer) 

























ting’ treatment as follows: one 








m was subjected 15 times consec 
to freezing and thawing (between ‘dry ice’ at. 
and water-bath at + 38° C.), and a third 
was treated for 5 min. with a 1 per cent solution 
sodium deoxycholate, as described by Hs 
Kapral'. After treatment, all portions were centrifug 
at 15,000 r.p.m. for 30 min., the cell-free supernatan 
individually discharged and controlled microseo ly 
(no cellular elements were observed). The supèr- 
natant treated with deoxycholate was dialysed t 
remove salt, and made isotonic again. Each of the 
three supernatants was incubated with ‘normal 
leucocytes from four non-prepared animals according- 
to the method described above. The cell suspensions `. 
were incubated for 1 hr. at 37° C. and shaken period- ` 
ically. After incubation, they were centrifuged at — 
1,000 r.p.m. for 10 min., and cells deposited were 
washed and re-dispersed in 10 ml. Hanks’s solution 
(pH 7-2). 2 ml. of these final suspensions, containing 
more than 60 per cent mononuclear cells, were 
inoculated intraperitoneally to five normal, tuberculin- 
negative albino guinea pigs. A suspension of ‘normal’ 
cells in Hanks’s solution, prepared in the same. 
manner, was given, by the same route and doses, to`- 
five tuberculin-negative albino control animals. | 

All injected guinea pigs were skin-tested for the 
allergic state (0-1 ml. O.T. 1 : 20 intradermally for 
each animal) and checked after 8, 24 and 48 hr., 
respectively, following the intradermal injection. The 
results are recorded in Table 1; they show that: 
(1) The animals receiving the cells ‘sensitized’ with 
the supernatant from the cell suspension treated by 
sonic vibration gave a significant transitory sensitivity 
of the ‘delayed’ type*. (2) Reactions of the same type 
but of smaller intensity were obtained from the 
animals treated with the supernatant from the cell 
suspension subjected to thermal disruption. (3) The 
animals which weregiven leucocytes previously treated 
with the supernatant from the deoxycholate-treated 
suspension displayed no detectable skin-reaction on 
testing. None of the tested animals had antitubercul- 
ous humoral antibodies (the Middlebrook—Dubos reac - 
tion negative for all), or humoral antituberculoprotein 
antibodies (the precipitin-reactions with these anti- 
gens were negative). 
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These results show that a ‘factor’ able to sensitize 
normal leucocytes in vitro was present in the super- 
natants of disrupted ‘allergic’ leucocytes. 


C. C. OPRESCU 


Tuberculosis Research Laboratory, 
Cantacuzino Institute, 
Bucharest. 


i Hsu, H. 8., and Kapral, F. A. Amer. Rev. Resp. Dit., 81, 881 (1960). 


PATHOLOGY 


Protective Action of 2,2-Dipheny!-4- 
lsopropylaminobutyramidmethyliodide on 
Reserpine-promoted Gastric Ulcers 


THERE are numerous clinical data concerning the 
uleer-inducing effect of reserpine’. A dose of 3-5 
mgm. of reserpine causes hemorrhagic erosions in 
the fundus of the stomach of the rat in 18 hr.*-*. 
Experimental ulcers in its squamous portion, caused 
by feeding the animals exclusively with glucose 
solution for 8-15 days, are significantly increased in 
number by administration of reserpine’. Reserpine 
sharply stimulates acid gastric secretion’; this 
effect can be prevented with atropine’. Prevention 
of the harmful effects of reserpine on the gastric 
mucosa with the aid of drugs in current clinical 
use is of practical and theoretical importance. There- 
fore, the purpose of the present work was to investi- 
gate the protective action of an anticholinergic drug, 
2,2 - diphenyl - 4 - isopropylaminobutyramidmethy}- 
iodide. We are grateful to Messrs. Ciba A.G., Basel, 
who supplied ‘Serpasil’, and to Messrs. Oy. Orion, 
Helsinki, for the supply of the anticholinergic agent 
(‘Neopant’). 


Table 1 PREVENTIVE ACTION OF ANTICHOLINERGIC DRUG ON 
RESERPINE ULCERS 
No. of ulcers Signs of 
Medication No. of rats (average) gastritis 
None 10 0 — 
Reserpine 
0-5 mgm./100 gm. 10 4 severe 
Reserpine + 
*‘Neopant’ 1 pgm. per t.c. 10 3 severe 
Reserpine + 
*‘Neopant’ 2 ugm, per c.c. 10 2 moderate 
Reserpine + 
*Neopant’ 4 ugm, per c.t. 10 2 slight 
Reserpine + 
‘Neopant’ 8 pgm. per c.e. 10 0 slight 


Sixty albino male rats, weighing 268-344 gm., were 
examined. They were divided in six groups, each 
containing ten rats (Table 1). Five groups received & 
large single dose of 0-5 mgm. reserpine per 100 gm. 
body-weight. Four groups received various amounts 
of the anticholinergic drug dissolved in their drinking 
water. The rats were killed 24 hr. after the injection 
of reserpine. The stomach was removed and opened 
along the greater curvature and examined visually. 
The ulcers were seen as black short stripes or oval spots 
of various sizes. A thin layer of a radiographic, 
iodine-containing contrast agent, ‘Dionosil Aquaeous’ 
(Glaxo Laboratories, Middlesex), was spread on the 
mucosal membrane, and the stomach was radio- 
graphed on a fine-grained non-screen roentgen film, 
Kodak’s ‘Crystallex’. A Siemens fine structure 
roentgen tube equipped with a copper anode and 
beryllium window was used. The voltage was 20 kV. 
The roentgenograms were magnified by 3-9 diameters, 
and the total number of ulcers as well as signs indi- 
cativo of gastritis were registered in each case (Figs. 
1 and 2). 
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Fig. 1. Roentgenogram showing reserpine-induced ulcers in the 


rat stomach removed at necropsy 





Fig. 2. 

margin of the glandular stomach. The rat received a large single 

dose of reserpine and anticholinergic drug dissolved in drinking 
water 


Only one small ulcer demonstrable on the left at the 


There were no pathological changes in the control 
material. Injection of reserpine resulted in ulcer 
formation, the average number of which in the cases 
examined was four per stomach (Table 1). Moreover, 
in all cases treated with reserpine there were signs 
of hemorrhagic gastritis especially in the gastric 
anthrum. Small concentrations of the anticholinergic 
agent dissolved in drinking water reduced the 
number of ulcers significantly, and the protective 
action apparently was dependent on the amount of 
the medium (Table 1). 

The ulcers caused by reserpine were rather mucosal 
hemorrhagic erosions than penetrating. ulcers, and 
with ordinary technique used in clinical radiology 
they had not been demonstrable. Apparently the 
uleer-promoting effect of reserpine is based on its 
action on the cholinergic autonomic nervous system. 
Thus, its injurious influence on the gastric mucosa can 
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thermore, the efficacy of an 
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reserpine-induced ulcers. 
This work was supported in part by a grant from 
the Sigrid Juselius Fund, Helsinki. 
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< -Surface-dependence of the Peritoneal 
: Response to Agar Gel 


Ix the course of experiments in which solid agar 
‘pellets’ laden with silica dust were inserted isto the 
vats peritoneal cavity, it was discovered that the 
reaction of the peritoneum to agar itself was greatly 
influenced by the state of the surface of the pellet. 
The results appear to have a bearing on inflammation 
and fibrogenesis. 

The pellets were round-ended cylinders of 2 per 
cent non-nutrient agar (Difco). Cast in No. 4 gelatin 
capsules which were then dissolved away, they were 
7-8 mm. long and 4 mm. in diameter. This method 
of manufacture gives them a very smooth surface 
and they almost never adhered to the peritoneal! 
tissues. However. if a thin slice was cut off one end 
with a sharp scalpel blade, the peritoneal tissues 
(omentum or mesentery) tended to stick to the cut 
surface, usually within an hour of implantation. The 
adherent tissue became inflamed and formed a 
- fibrous capsule around the agar. However, about two- 
thirds of the treated pellets remained free in the 

eritoneal cavity, and the present report ia concerned 
only with this group and particularly with the fact 





that the reactions of the peritoneal cells to the smooth 


(uncut) and cut surfaces are found to differ funda- 
mentally. 
On the smooth surfaces, a single row of polymorphs 
gathers within 3-4 hr. (Fig. 1). These cells show no 
evidence of phagocytic activity and all that happens 
is their gradual replacement by mononuclear cells 
during the next few days. No fibrous tissue forms, 
even after 3 months, although the peritoneal fluid 
always contains plenty of potential fibroblasts’. On 
-the cut surface of the agar, however, the polymorphs 
very soon show phagocytic activity and within an 
hour or two of implantation of the pellet, a layer 
several cells thick has formed. Vacuolation and 
erosion of the agar are obvious within a few hours 
(Fig. 1) and proceed steadily thereafter. By 48 hr. the 
polymorphs are being replaced by mononuclear cells 
and in the row farthest from the agar these are already 
turning fibroblastic; they are becoming elongated 
and are joined at their tips by delicate fibres which 
gradually increase in number so that by the end of a 
week a layer of cellular connective tissue neatly covers 
the cut surface of the agar (Fig. 2). This fibrous cap 
is readily. visible to the naked eye when the pellet is 





gat 





Furs: 


be measured with the aid of their preventive action 





lifted from the peritoneal cavity. In the following 
weeks the fibrous tissue becomes steadily more 
hyaline and less cellular (Fig. 3). The longest period 
tested was 3 months. It must be emphasized that the 
agar pellet is at no time attached to any tissue and 
therefore blood vessels do not take any direct. part. . 
in these inflammatory and fibrogenic reactions. Nor 
do mast cells participate; prominent for the first day - 
or two, mainly on or near the cut surface, they show — 
no evidence of activity such as degranulation (Fig. 1). 
Several conclusions can be drawn from this simple — 
experiment. First, firm smooth agar gel ts not irritant- 
to the peritoneal tissues. Second, phagocytes ingest. 
agar only when tho surface of the gel has been altered. 
by cutting. Third, phagocytosis of agar is followed by: 
emigration of leucocytes and fibrosis; in other words, 
a subdued avascular form of inflammation. ? 
In an earlier report on the irritant and fibrogenic — 
properties of porous cellulose filter membranes’, it vas : 
suggested that the leucocytes dying m the pores were 
themselves responsible for the reactions by releasing | 










an inflammatory stimulus, possibly in the form of a — 


substance increasing capillary permeability. The 

present results suggest that leucocytes can influence 
the inflammatory process even more directly. The very 
rapid inerease in the number of leucocytes on the cut 
surface, and nowhere else, as soon as phagocytosis 
had begun, would seem to depend on release of a 


* 





Fig. 1. Agar pellet 3 hr. after implantation In the peritoneum, 

On the ‘eut’ surface (top), the agar is already being eroded by 

polymorphs. On the smooth (uneat) surface on the left, there 

far fewer cella and these are not attacking the agar. The solitary 

mast cell (top left corner) is mate (Hamatoxylin and eosin 
x e. 850) 


Ee 
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‘ig. 2. Agar pellet 7 days after implantation in the peritoneum. 
The cut surface (top) has been eroded and is now covered by a 
cap of loose connective tissue, On the smooth (uncut) surface 
on the left there are still only a few flattened leucocytes, 

(Hematoxylin and eosin x e. 100) 





Fig. 
The fibrous capsule covering the cut surface has become thicker 


 chemotactig substance from that site; and similarly 


the striking way the fibroblastic reaction was confined 
to the cut surface also appears to imply a strictly 
localized release of a fibroblast-stimulating substance. 
It is difficult to imagine where these chemotactic and 
fibrogenic stimuli could originate except from the 
agar-ingesting leucocytes. 

Possession of such secretory powers by the leuco- 
cyte would have important implications, in that it 
would endow the leucocyte with responsibility for 
control of the whole process of inflammation: thus 
the reaction would start when any newly arrived 
foreign substance was taken in by the local leucocytes, 
it would increase in intensity with the number of 

ed, and it would automatically stop 


-when phagocytosis ended, that is, when the toxin was 


digested, dispersed or at least safely inside phago- 
cytes or wrapped in collagen. 

The effect that cutting has on agar gel is not known. 
Although it does not usually make it noticeably 
rougher, even under the microscope, the way the 
phag arə immediately able to cling to the cut 
surface and attack it suggest that a kind of ultra- 
microscopic ‘roughness’ is present. 

The present findings are obviously related to the 
puzzling behaviour of human cartilage autografts’, 
in that those surfaces which have been cut with a 
knife get eroded and eventually covered by a fibrous 
membrane: clearly, cut cartilage matrix acts in the 
same way as cut agar gel. This raises the question of 
what properties a substance has to have before the 
leucocytes ingesting it are stimulated or damaged 
sufficiently to initiate inflammation and fibrosis. The 
agar in the present experiments was not noticeably 
toxic to cells; some nuclear fragments were present 
for the first few days, but they may well have come 
from polymorphs dying naturally. None of the mono- 
nuclear cells died and in fact some had in their cyto- 
— a foamy basophilic material which may have 

agar. Present experiments show that gelatin 
rendered insoluble by treatment with formalin is even 
more effective than agar; and perhaps other ‘bland’ 
substances like fibrin can act as well. If so, it would 
lain, for example, the transformation into collagen 

of fibrin deposits on atheromatous arterial intima‘ 
or of vegetations on the valves in rheumatic carditis. 
Even more important it would establish the general 
principle that the act of phagocytosis of solids is by 
itself sufficient to trigger off inflammation and, at 
least potentially, fibroplasia. It would not, of course, 
mean that all materials were equally fibrogenic. An 
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agent such as silica dust would be unusually fibro- 
genic, not only because it killed the phagocytes and 
thereby quickly released the active substance or 
substances but also because it underwent repeated 
and prolonged phagocytosis. 
R. C. CURRAN 
J. A. M. AGER 


Department of Pathology, 
St. Thomas's Hospital Medical School, 
London. 
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3 Davis, W. B., and Gibson, T., Brit. J. Plastic Surg., 9, 177 (1956). 
t Dugnid, J. B., J. Path. Bact., 58, 207 (1946). 


BIOLOGY 


Modified Bio-assay for Growth Substances 
in Bulbing Onions 


Tue onion seedling section assay developed by 
Clark and Heath’? estimated the effectiveness of 
known and unknown growth substances extracted 
from onion plants, both before and after photo- 
induction, and separated by paper partition chroma- 
tography; it depended on bulb development in 
isolated 13-mm. sections cut © v i onion seedlings at 
the second leef (6-wk.) stage. "he special significance 
of this bio-assay was that it tested the ability of these 
substances to produce the effect under investigation, 
namely, bulbing, in standard onion tissue main- 
tained under otherwise non-inductive conditions. 
Clark and Heath showed that indolyl-3-acetie acid 
(IAA) supplied externally to the sections, as a 
1 x 10-* M solution in the presence of 1 per cent 
sucrose, caused a significant increase in bulbing ratio 
(that is, ratio of maximum diameter of base to mini- 
mum diameter of neck) after periods of exposure to 
the test solutions for as long as nine days. No signifi- 
cant changes were found in sucrose alone. The 
variety used by them, Unwin’s Reliance, proved to 
give rather variable and small responses, and we 
decided that a more uniform test material was 
required. 

Mather?’ considered the problem of test materials 
for bio-assays and concluded that F, hybrids, 
obtained from the crossing of two pure strains, were 
the most suitable. We tested seedlings of an F, 
hybrid onion in the assay and found that they gave a 
consistently large positive response to 1 x 10-* M 
IAA. This response was evinced more rapidly than 
with variety Unwin’s Reliance and was statistically 
significant after only three days. We have now, 
therefore, adopted the F, hybrid as our seedling test 
material, with a standard exposure time for the 
sections of 72 hr., and the change in ratio induced by 
any factor in this period is considered to be a criterion 
of its efficacy as a bulbing agent. The short duration 
of the test makes it unnecessary to change the 
solutions and virtually eliminates the incidence of 
infection. 

The technique has been further standardized by 
sowing the seed half an inch deep in sand, which 
ensures that the pore through which the second leaf 
emerges is more than 13 mm. from the base of the 
seedling, and also by removing the ageing cotyledon 
from the seedlings when preparing the sections. When 
the cotyledon was left in situ it was found that the 
response was reduced. Further investigation showed 
that it was only the outermost leaf base which 
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responded by swelling, during the 72-hr. period. 
When seedlings of different ages and at different 
stages of development were used it was found that this 
leaf base was most responsive when its blade had 
reached maximum size; the measured then 
decreased as the entire leaf became senescent. If this 
senescent leaf was removed before the test, so expos- 
ing the next leaf base within (the blade of which had 
by now reached its maximum size), then the measured 
response once more increased. Three such peaks of 
responsiveness have been observed corresponding to 
the times at which the cotyledon, the first and then 
the second leaf blade each reach maximum size. 

Preliminary experiments have confirmed that 
bulbing can be induced in these sections by externally 
supplied IAA (1 x 10-* M) or by long days, and that 
the bulbing is inhibited by the presence of roots on 
the section. 
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Fig. 1. The effect of IAA (1 x 10-* M) and sucrose (1 per cent) 
a the bulbing ratios of onion seedling sections at 25° C. 
The. figures represent the mean increases of five replicates 

domized blocks on the basis of initial ratio). P 0-05 and 
0-01 represent the least significant differences between two means 


The technique can also be used to examine in small, 
accurate experiments occupying short periods of time 
other stimuli which are known to affect bulbing. A 
single result may be quoted to demonstrate the 
magnitude of the response, the uniformity of the 
material and the method of presentation of data. 
Fig. 1 shows that both IAA and sucrose have to be 
supplied co initiate bulbing in these sections. Heath 
and Holdsworth* found that removing the emerged 
leaf blades from onion plants delayed bulbing until a 
new leaf appeared; they concluded that the long-day 
stimulus was ‘perceived’ by the leaf blades, but an 
alternative explanation would be that a continuous 
sugar supply is required in the mature onion plant as 
in the seedling sections. 

We thank Dr. J. C. Haigh, of the National 
Vegetable Research Station, Wellesbourne, for sug- 
gesting the use of F, hybrid seed and for kindly 
supplying the seed strains required to produce it. 
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Effects of a Nematode on the Growth 
of Mushroom Mycelium 


Carns! observed in the United States that a 
species of Aphelenchus fed on and destroyed mush- 
room mycelium. During the past eight years, nearly 
300 samples of mushroom compost have been 
examined at Rothamsted. Harmful nematodes 
usually present were Aphelenchoides composticola?, 
Ditylenchus myceliophagus*, and occasionally Para- 
phelenchus myceliophthorus*. The effect of these three 
species on the growth of mycelium and the yield of 
mushrooms has been described by Goodey*®. Of the 
300 samples examined, four contained Aphelenchus 
avenae; two of these contained a few A. avenae 
together with many Diplogaster sp. and Panagrolaimus 
sp. The other two samples came from different houses 
on the same mushroom farm and had 6,000 and 18,000 
A. avenae/100 gm. compost respectively; Rhabditis 
sp. and Panagrolaimus sp. were even more numerous. 

Three weeks after twenty A. avenae were added to a 
10-cm. diameter Petri dish containing a dënse growth 
of mushroom mycelium (Agaricus mortensis Cooke) 
on 5 per cent malt agar, the mycelium was completely 
destroyed, and 60,000 A. avenae females in all stages 
of development, but no males, were recovered. Single 
A. avenae larve, when added to similar mushroom 
plates, produced populations of similar magnitude 
which destroyed the mycelium in 3-4 weeks. Fig. 1 
shows A. avenae feeding on mushroom mycelium. 

To study the effect of A. avenae on mushroom 
mycelium in compost, specimen tubes each containing 
25 gm. of compost inoculated with mushroom were 
set up at 25° C. After the mycelium had begun to 
grow, the tubes were inoculated with 10 or 100 





[ Photo: O. C. Doncaster 
Aphelenchus avenae feeding on mushroom hyphæ 


Fig. 1. 
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A. avenae; ummoculated tubes served as controls and 
treatments were replicated ten times. After 6 weeks, 
the mycelium wasalmost completely destroyed in tubes 
to which 100 A. avenae had been added. The compost 
had the typical wet appearance and smell often 
associated with the presence of many parasitic 
nematodes. The estimated average populations of 
A. avenas in the tubes after 6 weeks were: controls, 
0; 10, A. avenaestube, 43,000; 100 A. avenae/tube, 
146,000. 

These observations show that A. avenae can 
seriously damage mushroom mycelium and could be 
harmful to mushroom production. This nematode 
occurs commonly in soil. hence it could easily be 
introduced into mushroom beds. However, it is not 
commonly a mushroom pest. <A. avenae is readily 
killed at 60° C., and, like other parasitic nematodes, 18 
controlled by the ‘peak heating’ of compost often. 
practised in mushroom production. 
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Micro-organisms under a Simulated 
Martian Environment 


Many investigators speculating on the environ- 
mental conditions of Mars have concluded thet some 
form of life exists there! 
shown that several (unidentified) species of bacteria 
are able to survive under a simulated Martian 
atmosphere. No work, however, has been reported 
on the effect of these conditions on the physiology or 
the virulence of bacteria. In the work recorded here 
the anaerobic spore-forming organism Cl. botulsnum 
and encapsulated facultative anaerobic organism 
K. pneumonias were used to determine these effects. 

K. pneumoniae was grown on blood agar and, after 
24 hr., was suspended in a sterile 3 per cent lactose 
solution. Ol. botulinum spores were grown ansero- 
bically in trypticase broth for 7 days and afterwards 
heated at 85° C. for 10 min. 

Suspensions of the organisms or the spores were 
distributed in 0-5-ml. portions nto sterile test tubes, 
which were constricted 14 in. from the top, and 
contained 5 gm. of crushed lava. A group of 12 tubes 
was lyophilized for 15-20 hr. and placed under 
absolute vacuum. These tubes were sealed and 
divided into two eub-groups of 6 each. One sub-group 
was maintained at a constant temperature of 25° C. 
and the other at 25° C. for 16 hr. and — 25° C. for 
8 hr. in an alternating cycle. The same procedure was 
followed with a second and a third group of 12 tubes. 
Nitrogen was flushed through the second group and 
the final pressure adjusted to 65 mm. mercury, and 
air (65 mm. mercury) was used instead of nitrogen 
in the third group. 

The tubes were cracked open at various intervals 
of 4 days-10 months. To determine viability, the 
contents were poured and washed into bottles 
containing nutrient broth, and further serial dilutions 
were made in broth. The K. pneumoniae cell counts 
were made on blood agar base pour plates. The Cl. 
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Table 1. SURVIVAL OF K. preumomae IN A SIMULATHD ALARTIAN 
ENVIRONMENT 


Environmental conditions 
Dail 


Nee of organ aian lava 
Atmo- 4 Snead After 6 A: 


After 8 


sphere temperature days Oe onthe oath months 
Vacuum 24 hr. at 25° 0. — 48x10* 100 100 10 
18 hr. at25°O. 20%10* 40x10* 100 100 19 ~ 
8 br. at —25° 0. 
Nitrogen 24 hr. at 25° C. — 85x10" 25 Xx 100 00 x 100 90 x 104 
16br.at25°C. 1810? 40x10” 22x10* 15x 10° 10 
8 hr. at — 25° 0. 


Air 24 hr. at 28° C. — 18x10’ 56X1I0 10x10" 20 x 10* 
» Initial oounts on the order of 104, 


botulinum spores were counted by seeding heart 
infusion agar in Prickett tubes. To determine the 
virulence of K. moniae, mice were injected 
intraperitoneally with 0-1-0-2 ml. of various dilutions 
and observed for 14 days. 

Table 1 shows the survival of K. pneumoniae. 
Conditions of vacuum and alternating temperature 
were detrimental to survival. While the viability of 
the organisms in nitrogen and air at a constant 
temperature appeared to be unchanged, the LD, 
values showed that virulence decreased considerably. 
K. pneumoniae freshly isolated from an animal has an 
LCD,» of 200 cells, The DD,, after 6 weeks under 
vacuum was 2,800 cells, and after 6 weeks under 
nitrogen 29,000. The cell count remained almost 
constant after 6 weeks with those cells maintained 
in air or nitrogen atmospheres. However, the viru- 
lence of the organism had markedly d ‘ 

Table 2 shows that Ol. botulinum spores were still 
viable after 10 months. Constant temperature was 
less favourable to growth than alternating tem- 
perature. 


Table 2. SURVIVAL OF Č. botulinum IN A SIMULATED MARTIAN 
ENVIRONMENT 
Atmosphere Daily After After After 
temperature 1 month 8 months 10 months 
Vacuum 24 hr. at 25° ©. 20x 108 13 x 10° 58 x 10* 
16 hr. at 25° 0 17 =x 10° 78 x 10* 29 x 10* 
8 hr. at — 26°C 
Nitrogen 24 hr. at 25° C. 19 x 10° 16x 10° 27x 10* 
16 br. at 25° C. 29 x 108 20 x 103 53 x 105 
hr. at — 25° 
Air 24 hr. at 25°C 82x 10° 80 x 10? 66 x 107 
16 hr. at 26° 0. 88 x 104 #0 x 10? 58 x 104 
8 hr, at —25° O. 


* Initial counts on the order of 10°. 


Thus the results of this work show that an encapsu- 
lated, facultative anaerobic organism such as K. 
pneumoniae will survive under Martian conditions for 
a few months and that it will be less virulent than 
the freshly isolated organism. Spores of anaerobic 
organisms such as Cl. botulinum and perhaps the 
tetanus and gangrene organisms will survive the 
Martian atmosphere. 
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ENTOMOLOGY 


Thoracic Proprioceptors in the Flight 
System of Locusts 


Ir has been found recently! that both in the 
mesothorax and in the metathorax of adult desert 
locusts (Schistocerca gregaria, ForsakAl) the nerve 
IBb, (Ewer?) conducts centripetally propagated 
impulses related to wing position and movement. 
Neither the sense organs concerned nor their func- 
tional significance was known. I have now found that 
the-impulses originate in two different sense organs, 
a stretch receptor containing a single neurone and a 
scolopoforous organ. They are located at the body 
wall in the region of the sub-alar sclerite quite close 
to each other. So far, proprioceptors have not been 
observed inside the thorax of adult insects’, except 
for the intersegmental muscle receptors referred to 
by Slifer and Finlayson‘ in the stick insect. 

The sense cells with associated connective tissue 
form a V-shaped structure. In the mesothorax, the 
combined structure is suspended between the pleuron 
and the mesophragma in the plane of the latter 
(Fig. la). The common origin 1s on the lateral edge 
of the mesophragma from which the two organs 
diverge. The stretch receptor inserts on a hollow 
invagination from the non-sclerotized cuticle behind 
the sub-alar sclerite of the fore-wing just beneath the 
most posterior part of the wing hinge. The connective 
tissue strand containing the scolopoforous sensilla 
inserts further ventrad but near the invagination. 
The metathoracic sense organs run parallel with the 
pleuron. The suspension differs from that of the 
mesothorax in that the combined structure originates 
from the anterior edge of the metapostnotum, and 
not from the phragma (Fig. 1b). The two branches 
diverge a little more, the stretch receptor representing 
the upper branch, but otherwise the insertions are 
similar to those in the mesothorax. 

The structure of the stretch receptor is similar in 
the two pterothoracic segments and resembles that 
known from the abdomen. of some other insects’. The 
neurone, which 18 located on the connective tissue 
strand nearly half-way between the two points of 
attachment, is provided with several dendrites ending 
among the cells of the strand. The connective tissue 
itself is made up of spindle-shaped cells which become 
more elongated and are associated with periodic acid- 
Schiff-positive membranes at the surface of the 





g b 
Fig. 1. a, Sense organs ——— right half of the mesothorax. 


4A4z%, Fourth axillary selerite, mesothorax; 3Aa8, t 
1Ba8, first bagalar sclerite, metathorax, Epms, 
Pans, 'metapostnotum ; T98, moetathoracic tegula; 
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organ. At the attachments, these membranes are 
continuous with the ordinary basement membrane 
of the hypodermis. The cortical part of the scolopo- 
forous organs is ensheathed by similar cellular 
membranes. The scolopoforous sensilla lie centrally 
in the supporting ligament between the nerve 
entrance and the point of attachment to the non- 
sclerotized cuticle (Fig. Ic). The sensilla are of the 
monodynal type’, each being composed of one bipolar 
neurone, one scolopale cell, various accessory cells and 
an extracellular periodic acid—Schiff-positive terminal 
strand associated with the ‘attachment cells’. The only 
difference between meso- and meta-thoracic organs 
concerns the number of sensilla. In the metathorax 
there are about 21 sensilla, m the mesothorax only 
about 12. 2-u transverse sections of the nerve I.Bb 
and its branch TBb, stained by means of osmium/ 
ethyl gallate’, showed that the axons fall into three 
groups with respect to aize. The axon from the 
stretch receptor neurone is about 8u in diameter and 
is situated in the peripheral part of the nerve. It 
does not fuse with any other axons. A group of axons 


with diameters of 2-5—4u are also present in this area; - 


they can be traced back to the bipolar neurones of the 
scolopoforous organs. The number of axons in this 
group corresponds to the number of sensilla in the 
sense organ concerned, also in the most proximal part 
of IBb. The remaining axons are less than 2-5y and 
seem to derive from various hair sensilla on the 
pleuron. 

Recently, Wilson! obtamed evidence that several 
sensory unite fire through JBbd and that the one with 
the largest spike amplitude gave a proprioceptive 
response, the frequency increasing with the posi- 
tional angle (y) of the wing? and with the rate of 
wing movement upward. The unit was found to be 
silent during downward movement. Moreover, it was 
established that it fires towards the end of the 
upstroke during tethered flight. 

I have confirmed these observations and extended 
them as follows. Under tonic conditions the large 
unit fires 2-3 times per sec. at y = 60° and also when 
the wings are folded over the back. At 90° the 
frequency i is 15-25 per sec. and 30-40 per sec. at 130°. 
During an artificial (manipulated) upstroke the large 
unit, which is identical with the stretch receptor 
neurone (the name stretch receptor is in fact justified 
by this organ being stretched when the wings move 
upwards), could be made to fire with a frequency up 
to about 300 per sec. When the upward movement 
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stopped the unit adapted slowly to the tonic frequency 
corresponding to the positional angle reached. The 
dynamic phase has a duration of about 25 sec. If the 
wings were moved downwards passively the unit 
stopped firing. In a flying locust the response consists 
of from one to five firings towards the end of the 
upstroke. 

Histological work on the nerve indicates that the 
small spikes originate from the scolopoforous sensilla. 
They are most active at low positional angles and 
throughout the downstroke. At least some of the 
units are tonic both in meso- and meta-thorax. The 
frequency of discharge increases with decreasing 
positional angle. Passive downward movement of the 

causos tonic units to fire at higher frequency 
(200-300 per sec.). They adapt slowly to a frequency 
determined by the final wing position. 

If the sense organs are destroyed by local cauteriza- 
tion the stroke-frequency of a flying locust drops 
considerably, in some cases to less than half the normal 
frequency. It seems, therefore, highly probable that 
at least the stretch receptors are part of a peripheral 
feed-back system which modifies the frequency of the 
flight rhythm inherent in the central nervous system?. 
Whether the detailed response from the scolopoforous 
organs is concerned in the frequency setting or not is 
uncertain at the moment. There is some indication 
that the input from the proprioceptors is necessary 
for the maintenance of flight in response to ‘wind on 
moving wings’? because decerebrate locusts can be 
started but are not able to maintain flight in a wind 
after the sense organs have been destroyed. 

This work was supported by the Carlsberg Founda- 
tion and the Rockefeller Foundation. I thank Prof. 
Torkel Weis-Fogh for interest and helpful discussions. 
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The Palm Weevil, Rhynchophorus 
palmarum L., a Probable Vector of Red 
Ring Disease of Coconuts 


SEVERAL authors!-? have made reference to the 
probable role of insect vectors in the dissemination of 
the nematode, Radinaphelenchus cocophslus (Cobb), 
the causative organism of red ring di of coconuts. 
The results of recent investigations support the view 
that the palm weevil, Rhynchophorus palmarum L., 
probably plays an important part in the spread of the 
disease on coconut plantations!-*.5.@, 

The examimation of palms between the ages of 
13-2 years and 14-15 years has revoaled a high 
correlation between the incidence of red ring disease 
and palm weevil infestation (Table 1). 

It has also been established that adult palm weevils 
collected on coconut plantations carry large numbers 
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Table 1. CORRELATION BREWERN Rep RING DISEASE Ly¥ROTION 
AND PALM WEEVIL INFESTATION 
NO of palms showing 
Total No. of Bed ring diseas 
palms infection and palin Red ring disease Palm weevil 

examined weovilinfestation infection only infestation only 

157 149 (96%) 4 (25%) 4 (2°5%) 


Table 2. REOOYMEY OF R. ge ald FROM FIRLD-COLLECTED PALM 
ERVILS 


Total No.of Ave 


Total No. aaa No.of Average No. weevils carry- No. o 


of weevils wee carry- of nematodes Ing living nematodes 
examined ing nematodes carried/weevil nematodes ~ — 
218 96 (45%) 186 82 (38-56%) i 


of R. cocophilus (Table 2). The nematodes are carried 
both externally in fragments of infected tissue 
adhering to the body surface of the insect in which 
they can remain alive for 2~3 days and internally in 
the digestive tract where they can survive for as long 
as 10 days. 

Examination of the excrement of weevils fed on 
diseased tissue has further shown that R. cocophilus 
can pass through the gut in an apparently healthy 
condition. The number of living nematodes recovered 
from the fæces of weevils is largely dependent on the 
density and state of activity of the worms in the tissue 
fed and on the feeding history of the weevils. 

Successful transmission of the disease by adult 
palm weevils has also been demonstrated. The 
insects were allowed to feed in diseased tissue for 
18-24 hr. and afterwards confined on the inter- 
nodal region of the stem of healthy palms for 48-120 
hr. Transmission of the nematodes apparently occurs 
mainly by the deposition of fragments of infected 
tissue and contaminated fæces at the bases of the 
petioles of the palm where the worms gain ready 
access to the soft internal stem tissues. Transmission 
via the mouthparts of the weevil does not readily 
occur. 

E. A. O. HAGLEY 
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Centeno, 
Arima P.O., 
Trinidad. 
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Resistance to Dieldrin of Cimex 
hemipterus (Fabricius) 


Tax first report of resistance to dieldrin by the 
tropical bed-bug, Otmex hemipterus, in East Africa 
was that by Smithi. In observations made during the 
course of the Pare-Taveta Malaria Control Scheme, 
it was reported’? that the bed-bug population was 
reduced to very low numbers following the first 
dieldrin spray (first treatment of 80 mgm. dieldrin/sq. 
ft. followed by subsequent treatments of 40mgm./sq-ft. 
at eight-month intervals), but 14-19 months after this 
treatment the bed-bugs were present in sufficient 
numbers to be considered of nuisance value. In a 
series of laboratory tests it was shown that whereas 
bed-bugs from an untreated area were all dead after a 
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Table 1. PERORNTAGE MORTALITIES OF Cimat hemipterus FROM TREATED AND PO ea HOUSHS AFTER BXPOSURR TO DIRLDEIN IPRAG- 
NATED PAPHES FOR 2 HR 


Source of material Control 0 05 0°10 
Untreated houses 84 ant 00 on) 8 (188 
Treated houses 6-0 (201 0-8 (105) ea (96 


, Concentration of dieldrin 
0-40 6-80 1-80 
8 o — 12 3 eu} 28 0 (198 58-0 TH 
13 -0 (160) 4°4 (148 10-7 (185) 18:5 (188 


* Corrected percentage mortality with the number of insects tested shown tn parentheses 


seven-day exposure to 0-1 per cent dieldrin using a 
method suggested by Busvine*, there was only an 
18 per cent mortality for a similar exposure time 
among bed-bugs from the treated area. 

In March 1958 a group of experimental ant-proof 
houses was constructed at Magugu and treated with 
dieldrin for the purpose of assessing the field per- 
formance of dieldrin/resin wettable powders on 
sorptive surfaces‘. The only way that a non-flying 
insect could enter the houses was to be carried by 
people working in the houses. Six months after 
treatment, complaints were received of the presence 
of bed-bugs in some of the houses. 

Adult bugs were collected from the dieldrin-treated 
houses and from non-treated houses in the village and 
exposed to a series of concentrations of dieldrin 
using the World Health Organization adult mosquito 
test kit. Since it was desired to obtain comparative 
data on the susceptibility of bed-bugs from treated 
and untreated houses, the bugs were exposed for only 
2 hr. and then transferred to untreated holding tubes 
for a further 24-hr. period, after which time the 
percentage mortality at each concentration was 
calculated. Over a period of approximately 18 
months with tests carried out at monthly intervals, 
there was no sign of a measurable merease in resistance 
once the degree of resistance had been established, 
although there were slight month-to-month variations 
in the teste with both the resistant and the susceptible 
bed-bugs. The resulte of these tests were grouped as 
being from treated or untreated houses and are shown 
in Table 1. 

A complete probit analysis® of these results was 
made, and the followmg equations for the dosage- 
mortality hnes were obtained: untreated houses 


8 


$38 8 


~~ 


Corrected percentage mortality 
ao © 


pd 





0 


3-2 


0-06 O20 0-80 
Concentration of dieldrin (per cent) 
Si, waunga {ausceptible, esd = osure, 0-day 


ho jing period) —— Kog — —— es ion — 


— holding period 
, 0-day holding dys (suscaptible, 5-day 


0 0125 


exposure 
posure, bans 


nolan perlod); x resistant, 2hr. 
exposure, 24-br. ho —— Pe, Pare (resistant, 1- -day ex- 
— olding period) 


(susceptible bed-bugs) Y = 04651 + 2-1190x (Fig. 1, 
Ime 55); treated houses (resistant bed-bugs) Y = 
3-0073 + 0-4487a (Fig. 1, line #5). - 

The significance of the change in slope (b' value in 
the equation) of the line and also the lateral displace- 
ment (‘a’ value in the equation) of the line has been 
discussed by Hoskins and Gordon’. It was shown 
that a change ın the lateral displacement of the line, 
with no change in the slope, is indicative of a change 
in the vigour tolerance of the insect and not of the 
development of true resistance. However, where 
there was a marked change in the slope of the line 
from a relatively steep slope (large value of ‘b’) to a 
relatively shallow slope (small value of ‘b’), with ae 
possible change in the displacement of the line, true 
resistance is said to have occurred. The information 
obtained in the tests at Magugu shows the presence 
of resistant C. hemipterus in the dieldrin-treated 
houses and the small variations which occurred in the 
monthly tests of both the resistant and susceptible 
bed-bugs are attributed to experimental variations 
and changes in’ vigour tolerance of the different 
groups sampled. 

A similar probit analysis was carried out on the test 
results quoted by Busvine’ and Smith!. Through the 
courtesy of Dr. A. Smith (personal communication), 
we were also permitted to analyse the test results 
of his prelimi observations on bed-bug suscept- 
ibilities carried out in the Pare-Taveta area. In 
these tests the bed-bugs had been exposed to a 
series of dieldrin concentrations for periods renging 
from a one-day exposure with a seven-day holding 
period to a fourteen-day exposure with no holding 
period. In each case a control test with untreated 
papers and with the test msectsa exposed for identical 
periods of time had been set up. A complete probit 
analysis of these corrected tests was made and the 
dosage/mortality lines were plotted (Fig. 1). At this 
time bed-bugs were collected from the untreated 
houses at Magugu (the treated houses having been 
dismantled, no more resistant bugs were available) 
and exposed to dieldrin for a five-day period (Fig. 1, 
line $4), Although this lme, S4, is displaced from S5 
due to the increased exposure time, the slopes of the 
two are practically the same. 

Within the susceptible and the resistant groups 
there ıs, ın spite of the fact that the tests were 
carried out by different people on different popula- 
tions of bed-bugs and at varying lengths of exposure 
and holding time, a marked similarity ın the equations 
of the lines. This similarity shows up clearly when the 
plots of the dosage/mortality lines are examined, and 
it is seen that there are two definite groups of results. 
those of the susceptible bed-bugs and those of the 
resistant bed-bugs. An examination of the equations 
of the lines shows the following: (1) In all susceptible 
bed-bug tests, the slope of the lme is always greater 
than 2-0 and there is, at most, a two-fold variation 
from flattest to steepest slope; (2) ın all resistant 
bed-bug teste, the slope of the line is never greater 
than 0-8 and again there is only a two-fold variation 
in the slopes. 

Thus ıt appears that among all C. hemipterus 
tested there is a marked consistency ın their genetical 
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composition with respect to the genes of chromosomes 
associated with dieldrin resistance, and it is suggested 
that use may be made of this in determining resistance 
to dieldrin among populations of O. hemipterus. If it 
were true that all susceptible O. hemipterus, when 
exposed to a series of dieldrin concentrations ranging 
from 0-05 to 1-6 per cent for any period, will give 
mortalities found on a line in which the slope is 
greater than 2-0, and that all resistant O. hemipterus, 
when exposed to a similar range of concentrations for 
an identical time, will give mortalities which when 
plotted will give a lme with a slope less than 0-8, 
then to determine the presence or absence of resis- 
tance it would be necessary to collect and test only 
sufficient bed-bugs to plot a single line from which the 
slope could be caleulated. 
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MICROBIOLOGY 


Urea-treated Gram-negative Bacilli in 
- the Indirect Hwmagglutination Reaction 


Urea has been used by various authors! for the 
extraction of bacteria The work of Neter et al.‘ 
encouraged me to study urea-treated Gram-negative 
bacteria (S. typhi, S. paratyphi B, S. cholerae suis and 
Shigella sonnet) ın the indirect hemagglutination 
reaction (for further details see Brodhage'). 

Roux bottles, which had been inoculated and 
mincubated for 24 hr., were washed off with Difco- 
hemagglutination buffer solution and treated with 
solid urea (per Roux bottle, 5 ml. hemagglutination 
buffer solution and 6 gm. urea). Inoubation was 
carried out for 72 hr. at 37° and the mixture then 
dialysed for 48 hr. against buffered sodium chloride 
solution (pH 7). Dilution with hemagglutination 
buffer solution (per Roux bottle, 30 ml.) was then 
carried out. 

5-0 ml. of the urea extract were used to sensitize 
0-1 ml. fresh or sheep erythrocytes, formalized by 
Weinbach’s method*. 

Performance of the hemagglutination tests: serial 
two-fold dilutions of each serum were made in 0:3 ml. 
amounts of hemagglutination buffer solution, and to 
each of these 0-3 ml. sensitized sheep cells was added. 
The results were read the next day at room tempera- 
ture. 

Sheep cells sensitized by urea extract were tried 
out in the indirect hemagglutination tests in several 
test runs as follows: (1) commercial Salmonella and 
Shigella test sera; (2) sera from patients suffering 
from Salmonella infections; (3) sera from healthy 
individuals; (4) sera from rabbits which had been 
immunized with various bacterial urea extracts. 

In the case of (1), Salmonella-O test sera reacted 
with the homologous urea extract, anti-Vi serum and 
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not anti-9,12-serum with S. typhi-urea extract. The 
anti Shigella sonnet serum shows strong cross-reactions 
with Salmonella urea extract (S. typhi, S. paratyphs-B 
and S. cholerae suts). 

In the case of (2), the sera from patients show cross- 
reactions, which cannot be explained on the basis of 
the relationship within the O-antigens, as shown in 
Table 1. 


Table 1 
Agglut- Formalinized sheep cells sensitized with urea 
ination extracts from 


S. S para- S.typhi- S. chol- Shigella 
typhi typhi BE munum eraesuis sonnei Stool 


881/59 nega- 320 * 40 80 80 &. chol- 
tive 


eras 
o ste 
2008/60 S. new- 320 80 1,280 320 8. new- 
port port 
S04 
* Reciprocal of dilution. 


In the case of (3), the sera from healthy indi- 
viduals react negatively with all investigated urea 
extracts. 

In the case of (4), rabbits were immunized at 
intervals of 3-5 days with 0-5-0-5-1-0-1-0—1-0-1-0—1-0 
ml. urea extract (about 5 mgm. dried substance/ml.). 
7 days after the first mjection or 3 days after the 
second injection a steep rise in titre occurs. -These 
high values persist for 3 months then gradually fall 
off in 4 months. A booster injection at 7 months 
after the beginning of the experiment gives a sharp 
rise in titre to high values. 

These rabbrt antisera show cross-reactions with all 
investigated urea extract (Table 2). 


Table 2 


Formalinized sheep cells senutived with urca 
extract fiom 
Rabbit immune sera S.typht S paratyphı S cholerae Shigella 


snis SORREL 

Anti-S. typAt/urea 

extract ,120* 5,120 20,480 1,280 
Anti-S. paratiyph B| 

urea extract 5,120 20,480 40,960 2,560 
Anti-S. — suta/ 

urea ot 10,240 20,486 40,860 6,120 
Anti-S. a sonnet} 

urea e ô 1,280 2,560 20,480 10,240 


* Reoiprocal of dilution 


If formalnized sheep cells are sensitized with the 
‘Lipopolysacharid’ (kindly placed at our disposal by 
Dr. O. Luderitz, Dr. A. Wander Forschungsinstitut, 
Freiburg), from S. abortus egui and the rabbit immune 
sera tested against them, simular cross-reactions are 
found. 

Gilhssen” found nearly the same results as these 
using a completely different technique. 

This work has shown that’ fresh or formalin-treated 
sheep erythrocytes may be sensitized easily with 
urea extracts from S. typhi, S. paratypht B, S. 
cholerae suis and Shigella sonnei. 

A remarkable finding of our work concerns the 
strong cross-reactions shown both in patient sera and 
rabbit immune-sera. These cannot be attributed 
either to an O-antigen factor or to an H-antigen 
relationship. It must therefore be assumed that, 
in the bacteria we have investigated and treated 
with urea, an antigen common to these bacteria is 
involved for which we suggest the term ‘C-antigen’. 
The existence of such a common antigen would 
explam the cross-reactions observed in testing the 
sera from patients. 

At entry the living bacterium is so changed and 
split by the defence mechanisms of the host organiam 
that the ‘O-antigen’ is laid bare and activated. Thus 
‘O-antibodies’ are formed which can be demonstrated 
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in proper serological reactions (one of which appears 
to be the indirect hemagglutination test). Further 
work will show whether this hypothetical ‘C-antigen’ 
is common to all Gram-negative bacteria and of 
what importance it may be. We have found it up to 
the present in: S. typhi, S. paratyphi B, S. chester, 
S. typhimurium, S. cholerae suis and Shigella sonnet. 
Thanks are expressed to Prof. O. Westphal and to 
Dr. O. Lüderitz (Dr. A. Wander Forschungsinstitut, 
Freiburg) for helpful discussions and support, and to 
Miss L. Theile for her excellent technical help. 
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Utilization of Inorganic Sulphate labelled 
with Sulphur-35 by Torulopsis utilis 


Ir has been established! that inorganic and organic 
sulphurs are utilized by growing yeast. More recently* 
the conditions for the absorption of sulphur-35 by 
S. cerevistae cella were examined and the necessity of 
nitrogen and glucose for the utilization of sulphur 
was demonstrated. 

We have in the present experiment examined the 
utilization of sulphur-35 by T. utilis cells which were 
grown in inorganic salt medium enriched with yeast 
extract. From this the cells were centrifuged at 0° C., 
washed with ice-cold water and suspended in sterile 
water. Aliquots from this suspension were added to 
the following media (without yeast extract): (a) 
complete medium without nitrogen; (b) complete 
medium without sulphur. 

‘Incubation was then carried out aerobically at 
25 + 1°C. for 24 hr. Then the cells were centrifuged 
and washed with ice-cold water and three suspensions 
were obtained. Aliquots from each one were added 
to the following media: (a) without nitrogen and 
glucose; (b) with nitrogen and without glucose; 
(c) without nitrogen and with glucose; (d) with 
nitrogen and glucose. 

An amount of K,*5SO, was added to each medium 
m order to trace the utilization of sulphur by the 
cella during absorption periods of 60, 120 and 180 
min. The cells were thon washed at 0° C., aliquots 
from the washings being used for determining the 
radioactivity absorbed. 


Table 1 
Treatments zine of ineubation T 
(a.p.m./gm. dry matter) 
Normal cells 
— N; — glucose 90 120 157 
+N; — glucose 104 104 282 
— N; + glucose 78 104 280 
+N; + glacose 200 244 204 
N-deficient cella 
— N; — glucose 84 120 189 
+ N; — glucose 188 212 216 
— N; + glucose 88 144 186 
+ N; + glucoses 169 185 195 
8-deficient cella 
— N; — glucose 61 68 145 
+ N; — glucose 119 165 171 
— N; + glucose 89 155 248 
+ N; + glucose 150 188 265 
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If the radioactivity of T. utilis cells which were 
grown and allowed to absorb sulphur in complete 
media during 180 min. is taken as 100 (Table 1), the 
following conclusions can be drawn: 

(1) Glucose and nitrogen are necessary for the 
utilization of sulphur-35 because: 

(a) Cells that were grown in complete medium 
when allowed to absorb sulphur-35 in medium without 
nitrogen and glucose showed only 53-4 per cent of 
absorption. 

(6) When these cells were allowed to absorb 
sulphur-35 in presence of nitrogen or glucose, they 
showed respectively 95:9 and 95-2 per cent absorption. 

(c) Nitrogen-deficient cells when allowed to absorb 
sulphur-35 in medium without nitrogen and glucose 
showed only 47-9 per cent absorption; when nitrogen 
or glucose or both were present, however, the absorp- 
tion was raised respectively to 73-4, 63-4 and 65-9 
per cent. (d) Sulphur-deficient cells which were 
allowed to absorb sulphur-35 in medium without 
nitrogen or glucose showed only 49-3 per cent of 
absorption. On the other hand, when nitrogen or 
glucose or both were present, the absorption was 
raised respectively to 68-1, 82-3 and 85-7 per cent. 

(2) Nevertheless, nitrogen is not probably necessary 
for absorption: sulphur-deficient cells when allowed 
to absorb sulphur-36 in medium with nitrogen or 
in medmm without nitrogen showed in both cases 
practically the same absorption: respectively 85-7 
and 82-3 per cent. This is probably because in 
sulphur-deficient cells the nitrogen content is 
increased and thus the sulphur-containing compounds 
may be formed without any exogenous source of 
nitrogen}. 

(3) The utilization of glucose by T. utilis cells 
absorbing sulphur-35 shows that probably the 
mechanism of sulphur absorption is an active one. 

— Orro J. Crocomo 
Department of Biological Chemistry, 
Louis NEPTUNE MENARD 
Department of Agricultural Chemistry, 
Escola Superior de Agricultura Luiz de Queiroz, 
Universidade de São Paulo, 
Piracicabe, Brazil. 
1 Sohnls, A. S., and McManus, D, K., Arch. Buocheni., 28, 401 (1050). 


? Kielnzeller, A. A., and Kovac, K. L., Nature, 188, 1402 (1959). 


b OTE B., Roberts, E. B., and Bolton, B. T., Setencea, 119, 379 


Susceptibility of Mycoplasma (Pleuro- 
pneumonia-like Organisms) and Bacterial 
Protoplasts to Lysis by Various Agents 


Tus Mycoplasma organisms (pleuropneumonia-like 
organisms, PPLO) are limited by a thin and plastic 
cell envelope’. The absence of diaminopimelic acid 
and hexosamines in Mycoplasma’? indicates the 
absence of the ‘mucopeptide complex’ from their cell 
envelope. The thickness of the Mycoplasma cell 
envelope was found to be ~ 75 A.1, which is similar 
to that of the cytoplasmic membrane of bacteria‘. 
These findings might indicate that the Mycoplasma 
have no cell wall and are limited only by a membrane 
resembling the cytoplasmic membrane of bacterial 
protoplasts. In order to elucidate this point, a 
comparative study of some of the properties of the 
Mycoplasma organisms and bacterial protoplasta was 
carried out. - 

Mycoplasma laidlawii strain A and My 
mycoides var. capri were grown in a modified liquid 
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Edward medium', containing 2 per cent (v/v) Bacto- 
PPLO serum fraction. Cultivation was carried out in 
rotated flasks for 22-28 hr. at 37°. The organisms 
were collected in a Sharples supercentrifuge and 
suspended in M sucrose + 0-05 M sodium chloride 
solution. Micrococcus lysodetkttcus was grown on 
brain heart infusion agar (Difco) for 18 hr. at 37°, col- 
lected and washed three times in distilled water. 
Protoplasts of M. lysodetkticus were prepared by the 
action of crystalline lysozyme (100 pgm.fml.) in M 
sucrose + 0-05 M sodium chloride solution‘. 

The effect of reducing the osmotic pressure of the 
medium on the organisms was measured by optical 
density changes of suspensions prepared in various 
sucrose or sodium chloride solutions. The protoplasts 
of M. lysodetkticus were very sensitive to the decrease 
in osmotic pressure of the medium and underwent 
almost complete lysis at a concentration of 0-25 M 
sucrose. The Mycoplasma were not lysed to any 
significant degree even by the transfer of the organ- 
isms from 1 M sucrose solution to distilled water. 
The relative insensitivity of the Mycoplasma to 
osmotic shock has already been noted by Smith and 


Sasaki? and Butler and Knight’, using viable count. 


techniques. 

The Mycoplasma were found to resist alternate. 
freezing and thawing when suspended in M sucrose 
+ 0-05 M sodium chloride. Ten transfers from — 24° 
C. to + 40° C. failed to cause any significant decrease 
in the optical density of the Mycoplasma suspensions, 
while the bacterial protoplasts underwent almost 
complete lysis after 3 alternate freezings and — 

Like bacterial protoplasts the My 
found to be very sensitive to lysis by primary stoohals 
and surface active agents. Fig. 1 shows that the 
Mycoplasma are somewhat more — than the 
protoplasts of M. lysodetkttcus to the lytic effect of 
n-butanol. Similar results were obtained with n-pro- 
panol and ethanol. Gilby and Few‘ suggested that the 
alcohols act on the lipid component of the protoplast 
membrane, causing disruption of membrane permea- 
bility. Lysis of the Mycoplasma by sodium lauryl 
sulphate, cetyltrimethylammonium bromide, sodium 
deoxycholate and sodium taurocholate was very 
similar to that of the protoplasts of M. lysodestkitcus 
(Fig. 2). Intact M. lysodetkticus cells were not lysed 
by the alcohols and surface active agents tested. The 
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Concentration of n-butanol (Af) 
Fig. 1 — of Mycoplasma and bacterial toplasts by 
n-bu lis were suspended in various #-bu anol solutions 
— M sucrose + 0-05 M sodiam ohlorido. Optical 
ty was measured after 80 min. incubation at room tem- 
perature. 


A—A, M: coplasma laidiaun; A—A Mycoplasma 
var. O—-O, UCTOCOCCUS Iysodetktious > 
e—®@, protoplasts of Micrococcus lyscdeiktious : 
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Mycoplasma were also found to be very sensitive to 
lysis by dilute alkali, in this respect resembling the 
protoplasta of M. lysodeikttous and differing from 
intact M. lysodeikticus cells. 

Our results indicate a close relationship between the 
Mycoplasma cell envelope and the bacterial protoplast 
membrane. The resistance of tho Mycoplasma to 
osmotic shock, a property not shared by bacterial 
protoplasts, might be due to the greater elasticity of 
the Mycoplasma cell envelope as well as, or alterna- 
tively, to a lower intrinsic osmotic pressure of the 
Mycoplasma cells. Both these possibilities are being 
studied. 

This work was supported in part by a grant from 
the Joint Research Fund, the Hebrew University- 
Hadassah Medical School. 

8. Razin 


M. ARGAMAN 


Department of Clinical Microbiology, 
Hebrew University-Hadassah Medical School, 
Jerusalem. 
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Effect of the Presence or Absence of 
Rumen Ciliate Protozoa on the Total 
Rumen Bacterial Count in Lambs 


A NUMBER Of workers have compared the general 
performance of domestic ruminants with and without. 
ciliate protozoa. In no case was any striking dif- 
ference observed. Hungate! has that 
bacteria may take over the activities of the normal 
ciliate protozoan population, and also Bryant and 
Small? observed a distinct drop in the count of cellu- ` 
lolytic bacteria in two unfaunated calves after they 
had been inoculated with whole ramen contents con- 
taining protozoa. Biochemical work also 
that the bacteria and ciliate protozoa digest similar 
substrates. 
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Table 1. COUNTS OF BRB BACTERIA IN LAMBS WITH AND WITHOUT OILIATE PROTOZOA 
Small bacteria/mL* Large bacterin/ml t Oseitlosprra/mi.t 
No. a : Lamb No, mb No, 
Date 93 95 06 98 5 08 93 05 of 
1958 6° 40 4 6 78 60 56 +§ 3 400 4,200 
‘I 83 6 40 8 5 16 + 2,100 2,000 
1 6 26 7 50 2 5 1-5 + 1,500 1,500 
1960 9 82 8 60 8 0 8 + 2,000 500 
; 48 3 43 3 45 25 19 + 750 500 
0 39-4 35 6 5-5 596 30 +- — — 
8 278 30 5 16 20 5 8 + 500 500 
3 315 38 3 25 4) 25 7 4 64 110 
19 0 31 0 31 4 2% 50 25 4:0 230 150 
x 18 7 24 2 26 4 8°5 4:0 13 63 g4 180 
24.1 19 1I 81 2 29 8 40 35. 35 21 180 120 
142 19-0 28 3 36 4 30 25 16 42 88 150 
18 2 —$ 5 283 —$ 2°5 25 —$ 170 190 
20.2 — 20 -04 — — 2 5S — 280 190% 
22 2 — 15 9 — — 15 — 200 58 
24 2 — 141 — — 0 5 14 - 280 + 
27.2 — ee — — —_ — 250 4 
1.3 — — — — — 150 + 
3,3 — — — 15 — 150 -+ 
6.3 88 3 1-3 15 — 4 83 — 
8.3 — — — 03 — — 4 
15.3 — — — 05 — — wl 
28.3 7 22 30 20 31 57 58 
Lamb No Lamb No. Lamb No 
F 221 290 282 221 230 233 221 230 232 
19860- 6,12 35 6 15 1§ — | 30 2 5$ —35 110 103 —ş$ 
1011 29 2 — 65 — 110 42 — 
1901 251 — 24 4 17 2 — 46 4 6 — 21 27 
3 — 14°6 14 2 — 15 28 — 30 52 
*x10° hx 10-* t x10 + Much leas than 10*/ml. ~~ No count 
Samples takon 3 hours after feeding. Before 18.2.61, lambs 95 and 96 connined no ciliates, 98 contained ciifates. After 18.2.61, lamb 96 
was ino ed and developed s ciliate population. Lamb 221 had no ciliates, lambs 230 and 232 contamed ciliates. Lambs with alllates are marked § 


In spring, 1959, two Cheviot lambs, 95 and 96, 
were removed from the ewe at 3 days old and for the 
rest of the experiment kept isolated from direct 
contact with other ruminants. They were weaned on 
to lamb starter ration and grass ad hb. at 13 weeks. 
At 20 weeks, they were fitted with rumen cannuls. 
From: this time equal quantities of food with a ratio 
of 3 : 2 hay to concentrates were fed to the lambs 
until October 1960, when the ratio was changed to 
2 : 1 hay to concentrates. At the same time a control 
Cheviot lamb, 93, was kept under identical conditions 
of management except that isolation was not neces- 
sary. wing weeks 1-19, a weekly inoculum of sheep 
rumen ciliate protozoa and bacteria was given to it by 
stomach tube. In the spring of 1960, two Blackface 
lambs, 221 and 222, were kept under as similar con- 
ditions as possible to the isolated lambs of the previous 
year, and halfbred lambs, 230 and 232, were kept as 
faunated controls. 

With no precautions other than general care to 
prevent contact with other ruminants (Becker and 
Everett?) large rumen ciliates were excluded from all 
four isolated lambs throughout the experiment, and 
95 remains free from ciliates after 24 years. A very 
few small Hniodinia developed temporarily in one 
lamb, but removal of a faunated steer from within 
12 ft. prevented any recurrence of this. In all four of 
our isolated lambs unusually large numbers of 
Osctllospira as well as many Quin’s organisms and 
selenomonads developed. 

Formalin-fixed samples of rumen contents were 
suitably diluted for counting according to the size 
and number of bacteria to be counted, and counts of 
these samples were made in a Helber chamber (0-02 
mm. deep) or a hemocytometer chamber (0:1 mm. 
deep) after thoroughly mixing the dilutions and 
allowing the larger debris to settle for a few moments. 
By this method, only the ‘free bacteria’ were counted 
and any clumps of bacteria were ignored. While 
obvious diplococci were counted as two bacteria, the 


few chains of small bacteria seen were usually difficult 
to differentiate and were counted as one organism. 
For convenience, Quin’s organism, large selenomads 
and certain large cocci were grouped together as ‘large 
bacteria’ and the remainder, other than Osctllospira, 
were grouped as ‘small bacteria’. The number of 
flagellates in the isolated lambs was high, but these 
were excluded from the count. The results in the 
first portion of Table 1 show that the counts of small 
bacteria and Oscillospira in the isolated lambs, 95 and 
96, remained consistently higher than in lamb 93 
while there was little difference in counts of large 
bacteria, where 93 tended to be slightly higher than 
95 or 96. A tendency to a seasonal variation in 
numbers in all lambs, and random day-to-day varia- 
tions such as were found by Nottle‘, are shown in the 
counts, and an effect due to change of ration can also 
be seen. 

Unfortunately, because of a blockage of the large 
intestine, 221 had to be removed from the experiment 
shortly after the first counts had been made. How- 
ever, direct observations of rumen fluid from 221 
and 222 had shown close similarities to 95 and 96 at 
the same stage, and the few counts from 221 are com- 
parable with those of 95 and 96 when at the same stage 
(October 1959 and February 1960). In addition, 
the counts for lambs 230 and 232 are lower than those 
for 221 and clearly comparable with those for 93 at 
the same stage. 

On February 18, 1961, when lamb 96 was 22 months 
of age, it was given an inoculum of rumen ciliate 
protozoa of a similar type to those in 93. Within one 
day certain Entodinium spp. were observed and the 
total number and variety of species rose rapidly until 
at the sixth day (February 24), a fairly extensive 
mixed population of both holotrichs and ophryosco- 
lecids had become established. Table 1 (part 2) shows 
that the number of small bacteria dropped rapidly and 
steadily to less than the figure for lamb 93 and then 
rose to level off at about the same value as 93. The 
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most striking drop in Osctllosmra coincided with the 
stage at which a variety of rumen ciliates became 
conspicuous. By coincidence, the numbers of 
Oscillospira in all three lambs was dropping at this 
time, but clearly 96 showed the most drastic change. 

The flagellates were also reduced in number after 96 
was inoculated. 

These resulta show that quantitatively the bacterial 
population in lambs free from ciliate protozoa was 
greater than in normally faunated lambs on the same 
ration. On inoculation with ciliates the numbers of 
bacteria fell rapidly, suggesting a competition for 
substrates as, although the protozoa will ingest 
bacteria, it seems scarcely likely that this alone 
would account for such a large fall in numbers of 
small bacteria. There was no evidence of any effect 
on the animals caused by the presence or absence of 
ciliates. 

J. MARGARET EADI® 
P. N. HOBSON 


Rowett Research Institute, 
Bucksburn, Aberdeen. 
! Hungate, R. B., Ann, Rev, Microbiol., 4, 53 (1950). 
t Bryant, M. P., and Small, N., J. Dasry Sci., 43, 654 (1060). 
* Becker, E. R., and Everett, B. O., Amar. J. Hyg., 11, 862 (1980) 
t Nottle, M. O., Austral. J. Biol. Boi., 9, 588 (1056). 


GENETICS 


Subdivision of the Three Common 
Haptoglobin ee based on ‘Hidden’ 
Differences 


Purirmp haptoglobins of the three common 
genetic types (Hp 1-1, Hp 2-1 and Hp 2-2), after 
reductive cleavage with mercaptoethanol in the 
presence of urea, yield two classes of product 
{Smithies, O., Connell, G. E., and Dixon, G. H.; in 
preparation). "One group of the cleavage products fails 
to migrate in acidic starch-gela (except in the presence 
of 8 M urea), and appears to be common to hapto- 
globin of all the genetic types. The other cleavage 
products, which migrate readily, differ according to 
the genetic type of haptoglobin. The homozygous 
type haptoglobin 1-1 gives a migrating product 
different from thet obtained with haptoglobin of the 
other homozygous type 2-2: heterozygous hapto- 
globin gives both products. 

These characteristic cleavage products (pro- 
visionally called hp 1 and hp 2) appear to be 
related in a more obvious and direct way to the 
corresponding genes, Hpl and Hp2, than are the un- 
treated haptoglobins. However, 
when the cleavage products (of 


haptoglobins isolated from pools of  gubtype 


plasma of the three types) are ee ere 


examined in acidic starch-gels con- 
taining 8 M urea the results are 
more complex. The cleavage pro- 
duct hp 2 still migrates as a single 
zone, but hp 1 can be resolved into 
faster and slower migrating zones 

(hp 1F and hp 18) which vary in | 
relative amounts in different prep- 

arations. The heterozygous type 
(Hp 2-1) gives all three products, 
hp 1F, hp IS and hp 2. These 
observations are inconsistent with 
the presumption that hp 1 is related 


to a single gene Hpl. 
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A variety of modifications of the procedures for the 
isolation and reduction of the haptoglobins failed to 
resolve this inconsistency*, but we find that when the 
haptoglobins are isolated from plasma samples 
obtained from single donors (rather than from pooled 
samples) the resulte become consistent. Single donor 
preparations of Hp 1-1 are invariably found to give 
on reductive cleavage either hp 1F alone, hp 15 alone, 
or hp 1F and hp IS in equal amounts; Hp 2-1 gives 
hp 2 and erther hp 1F or hp 18 (but not both); Hp 
2-2 gives only hp 2. These results suggest that the 
gene Hp] is not a unique entity, but can have one of 
two closely similar forms Hp 1F and Hp IS. 


Table 1 
Observed Expected 
Haptogiobin type Subtype numbers from ratio IFJ18 
-1LF 10 7'3 
Hp 1-1 1F-18 16 20°4 
E: E 
Hp 2-1 218 à 8 7-0 


The ratin of pel Bae for all 54 samples {a 0-42/0-58. This ratio was 
ae to caloulate — numbers for the subtypes of Hp 1-1 
and Hp 2-1 shown in he right-hand column. (7* = 2°49.) 


Table 1 summarizes the observed distribution m 
the samples tested of the subtypes involving the 
presumed genes Hp 1F and Hp 18 and shows that the 
observed proportions of the subtypes of Hp 1-1 and 
Hp 2-1 do not differ sigmficantly from those which 
would be expected from the ratio of LF/1S for all the 
samples. 

Fig. 1 illustrates the differences between the reduc- 
tive cleavage products obtained with three single- 
donor preparations of Hp 1-1 (indistinguishable 
before treatment with reductant) of the three sub- 
types Hp 1F-1F, Hp 1F-1§ and Hp 18-18. The 
differences between the cleavage products, hp 1F and 
hp 15, are clearly shown. The multiple zones com- 
mon to all three samples are the other products of 
the reduction; they fail to migrate in the absence of 
Urea. 

The characteristic products hp 1F and hp 18 have 
been isolated from several samples of haptoglobin (of 
the types Hp 1F-1F and Hp 18-18), and digested 
with «-chymotrypsin (Dixon, G. H., Connell, G. E., 
and Smithies, O.; work to be published). The digests 
have been examined by a technique similar to that of 
Ingram?. Both hp IF and hp 15 have many peptides 
in common, but hp 1F contains a peptide (absent in 
hp 18) which is replaced by a different peptide in hp 
18. This replacement is also consistent with the 
existence of two forms of the gene Hyl. 

We conclude, therefore, that the three common 
types of haptoglobin (Hp 1-1, Hp 2-1 and Hp 2-2) 
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are not the expression of the combinations of two 
alleles as was supposed’, but involve three alleles. 
The six phenotypes resulting from the three alleles 
are all distinguishable, but only, at present, after the 
haptoglobins have been purified, dissociated into 
their component polypeptides by reduction in the 
presence of a denaturant, and separated in acidic 
starch-gels containing 8 M urea. This example of 
intra-species protein differences which are normally 
hidden suggests the need for caution in presuming 
identity of proteins until their complete amino-acid 
sequence has been established. A simular situation 
exists in the mammalian msulins of different species 
which are indistinguishable by physical methods’. 
We are grateful to the National Research Council 
(Canada) and the National Science Foundation 
(U.8.A.) for supporting this work. 
G. E. CONNELL 
G. H. Dreoxr 
Department of Biochemistry, 
University of Toronto, Ontario. 
O. SMITHS 
Department of Medical Genetics, 
University of Wisconsin, 
Madison, Wisconsin. 
i Ingram, V. AL, Biochim. Biophys. Acta, 28, 580 (1058). 
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Linkage between Glucose-6-Phosphate 
Dehydrogenase Deficiency and Colour- 
Blindness 


A, LINKAGE investigation has been carried out in 
American Negroes to confirm that deficiency in 
glucose-6-phosphate dehydrogenase is sex linked 
rather than sex limited!, and, if sex linked, to determ- 
ine the recombination fraction (y) between the 
loci for deficiency in glucose-6-phosphate dehydro- 
genase and colour-blindness; further, through the 
use of linkage, to see if the difference between the 
expression of deficiency in glucose-6-phosphate 
dehydrogenase in Negroes and Caucasians? is explic- 
able on the basis of different genetic loci in the 
different ethnic groups 

Among 3,649 American Negro school-boys, 134 
were found to be colour-blind. One hundred and six of 
these, and their brothers, totalling 238, were screened 
for glucose-6-phosphate dehydrogenase adctivity?. 
Both the traits were found m ten families. Of these 


FAMILY H 
Generation l 
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MI Color-bind male 

m a fad G~6-PD. deficient 
8 mate 

Wl Doubly affected male 


Fig. 1. Genes reaponsible for the two traits are in the repulsion 
phase in TH, 1 and hence OHL 1 represents the cross-over 
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we were able to investigate 8. The members of these 
were tested for type and degree of colour-blindness 
and for quantitative glucose-6-phosphate dehydro- 
genase activity‘. 

There were 6 families with the deutan type of 
colour-blindness. In 3 of these the 2 traits were in 
the coupling phase, and m 3 they were in the repul- 
sion phase in the mother of the probands. The one 
definite cross-over (Fig. 1) occurred in one of the 
latter families. 

There were 2 families with protan type of colour- 
blindness. The traits were in coupling in one, and in 
repulsion m the other family. 

The data were analysed by the IBM 7090 computer, 
which is programmed (Renwick, J., and Schulze, J., 
unpublished results) to deal with pedigrees for linkage 
by the method of lod scores’. The six pedigrees with 
deutan type of colour-blindness and deficiency in 
glucose-6-phosphate dehydrogenase, with 30 scorable 
offspring, gave a maximum likelihood estimate for 
the recombimation fraction (x) of 0-05 (Fig. 2) with 
90 per cent confidence limits of 0-009 and 0-18. A 
small ascertainment correction is mecluded in this 
result. 

In the two families with protan type of colour- 
blindness and deficiency in glucose-6-phosphate 
dehydrogenase, with only about 8 scorable offspring, 
the probability was, with a 90 per cent confidence 
limit, that the recombination fraction (x) was less 


than 0-2. 

Linkage between the enzyme-deficiency locus and 
the sex-linked colour-blind locus establishes that 
glucose-6-phosphate dehydrogenase deficiency is also 
sex linked and not sex limited. 

Comparison between the results of this study and 
similar studies by Adam‘ and Siniscalco’ in Cau- 
casians vides no evidence for more than one sex- 
linked glucose-6-phosphate dehydrogenase locus. 

The results are insufficient to support a one or two 
locus hypothesis for the two types of colour-blindness. 


I. H. PORTER 
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FORTHCOMING EVENTS 


(Alestings marked with an asterisk * are open to the public) 


Monday, February 5 


UNIVERSITY COLLEGE, LONDON (in the Large Physics Theatre, 
Gower Street, London, W.O. $), at 5 p.m.— Dr, G. V. Groves: “Boten- 
tifle Research in Space. 4: The Neutral Atmosphere of the Karth’’.* 


UNIVERSITY OF LONDON (at King’s College, Strand, Toncon, W.0.2), 
at 5 — —Su Edward Appleton, F.H.8.: “Radio and the Tono- 
sphere (Second of six lectures commemorating Clerk 11.) 


ROYAL INSYtrure oF CHEMISTRY, LONDON SECTION (joint meeting 
with the LONDON BEOTION of the a Fernie OF CHEMIOAL INDUSTRY, 


at the Society of Chemical meth 14 Belgrave Square, London, 
peel at 8.80 p.m.—Prof. G, Porter: “Very Fast Chemical Re- 
actions” 


Tuesday, February 6 


BRITISH BOHOOL OF AROHMOLOGY AT ATHENS (at the Ro 
graphical Society, 1 Kensington Gore, London, 8. n i at 
Binclair Hood: “‘Excavatlons at Knossos 196 


UNIVHRSITY OF LONDON (at Westfield Co 
aan », London, ae ua 
of the Smallest P 


— oF a ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, w.o. 2), at 5.80 p.m.-— 
Discussion on “The Measurement of Very High Electrical Resistance’ 
opened by Mr. G. I. Hitchcox. 


Unversity OF LONDON (at the Imperial Coll 


1 Geo- 
Pp. 


‘ ee Avenue, 
Za aaa of. E. QG. Fogg: “The 


e of Sclence and 


Technolo Prinoe Consort Road, London, 8.W.7}, at 5.30 pm— 
ee J. , . Westoott “A Prospect of Automatic —* (Inaugural 
ure 


URIVERSITY O¥ LOMDOX (at the London School of Hygiene and 
a foal Medicine, Keppel Strect, Gower Street, London, W.0,1), 
30 p.uL—Prof. T. Russell Fraser: “Human Growth Hormone”. * 
—** of thirteen lectures on ‘The Scientific Basis of Medicine” 
organized by the British Postgraduate Medical Federation. 


UNIVERSITY O¥ LONDON Gn the Mining Lecture Theatre, Royal 
§chool of Mines, Prince Consort Road, London, B. W.7), at 6. 80 p.m. 
— Prof. R, A. L. Black (Witwatersrand): “Recent Advances in 
Solenca in South Africa, 1. The Development of the Witwatersran 
Goldfield. The Planning and Problems of Its New Mines’’.* 


UNIVERSITY OF LONDON i the Institute of — 31—84 
Gorden Square, — wW. 1) at 5.45 p.m.—Mr. A. B. P. Collis: 

“Ireland in Roman (Last of seven lectures on “The Native 
Element in Roman Seen”. — 


Wednesday, February 7 


INSTITUTION OF MEOBANIOAL ENGINEMRS, THERMODYNAMIC8 AND 
FLUID MEOHANIOS GROUP (at 1 Birdcage Walk, Westminster, London, 
3.W.1), at 10.80 a.m.—Symposium on “Two-Phase Fluid Flow’. 


INSTITUTE OF PETROLEUM (at 61 New Oavendish Street, London, 
W.1), at 2.30 p.m.—Symposlum on ‘Analytical Techniques”. 


Roya. Socrery oy ARTS (at John Adam Street, Adelphi, London, 
W.O. 2), at 2.80 p.m.—Prof. John Yudkin. “Diet and the Nation’s 
Health" (Armstrong Memorial Lecture). 


Roya STATISTIOAL Soormry (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W.0.1), 
at & me — O. Stein: “Confidence Sets for the Mean of a Multi- 


BROYAL Soorery OP Aleprorws, HISTORY OF ee BROTION 
(at 1 Wimpole Street, London, W.1), at 5.15 pm.—Dr W. E. Snell: 
“Captain E’s Surgeons 


UNIVERSITY COLLEGE, LONDON (in the — Theatre, Gower 
Street, London, W.0.1), at 5.80 p.m.—Dr. A. J. Cain: “The Real 
Power of Selection. 2: Physological aon. and Drift”, * 


WOENE ENGINEERING Socmry, LONDON BRANOH (at ‘Hope 
Hous”, 45 Gréat Poter Street, Westminster, London, 8.W,1), at 
7p. m,-—Spaoce Communications. 


Thursday, February 8 


ZOOLOGICAL Soormry or Lonpom (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 10.30 a.m.—Symposium on “Oom- 
parative Neurohypophymal Morphology and Function’. 


UNIVERSITY COLLEGE, Lonpon (h the Anatomy Theatre, Gower 
Streat London. W.O. 1), at 1.15 P m.—Dr. 0, A. Vernon: “Chemical 
Theorles of the Origin of Life’. * 


Untvmnasrry OF LONDON (at the Imperial College of Sclence and 
psp Prince Consort Road, London, 8.W.7), at 180 p.m— 
Mr. Patric Dickinson: “Owen”. 


ROYAL SOCISTY OF ARTS, COMMONWHALTH SHOTION (at John Adam 
Street, Adelphi, London, W C.2), at 6.15 p.m.—Mr. G. V. B. Herford 
“Recent Developments in the RST of Foodstuffs from Insect 
Pesta, with apoclal reference to Commonwealth Countries’’, 


INSTITUTION OF KLEOTRIOAL enone (at Savoy Place, London, 
W.0.2), at 5. 30 D. . Mr. R. J. Halsey and Dr. R. A. Brockbank 
“The Angio-Canadian Trans-Atlantic Talephone Oabis”’. 


ae 


NATURE 


507 


AL INSTITUTION, LIBRARY OMROLR (at 21 Albemarle Street, 
—— ne P at 5. 30 p. — John Armitage: “Making and Re- 
mainng th Eneyclopmdia Bnitannica”’. 


cad oF Lospox (at the London School of Hygiene and 

R ical — — Koppol — eee Street, London, W.C. vat 
.80 p.m.-~Dr Nagnestum Metabolism”, * 

oF thirteen 1 iM “The 6 Belentifio Basis of Medicine” o a 

Theatre, Royal 


by the British Postgraduate Medical Federation.) 
Minmg Lecture 
ce Consort Road, London, §.W.7), at 5.30 p.m. 


UNIVERSITY OF LONDON On the 
a oa ea ea Blaok: 
— ok: “Recent ‘Advances in Mining Sclenoe m South 
Africa. 2: Strata Control and Rock Mechanica in Deep-Level Mining. 
A Review of Research in South Africa’. 


RADAR AND ELECTRONICS ASSOCIATION (in the Lecture Hall of the 
Roya! Society of Arta, John Adam Street, London, VW.0.2), at 7 p.m. 
—Mr. L J. P. James: “Colour Television’. 


Friday, February 9 


BIOCHEMIOAL Soo1eTy (at the Chester Beatty Research Institute, 
Fulham Road, London, 8.W.8), at 10 a.m.—BScientlfic Papers. 


INSTITUTION OF ELEOTRIOAL ENGINEERS, MADIOAL ELEOTROKICS 
DISCUSSION GROUP (at Savoy Place, London, W.0.2), af 6 p.m.— 
—— on “Prinoiples of Control’ opened by Prof. J. H. West- 


UNIVERSITY OF LONDON (at t the ha ovel Holloway College, Englefield 
Green, Surrey}, at 8.15 — Ward-Perkins: "Etruscan 
Cities, Roman Farms Modieval taa in South Etruria”. 


ROYAL ees at, 21 Albemarle Street, London, W.1), at 
3 p.m — Mr. E. Has “Radar Observations of Bird Movements”. 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following ——— on or 
before the dates mentioned: 

ASSISTANT LIBRARIAN (with a ea degres)—The Secretary, 
The Univeratty. Aberdeen aE brms 10). 

LECTURER IN APPLIED MATHEHATIOS—-Tho Regmtrar, Queen Mary 
College fA ed of London), Mile Emd Road, London, EI (Feb- 
roary i 

LECTURER or DEMONSTRATOR IN CHEMICAL PATHOLOGY, for duties 
which will be divided ep ry ite Paha original investigation and the 
supervision of the ital la tory-—The Registrar, The Univeralty, 


Leeds 2 (February 1 

ASSISTANT eens Hy) CHEMICAL PHYSIOLOGY 
(february 10). Registrar and ——— The University, Bristol 

e 

LEOTURER or ASSISTANT LHOTURBR (with a — or on 
honours degree in — and p Prelated fe co 
in either chems , biochemie on BLE, or å fields) 1, IN — OOTER 
DEPARTMENT OF OOD AND L Registrar, The 
University, Leeds 2 enir 17) 17). 

ASSISTANT (with an honours degree in blochemistry) IN THB DE- 
PARTMENT OF BIOLOGIOAL CHENISTRY— The Secretary, The Univer- 
aby Aberdeen (February Aii 

ASSISTANT LECTURER (with special interests in o c chemistry) 
IN THE DEPARTMENT OF OHEMISTRY—~The R Universi 

ays Park, Car 


College of South Wales and Monmouthshire, Ca 
(February 24). 
F — — Anum a eee os—-The Registrar, The University, 

o ebruary 

ASSISTANTS (2) IN Marnmatics—The Secretary of University 
Court, The U hy Glasgow (February 28). 

Cure oF GROLOGY-~The Registrar, The U Versity, Hull (Febru- 
ary 28). 

OHAR OF PSYCHOLOGICAL MEDICINE in the University of Otago, 
Dunedin, New Zealand—-' The Secretary, Association of Universities 
of the British Commonwealth (Branch Office 
Pall Mall, Tonnon 8.W.1 (New Zealand and 

LECTURER IN TRY, to assist in the teaching of 
chemistry and to collaborate — other members of a engaged 
in epeng on fluormated — compounds— TE 


Secretary, The University 2 ary 28) 
LECFURER IN THH DEPARTMENT OF as fo De paitouinny 
concemed with teaching and research in inorganico chemistry— The 


Registrar and Secretary, King’s College (University of Durham), 
Newoastle-upon-Tyne 1 Gfebruary 28). 

LECTURER or ASSISTANT Teen IN ORGANICO CHHMISTRY at the 
University College of Rhodesia and Nyassland—~The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.0.1 (February 28). 

LECTURER or ASSISTANT LBOTURRER (with a good degree in horti- 
culture or peta, a special interest in fruit growing, and eera biy 
research experience in the pathology or p — of a erop) 
IN THE DWPABRTMENT OF HORTIOULTURE—The Registrar (Room 
O. R.B.), The ha Mae Reading (February 28). 

LROTURER qualifications in mathematical statistics) TN 
Basena Me “Sogtotary of University Court, The University, 


— Feb 
— BOTURHRS Or arias LECTURES me oT more) IN PURS OR 
an MATHENWATIOS—The Registrar, e Unversity, Hull (Feb- 


LIBRARIAN ( uate with — cations, and prefer- 
ably a knowledge of languages)-—The Secretary, Rothamsted eri- 
mental Station, a apanden. erts (Fe —— 28), 


RESRAROH FELLOW IN MATHRMATIO8-—The Secretary of University 
Cours oe nivermty, Glasgow — 28). n) IN V 

RNIOR OTURHE Or terinary surgeon ETERIN- 
ARY MBDIOINA, for duty at the fleld station near Potters Bar, Middle- 
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sex, and at Camden Town-—The Secretar T, Royal — o 
ee tad of London), Royal College Street, London, N.W.1 (F 


SENIOR LROTURER or LECTURER (with appropriate teaching and 
research expemence, and preferably with a medical qualification 
THe SoHooL OF ANATOMY within the Fagul 
Agon ent-General for New South Wales, 68 Strand, London, W.0.2:; and 

—— — Section, Univorsity of New South Wales, Box 1; 
Post Office, Kensington, N.8.W., Australia (Australia and London, 
February 28). 


CHAIR OF PHYSIOLOGY at Guy’s Hospital Medical School—The 
TOTUN —— University of London, Senate House, London, 
aro 
LHVHRHULME POSTGRADUATE FELLOWS (3), two in Te FACULTY 
OF BOIENOR and one in the FaAcULTY OF ENGDOVERRING— trar, 
The University, Liverpool, quoting Ref. OV/600/T EPEA 1). 
LECTURER or JUNIOR LECTURER IN MATHEMATIC8—The Registrar, 
Trinity College, Dublin 2, Repubho. of Ireland (March 5). 
LAOTURHR IN THHORETIOAL Puygros—-The Registrar 
O. R.B.). The eons Reading (March 10). 
ASSISTANT LEOTUR WB ( referably with a research interest fn the 
theory of —— or fuld ynamics) IN ENGINHERING MATHENATIC8R— 
The The Queen's University, Belfast (Maroh 12). 
READER IN ee AiganonioLoey Th he trar, University of Adelaide, 
Adelaide, South Australia (Maroh 
BR or SENIOR LECTURER i ZOOLOGY at the University of 
Melbourne, Australla—The Secretary, Association of Universities of 
RE mr lar rab Ton (Branch Office), Marlborou aa Pall 


oom 22, 


of the Witwatersrand, J PaE, South Africa—The Secretary, 

—— of Universities of th titish Commonwealth (Branch 

ee). Marlboro House, Pail Mall, London, 8.W.1 (South Africa 

Ea March 15), 

OF THEORETICAL Purysios in the University of Western 

Ae te Searetary, Association of ——— of the British 

Commonwealth (Branoh T aap Marlborough House, Pall Mal, Lon- 
don, 8.W.1 (Australia and London, March 17). 

SENIOR LECTURER and an ASSISTANT LEOTURER (preferably with 
medical —— IX PHARMACOLOGY at the University of H 
Kong-— Secretary, Association of Universities of the Bri 
Somnwawoslth (Branch Office), Marlborough House, Pall Mall, Lon- 
don, §8.W.1 (Hong Kong and London, March 19). 

SENIOR DEMONSTRATOR or Santali IN BOTANY (Plant Genetics) 
at the University 


borough House, Pall Mall, London, §.W.1 (March 80). 

DRUMMOND SENIOR FELLOW, for research mn nutrition—The Hon. 
Secretary, Drammond Trust, Unrveralty College, Gower Street, Lon- 
don, W.0.1 (Apni 10) 

IMPERIAL OHEMICAL INDUSTRIES ResHARCH FRLLOWS (preferably 
with a@ Ph.D. degree or equivalent reasearch experience) IN Bro- 
CHEMISTRY, CHEMISTRY, CHEMOTHERAPY, ENGINEKRING, METALLURGY, 
PHARMACOLOGY or PHY#IOs—The Academic Registrar, University of 
London, Senste House, London, J O. (April 

SHSIOR LECTURER or ER (graduate with an intereat a 
ph yriologigal ecology or behaviour or —— physiology) 1 

NVERTHBRATE PHYSIOLOGY in the Department of Zoology an 

— Physiology, Monash ey Victoria, Austraha-—The 
Association of Universities the British Commonwealth 

TÉR — Office), Marlborough ke Pall Mall, London, 8.W.1 

ustralia and London. June 30 

ASTROPHYBICIST (with a Ph e and some observatory ox- 
perience), to teach astronomy anal related physics courses to under- 
graduates and postgraduates, and to carry ont mrp ler — 
with a new 16eh teflector with photo-electric and eee 
attachments—Head of the Department of Physics, Queen’ B uror 
u Kingston, Ontario, Canada. 

EOLOGIST (with a first- or second-class honours degree In geol 
in Northern odesia, for systematic opel mapping and 
examunation of economia deposits, eto.-— Irector of Roeruitment, 
Department of Technical Co-operation, Carlton House Terrace, 
London, 8.W.1, quoting Ref OH RC. r e 

GRADUATE TO TRACH CHEMISTRY “0O” and “A” level——The 
Headmaster, St. Edward’s College, — — Laverpool 12. 

LECTURBR or ASSISTANT LECTURER IN APPLIED MATHEMATIOS-—— 
quer Secretary, Queen Ehzabeth College, —“ Hil) Road, London, 


LEOTURER or ASSISTANT PROFESSOR IN ZOOLOGY; and a SENIOR 
DEMONSTRATOR IN ZOoLoGY—Prof, J. M. Honeyman Bir acoge 

Wilhams Univyemıty, 1435 Drummond Street, Montreal, Canad 

LECTURER (with an honours degree in chemical ginseng or 
corporate member of the Institution of Chemica} Engineers, and 
experience in research and the opereton and supervision of full-scale 
chemical plant) IN OHBAIOAL GINHERING-—The Registrar, The 
University, Nottingham. 

NATIONAL RUSHAROH COUNCIL AND OTHER POSTDOCTORAL FELLOW- 
SHIPS a enal in the Papel aetna oL nua a A fe F — 

A PO 0 ya oMaster versity, Hamilton, 
Ontario, — 


READER IN APPLIED MATHEMATIOg—The Clerk to the Governors. 
— College of Science and Technology, Manresa Road, London, 


Pe parent ASSISTANT (with a good honours gous or equivalent 

in physio biochemistry or zoology, and preferably — 
in some field of hormone research ne immunoch ony 
PHYSIOLOGY DEPARTMANT, to stud hyslo rolactin with 
special reference to ita amay in bo Belts eee = , National 
Institute for Darwying Sy niversity of Reading}, Shinfield, 
Reading, Berks, quoting. Ref. 61 

SENIOR LUOTURER IX PAT rs Secretary, ag POS College 
of Science and Technology, George Street, qaspay 

aei A oF ney TROHNIGIAN (prefera ly — biochemical 


experience) FOR THA HESHAROH DEP Sane OF IMMUNOLOGY- 
The Secre OW right-Flerin oe St. Mary's Hospital Medical 
School, P , London, 
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ADMINISTRATION 


N evidence already submitted to the Robbins 

Committee on Higher Education, criticism which 
bears closely on the character and effectiveness of 
university government has been made of the univer- 
mties of Great Britam. Problems of administration, 
even if no change is suggested or implied in the 
structure of a university, have been raised. University 
government is undoubtedly closely related to the 
question of size, and in planning the establishment 
of more universities, rather than solely the expansion 
of existing institutions, the University Grants Com- 
mittee is well aware of the administrative difficulties 
in a university of more than a certain size. Questions 
of university administration have also arisen in regard. 
to research in the universities, and the mounting cost 
of certain types of equipment such as computers, 
nuclear reactors and cyolotrons and the consequent 
need for co-operation in their use may well make such 
questions more frequent, if not less difficult to solve. 

Such reasons should encourage a fresh disposition 
to re-examine the appropriateness of the oxisting 
organizations and structure of universities to the con- 
ditions of to-day. It should also be considered whether 
they need modification to meet more effectively the 
problems of university expansion or new conditions 
resulting from other factors then mere numerical 
growth, such as the multiplication of fields of appro- 
priate university study, the fragmentation of know- 
ledge and the barriers between different disciplines or 
departments. Furthermore, the development of new 
institutions offers valuable opportunities for experi- 
ment which should be fully utilized. 

That this is fully realized by the authorities in the 
new universities is well shown, for example, both by 
a lecture on the future pattern of university education 
in the United Kingdom which Mr. J. S. Fulton, 
vice-chancellor of the University of Sussex, delivered 
to the Royal Society of Arts lest May, and by the 
talk entitled “A University for To-day” which Prof. 
Ase Briggs broadcast in the Home Service and which 
was published in T'he Listener of September 7. 

Mr. Fulton, whose address is printed in the October 
issue of the Journal of the Royal Society of Arts (109, 
840; 1961), did not discuss particularly the pattern 
of university government. He set forth first his ideas 
as to what a university does or should do for its 
students, but then very briefly showed how the ful- 
filment of these ideas is connected with the actual 
shape of the university. He accepted, first, that a 
university prepares its students for their job in life, 
though not by giving them a technique restricted to 
a particular type of occupation. The practice of 
British universities is based on the assumption that 
young people destined for one of a great variety of 
tasks in life will be better prepared if, for three or 
four formative and very umportant years of their life, 


NATURE i 


509 


IN A UNIVERSITY 


they undertake at the university courses of study in 
common with those who were to be scholars. 

Next, a university should give its students a special 
experience In which they gain an abiding insight 
into the perspective of a university; and it is perhaps, 
incidentally, an indication of the extent to which 
universities have failed in this task that there should 
be too much ill-informed criticism of university 
administration. This applies still more to the third 
task of the university towards its students, namely, 
that of providing this education and experience in a 
special kind of environment—a society in which every 
single member makes his own unique contribution to 
the diversity of gifts disposed of in common. Beyond 
this, Mr. Fulton points out that a university should 
seek to help ita undergraduates to become their own 
masters, training character as well as intellect, and, 
finally, it has to help them to determine the values 
by which their lives are to be guided, modifying 
inherited values, if need be, to suit their own times, 
their own moral priorities and their own sense of 
fitness. 

Mr. Fulton pointe out that the power of a univer- 
sity to confer these gifts on the young depends on 
the university remaining a creative society, in the 
sense of finding out what 1s new, or re-discovering 
and re-interpreting for contemporary society what 
has abiding value from the past; and that what is 
being questioned at the present time is whether the 
methods hitherto used are the only desirable ones. 
He himself believes that the idea of the single-subject 
honours course as the sole, or at any rate the best, 
means of educating our ablest young men and women 
has been pushed too fer. The University of North 
Staffordshire has already been experimenting with a 
foundation year of general studies, and now the 
University of Sussex is planning courses which serve 
two principles: a core of specialized study providing 
the student with the study in depth through which 
he or she acquires intellectual disciplme; and the 
study of the approaches involved in other disciplines 
which provide the lustorical perspective to his 
specialized, intensive work, and its relation to con- 
temporary problems and, issues. 

This programme in itself has involved an important 
break with present-day university practice. There are 
to be no departments in the arts faculty, nor, so far as 
concerns the control of the curriculum, in science 
either; instead, there will be ‘schools’, and the whole 
academic staff of the university will be engaged in a 
single enterprise, reflecting the unity rather than the 
discreteness of knowledge. Lecturers will be free to 
belong to the board of studies of any school to which 
their subject contributes, and every effort will be 
made to keep the boundaries between schools and 
between faculties flexible, and to prevent the academic 
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rigidity of the department from re-asserting iteelf on 
the larger scale of the school. Quite apart from this, 
as Mr. Fulton points out, in the United Kingdom as 
elsewhere, a growing interest is being taken in the 
character and purpose of education, and, whatever 
changes in organization or teaching may be intro- 
duced, it will be essential to capture the enthusiasm 
and imagination of the students for whom the new 
methods or structure are intended. Mr. Fulton 
himself believes that the nearer methods of teaching 
come to a personal exchange of ideas between teacher 
and individual pupil, the more likely the latter’s 
growth to intellectual maturity and the autogenous 
management of his own life. 

All this of itself should direct fresh attention to the 
problems of university administration. Those prob- 
Jems are unlikely to be easier of solution or less likely 
to call for adjustment in proportion as the universities 
really scek to use the opportunities for fresh experi- 
ment or for fuller service both to their students and 
the community, and do not shrink from the tension 
and conflict in which new ideas are born. What 
matters most is that in considermg the administration 
of a university and the structure on which it is 
organized, regard should be had first to the prime 
purposes which the university has to serve: as Mr. 
Fulton puts it, the students must find their place at 
the very centre of the university’s life and thought, 
and be confirmed in the enjoyment of the great 
heritage handed down by the universities of the 
West; there must be freedom to find conviction 
solely from the argument itself, unwarped or twisted 
within the framework of doctrine imposed by any 
authority. Nor need the university’s trust in respect 
of research be expressed in dissimilar words, though 
the problems of administration and finance are some- 
times just as acute. 

Against this background the charges at present 
levelled against university administration in Britain 
and proposals for reform are to be considered, and 
to do so should encourage the prolonged and careful 
study which, more than controversy, is, as Sir Eric 
Ashby has remarked, what is wanted. He believes 
that nothing short of constitutional change will fit 
the universities for the expansion they have under- 
taken; but he also observes that it is the very 
determination of men of goodwill to work within the 
present pattern of government which obscures the 
inadequacy of the pattern and postpones its critical 
examination. Incidentally, the very determination 
with which, in the civic universities, the managing 
oligarchies of professors, under the chairmanship 
of a vice-chancellor, and assisted by a few laymen 
with special knowledge of finance and property, cling 
to power, may be partly responsible for some of the 
more heated criticism or assertions of ‘professors’ 
dangerous power”. 

As Sir Eric Ashby pointed out, this existing struc- 
ture fails to include in the process of policy-making, 
as was originally intended, all senior members of the 

“university, while the assumption that a hierarchy of 
authority was unnecessary because the vice-chan- 
cellor would maintain frequent personal contact with 
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all his academic colleagues has proved equally un- 
realistic. In civic universities, with an academic staff 
of more than six hundred, direct personal consultation 
has long since proved inadequate to deal with 
problems of government and administration, and 
decision-making has come to rest mainly with the 
professors who comprise about a tenth of this 
society. Nor is this a matter of deliberate policy. It 
is a consequence of failing to adapt the constitution 
to the growing size of the organization; and the 
failure to disperse the responsibility for making 
decisions in the way which was originally contem- 
plated is a source of serious frustration and sometimes 
bitter criticism. 

Sir Eric would seek a solution in one of two ways, 
either of which could be made to work, though both 
have serious drawbacks. Universities could respond 
to increase in size by becoming hierarchical, with 
lines of authority through permanent deans, and 
permanent deputy vice-chancellora, responsible for 
fmancial, academic, etc., matters, leading up to a 
vice-chancellor, possibly frustrated in his remoteness. 
Alternatively, more in line with Oxford and Cam- 
bridge, increase in size could be accompanied by 
greater dispersal of responsibility, so that lecturers 
had an equal opportunity with professors to par- 
ticipate in university government, and professors 
with neither capacity nor desire for administration 
need not thémselves suffer nor cause others to suffer 
in that way. 

The latter alternative seems to be the solution 
favoured by the Association of University Teachers, 
which in a memorandum submitted to the University 
Grants Committee appears to be opposed to the 
concept of fixed administrative gradings involved in 
& hierarchical system. The more effective sharing of 
responsibilities for committee work is only part of 
the problem; nor will improvement of the possi- 
bilities for promotion of lecturer to professor con- 
tribute essentially to the solution of the adminis- 
trative problems, although it is possible that creation. 
of more research professorships or associate pro- 
fessorships, advocated for reasons of research, might 
simultaneously ease some problems of administration. 
Nevertheless, no real solution is likely to be found 
from such expediencies. The first need is for pene- 
trating thought and impartial examination, taking 
full account not merely of the frustrations of academic 
staff below the level of professor, but equally of the 
demands made for leadership on the vice-chancellor at 
present, and the ways in which those demands are 
moet. : 

It is not, in fact, with the allegedly dangero 
powers of professors that we should be primarily 
concerned, but with the appropriateness of the whole 
structure of the universities of Britain to serve the 
needs of to-day. It is important to see that there are 
effective safeguards against victimization of any 
member of the academic staff from outside as well 
as from within. A university must be able to resist 
sectional pressure of any form, even from the Govern- 
ment from which to-day it draws most of ita funds, 
and this may be at least as delicate a matter in 
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rogard to research as in regard to teaching. Nor is it 
solely a matter of organization, for while the formal 
structure should provide means for the university to 
take effective decisions and to make known its mind 
clearly and forcefully, there must be flexibility also 
and opportunity for those exchanges of views which 
can go go far to remove difficulties and overcome 
misunderstandings. The universities may sometimes 
be backward in facing the issues of self-government, 
and they can be fairly criticized for bemg slow to 
experiment with new methods. Nevertheless, they 
cannot be charged with being opposed to change, 
and what matters above all is that they should be 
clear as to the exact purposes which administrative 
change is intended to serve. It would ill serve the 
nation if change were introduced for the‘sake of 
change, or if in making freer use of new methods— 
even the new possibilities offered by the electronic 
computer—the universities were to lose sight ın part 
of their primary purposes to which Mr. Fulton has 
directed attention. No mechanical efficiency could 
compensate for any faltering in their service to either 
teaching or research, and when Mr. Fulton depicts 
the student at the centre of the preoccupations of 4 
university, it is the student in the sense which unites 
the undergraduate and postgraduate alike in the 
search for and interpretation of truth. 


ELEMENTARY REACTOR PHYSICS 


Elementary Introduction to Nuclear Reactor Physics 
By Prof. 8. E. Liverhant. Pp. xiv+447. (New York 
and London: John Wiley and Sons, Inc., 1960.) 
9.75 dollars; 78%. 


Basic Principles of Fission Reactors 

‘By Dr. W. R. Harper. Pp. vilit+314. (New York: 
Interscience Publishers, Inc.; London: Interscience 
Publishers, Ltd., 1961.) 67s. 


Toa are few subjects which have developed 
at the rate at which reactor physics and reactor 
theory have done. This, of course, is largely due to 
the circumstances in that an initial rapid develop- 
ment was required both in order to be able to design 
and build the origina] American plutonium-producing 
reactor, and also to design and construct successful 
atom bombs in a very short time. With the further 
rapid development since the War of many different 
kinds of reactors for various purposes, such as 
plutonium production, power-producing reactors for 
submarine propulsion in the United States of America, 
and power-producing reactors for civil purposes in 
Great Britain, the amount of reactor physical know- 
ledge has steadily increased in addition to the many 
kinds of research and experimental reactors. 

Several authoritative books on reactor theory have 
been published, but these have generally been written 
for the expert or those who wish to specialize in 
reactor theory, and some have reached a very high 
standard. For example, the now famous Nuclear 
Reactor Theory of Glasstone and Edlund, Weinberg 
Wigner’s Physical Theory of Neutron Ohain Reactors 
and Davison’s Neutron Transport Theory are already 
almost classics. However, few authors have so far 
attempted to write on the subject from an elementary 
point of view, that is to say, from an introductory 
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standard which would appeal to a much wider 
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readership than any of the books mentioned above, 
including Glasstone and Edlund, and yet be of a 
high academic standard. ‘There has been a great 
need for such a book, particularly for those who are 
engaged in teaching elementary reactor physics. 

Both Prof. Liverhant and Dr. Harper have written 
elementary introductions to reactor physics, though 
from somewhat different pointe of view. 

Prof. Liverhant, who is engaged in teaching his 
subject, has used the normal formal approach which 
has become almost standard in books on reactor 
theory. He begins with a study of the atomic nucleus 
and its properties which are required for an under- 
standing of the way a nuclear reactor works and of 
the processes which go on during the operation of a 
reactor, This is followed by a discussion of neutron 
reactions, fission and the properties of thermal and 
slowing down neutrons. 

This first section of the book, occupying rather 
more than one-third of the whole, is very clearly 
presented. There is often a tendency among authors 
to include in such similar introductions, much 
more than is really necessary, but this has not been 
done here and the author has hit just the right 
level—the treatment is elementary but accurate, 
which is not always the case in elementary texte. 

Having supplied the basic mformation, the next 
logical topic is the neutron chain reaction, so this is 
then examined followed by a consideration of actual 
reactor types. These are discussed in some detail, 
both generally and with some particular reactors 
being described in some detail. .Methods of calcu- 
lating the multiplication constant of homogeneous 
and heterogeneous reactors are then given from the 
most elementary point of view in order to bring out 
the difference in these two broad divisions of reactor 


eB. 

This concludes what might be described as the 
second section of the book. The next broad section 
oan be described as a theoretical section with rather 
more mathematics being used than so far in the book. 
The principles of elementary diffusion theory are 
discussed though the diffusion equation is not derived 
in detail in the main body of the text, but is included 
as an appendix. This is used to derive the critical 
size of differently shaped reactors and the calculation 
of the factors in the multiplication constant for a 
heterogeneous reactor. 

The non-steady reactor is treated next, and again 
the use of mathematics is kept to a minimum, the 
relevant formule being quoted but not derived. 
Finally, to complete this section on reactor behaviour 
the effects on the reactivity of temperature, fission 
product poisons and changes in the composition of 


the fuel consequent on neutron irradiation are out- 


lined. f 

The final main section consists of three chapters 
dealing with the radiations produced by a reactor, 
their measurement and effects. The first of these 
chapters deals with the interaction of a-, B- and 
y-Trays with matter, the second with their detection 
and measurement, and the third with radiation 
protection and health physics, including a short 
deacription of radiation shielding. 

As an introductory text-book to elementary 
reactor physics this book is excellent. It is well set 
out, contains many worked examples, problems at 
the end of each chapter (with answers) and in addition 
a good bibliography also at the end of each chapter. 
In addition to proving a very useful introduction for 
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the general reader, it will certainly supply a much- 
needed want as a text-book for teaching purposes. 

Much of the subject-matter covered by Prof. 
Liverhant is also covered by Dr. Harper in his book, 
but Dr. Harper has pitched his book at a generally 
lower level. His approach is to start with the very 
minimum description of the facts of nuclear physics 
required for an understanding of how a reactor works, 
and then goes on to describe the main features of 
some different reactor types. Following this, he then 
returns to discuss the physics in greater detail, which 
then enables him to consider reactor fuels and fuel 
elements. 

A complete change of topic follows, consisting of 
an outline of neutron diffusion and how neutrons are 
absorbed and produced in a heterogeneous reactor. 
A chapter on fast reactors follows, and this in turn 
is followed by the elementary theory of slowing down 
by @ moderator and general moderator properties. 
Homogeneous and heterogeneous reactors are treated 
next, followed by a chapter on the influence of how 
the purpose for which a reactor is to be used influences 
the design. 

The next section of the book considers the diffi- 
culties produced by radioactivity In a reactor, and 
is followed by a discussion of radiation protection. 
The author next comes back to the reactor proper 
and considers the problems of heat removal and then 
those associated with the operation of a reactor, 
covering the topics of poisoning, the kinetic behaviour 
and finally control and instrumentation. 

It can be seen that in some respects the method of 
presentation is somewhat unusual. The author has 
clearly tried to give the reader as quick a picture as 
possible of nuclear reactors and how they work and 
has then returned later to fill ın the details. This he 
has achieved with little success; the approach inevit- 
ably leads to some rather curious features in some 
places, such as, for example, the need to introduce a 
section on the definition of the neutron cross-section 
between a description-of the principle underlying the 
design of nuclear power reactors and & description of 
the Calder Hall reactors. His initial introduction to 
the physics is too sketchy to be useful, and seems a 
needless arrangement if the book is intended primarily 
as an introduction to a postgraduate course, as the 
author states in his preface. Again, bearing this aim 
in mind, many of the statements made in the text 
along with some glaring omissions would give post- 
graduate students some curious ideas about nuclear 
reactors. He would, for example, have no conception 
of neutron spectra in a reactor (except the fission 
spectrum) or that any value for the thermal cross- 
section need be considered other than the value at 
2,200 m./sec., resonance capture would be a closed 
book to him and he would be mystified by statements 
such as “though having no special mgnificance in 
nuclear reactors, inelastic scattering must be allowed 
for in quantitative calculations of their performance”. 
This last statement becomes even more puzzling when 
later on in the book the importance of inelastic 
scattering in calculating the fast fission factor is 
mentioned, and no mention is made of its importance 
in caloulating the slowmg-down length in a hetero- 
geneous reactor. 

There sare many more misleading and inaccurate 
statements, and the book certainly cannot be recom- 
mended for serious students, though for those who 
are prepared to accept a lower standard and are only 
looking for a very general introduction to the subject of 
nuclear reactors it may be acceptable. J. F. Hin 
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LEAD ISOTOPES AND THE EARTH 


Lead Isotopes In Geology 

By Prof. R. D. Russell and Prof. R. M. Farquhar. 
Pp. viii + 243. (New York : Interscience Publishers, 
Inc.; London: Interscience Publishers, Ltd., 1960.) 
65s8.; 9 dollars. 


Do: G the past fifteen years, attempts have 
been made by many physicists and geologists 
to interpret regional variations in lead isotope 
abundances in common lead minerals in terms of 
the age and genesis of a particular mineralization. 
The underlying assumption is that normal lead at 
the Earth’s surface represents a mixture of primeval, 
meteoritic lead with radiogenic lead isotopes formed 
from uranium and thorium. A further important 
application is the determination of the Earth’s age 
from the difference between the isotopic composition 
of lead in uranium- and thorium-free meteorites and 
in terrestrial lead ores of known age. 

The present monograph is a clear and concise 
summary of this rapidly growing subject by two 
members of the Toronto group of workers, which has 
made outstanding contributions in this field. 

Three mathematical models are available for cal- 
culating ‘model’ ages of lead ores from their isotopio 
compositions. The Russell~Farquhar-Cumming and 
Russell-Stanton-Farquhar models postulate homo- 
geneous distribution of lead, uranium and thorium 
in the source of lead ores, which is assumed to be the 
Earth’s mantle. The Holmes-Houtermans model 
permits regional variations in the original ratio of the 
three elements, tying in more closely with the concept 
of geochemical provinces. Tables are presented for 
each model to facilitate calculation of model ages 
from isotopic data. Frequently there is considerable 
disagreement for a given lead between the three 
models, particularly for Post-Cambrian leads. Even 
where two ages are available from a single model as 
in the case of the Russell—-F ing and 
Russell-Stanton—Farquhar models, they may differ 
by several factors for comparatively young leads 
Clearly, the detailed assumptions and parameters 
used in the three models are not strictly comparable. 
The best approach is probably a purely empirical 
one, in which the parameters for a given model are 
slightly adjusted (particularly the age of the Earth) 
to give agreement between model age and geological 
age in terms of the latest time-scales, for groups of 
leads judged to be normal from their general geo- 
logical setting and lack of isotopic scatter. 

Two chapters are devoted to the so-called J-type 
anomalous leads, enriched in radiogenic isotopes 
during migration of ore-fluids through crustal rocks. 
Methods are presented to obtain limits for the age of 
mineralization and for the age of the crustal rocks 
which supplied the excess radiogenic component, and 
several interesting case-histories are given. Insuffi- 
cient reference is made to the important class of 
B-type leads, recognized by Houtermans and others, 
which yield model ages significantly in excess of the 
age of the enclosing rocks. These generally have 
characteristic field associations and Houtermans 
considers them to be rejuvenated, normal leads, 
according to the general ore-genetical concepts of 
Schneiderhohn. For reasons which are not clear 
and geologically highly debatable, Russell and Far- 
quhar consider these low-temperature, telethermal 
deposits to resemble Stanton’s conformable class of 
ore deposits which form the empirical basis of the 
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Russell-Stanton—Farquhar model. They suggest 
that the model parameters be adjusted so that a 
ages for Houterman’s B-type leads coincide with the 
age of mineralization. This would result in many 
truly conformable and normal vein-type leads becom- 
ing apparent J-type anomelies, even where inde- 
pendent evidence suggests that this is most unlikely. 

The authors consider all normal lead ores to have 
arisen from a homogeneous mantle, in general accord 
with the controversial hypothesis of continental 
additions and growth throughout geologic time, 
proposed by Wuson. No reference is made to a 
stimulating paper by Shaw, published in 1957, 
suggesting that normal lead isotope abundances could 
be explained by crustal recycling and refusion 
processes, thus presenting features more directly 
acceptable to many geologists. At the present time 
it appears unlikely that lead isotope abundances can 
be used as a oriterion for a crustal or mantle origin 
of lead ores. Thus, as pointed out already in 1956 
by Holmes, the uranium/lead and thorium/uranium 
ratios calculated for the source of lead ores from iso- 
topic data closely match those of average basaltic 
and average continental rocks. 

A final, perhaps somewhat too brief, chapter is 
devoted to developments in the lead—uranium- 
thorium methods of age determination without which 
no discussion of lead isotopes would be complete. 
An appendix lists numerous lead isotope determina- 
tions carried out by many laboratories. 

The suthors are both primarily physicists and, 
quite understandably, the book suffers from certain 
geological shortcomings. Nevertheless, it is strongly 
recommended to all workers interested in geo- 
chronology, isotope geology and ore genesis. 

8. MOORBATH 


LAW AND ORDER IN ZOOLOGY 


International Code of Zoological Nomenclature 
adopted by the XV International Congress of 
Zoology 

Pp. xvii+176. (London: International Trust for 

Zoological Nomenclature, 1961. Published for the 

International Commission on Zoological Nomen- 

clature.) 20s. 


HE new International Code of Zoological Nomen- 
clature is the result of much thought and labour 
during many years. For a long time it was clear 
that the old ‘Régles’ had become inadequate for their 
purpose, and this was evidenced by the growing 
number of interpretative “Opinions and Declarations” 
rendered by the International Commission. Inspired 
by Mr. Francis Hemming, the International Zoological 
Congress at Paris in 1948 authorized their revision, 
and the Copenhagen Congress of 1953 issued a number 
of amendments, additions and clarifications (the 
“Copenhagen Decisions”), and approved the prepera- 
tion of a draft of a revised code by Prof. J. Chester 
Bradley for submission to the London Co in 
1957. This was admirably done by him, and it was 
submitted to the colloquium held immediately before 
that Congress. There the draft was intensively 
studied and its provisions debated line by line as 
strenuously as any Parliamentary measure. Tho 
outcome is the new International Code now available. 
An important innovation is the production of 
parallel English and French texts, set out side by side, 
which “are equivalent in force, meaning and author- 
ity”. The Code itself is divided into eighteen chapters 
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comprising eighty-seven Articles—-many of these are 
subdivided, and several are accompanied by Recom- 
mendations. The Articles are mandatory Rules, and 
the Recommendations indicate the best procedure 
for cases not covered by their strict application. 

One major change from the ‘Règles’ concerns the 
limitation of the Law of Priority. The new Article 
23b is a wise compromise between the purists on one 
hand, who would apply the old rule rigidly, and those 
on the other who deplore the resurrection of a 
long-unused senior synonym and its substitution for 
& name extensively used over the years. Such a 
forgotten name (nomen oblitum) that has remained 
unuged for more than fifty years is to be submitted 
to the Commission for consideration as to whether 
it is to be used or finally rejected. 

Many other points are clarified or changed. In 
fact, the extent to which greater clarity has been 
achieved is one of the main gains of the new Code, and 
this is well exemplified by the chapters on “Criteria 
of Availability of Names” and on Homonymy“. As 
examples of previous difficulties that many systemat- 
ists met, one may cite, inter alta, the status of figures 
designated as lectotypes, the choice and validity of 
neotypes, and cases involving the correctness of the 
identification of the nominal species designated as 
type-species of a new or established genus. All 
these and many others are satisfactorily and clearly 
dealt with. At the same time the Commission is- 
aware that, in trying to apply the Rules, systematists 
will frequently need further authoritative guidance, 
and there are several statements that the zoologist 
“is to [not should] refer the case to the Commission”, 
Obviously, much work lies ahead for the Commis- 
sioners. 

Wisely, the Code does not deal with names of higher 
rank than superfamily or of lower rank than sub- 
species. 

All zoologists should read Prof. Chester Bradley’s 
preface and Dr. Norman Stoll’s introduction. As 
well, there are five appendixes, of which one is a code 
of ethics and three are concerned with the problems 
that confront systematists introducing new names 
whose knowledge of the classical languages is not 
strong. It would have been helpful to suggest that 
consultation with someone with a good knowledge of 
them should be sought—colleagues and teachers are 
usually glad to assist. The glossary and index are 
full and invaluable. Finally, the volume is well 
produced and the print easy to read. 

One small criticism—the “Code comes into force 
on the day of its publication” (Article 84), but no- 
where in the volume is the precise date given, only 
the year 1961. Perhaps Article 216 should apply ? 

H. Diexton TREOMAS 


VIRUS RESEARCH 


Advances In Virus Research 

Vol. 7. Edited by Kenneth M. Smith and Max A. 
Lauffer. Pp. ix+397. (New York: Academic Press, 
Inc.; London: Academic Preas, Inc. (London), Ltd., 
1960.) 10 dollars 


USES can be studied in many different ways 

and most of them are treated in this volume; 
purely chemical and serological investigations are the 
only important facets omitted. The ‘natural history’ 
of viruses is covered by Harrison, writing on the 
transmission of soil-borne viruses, and by Hitchborn 
and Thomson on variation. The myxoma : fibroma 
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transformation, a more limited and experimentally 
controllable aspect of variation, is discussed by 
Kilham; his article interprets and clarifies many of 
the phenomena that seemed insoluble puzzles in the 
1930’s. A similar valuable awareness of the history of 
the subject is shown in the article on the polyome 
virus by Eddy; Stewart also discussed this group of 
viruses, and both articles streas the relevance of these 
studies to contemporary ideas on cancer causation. 
Warren discusses the relationship between the viruses 
causing measles, distemper and rinderpest. 

There are two articles on the mechanisms by which 
viruses multiply and by which hosts resist this 
multiplication—-Darnell and Eagle on polio and 
Smorodintsev on general aspects of the problem in 
animals and man. 

One-third of the volume is more purely physical. 
Brakke describes the technique of density gradient 
centrifugation and the precautions that must be 
taken to get sharp separation when the differences 
in density or diameter are small. Klug and Caspar 
explain lucidly the evidence that X-ray methods 
give about the architecture of crystalline or quasi- 
crystalline viruses. They claim that uniformities in 
the manner in which sub-unite are assembled are 
beginning to emerge; but it still seems likely that 
much of this uniformity is introduced by the experi- 
menter’s preference for stable viruses as objects for 
intensive study and that stability depends on the 
particle being assembled in accordance with a limited. 
number of sound engineering designs. 

The editors are to be congratulated on the uni- 
formly high quality of these reviews. A future 
number might usefully include an article explaining 
how evolution is supposed to work in viruses, for the 
concept is invoked by several authors in this number. 

N. W. Pram 


THE NATURAL WEALTH 
OF SCOTLAND 


Natural Resources In Scotland 
Symposium at The Royal Society of Edinburgh, 
3lst October to 2nd November 1960. Pp. ix -+ 796. 
(Edinburgh: Scottish Council (Development and 
Industry), 1961.) 105s. 
HIS sumptuous volume is the record of a three- 
day symposium held at the Royal Society of 
Edinburgh, during October 31-November 2, 1960, 
organized by the Committee on Natural Resources 
of the Scottish Council under the chairmanship of 
Mr. L. A. Elgood, a leader of Scotland’s banking and 
industry. With the widespread use of tape-recorders 
there is now no difficulty in making a word by word 
record of the whole proceedings of a conference. 
But the technique of good public speaking is quite 
different from the technique of good writing, and a 
conference reproduced in eatenso in print is liable to 
seem inordinately verbose. Had the proceedings of 
this conference been carefully edited and reduced to 
about one-third the length, the value would have been 
immeasurably increased. By the time one has read 
for the twentieth time, “Your Grace, my Lords, 
Ladies and Gentlemen”, or some variant thereof, one 
is grateful to the speaker who comes rudely and 
abruptly to his subject-matter, and who does not even 
say, “I must be brief...” In like manner the volume 
closes with the Chairman’ 8 a tical words, “At 
3 o’clock I was unhappy. At 4 o’clook I am very 


happy”. 
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The 808 quarto pages with about three-quarters of 
a million words contain what may best be called a 
stocktaking of the present position. The first day, 
and so the first third of the book, was devoted to 
“Basio Resource Facts’-—including soils, minerals, 
water, fish and wildlife. A lively debate on a pro- 
posed National Atlas for Scotland ended the day’s 
proceedings, but bad editing makes it difficult to 
folow. What is meant by the constant references to 
maps at 1: 1 mile and 1 : 2 miles? But behind the 
discussion there seems to be the age-old Scottish 
mistrust that anything good for the whole of Britain 
could emanate from England. It is admitted that 
the collaboration of the Scottish Department of 
Health in the magnificent work of the Maps Office 
of the Ministry of Housing and Local Government has 
broken down these ten years, so that tragically many 
maps can only be prepared for England and Wales. 

The second day was devoted to the “Utilisation of 
Resources”, with a special emphasis on agriculture 
and forestry—perhaps one should say tho relative 
claims of agriculture and forestry, which one speaker 
suggested resolved itself into forestry in the uplands, 
agriculture m the lowlands. There was criticiam of 
vague arguments, and pleas for a ‘little more scienti- 
fio thought’, but few of the discussions produced 
clear-cut objectives. 

Although an American contribution on “Outdoor 
Recreation Potential as a Natural Resource” intro- 
duced an outside point of view, m the discussion 
each speaker seemed to have a personal hobby-horse: 
small-boat saili i of gardeners, factory 
visits in the Highlands to attract tourists on wet days, 
and a dozen others, but no overall picture emerged. 

The chairman for the third day was Sir Edward 
Appleton, and the topic “Resource Administration 

and Development”. Since neither is possible without 
the requisite man-power, the proceedings were 
opened with papers dealing with human resources, 
and education. Migration of Scote overseas has given 
place to migration of Scote to south of the border, 
yet a larger proportion of the residents of Scotland 
(8 per cent in 1951) were born elsewhere than is the 
case in England and Wales (5-8). Are the best brains 
leaving and less-able immigrants coming in? Both 
the Chairman and Mr. Kyd, late registrar-general, are 
clearly puzzled by the facts they record. In some 
strange way it seems that the country has never 
adjusted itself to the conditions which followed the 
break-up of the clans in 1746. Taking £3,000 as the 
cost of bringing a youth to maturity at the age when 
he will become an emigrant, Kyd ventures the state- 
ment that Scotland loses a minimum of £60,000,000 
a year by the emigration of its people. Lord Fleck, 
a Glaswegian himself, whose leadership of industry has 
been essentially outaide Scotland, sums it up by 
declaring to his fellow Scots: “Yo must be born 
again”. It is far from clear whether this would be 
achieved in the new University of Inverness which 
was proposed in a later paper. 

It is diffoult in a brief review to do justice to the 
vest range of material contained in this volume. But 
it is unco-ordinated and one puts it down with the 
vaguely unhappy feeling that life in Scotland itself 
is unco-ordinated, that a great people from a country 
with many and varied resourcea—-of which natural 
beauty is by no means the least—are fumbling to 
find their right line of development and their right 
niche in the modern world. As one speaker said: 
“Tt is no use blaming England that our people prefer 
to go there”. L. DUDLEY Stamp 
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Organic Reactjons 

Vol. 11. Edited by Arthur C. Cope, Roger Adams, 
A. H. Blatt, Virgil Boekelheide, T. L. Cairns, David Y. 
Curtin and Carl Niemann. Pp. vii+50l. (New York 
and London: John Wiley and Sons, Inc., 1960.) 966. 


HE outstanding success of this invaluable series 

has been due in no small measure to Prof. Roger 
Adams, who has been editor-in-chief since the issue 
of the first volume im 1942. The publication of 
Volume 11 now brings a new editor-in-chief in the 
person of Prof. Arthur C. Cope, a former,member of 
the editorial board who has been professor of organic 
chemistry and head of the Department of Chemistry 
at the Massachusettes Institute of Technology for 
the past fifteen years. Fortunately, Prof. Adams’s 
services will still be available, sinco he retains a seat 
on the editorial board. 

The plan and physical make-up of the present 
volume follows the f pattern, which has the 
great merit of bringing the experimental procedures 
of important type-reactions into line with critical 
views and reference tables. Five important types of 
reaction find treatment in Volume 11: the Beckmann 
rearrangement; the Demjanov and Tiffeneau—Dem- 
janov ring expansions; arylation of unsaturated com- 
pounds by diazonium salis; the Favorskif rearrange- 
ment of bhaloketones; and finally, olefins from amines: 
the Hofmann elimination reaction and smine oxide 
pyrolysis. 

Besides its own subject index, Volume 11 contains 
an author index and a chapter index covering 
Volumes 1-11. JOHN READ 


[terative Arrays of Logical Circuits 

By Frederick ©. Hennie, MI. (M.I.'T. Press Research 
Monographs.) Pp. «x+242. (Cambridge, Mass.: 
Massachusetts Institute of Technology Press; New 
York and London: John Wiley and Sons, Inc., 
1961.) 40s. 


HE use of logic networks having an — 

structure represents an attempt to simplify the 
description of very large systems and reduce the 
design effort required to produce them. Given one 
of a comparatively small number of alternative 
regular interconnexion patterns, the behaviour of 
an iterative systern is determined by the behaviour 
of a single element (or cell), the boundary conditions 
and primary input signals. The study of iterative 
logic systems forms a comparatively new art; for 
example, Caldwell (1958) has one short chapter on 
one-dimensional iterative networks which deals 
with a few special cases. 

With a growing interest in self-organizing and self- 
reproducing systems it becomes natural to inquire 
into the more general properties of iterative networks 
and to try to formulate techniques for analysis and 
synthesis. This book represents one of the first 
attempts to do this; it sets a standard for the formal 
description of iterative systems and makes an impor- 
tant contribution to the theory. Although it only 
(in the sauthor’s words) attempts to answer a few 
questions about the analysis and synthesis of iterative 
arrays, the questions are well chosen and timely, and 
the tests devised to answer the questions form the 
groundwork for future work. 

‘The book consiste of 11 chapters. It is essentially 
a copy of the author’s Ph.D. thesis submitted to the 
Massachusetts Institute of Technology m May 1961. 
It is extremely well written, and I recommend it to 
workers in the field. 

N. E. WISEMAN 
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Advances In Food Research 
Vol. 10. Edited by C. O. Chichester, E. M. Mrak and 
G. F. Stewart. Pp. xiii+488. (New York: Academic 
Press, Inc. ; London : Academic Press, Inc. (Lon- 
don), Ltd., 1960.) 13 dollars. 


ERE once more are the long discursive articles— 

52 pages of “Protein Chemistry and Food 
Research” with 141 references, 109 pages of “Bio- 
chemistry of Meat Hydration” with nearly 500 
references. Here are admirable reviews gathering 
together all the known facts about the aroma and 
flavour of Japanese soy sauce and about paralytic 
shellfish poison. There are also articles about potato 
chip technology and about sauerkraut, in which it is 
perhaps just possible to detect the seam between the 
learned science of the references and the expert 
knowledge of the technology. 

In one article, after twenty pages of heavy prose, 
the authors draw breath and write: “the followmg 
section discusses certain problems meriting special 
consideration with particular emphasis on those with 
& more practical objective. Those purely basic ones 
do not require much discussion. They require 
facilities, financial support, freedom and encourage- 
ment”. More than these, they require brains and 
thought, most particularly thought by the distin- 
guished editors, or the next title of the perpetuaily 
pregnant “Advances in” series will be “‘Advances in 
Advances”’. Maanus PYE 


Annual Review of Physiology 

Vol. 23. Edited by Victor E. Hall, in association 
with Frederick A. Fuhrman and Arthur C. Giese. 
Pp. v+674. (Palo Alto, Calif.: Annual Reviews, 
Inc.; and the American Physiological Society, 1961. 
On sale by Annual Reviews, Inc.) 7 dollars. 


HE twenty-third volume of the Annual Réview 

of Physiology maintains the tradition of ite pre- 
decessors. There are twenty-one articles, averaging 
about thirty pages each, summarizing recent litera- 
ture up to ie oan summer of 1960 in different physio- 
logical fields. A dozen or more of these are discussed 
every year-—respiration, the digestive system, the 
adenochypophysis and adrenal cortex, reproduction, 
peripheral circulation, heart, excitation and conduc- 
tion, the somatic, visceral and higher functions 
of the nervous system (always in that order), and 
excretion. Other subjecta which are discussed this 
year, but not every year, include transport through 
biological membranes, liver, skin, hearing and 
muscles. There are articles dealing with the com- 
parative physiology of photoperiodicity and trans- 
mitter substances. There is a useful cumulative index 
of the last five volumes. 

It is an interesting fact that the introductory 
chapter of reminiscences and general discussion is 
by a well-known pharmacologist—Prof. Carl F. 
Schmidt, who has written on “Pharmacology in a 
Changing World”. He gives an interesting account 
of the way that pharmacology has grown recently 
and made important contributions both to physiology 
and to clinical medicine. This year has seen the first 
International Meeting of Pharmascologists and the 
first Annual Review of Pharmacology, and there is a 
danger that pharmacology may lose ita links with 
physiology. The fact that a committee of physio- 
logists has invited Carl Schmidt to write the open- 
ing chapter of the present book shows that the 
two subjects are still good friends. i 

J. H. Gappum 
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MEASUREMENTS OF CÆSIUM-137 IN HUMAN BEINGS 


DURING 


1958—61 


By G. MAYCOCK, SHEILA W. McCANSH and J. VENNART 


Radiological Protection Service, Belmont, Surrey 


HE presence in contemporary man ofcæsium-137, 

a fission product from nuclear test explosions, is 
now well established, and the chief interest is in 
estimating by how much this has increased the dose- 
rate of radiation he receives from natural sources. In 
view of this we have, since January 1958, attempted 
to measure the amount of cmsium-137 in all persons 
who have been referred to us for a measurement of 
their body radioactivity following the possibility 
that they had ingested or inhaled radioactive 
materials. The results of our measurements during 
1958 and 1959 on 219 people have already been 
publshed in Nature!. By far the largest group, 182, 
were women who had worked in the radium juminizing 
industry and had ceased working at the end of the 
Second World War. They came from a wide area 
around London, the majority living within 30 miles 
of the City. The other groups measured were 21 men 
who had also worked in the radium luminizing 
industry and 16 members of the staff at the Radio- 
logical Protection Service. We have now made 
measurements on a further 133 people who have been 
to the Radiological Protection Service during the 
period January 1960—June 1961. Of these, 88 were 
women who had worked in the radium luminizing 
industry, and, as in 1958 and 1959, most of them lived 
within 50 miles of the City of London. One male 
member of the Radiological Protection Service was 
measured on two oocasions during the period. The 
remaining 44 persons, 25 females and 19 males, were 
from the south-west London area and had recently 
been admitted to a local hospital because of acute 
mental illness. They had no known contact with any 
radioactive materials other than those in nuclear 
fall-out. In the present context, therefore, they might 
be considered to be a reasonably good sample for the 
purpose of assaying cresium-137 in the population of 
London. 

Apart from minor tests in the Sahara, there have 
been no nuclear explosions since 1958, until the recent 
series started in early September 1961. In conse- 
quence of the testing prior to the end of 1958, the rate 
at which csesium-137 was deposited on the ground 
rose to a peak in April—June 1959 (ref. 2), and after- 
wards decreased steadily. For the purpose of estimat- 
ing the dose to humans, it is important to know how 
these fluctuations in fall-out were reflected in the 
measured cs#sium-137 content of human beings. For 
this reason, and also because it seems appropriate at 
this time to record the amount of egsium-1387 which 
was in humans immediately prior to the start of this 
latest series of teste, we are now reporting the whole 
of the data we have obtained from January 1958 
to the end of June 1961. 

The amount of cesium-137 in these people was 
determined by measuring their y-ray activity in a 
whole-body counter in the manner described pre- 
viously’. Throughout the whole series of measure- 
ments, the apparatus has been calibrated with a 
sealed source of cæsium-137, making an appropriate 


correction for its radioactive decay. For persons who 
have had no known contact with radium, the standard 
error of estimating ozsium-137, due to counting errors 
alone, amounts to about + 1 myc. This includes an 
allowance for the error in estimating the naturally 
occurring radioisotope of potassium (K) in their 
bodies, which also contributes to their y-ray activity. 
As explained in the earlier report, the possibility that 
a person might contain radium, however small the 
amount, increases the uncertainty of the measure- 
ment, s0 that the standard error of estimating 
cresium-137 in a luminizer is increased to + 2 mpe. 
All the luminizers for whom csesium-137 measure- 
ments are reported here contained leas than 0-02 uo. 
radium-B in equilibrium with radium-C, the principal 
y-emitting daughters of radium. Higher quantities 
than this make the identification of cesium-137 and 
potassium-40 difficult. 

The radiation dose from cmsium-137 depends on 
its concentration in different parts of the body. In 
our previous article we commented on the practice, 
which has been adopted by other workers in this field, 
of estimating dose from average values of the ratio 
csesium-137/potessium. We concluded then that, 
although both potassium and cesium-137 tended to 
increase with body-weight, an equally good fit to our 
results was obtained by the linear regression of 
orsium-137 on weight alone. We have nothing further 
to add to this and, accordingly, since there is as yet 
no information to show how cæsium-137 is distributed 
im body tissues, we have assumed that it is uniformly 


Table 1. VARIATION WITH TIME OF THE MHAN OABRIVM-137 ComTHNT 
AND THE MBAN DOSE-RATH OF FEMALE J,UMIRIZERS 
Mean ean 
No omainm-1387, doss-rate, 
Period measured Z ün 

(in myo.) mreamsjyr.) 

Ist quarter, 1058 11 69411 1 0840:15 
2nd p 19068 22 6 1404 1 20+0:00 
8rd 1958 25 6-6+0°5 106+0 10 
4th ,, 1958 86 6-840-4 1:06-+0 08 
Jat n 1959 81 5-7+0 6 1 0949 09 
gnd 1959 22 3 803 0-87 +0 07 
3rd 959 10 & 7+0 6 1 02+0 10 
4th ,, 1969 25 85404 1 23 +007 
list ,, 1980 19 6-8+0°4 1 0740-08 
ond ,, 1960 17 60+0°5 0 91+0 OD 
srd Si, 1960 12 8-1405 0 990 09 
4th ,, 1960 16 6-44.0°5 1:0140-10 
Ist, 1961 18 4-240 8 0-76+0 04 
and a 1861 11 3-2408 O 5849 10 


Table 2. MEAN CÆNUM-137 CONTENTS AND THE MAAN DOSE-RATHS 
OF ALALA LUMINIZERS AND THA — AT THB EADIOLOGIOAL PROTEO- 
TION SERVICER 


Mean Mean 
No. osesitim-137, dose-rate, 
Subjecta messur Z D (in 
(in myc.) m.rems/yr.) 
1958 
Male lominizers 8 841-2 1 19 40 21 
Male R. P. S. staf 10 0-4+0 8 1-5140 10 
Female B. P. S. staff 5 5-640'8 1-0840 09 
1959 
Male Juminizers 15 6 8+40°8 0-91 -+0-11 
Male R.P.S. statt 6 10 041-8 1 55+0-28 
Female R.P.8. staff 4 72+0°-4 1:42 +0-09 
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Table 3. MAAN CÆSIUM-187 OONTENTS AND THE MRAN DOSH-RATES 
OF PATIENTS FROM A LOCAL MENTAL HOSPITAL 


Mean Mean 
No. cæsium-187, dose-rate, 

Patients maasured D Gin 
(in myo.) mrems/yr.) 

4th quarter, 1960 
Females 8 47408 1014011 
Males 8 6:7+1 0 1-85+6 11 
lat and 2nd quarters, 1961 

Females 17 8-5 +03 0-72-4007 
Males 11 4941-0 1-054017 


Table 4, AVHRAGH AGHS OF THB GROUPS MBASURBED 


Radiological 
Patients “Protection 


2 Lominizers 
ervice staff 
Year 1958 1968 1960 1961 196010611958 1959 
Females 
— erage age (yT (yr. * 41 42 41 43 45 88 24 23 
76 9 64 14 16 8-7 62 
Limits oldest 75 72 $2 
(yr.) Lyoungest 27 18 17 
ene porago age Gr) ) 46 652 — — 42 88 25 28 
a 8 — — 11 18 509 72 
ue oldest 72 59 89 
(yr.) i youngest 26 26 19 


distributed throughout the body. The average 
dose-rate of radiation to the whole body D m.rems/yr. 
has therefore been calculated for each individual, 
following the caloulations outlined in the Recommen- 
dations of the International Commission on Radio- 
logical Protectton*. It is given by: 


Z 
D = iI yy m-rems/year 


where Z is the amount of cæsium-137 in the body in 
myc. and W is the body-weight in kgm. 

Strictly speaking, this gives the dose-rate at the 
centre of the body which, for the purpose of the caleu- 
lation, is assumed to be a sphere of radius 30 om. 
The dose at other points will be lower, as pointed out 
by Loevinger et al.*. However, for our present pur- 
poses, the errors involved in adopting the formula 
given above are smal, for example, by comparison 
with the uncertainties of the measurements and the 
variability of the cesium-137 content in different in- 


The results are summarized in Tables 1-3. Apart 
from: one or two members of the Radiological Pro- 
tection Service who were measured on more than one 
occasion, all the measurements refer to different 
people. Each table records, for each group, the mean 
values of both the c#@sium-137 content and the dose- 
rate, together with the standard error of the means. 
Table 1 shows the results for the female luminizers 
measured during the period 1958-61. In this group, 
the numbers measured were large enough to justify 
the resulta being given for each quarter separately, in 
order to demonstrate any variation of the mean 
cesium-137 content or of the mean dose-rate with 
time. For comparison, Table 2 gives the resulte for the 
male luminizers and the Radiological Protection 
Service staff measured during 1958 and 1959, and 
Table 3-for the mentally sick patients measured in 
1960 and 1961. Because it was thought that many of 
the features of these results might be explained in 
terms of age differences, Table 4 has been included 
showing the average ages, the standard deviations 
and the limita of age for each group. 

From Table 1 it is clear that, during the years 1958— 
60, the mean cssium-1387 content of the female 


~ dividuals. 
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luminizers showed no significant trend with time, 
apart from the low result obtained for the second 
quarter of 1959, for which, as mentioned in the earlier 
article, we have found no explanation. During the 
first half of 1961, however, the results indicate a fall 
in the mean ce#sium-137 content. A similar decrease 
is seen in the results for the mental patients (Table 3) 
in which both males and females have lower mean 
cesium-137 contents in 1961 than in the last quarter 
of 1960. Further support for this result was provided 
by measurements made on one of us (J. V.), not 
recorded in the tables, which showed that his csesium- 
137 content decreased from about 6 mys. in 1958-59 
to 3 muc. in 1961. It would appear therefore that, 
after fairly constant during 1968, 1959 and 
1960, the mean cæsium-137 content of adulta began 
to decrease. 

In view of the fact that the rate of fall-out of 
owsium-137 reached a peak about the middle of 1959 
and thereafter decreased, it is clear that these changes 
are not immediately reflected in the cssium-137 
content of humans. This is only partly accounted for 
by the fact that, when cmsium-137 is taken into the 
body, it is eliminated with a half-period of about 20 
weeks’, It would appear, therefore, that the intake 
of cæsium-137 in food does not correspond to the rate 
of fall-out. In this respect it is worth noting that, 
whereas the rate of fall-out decreased during the 
period following the peak in 1959, the total cassium-137 
on the ground continued to increase’, due to the long 
radioactive half-period of this radionuclide (about 30 
years). However, the transfer of cesimm-137 from 
the environment through the food chain to man is 
very complex and depends on many factors which 
are outside the scope of this article. 

It is interesting to note that, generally speaking, the 
males measured had higher omsium contents than the 
females of a similar average age. This is partiou- 
larly noticeable in the cases of the Radiological 
Protection Service staff and the mental patients. 
However, because the males are on average heavier 
than the females, differences in the dose-rates received 
by males and females are not so pronounced. 

Although it is not possible to reach any definite 
conclusions about the relationship between cæsium- 
137 content and age, a comparison of the Radiological 
Protection Service staff, average age about 25, with 
the luminizera, average age about 42, for the years 
1958 and 1959 would seem to indicate slightly higher 
cæsium-137 contents in the younger group. Both the 
age variation and the sex variation might be attribut- 
able to the quantity of food eaten, as it seems likely 
that young people will eat more than old, and men 
eat more than women. 

In conclusion, our results show that for the period 
January 1958—June 1961, the mean annual dose 
received by the adults measured, due to omsium-137 
in the body -from nuclear test explosions, was less 
than 2 m.rems/year. Moreover, whereas during the 
firat three years their mean cesium content remained 
fairly constant, in the early part of 1961 there was 
definite evidence that it was decreasing. 


1 Maycook, G., Terry, 3. W., Vennart, J., and Wise, M. E., Nature, 


188, 855 (1960). 
2 Ths Hazards to Man of Nuclear and Allied Radfations. 
repoit to the Medical Research Council (H.M.S.O., — 


* Rooommendation of the International Conmunismon on Rartiologieal 
rt of Committes IT on Permissible Dose for 
Internal Radlation (Pergamon Press, ae ). 
, R., Holt, J. G. a ie a n Radiation 
by and Brownell (Acad. Pross tne. New York, 1958). 


eer ct O. B., Los Alamos Scientific Laboratory Report, ELA-2207 
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~CHLORINITY, CONDUCTIVITY AND DENSITY OF SEA-WATER 


By Dr. R. A. COX and Dr. F. CULKIN 
National Institute of Oceanography, Wormley, Godalming, Surrey 
AND 


R. GREENHALGH and Dr. J. P. RILEY 
Department of Oceanography, University of Liverpool 


URING the past five years measurements of 

electrical conductivity have to a considerable 
extent replaced the silver nitrate titration technique 
for measuring the salt content of sea-water. The 
chemical method is based on the work of Knudsen}, 
and has not been changed substantially in sixty years. 
The electrical conductivity technique also has a long 
history, but recent refinements in instruments have 
led to a considerable improvement in reproducibility 
as compared with the chemical method. However, 
our knowledge of the relationships between the 
salinity, conductivity and density of sea-water is 
inadequate; in particular, not nearly enough measure- 
ments have been made to assess whether significant 
_ variations occur in the ratios between these properties 
when comparing samples from widely separated 
areas. It has been generally assumed that the ionic 
ratios of the salts in sea-water are substantially 
constant, if one disregards trace ions which are removed 
by living organisms. The evidence on which this 
assumption is based is quite inadequate’. 
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We have been engaged for two years on a new 
investigation of the physical and chemical properties 
of sea-water. With the help of many oceanographic 
laboratories and survey organizations around the 
world, several hundred samples of water have 
been collected. It is intended ultimately that samples 
shall be taken from all major seas and ocean basins, 
although the collection is, as yet, far from complete. 
Part of the cost of collecting and transporting the 
samples has been met by a grant from Unesco. 

The full results of this investigation are not yet 
available for publication; some of the preliminary 
results, however, have proved very interesting, and | 
we consider they are of sufficient immediate impor- 
tance to other oceanographers to justify publication. 
We have determined the conductivity and the chlorin- 
ity of some two hundred samples distributed fairly 
evenly around the world. ‘The chlorinities were 
determined at the University of Liverpool by Bather 
and Riley’s method? and the conductivities at the 
National Institute of Oceanography with a modified 
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CHLORINITY BY TITRATION 
Fig. 1 
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N.I.O. thermostat salnity meter‘. 
This instrument measures the ratio 
of the conductivity of the sample 
to that of sea-water of salinity 35 
gm. /kgm. at a temperature of 
15°. 

If all these samples have the same 
ionic composition, then all the 
pointe on a graph of conductivity 
against chlorinity should lie on a 
line. The line will not be perfectly 
straight, as conductivity is not quite 
proportional to concentration. We 
find, however, that the points do 
not lie on a line. Fig. 1 shows a 
typical graph. The standard devia- 
tion of the chlorinity values, based 
on the differences between the dupli- 
cate determinations, is 0-0016 gm./ 
kgm., and the diameter of the circles 
on the graph is about twice this 
value. In the same units the stand- 
ard deviation of the conductivity 
measurements is 0-0006 gm./kgm. 
The standard deviation of the points 
from the line in Fig. 1 is 0-012 

¿ . In addition, there is a 
tendency for the surface samples to be high in chlorin- 
ity and the deep samples low; taking the 33 surface 
samples, the average deviation is + 0:0042 gm./kgm. 
The probability of this being due to random effects 
is about 2-5 per cent. 

These résults in themselves establish that the ionic 
composition of sea-water is not constant; there are 
significant variations in chemical constitution from 
place to place and from surface to bottom. 

Perhaps the most important motive for determining 
the salinity of sea-water (and that requiring the high- 
est precision of measurement) ıs to compute the 
density of the water. The tables for computing 
density from chlorinity necessarily assume a constant 
ionic composition, or at least a constant ratio of 
chloride ions to total solids. When computing 
density from conductivity, the only assumption made 
is that small changes in the ionic ratios will not have a 
significant effect on conductivity or density, or will 
affect both properties equally. Published results 
show that solutions of sodium, magnesium, calcium 
and potaasium chlorides of the same concentration by 
weight are, rather surprisingly, very similar both m 
conductivity and density. Thus there are good 
grounds for expecting a better correlation between 
conductivity and density than between chlorinity 
and density. 

Density must be measured to 1 in 10° to attain a 
precision comparable with that of our chlorinity and 
conductivity measurements. Such a precision is not 
easy to attain; after considerable experiment we 
adopted an improved version of the compressible 
float first described by Cox in 1954 (refs. 5, 6). The 
float (constructed of K-monel foil) was immersed in 
the sample m a thermostat at 0° + 0:01° ©. The 
sample was stirred with a magnetic stirrer until 
thermal equilibrium was reached. Pressure was then 
_applied until the float sank, and was adjusted to keep 

the float neutrally buoyant at a reference line. The 
float was observed through a telescope, and the 
pressure measured with a mercury manometer and 
cathetometer. The balance could be adjusted to 
0-1 mm. of mercury, corresponding in density to 
6 x 10-7. The precision of comparison of one sample 
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COPENHAGEN STANDARD SEAWATER 


34 BO 
© SALINITY COMPUTED FROM CHLORINITY 


Fig, 2 


with another is thus about the desired 1 x 10-%. The 
results are only relative densities; later it is hoped to 
calibrate the apparatus in absolute units with a liquid 
of which the density is known to this precision. 
However, for our present purposes relative densities 
are adequate, as we are concerned only with the 
consistency of measurement. 

We have not, as yet, had time to determine the 
density of all our samples. About thirty samples 
were selected with salinity in the range 34-35 gm. /kgm. 
so as to include a reasonable proportion from deep 
water. The samples were chosen with reference to the 
graphs of chlorinity against conductivity, some being 
points lying on or near the mean line, while others 
were divergent or ‘abnormal’ samples. As an additional 
point we have tried to select samples spread as widely 
as possible over the world, and at least one sample is 
included from each of the major oceans. 

The density measurements are shown in Figs. 2 
and 3, plotted against chlorinity and conductivity 
respectively. The chlorinity and conductivity have 
each been converted to ‘salinity’ (by the usual 
conversion factors) to make the two graphs directly 
comparable. It is quite obvious that the graph of 
conductivity in Fig. 3 18 a very much better line than 
that of chlorinity in Fig. 2. It is posaible for two 
samples to have the same density but to differ in 
chlorinity by more than 0:03 gm./kgm. 

These results prove, for the first time, that even 
if one disregards the precision of individual measure- 
ments the conductivity method is a better way of 
measuring density than the chlorinity titration. 
Taking the results plotted in Figs. 2 and 3, density 
computed from chlorinity shows a standard deviation 
from the mean line of 0-011 gm./kem. expressed as 
chlorinity. Density computed from conductivity 
shows @ standard deviation of 0-00034 gm./kem. in 
the same units. These figures are not a fair repre- 
sentation of the errors which would be found in an 
average batch of samples, as we selected some of the 
samples to show large variations, but the uncertainty 
in computing density from chlorinity is certamly 
several times greater than when using conductivity. 
Smce in addition the precision of measuring con- 
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SALINITY COMPUTED FROM CONDUCTIVITY 


Fig. 3 


ductivity on a good salinometer is at least five times 
better than that of the standard Knudsen titration, 
the overall precision of density measurement com- 
puted from conductivity is about ten times better 
than when computed from chlorinity. Conductivity 
meters suitable for such work are now available 
commercially, and we consider that all oceanographic 
vessels and laboratories measuring salinity anywhere 
outside coastal and estuarine waters should be 
equipped with them as soon as is practicable. 

It is only fair to point out that this superiority does 
not necessarily apply to the identification and tracing 
of water masses. It could happen that changes in 
the deop water (such as solution of calcium carbonate) 
would alter the density and conductivity of water 
without significantly changing its chlorinity. Preci- 
sion chlorinities might thus occasionally give informa- 
tion not obvious from conductivities, although if both 
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figures were available the situation 
would be clearer still. 

If most future work is to be based 
on conductivity rather than chlorin- 
ity, it seems only logical that the 
‘Standard Sea-water’ should be 
standardized by this method in 
addition to the present precision 
titration, and the conductivity as 
well as the chlorinity reported on 
the label. We are at present con- 
structing an apparatus with which 
we hope it will be possible to meas- 
ure conductivity in absolute unita to 
five significant figures, and such an 
apparatus would be suitable for this 
standardization. We think also 
that the time is coming when 
oceanographers may have to aban- 
don the somewhat artificial concept 
of ‘salinity’ and define sea-water 
by its conductivity or density. 

These results and conclusions 
were discussed during the meeting 
of the International Council for 
the Exploration of the Sea at Copenhagen in October 
1961. The Council is to aak other international 
scientific organizations to co-operate in appointing 
a joint commission of scientists to study the problems 
involved and draw up recommendations. It is 
expected that the commission will meet early this 
year, and that it will then communicate with inter- 
ested scientists in the various countries to ask their 
views. 
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GROWTH CONTROL IN MAMMALIAN SKIN* 


By Pror. W. S. BULLOUGH 
Birkbeck College, University of London 


N recent years research has been active into the 

patterns of mitotic activity in the epidermis, hair 
follicles and hypodermis in both normal and wounded 
skin}, and this work is now begmning to shed new 
light on the important problem of mitotic control 
not only in the skin but also in other adult mam- 
malian organs and. tissues. 

It is obvious that epidermis develops an average 
mitotic rate that is precisely appropriate for the 
replacement of the cells lost through keratinization 
and desquamation, and the same balance between cell 
gain and cell loss is seen in all other tissues. In this 
brief review attention is confined to those factors 
that regulate cell production, although it must be 
remembered that, at least in epidermis, cell loss 
may itself be adjusted to keep pace with cell pro- 
duction’. 


* Developed from the theme of a Royal Institution Discourse given 
on November 10. 


Effect of Hormones 


Although the average mitotic rate of adult epi- 
dermis is so clearly related to replacement needs, the 
actual mitotic rate varies widely from hour to hour 
and from day to day. The hour-to-hour variations 
are seen in the well-known diurnal rhythm, while the 
day-to-day variations may be related either to the 
cestrous cycle or to changes in the degree of stress to 
which the animals are subjected. All these variations 
have proved to be due to the actions of hormones. 

In considermg hormone action, it seems important 
to eliminate from discussion such substances as 
thyroxin or insulin, which are known to have a 
general metabolic action. It is obvious that any 
large change in the concentrations of such hormones 
may have the most profound effects on the general 
mitotic rate, but clearly such a condition would be 
abnormal. Here we are considering normal animals, 
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shown to exert a powerful and direct influence on 
the rate of cell division. 

Hormones which stimulate mitosis. In the adult 
mammal no hormone has yet been discovered which 
can stimulate the general mitotic rate, but a few 
are known which can stimulate powerfully the 
mitotic rate of particular ‘target tissues’. Of these, 
by far the best known are the cestrogens and andro- 
gens, which act primarily on the accessory sexual 
tissues. In some species®* or in some age-groups® 
these hormones may also provide a lesser stimulus to 
the mitotic rate of such other tissues as epidermis, 
but this cannot alter the main conclusion that their 
primary action is on particular ‘target tissues’. 

In spite of our extensive knowledge of the various 
actions of these hormones, all attempts to explain 
their influence on mitosis have failed®.’, It can, 
however, be suggested that since each of these hor- 
mones acts primarily on such @ narrow range of 
tissues, its molecular configuration must be such that 
it can operate only within cells which contain some 
complementary chemical pattern as part of their 
pattern of differentiation. In other words, such a 
hormone may fit like a key into whatever mechanism, 
controls the mitotic activity of these particular cells. 

Hormones which inhibit mitosis. As with the 
stimulating hormones, no inhibitory hormone has yet 
been discovered with the power to act generally in 
all mammalian tissues. The only two types of horm- 
ones which m normal conditions are known to exert 
an anti-mitotic action in some tissues, including 
epidermis, are the glucocorticoids from the adrenal 
cortex and adrenalin from the adrenal medulla (and 
noradrenalin from the adrenergic nerves). 

In a normal mammal the rate of glucocorticoid 
hormone secretion is evidently related to the degree 
of stress suffered by the animal; the greater the 
stress, the greater the rate of secretion, and the lower 
the mitotic rate in the sensitive tissues. It must be 
emphasized that, at least within hmits, such stress 
cannot be considered abnormal since it is felt in some 
degree by all mammals at all times. The striking 
effect of the absence of the glucocorticoid hormone 18 
shown by mice which have been either hypophys- 
ectomized or adrenalectomized (although in the latter 
case most of the adrenalin is missing too). The 
result of either of these operations 1s to cause a rise 
in the epidermal mitotic rate to double or treble the 
normal®-!°, It might be possible to restore conditions 
to normal by means of injections of hydrocortisone, 
which can certainly depress the epidermal mitotic 
rate in normal mice!!. 

It is interesting to note that recent evidence sug- 
gests that the glucocorticoid hormones may normally 
act synergistically with adrenalin’, and certainly it 
is known that adrenalin is an even more powerful 
inhibitor of epidermal mitosis than is hydrocortisone. 
In vivo it is active in doses of less than 10 ugm. per 
mouse and tn vitro in concentrations of less than 
l ugm. per ml.*. Furthermore, this action is readily 
reversible when the adrenalin is withdrawn. 

It now appears certain that the diurnal rhythm of 
epidermal mitotic activity is primarily related to the 
hour-by-hour fluctuations m the adrenalin content of 
the blood’. The rate of adrenalin secretion is much 
higher when an animal is awake than when it is 
asleep; it 1s highest during muscular activity or 
emotional stress'*. Thus, when an animal awakes 
the rate of adrenalin secretion rises and the epidermal] 
mitotic rate falls, while the converse is true when an 
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animal rests quietly or sleeps. It is evident that when 
an animal awakes there must also be an increase in 
the output of noradrenalin from the sympathetic 
nerves and probably also of glucocorticoid hormone 
from the adrenal cortex, and it may be presumed 
that these will augment the action of the adrenalin. 

It follows that adrenalectomy may be expected to 
eliminate the diurnal mitotic cycle by permitting a 
constant high level of epidermal mitotic activity, and 
this has now been demonstrated’. 

Although the diurnal mitotic cycle is best known 
in the epidermis, it ıs clear that a simular cycle also 
exists in several other tissues!*. However, there are 
certain tissues with a particularly high mitotic rate 
that show no cycle at all; examples are the lymph 
node centres, seminiferous tubules™*, and growing 
hair roots'®. The high mutotic activity of growing 
hair roots is also insensitive to injected adrenalin’ 
and it follows that the antimitotic action of this 
hormone must be regarded as tissue-specific and not 
mitosis-specific. A similar conclusion can be reached 
in the case of glucocorticoid hormone**, and in view 
of the suggested synergism it would be valuable to 
know whether both these hormones are active on the 
same tissues. 

The tissue-specificity of the adrenal hormones 
appears to be of an entirely different kind from the 
tissue-specificity of the cestrogens and androgens. It 
seems that there may exist a wide range of re- 
actions from tissues like epidermis in which the 
adrenal inhibition is powerful, through tissues like 
the duodenal mucosa where it is only slight, to 
tissues such as growing hair roots where it hardly 
operates at all. It is also important to notice that 
the reactions of a tissue may sometimes change. 
Thus, although normally epidermis reacts so strongly 
to adrenalm, those epidermal cells that lie within 
about 1 mm. of the edge of a wound are different. 
In them mitotic activity continues at a high level 
with no sign of a drurnal cycle; it also continues 
with little or no depression after moderately high 
doses of adrenalin. 

Specificity is therefore neither so sharply defined 
nor so absolute as it is with the cstrogens and 
androgens. Rather, the evidence suggests that the 
different tissues show widely different degrees of 
sensitivity to the glucocorticoids and adrenalin, and 
that they may also lose whatever sensitivity they 
may normally have when they are damaged. 


Main Mitotic Control Mechanism 


The impression is gained that those hormones 
which either stimulate or mhibit mitosis in adult 
tissues do so by co-operating with some other, 
perhaps basic, control mechanisms. Certainly on 
present evidence no hormone, or group of hormones, 
can be regarded as being more than ancillary agents 
to those main mitotic control mechanisms which 
evidently exist throughout the adult body. Further, 
the way in which all the hormones, stimulants and 
inhibitors alike, show at least some degree of tissue 
specificity suggests that the main mitotic controls 
reside within the tissues, and that the actions of each 
hormone may be mediated through tts ability to 
interfere m what are, in fact, tissue-specific mech- 
anisms. This ability must presumably be related to 
the complementary molecular configurations of the 
hormone and of some tissue-specific substance within 
the affected cells. 

It remains, therefore, to attempt to obtain some 
idea of what a tissue-specific control mechanism may 
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be like. On this subject the facts are unfortunately 
few though the hypotheses are many. In the past 
the basic assumption has commonly been made that 
before any cell can prepare for and enter division it 
must be stimulated to do so. Extensive searches 
have therefore been made for substances, possibly 
hormones, that possess this stimulating power, and 
the ostrogens and androgens have often been 
regarded as examples of the type of stimulant that 
may be found to exist. It has been implied that, 
when more is known, each tissue may prove to be 
under the control of some specific hormonal stimulant, 
and in the same way ıt has commonly been suggested 
that the extra mitotic activity associated with wound 
healing must be due to the stimulus of a ‘wound 
hormone’?’, 

Recently, this whole concept has been challenged!*. 
It is now suggested that any cell capable of doing so 
will naturally and without any extra stimulus prepare 
for, and undergo, mitosis, and that any cell which 
does not behave in this manner must have been in 
. some way prevented from doing so. On this view 
mitosis is the outcome of opportunity, and it is 
evident from work on tissue culture and tumour 
growth that, given this opportunity, the mitotic 
potentialities of most cells may well be limitless. 
Also’on this view the ‘stimulus’ to cell division 
exerted by such a hormone as estradiol, or by the 
circumstance of cell damage, may be the result of 
some interference in that tissue-specific mechanism 
which normally prevents division. Since each tissue 
is evidently under ite own individual mitotic control 
mechanism, it can also be postulated that the specific 
type of cell differentiation and the specific control 
mechanism must be in some way related. 

A study of the process of wound healing in mouse 
skin has provided evidence for the existence of at 
least two separate mitotic inhibitora, one in the 
epidermis and the other in the hypodermis!® 1, In 
normal skin these substances appear to be constantly 
produced, but where in the close neighbourhood of a 
wound their concentration is reduced the mitotic 
activity of both tissues rises greatly. Since a similar 
mitotic reaction is seen adjacent to wounds made in 
a wide variety of organs and tissues**, it can hardly 
be doubted that the reactions of these tissues are 
essentially simuar to those found in the skin. There 
is also strong evidence from studies of compensatory 
hypertrophy that tissue-specific mitotic mhibitors are 
in constant production in such organs as liver, kidney 
and adrenal). ` 

Attempts have recently been made to extract 
the mitotic inhibitors from mouse epidermis and 
hypodermis’®, It has been found that when 
epidermal cells are crushed a water-soluble, heat- 
labile extract is obtained which specifically inhibits 
epidermal mitotic activity tn vitro. Simuarly, the 
hypodermis yields a hypodermis-specific mitotic 
inhibitor. 

The literature records numerous such studies 
of the effects of tissue extracts on mitotic activity, 
or on ‘growth’. In many cases a stimulus was recorded, 
but in some there was an inhibition. Sometimes, too, 
the effect seemed to be tissue-specific but in others 
this was not the case. Although much of thie evidence 
appears at first sight to be impressive, a great deal 
of it ia in fact uncritical, and in particular several 
alternative explanations are possible to account for 
any observed mitotic stimulation. The evidence is 
too extensive and contradictory to be dealt with 
here, but it has recently been reviewed}, 
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At the moment the available evidence suggests 
strongly that each basic mitotic control mechanism 
resides within the particular tissue on which it acts, 
and that this control may normally operate through 
some tissue-specific substance which is secreted by 
the cells themselves. 


Discussion and Conclusion 


Thus the evidence now available suggests that 
mitotic control within a tissue such as the epidermis 
may be maintained by two main inhibitory mech- 
anisms, the one hormonal and the other local, tissue- 
specific, and as yet poorly defined. The hormonal 
mechanism is basically dependent on the secretions 
of the adrenal cortex and medulla, though nor- 
adrenalin may also play some part; the local 
mechanism is apparently dependent on some secre- 
tion by the cells of the tissue concerned. However, 
at least in some tissues, such mitogenic hormones as 
the cstrogens must form some part of the pattern, 
and for the moment they may perhaps be visualized. 
as operating through some neutralization of the local 
control mechanisms within the sensitive ‘target 
tissues’. ` 

If these conclusions are basically correct, it can 
also be suggested that tissues with an extremely high 
mitotic rate, such as growing hair roots, may be 
lacking in their local inhibitor; and it is significant 
that tissues of this type are remarkably insensitive 
to the inhibitory action of adrenalin and therefore 
show no diurnal mitotic cycle?*. In tissues which 
normally show a moderate degree of mitotic activity, 
such as epidermis, there may be a moderate amount 
of local inhibitor; such tissues seem to be very 
sensitive to the inhibitory action of adrenalin and 
therefore show a diurnal mitotic cyole. Finally, 
tissues with no mitotic activity at all, such as resting 
hair roots, may produce a large amount of local 
inhibitor; again, it may be significant to note that 
either hypophysectomy or adrenalectomy may 
cause the re-appearance of mitosis in resting hair 
roots". 

Evidence of this kind suggests that the adrenal 
hormones and the local tissue-specific secretions may 
be mutually dependent, neither bemg capable of full 
inhibitory activity in the absence of the other. 

Analysing the situation in the epidermis still more 
closely, ıt appears that in normal circumstances any 
newly formed cell has two main courses open to it. 
It may once again manufacture those specialized 
proteins that are necessary for mitosis, or alterna- 
tively it may start to manufacture those proteins 
from which keratin is ultimately formed. In abnormal: 
circumstances involving skin regeneration, ordinary 
epidermal cells may also become involved in the 
formation of new hair follicles*? and in this case 
particular cells may start to manufacture either the 
‘hard’ keratin of hair or the sebum of the sebaceous 
glands. 

However, it is obvious that within any epidermal 
cell the possible alternative programmes of protein 
production are few and that normally they are only 
two. This in turn may indicate that normally only 
two main alternative types of transfer ribonucleic 
acid molecules can be produced by the chromosomal 
deoxyribonucleic acid. This may also mean that the 
concentration of the epidermis-specific mitotic in- 
hibitor could be the factor determining which type 
of ribonucleic acid, and therefore which type of 
protein, will be produced. A hypothesis might there- 
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fore be suggested that whenever around and within 
the cells there is a high enough concentration of the 
specific epidermal inhibitor (perhaps together also 
with a high enough concentration of the adrenal 
hormones) the ocells will continue to produce the 
typical epidermal proteins; if the inhibitor concen- 
tration falls the cells may revert to their basic 
function, which is to produce the proteins needed for 
mitosis. It follows, especially since the proteins 
of mitosis may be much the same in all cells while 
the local inhibitor is tissue-specific, that this in- 
hibitor may in fact be acting more as a promoter 
of differentiation. Its inhibitory action on mitosis 
might thus be incidental. 

Finally, it may be noted that in the epidermis, as 
long as differentiation does not proceed so far that 
the cells are dying (as they do when they join the 
stratum corneum), the ‘pre-keratin’ type of protein 
production is reversible. In the close vicinity of a 
wound, where the concentration of local inhibitor 
falls, cells which would never normally divide again 
change their pattern of activity so quickly that they 
are ready to enter mitosis in about twenty-four hours. 
The converse, however, does not appear to bo true. 
Cells which once begin to prepare themselves for 
mitosis seem to commit themselves to complete 
the whole cycle of division. 
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This theory that mitotio activity ın adult mam- 
malian tissues is normally under the control of 
tissue-specific inhibitors is being tested in further 
research now being carried out with mouse skin. 
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MEMORY AND LANGUAGE 


FURTHER meeting in the series of Ottawa 

symposia on “‘Self-Regulation in Living Systema” 
was held in Montreal during October 20-21, 1961, on 
the general theme of “Memory and Language”. The 
symposium was jointly arranged by the National 
Research Council and the Montreal Neurological 
Institute. As at the four previous meetings!, scientiste 
and philosophers from many disciplines contributed 
to lively and stimulating discussions. 

Dr. Donald Hebb (McGill University) opened the 
symposium by discussing “The Meaning of Memory”. 
His introduction was salutary in reminding one that 
memory to a psychologist has a complex meaning; 
it is not just “a pot into which you pour things”, 
as is perhaps the so-called memory of a computer. 
Dr. Hebb argued that memory is a correlative of 
learning, not merely an adjunct, and on this basis 
he distinguished between three different levels of 
memory: (1) “Recall memory”, or reproduction 
memory, which is the highest (that is, the most diffi- 
cult !) level, exemplified by the ability of a schoolboy 
to recite on request Antony’s speech from Julius 
Caesar; (2) “Recognition memory”, which would 
enable the schoolboy to say “Yes, of course, that 
quotation is from Antony's ”, even if he were 
unable to recite the speech himself; (3) “Savings in 
re-learning’’: that even when Antony’s speech cannot 
be recalled, whatever the inducement, the time to 
re-learn the speech ıs shorter than on the first occasion. 

We note in passing that there is no strong correla- 
tion between performances in these three types of 
memory testing, and this raised a discussion on 
whether an academic examination should test recall 
or recognition (as in a multiple choice examination). 

Dr. Hebb contended that theories based on 
simple structural modifications of specific cells will 
not suffice to explain the mechanism of memory. 
This point was brought out m his description of 
experiments in which gn earthworm, ‘taught’ to 


traverse a simple maze, retained its knowledge even 
after its head was removed. However, when a new 
head grew, the knowledge was lost. Dr. Hebb went 
on to maintain that rather generally memory involves 
the suppression of interfering activity (‘noise’). He 
cited experiments on goldfish, cockroaches and college 
students, to show that interference (having to learn 
something else) as opposed to simple inactivity (for . 
example, sleep) is a major cause of forgettmg. Dr. 
Hebb also emphasized the difference between long- 
term and short-term memory, using as an illustration 
remembering the sequence of cardinal numbers 
(1, 2,3...), as opposed to the temporary memory of 
some short number sequence picked at random. He 
particularly referred to the apparently paradoxical 
faculty of remembering readily a number such as 
12353 in contrast to the well-remembered sequence 
of the first five cardinal numbers. In both cases we 
start 123; what mechanism enables us to distinguish 
the remainder of the sequence ? Dr. Hebb also con- 
sidered as an illustration of memory a skilled typist, 
who initially must consciously learn which keys are 
to be struck with which particular fingers, but later 
can only reproduce this knowledge by carrying out 
the action. This example certainly illustrates the 
existence of different levels of memory; but the exact 
significance sparked considerable discussion. 

In the afternoon, Dr. Z. 8. Basinski (National 
Research Council) asked some questions as an 
inquiring chemist on the subject: ““What Are the 
Mechanisms of Memory?” Viewed mechanically, 
there are three (interconnected) problems involved, 
namely, recording, storage and recalling of informa- 
tion. Dr. Basinski concentrated on storage, which 
he felt was the easiest problem. Recent experiments 
on animals, which retamed memory after severe 
cooling, suggest very strongly that static storage 
mechanisms must exist, in addition to possible 
dynamic mechanisms. Dr. Basinski asked how much 


524 


compression of data there is in storage, particularly 
in relation to a visual image. There is also the 
problem of why we do not remember explicitly 
everything we experience; is there an “attention 
control” governing transfer to the long-term memory? 
In the discussion it was argued that permanent 
memory appears to be a reinforced one; and also 
that attention alone is not enough (we recall that an 
artist needs a trained mind as well as to pay attention 
in order to observe a scene). The often unreliable 
and subjective nature of memory (that is, the personal 
editing of the material at some stage) was also dis- 
cussed. 

Dr. Brenda Milner (McGill University) spoke next 

n “Types of Human Memory and Their Separation 
by [interpretation of] Brain Damage”. She first out- 
lined three ways of classifying human memory: (1) Is 
it verbal or non-verbal? (2) What (modal) sense is 
involved ? (3) Does it involve the acquisition of motor 
skills ? Memory of events (for example, this particular 
conference session) is both verbal and non-verbal and 
also uses Many senses; consequently the broad essen- 
tials of an event are easier to ‘remember’ ın contrast 
to particular features. Dr. Milner recognized three 
phases in the acquisition of memory: (1) short-term 
memory (for example, remembering & span of digits 
for perhaps half a minute); (2) a consolidation phase 
(typically 15-20 min. for a simple piece of informa- 
tion), during which this information is recalled and 
imprinted deeper in some way—-this consolidation 
phase is very vulnerable to external ‘manipulation’ 
or distraction, such as an electric shock to an animal, 
or cooling, or ansesthetization; (3) long-term memory 
—this is normally a fragmentary and schematic 
version of the short-term trace consisting of the parts 
of the memory which seem relevant to us and so 
survive the consolidation phase. 

Dr. Milner then continued with an account of 
observations on patients who had previously suffered 
brain damage, or removal of parts of the brain in a 
surgical operation. For example, the only apparent 
result of removal of the anterior left temporal lobe 
is to leave the patient with a poor verbal memory, 
whereas removal of the right temporal lobe gives 
impairment in visual (non-verbal) memory. Removal 
of other parts of the cortex gives similar selective 
interference, whether memory is tested by recall, 
recognition or savings in re-learning. Global memory 
disorders, on the other hand, seem to be due to 
bilateral damage deep in the temporal lobe, and 
Dr. Milner described the case of a patient who 
had bilateral damage to the so-called hippocampal 
region of the brain. In this patient there was no 
change in JQ, or in short-term memory, or in the 
long-term memory of skills and of childhood events. 
(There 1s, however, typically in such cases a peouliar 
retrograde amnesia covering a period of perhaps 
a year before the operation-——this period is very 
variable and diminishes with the passage of time; 
Dr. Milner suggested that this retrograde amnesia 
is probably irrelevant to what follows.) However, 
in this case of deep bilateral damage, the memory 
consolidation process now appears to be almost 
completely absent—for example, the patient had 
no recognition even of his own drawings shortly 
after completing them. The patient’s performance in 
solving & simple maze problem was also mentioned; 
he showed, no improvement in the time taken to solve 
the maze or in the number of errors made. Incident- 
ally, however, the patient was able to mend the 
apparatus when it went wrong, due to skills acquired 


NATURE 


February 10, 1962 vor 193 


before his operation. Moreover, when faced with a 
more strictly motor task (‘mirror drawing’) he 
showed a normal learning curve. This finding 
emphasizes the difference between motor skills and 
other types of learning. In the keen discussion which 
followed, there was much speculation about the con- 
solidation process. 

Dr. J. Cocke (Univermty of Illinois) gave the final 
talk of the day on problems of information in large- 
scale memory. His main point was to emphasize 
that, although a computer is better than a human 
being at arithmetic, man appears to be still a long 
way in the lead so far as the indexing of information 
goes. Dr. Cocke described a number of ways in which 
information can be retrieved from a computer. One 
of the most productive lines of research seems to be 
that of “redundancy removal’, that is, using as bits 
of information to be stored only what ıs necessary 
to the problem concerned. An obvious example of 
this is that, when we as humans read a page of print, 
we (presumably) take in the information as entire 
letters, words or sentences, and do not scan the page 
in laborious detail as a television camera would. 
Dr. Cocke described the possible use in computers 
of ‘trigrams’ (groups of three letters) for information 
storage. The trigrams are coded for the English 
language in such a way that a trigram which occurs 
frequently (for example, CON or THE) has a short 
code. Dr. Cocke gave an example of how random 
tossings of coins via the trigram code led to ‘words’ of 
an almost English character, and not to complete 
nonsense; thus even random ‘noise’ after ‘filtering’ 
by the coding is not rubbish. Whether this would 
ever yield a fruitful source of worth-while prose was 
not decided in the discussion. 

On Saturday morning, a political philosopher, 
Prof. G. Grant (McMaster University), gave a paper 
with the title “Speech: some General and Incoherent 
Comments”. The main interest of the paper, and of 
the ensuing discussion, to many of those present 
seemed to lie in apparent divergences of attitude 
between workers in different disciplines. In the dis- 
cussion, Prof. Grant tried to explain to his audience 
the proof of one of his propositions (namely, ‘‘the 
universal and homogeneous state will be, if realized, 
a tyranny”); but unfortunately time did not permit 
him to finish his proof, as each step provoked a 
further torrent of questions. 

Finally, Dr. R. B. Lees (International Business 
Machines) spoke on “Why Machines Don’t Talk 
Back” (or perhaps alternatively, “Why Machines 
Don’t Argue”). Dr. Lees considered broadly the 
structure of s language, and in partioular the structure 
and behaviour of a so-called ‘ machine’ which 
might be thought of as part of a human mind. Such 
& machine, however, would only make up part of a 
human brain, as this machine’s limit in “intelligence” 
would be to construct well-formed sentences; but it 
could not select the night sentences at the right time, 
and so ‘talk back’. 

This led Dr. Lees to discuss a method of parsing 
sentences by a hierarchical process of so-called 
labelled bracketing, which reflects much of the struc- 
ture of the English language. He then went on to 
discuss the part played by a grammar machine (which 
would contain all necessary information about labelled 
bracketing) ın the decoding of a sentence (that is to 
say, getting meanings from sounds, or ‘listening’), or 
in ‘speakmg’ (namely, producing sentences from 
meanings). The conclusion, mevitably, was that a 
language learner or speaker would contam much 
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more than the grammar machine; it seems as yet 
upossible to visualize, even conceptually, the con- 
struction of such a ‘child machine’. 

At a small dinner on the Friday evening in McGill 
University Faculty Club, members of the conference 
were delighted by the witty and pungent comments 
of Dean F. R. Scott, of the Faculty of Law of 
MoGill University, who discussed some questions of 
literary censorship. Dean Scott suggested that censor- 
ship might be thought of as a deliberately produced 
amnesia of the social memory. 

Apart from the detailed contents of the individual 
talks and discussions which we have tried to outline 
above, there are three broad ‘editorial comments’ 
which we would lke to make. These are perhaps 
very obvious, but perhaps may still be worth saying 
to-day. 

(1) The difficulties on certain occasions of communi- 
cation (e rather overworked word) between experts in 
various disciphnes were rather evident. This was 
particularly go in the case of Prof. Grant’s philosophi- 
cal contribution where, as it transpired afterwards, 
considerable emotion (and even embarrassment, sur- 
prisingly enough) was aroused in part of the audience. 
We as reporters felt no such embarrassment, but 
were certainly aware of Prof. Grant’s difficulty in 
finding a common basis for discussion with many 
members of his audience, and perhaps it would not be 
an exaggeration to say that Prof. Grant and some of 
his questioners probably felt that they mhabited two 
quite different worlds. 

Lest it be thought that such difficulties stem only 
from philosophy, let us mention that the temptation 
for some speakers to use jargon appears to be quite 
overwhelming. It seemed unnecessary in such a 
symposium to insist on using terms such as a ‘Boolean 
statement’ when all that seemed to be basically 
mvolved were concepts such as ‘yes—no’ decisions, 
etc. We ourselves remained puzzled about the 
meaning of ‘universal quantifiers” throughout an 
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otherwise very stimulating talk on memory in 
machines. If it can be so remarkably difficult for 
trained scholars to talk usefully (communicate !) with 
one another, presumably one must not be surprised 
at the apparent futility of argument and discussion 
between individuals on many occasions in everyday 
life. 

(2) During some of the discussions from the floor 
one or two of us independently began to wonder 
quite keenly about what is involved in ‘proof’ or 
‘conviction’ for those trained in different intellectual 
disciplines. One is perhaps too inclined to assume 
that the grounds for mtellectual conviction are likely 
to be very similar, at least, for all professionally 
trained workers. It may be worth arranging in the 
future an informal symposium of the same general 
pattern to discuss this very question. It has been 
suggested that we should then include, for example, 
members of the legal profession, and, moreover, that 
the discussions might be of direct value to psycholo- 
gists in the general attempt to understand mind 
processes. 

(3) Finally, we feel convinced that it is very impor- 
tant if such symposia, bringing together workers with 
a very wide range of interest, are to be fruitful, 
that quite specific ideas or topics are put forward for 
discussion. This theme was maintained in the intro- 
duction to the first of these symposia held in Ottawa 
some three years when the chairman argued his 
belief that general discussion on a grand scale about 
information theory, cybernetics, and so forth, was 
not likely to yield significant dividends. Perhaps one 
should notice that similar views about the necessity 
for discussion of very specific topics, if useful progress 
is to be made, have been expressed in the fleld of 
international politics. 

A. M. GUÉNAULT 
D. K. C. MaoDoNarLDp 
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OBITUARIES 


Prof. Otto Loewi, For.Mem.R.S. 


Orro Lomwi was born in Frankfurt am Main on 
June 3, 1873, and died in New York on Christmas 
Day, 1961, at the age of eighty-eight. As a young 
man he learned Latin and Greek and was interested 
in philosophy and art and music; but his family 
decided that he should study medicine and sent him 
to the University of Strassburg in 1891. During his 
first three years as a medical student he spent much 
of his time studying other things, and then he heard 
a lecture by Bernhard Naunyn which transformed his 
indifference to medicine to enthusiastic interest. In 
Strassburg he met Schmiedeberg, Minkowski, Cushny, 
Spiro and Straub; but it was Friedrich Miescher who 
was chiefly responsible for turning his attention to 
basic medical science. Experience of tuberculosis 
convineed him of the need for more fundamental 
knowledge, and he took to pharmacology to find out 
more about living matter by studying its reaction to 
chemical agents. 

On the advice of Hofmeister, Loewi went to work 
with H. H. Meyer in Marburg in 1898, and he fol- 
lowed that great pharmacologist to Vienna in 1905. 
In 1906 no one had succeeded in maintaining animals 
in nitrogen equilibrium on diets containing no protein. 
Kutscher, an associate of Kossel in Marburg, showed 


that a pancreas could be digested until no protein 
was left, and Loew: formed the conviction that the 
products of digestion would supply all the materials 
from which the animals could build their body 
proteins, and after great difficulties he succeeded in 
proving this in experiments with dogs. In later years 
F. Gowland Hopkins spoke with enthusiasm of this 
work, which provided part of the basis for his own 
discovery of the vitamins. 

In 1902 Loew: went to work for a time in Starling’s 
laboratory at University College, London, and met 
H. H. Dale, who became his friend for life. He visited 
Cambridge and met T. R. Elliott, who was doing the 
experiments which led to the conclusion that the 
effecta of sympathetic nerves were mimicked by 
adrenaline, just as those of parasympathetic nerves 
were known to be mimicked by muscarine. In 1903 
Loewi discussed with Walter Fletcher the theory that 
nervous impulses might be transmitted by the 
release of chemicals, and Elliott made the same 
suggestion in print in 1904, but no one could think 
of how to prove it. 

Loewi was appointed professor of pharmacology in 
Graz in 1909 and worked on a wide variety of 
pharmacological problems. Among other things, he 
did experiments with isolated frog hearts, in which 
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lack of calcium caused the liberation of something 
which stimulated a second heart. Some time later 
he had an inspiration when two memories became 
related in his brain. He woke up in the middle of 
the night with the thought that frog hearts might be 
used to prove chemical transmission, and he got out 
of bed, went to the laboratory, did the experiment 
and found that ıt worked; fluid, collected from the 
heart during the stimulation of the nerves, had an 
action when transferred to a second heart. If he had 
given himself more time to think he would probably 
not have done this experiment, since it was unlikely 
that the nerve would liberate such an excess of 
transmitter. In 1936 Loewi was awarded a Nobel 
Prize jointly with H. H. Dale for this discovery. 

On March 11, 1938, the Nazis took over Austria, 
and at 3 a.m. the next morning storm-troopers 
arrested Loewi as a Jew and put him in prison. In 
September 1938 he was forced to leave Austria and 
went to Belgium, to Oxford and then to New York, 
where he spent the last twenty years of his life as 
research professor of pharmacology in the New York 
University Medical School. He became an American 
citizen in 1946 and hved happily working in the 
laboratory until 1955 and visiting Woods Hole each 
summer. He was very active mentally to the last, 
but became crippled as the result of a fall. He 
married Guida Goldschmidt in 1908 and had three 
sons and one daughter. He was in happy contact 
with the whole family until his death, though his 
wife died a year or 80 ago. 

He was awarded the Cameron Prize in 1944 and 
was a foreign member of the Royal Society. Every- 
one who met him loved him as a man and respected 
him as a great man. J. H. Gappum 


Prof. B. T. P. Barker, C.B.E. 


Wrri the death of Prof. Barker on December 19, 
1961, at the age of eighty-four, agricultural science 
has lost another of those pioneers who were responsible 
for the early development of the agricultural research 
institutes in Great Britain. 

Although Barker was destined to make his career 
in the West Country, he was by birth, upbringing 
and training an Eastern Counties man. Bom in 
Cambridge, he also received his school and university 
training there, at the Perse School and at Gonville and 
Caius College, of which he. was a scholar. At the 
University he studied botany under the late Prof. 
Marshall Ward, where, after graduating in 1899, he 
engaged in research in mycology and held the post 
of demonstrator in the Department of Botany, during 
which period his researches were recognized by the 
award of the Walsingham Gold Medal in 1901. 

In 1904 Barker was invited to join the staff of the 
recently established National Fruit and Cider In- 
stitute at Long Ashton, near Bristol, as assistant 
director, to be responsible for carrying out a pro- 
gramme of research on cider-making and cider- 
orcharding problems, under the direction of a con- 
sultant director, Mr. F. J. Lloyd. In the following 
year Mr. Lloyd relinquished his appointment, and 
Barker became director, with the entire responsibility 
for developing the research work of the Institute. 
Left alone, he sought the collaboration in his scientific 
researches of members of the staff of the nearby 
University College of Bristol, and was fortunate in 
arousing the interest of a kindred spirit in J. H. 
Priestley (later Prof. Priestley), head of the Botany 


Department. 
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Barker remaimed almost wholly concerned with 
cider problems until 1912, when the Institute became 
formally associated with the University of Bristol 
under the scheme of the Board of Agriculture for the 
provision of research and technical advice in agr- 
culture and horticulture. Under this new arrange- 
ment a Department of Agriculture and Horticulture 
was established in the University, and Barker, as its 
head, was appointed professor of agricultural biology. 
At this time the research programme was extended 
to include commercial fruit culture, and the Depart- 
ment also became the advisory centre for agriculture 
and horticulture in the Bristol Province. 

During the First World War, Barker was actively 
engaged in researches on the preservation of fruit by 
canning and bottling and jam and jelly manufacture, 
and arising from this the Chipping Campden Research 
Station was established in 1918 and became associated 
with the University of Bristol in 1921, with Barker 
acting as director of the Station, in addition to Long 
Ashton, from 1921 to 19365, 

Throughout the whole of his career in Bristol, 
Barker carried heavy administrative responsibilities, 
and the development of the Long Ashton Research 
Station and of the work of the University Advisory 
Centre until his retirement in 1943 are fitting 
memorials to his administrative ability and scientific 
vision. But his work did not end here. Throughout 
his career he somehow managed to continue with 
personal researches. Cider and cider-orcharding 
problems were always foremost in his programme, 
and the transformation of cider making from small 
farm enterprises to large-scale factory operations was 
in no small measure due to Barker’s work. His 
unique knowledge of cider led to numerous calls on 
his services as a judge in national competitions, such 
as the Royal, the Bath and West and the Three 
Counties Agricultural Shows, and at the Brewers’ 
Exhibition. In addition to his researches on cider, 
Barker made important contributions to pomology 
and to the mode of action of fungicides and insect- 
icides, especially of Bordeaux mixture and sulphur 
compounds. 

In the field of general horticulture he was for many 
years an examiner for the National Diploma in 
Horticulture of the Royal Horticultural Society, and 
with Sir Ronald Hatton was joint editor of the 
Journal of Pomology and Horticultural Science from 
1924 until 1944. His services to horticulture were 
recognized by the Royal Horticultural Society by 
electing him an Honorary Fellow and by the award 
of a Veitch Memorial Trust Gold Medal. He was 
created C.B.E. in 19652. 

Barker was a man of great personal charm and 
had many interests. In his younger days he was a 
keen player of cricket and hockey and also enjoyed 
tennis and billiards, while in his later years and after 
his retirement he was often to be seen enjoying a 
weekly round of golf on the Long Ashton course. He 
was an enthusiastic supporter of the University of 
Cambridge in rowing, cricket and rugby football, and, 
until prevented by illness in recent years, seldom 
failed to be present at the annual Cambndge-Oxford 
contests. He was also a talented pianist and a 
redoubtable chess player, and for many years he 
played regularly in county chess tournaments. 

Because of his long career in science and his 
intimate contacts with agriculture and the cider 
industry, and his many social activities, the passing 
of Prof. Barker will be felt deeply by a very wide 
circle of friends and colleagues. T. WALLAOE 
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NEWS and VIEWS 


Geological Society of London : Awards 


Tue Council of the Geological Society of London 
has made the following awards for 19862: Wollaston 
Medal, to Prof. L. Hawkes, emeritus professor of 
geology, University of London (Bedford College), 
distinguished for his research work on igneous 
petrology, especially in Iceland, and for his leadership 
in the field of British and international geological 
affairs; Murchison Medal, to Dr. E. I. White, keeper 
of paleontology at the British Museum (Natural 
History), and an authority on fossil fishes, especially 
those of the Old Red Sandstone and the equivalent 
Lower Devonian strata of Western Europe: Lyell 
Medal, to Prof. L. R. Wager, professor of geology, 
University of Oxford, for his work on Greenland 
and on the petrology of basic rocks, in particular 
the mechanism of layering; Wollaston Fund. to 
Mr. R. G. W. Brunstrom, of the British Petroleurn 
Co., Ltd., for his contributions to petroleum explora- 
tion in the United Kingdom and the Middle East; 
Murchison Fund. to Prof. F. Hodson, professor of 
geology, University of Southampton, for his re- 
searches in Carboniferous paleontology, especially 
goniatite faunas, in Ireland: a moiety of the Lyell 
Fund to Dr. N. Rast, lecturer in geology, University 
of Liverpool, for his work on structures and meta- 
morphism in the Dalradian of the Scottish Highlands 
and on the volcanic rocks of North Wales; another 
moiety of the Lyell Fund to Dr. C. Downie, lecturer 
in geology, University of Sheffield, for his researches 
in fossil microplankton, especially the Hystricho- 
sphaeridia. 


Royal Geographical Society: Medals and Awards 


H.M. Tar QUEEN has approved the award of the 
Royal Medals for 1962 of the Royal Geographical 
Society as follows: Patron's Medal, Captain Edwin A. 
McDonald, commander U.S. Support Force, Antaro- 
tica, for coastal explorations in Bellingshausen Ses; 
Founder's Medal, Tom Harrisson, Government 
ethnologist and curator, Sarawak Museum, for 
explorations in Central Borneo. 

The Council of the Royal Geographical Society has 
made the following awards: Victorta Medal, Prof. 
Carl Troll, Universitv of Bonn, for research in plant 
geography and climatology; Murchison Grant, Prof. 
8. H. Beaver, University College of North Stafford- 
shire, for contributions to the economic geography of 
Britain; Back Grant, B. W. Sparks, University of 
Cambridge, for Quaternary research; Cuthbert Peek 
Grant, Captain P. J. Hunt, for Anterctic survey and 
mapping; Gil Memorial, Mile. M. Foncm, Biblio- 
théque Nationale. Paris, for cartographical research; 
Mrs. Pairick Ness Award, Dr. H. Lister, University 
of Durham, for glaciological research. 


Bacteriology at Manchester : 
Prof, H. B. Maitland 


In March of this year, Prof. H. B. Maitland retires 
from the chair of bacteriology in the University of 
Manchester. a post which he has held since 1927. 
After qualifying in medicine in Toronto in 1916, he 
served in the Royal Navy as a surgeon lieutenant. 
After the War, he returned to Toronto to work in 
the Department of Bacteriology. In 1924 he came 


to Europe and spent six months in bacteriological 
laboratories on the Continent before being appointed 
in 1925 to a research post by the Foot-and-Mouth 
Disease Research Commission. There he began the 
work on animal viruses which has remained his chief 
field of research in subsequent years. In 1927 he 
transferred to the staff of the Lister Institute, but 
within a few months was invited to Manchester to 
succeed the late Prof. W. C. Topley as professor of 
bacteriology and director of the Department of 
Bacteriology and Preventive Medicine. Maitland’s 
earlier work in virology was directed to the cultiva- 
tion of viruses tn vitro, and in his studies with vac- 
cinia he evolved the simple method of tissue culture 
with which his name is always associated. This 
method has been extensively used in virus research 
and in the manufacture of virus vaccines. His later 
studies did much to elucidate the method of growth 
of vaccinia virus in living cells and the nature of the 
eclipse phenomenon. Under Prof. Maitland’s direc- 
tion, Manchester was one of the few universities in 
which research on animal viruses was undertaken in 
the years before the Second World War. Bacterio- 
logical studies were not, however, neglected, and 
during the past thirty years many papers on bacterio- 
logical topics have come from the Department. The 
output of scientific papers from the Department, 
covering as they do a wide range of subjects in 
microbiology, is a remarkable tribute to the stumulus 
and energy of Maitland’s direction. ' 


Prof. P. J. Collard 


PROF., PATRICK JOHN COLLARD succeeds Prof. Mait- 
land to the chair of bacteriology in the University of 
Manchester. Prof. Collard studied medicine at St. 
Bartholomew’s Hospital Medical College and obtained 
the M.B., B.S.(London) in 1942, the M.R.C.P. in 
1043 and the M.D.(London) in 1951. He has held 
appointments as & registrar in the Department of 
Pathology in Westminster Hospital and then as 
lecturer and senior lecturer in the Department of 
Bacteriology at Guy’s Hospital Medical School. In 
1954 he was appointed profeasor of bacteriology in 
the University College of Ibadan, Nigeria. He has 
also been dean of the Faculty of Medicine there and 
honorary consultant bacteriologist to University 
College Hospital, Ibadan. He has been interested 
in the application of fundamental knowledge of 
bacteriology to clinical and epidemiological problems, 
and his publications include papers on the mode of 
action of penicillin against staphylococci and on the 
effectiveness of isoniazid and other drugs in pulmon- 
ary tuberculosis. More recently in Africa he has 
published many papers on the different types of 
Salmonellae in Nigeria, where he has built up an active 
Department of Bacteriology. 


Geophysics and Physics at the Massachusetts 
Institute of Technology: Prof. R. Hide 


Dr. Raymond Hips, lecturer in physics at King’s 
College, Newcastle, took up on January | an appoint- 
ment as professor of geophysics and physics at the 
Massachusetta Institute of Technology, where a new 
building of 140,000 sq. ft. gross for geology and 
geophysics has been given by Mr. Cecil H. Green. 
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Dr. Hide obtained honours in physics at Manchester 
in 1960 and did research in thermal convection in 
rotating systems under Dr. 8. K. Runcorn in the 
Department of Geodesy and Geophysics, Cambridge, 
the Ph.D. of that University being awarded to him 
in 1953. He then spent a year at the Yerkes 
Observatory in the University of Chicago, where he 
studied hydrodynamic stability problems under Prof. 
S. Chandrasekhar. From 1954 to 1957 he was a 
Research Fellow at the Atomic Hnergy Research 
Establishment, Harwell, where he worked on plasma 
physics. In 1957 he became lecturer in physica at 
King’s College, Newcastle, and quickly built up 
research groups on shock tubes and on experimental 
approaches to convection problems. The latter are 
of great importance to the progress of geophysics, 
for thermal convection, especially where the Coriolis 
force is dominant, is of key umportance in under- 
standing both the motions in the atmosphere and 
core. Hide’s experiments showed. for the first time 
a phenomenon in the laboratory similar to the jet 
stream in the atmosphere, and these stimulated a 
great deal of theoretical work. Dr. Hide is an in- 
spiring teacher and his departure for the United 
States is a severe blow to geophysics in Britain and 
to experimental meteorology in particular. Dr. Hide 
has many friends among British physicists who will 
wish him all success at the Massachusetts Institute 
of 'Technology. 


Royal Dutch/Shell Prize : Prof. E. C. Slater 


Tau Netherlands Society of Science has awarded 
the Royal Dutch/Shell Prize for 1961 to Prof. E. C. 
Slater, University of Amsterdam, for his work on 
the synthesis of fat from radioactive acetic acid by 
mitochondria from various tissues. The prize, worth 
£1,000, will be used to equip the University’s Physio- 
logical Chemistry Laboratory with an apparatus for 
gas chromatography, which will enable Prof. Slater 
and his team to carry out the extremely accurate 
analyses needed for further work on the subject. 
The Royal Dutch/Shell Prize was created by com- 
panies of the Royal Dutch/Shell Group in Holland 
in 1959, to encourage new research in various branches 
of science. It is awarded annually by the Netherlands 
Society of Science; in 1959 the field was biology, in 
1960 it was geology, and in 1961 it was medicine. In 
1962 the prize will benefit research in physics. 


Journal fur Ornithologie 


Tre retirement of Dr. Erwin Stressemann from the 
editorship of the Journal für Ornithologie at the end 
of 1961 concludes what must surely be a unique 
record for a scientific journal. From its foundation 
in 1852, this Journal has had only three editors. 
The first, Dr. J. Cabanis, produced the volumes 
from 1853 to 1893 inclusive, the next, Dr. A. Reiche- 
now, those from 1894 to 1921 inclusive, and finally, 
Dr. E. Stresemann those from 1922 to 1961 inclusive. 
During much of this time the Journal fur Ornithologie 
has been the leading scientific journal of ornithology 
in the world, and the standards, both of editing and 
of papers received, have been consistently high. 
While the three editors between them spanned 108 
years, there have been only 102 volumes owing to an 
interruption in publication at the end of the Second 
World War. Each of the three editors was, in turn, 
head of the Bird Room in the Zoological Museum of 
the University of Berlin; but this link is now to be 
broken as the new editor is Dr. G. Niethammer of 
Bonn 
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National Research Council (Canada) : 
Industrial Research Committee 
AN industrial advisory committee composed of 
representatives of top management in Canada has 
been appointed by the National Research Council. 
Objectives of the new Committee are to bring manage- 
ment into closer contact with the work of the 
Council; to keep it informed of the problems of 
industry; and to consider ways of enoouragmg 
research in industry. Emphasis will be given to the 
part the Council may take in furthering these ams. 
Ten leading industrialists have been elected to the 
Committee. Dr. A. D. Misener, director of the 
Ontario Research Foundation, Toronto, is also a 
member. Representatives of the Council are: Dr. 
E. W. R. Steacie, president (chatrman); Dr. B. G. 
Ballard, vice-president; Dr. C. J. Mackenzie; and 
Mr. R. E. MoBurney (secretary), head of the Council’s 
technical information service. 


Foreign Language Proficlency of U.S. Scientists 


Four dut of every five scientists in the United 
States report a knowledge of at least one foreign 
language, according to a study by the National 
Science Foundation. In addition, more than half 
report knowledge of a second language. These 

are contamed in a preliminary report, 
Foreign Language Proficiency of Screntists Reporting 
to the National Register of Screntsfic and Technical 
Personnel, 1960 (Sctenttfic Man-power Bulletin, No. 16. 
National Science Foundation, Washington 25, D.C.). 
They are based on returns received from 116,553 
scientists, 89 per cent of whom indicated to the 
National Register that they had some degree of 
knowledge of a foreign language. German was the 
predominant foreign language of most of the 
scientists concerned, with 45 per cent of the total 
reporting it as their ‘first’ language. French and 
Spanish were second and third, respectively, but in 
some individual fields of science they were more 
frequently used than German. Although German 
was the predominant language for the total number 
of scientists reporting, French was the most fre- 
quently reported by psychologists, geographers, 
mathematicians and astronomers. In earth sciences, 
the largest number of registrants indicated a know- 
ledge of Spanish. About 2 per cent of U.S. scientists 
indicated that Russian is their most proficient 
language, while less than l per cent indicated either 
Japanese or Chinese. These findings indicate that 
most scientists in the United States must depend on 
translations of scientific developments reported in 
these languages. The Bulletin presents statistical 
tables and discussions of the foreign languages most - 
frequently reported as first and second choice, the 
extent of the proficiency of scientists m reading 
foreign scientific and technical material, a com- 
parison of knowledge in eight languages among the 
different fields of science, and the number of scientists 
reporting proficiency in each of the fifteen major 
language families. 


Higher Education in Belgium 


Tun National Council of Political Science has 
issued a report to the Belgian Government on the 
growth of the student population and ita repercussions 
on the expansion and location of Institutions of higher 
learning (Rapport sur la Crotssance des Populations 
Eestudiantines ef ses Répercussions sur Extension et 
la Localisation des Etablissements d Enseignement 
Supérieur. Pp. 105. Bruxelles: Conseil National de 
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la Politique Scientifique). The report is in two parte: 
the first surveys the present composition of the 
university population and its estimated expansion by 
1970; the second reviews the position of higher 
education in Belgium in .comparison with other 
countries and discusses the basic principles which 
should guide expansion before outlming. recom- 
mendations to the Government. There were in 
1958-60, 23,387 students in the four universities, 
with a further 27,363 students in other institutions 
of higher education. Of the university students, 
5,316 or 19-4 per cent were women, compared with 
2,217 out of a total of 17,268 in 1945-46, and a 
forecast of 10,225, or 21 per cent out of 48,894 in 
1970-71. Of the latter, 6,847 are expected to be 
studying applied science, 9,204 medicine, 7,230 
science, 7,185 commercial science, 3,267 law, 2,257 
political science, economics or sociology, 2,018 
pharmacy, and 7,512 philosophy and letters. On the 
principles of expansion, the report insists on the 
maintenance of academic standards, full equality of 
opportunity to enter on university courses and the 
most effective utilization of ability, as well as care 
to avoid wastage of human or financial resources. 
The reservoir of talent is considered at some length, 
and, while the universities should immediately pre- 
pare for expansion, establishment of a new university 
is not recommended at present. Instead, faculties and 
existing institutions should be re-grouped to provide 
the starting point for the creation of one or more 
new universities with an adequate range of studies 
when the student population warrants this step. A 
better re-orientation of higher studies at the end of 
secondary education is urgently needed and some 
specialization of the universities particularly in 
research seems desirable, as well as more effective 
use of the opportunities which certain hospitals offer 
to the medical schools, and attachment of the State 
Institutes of Agronomy to the Universities of Ghent 
and Liége is specifically recommended. 


Air Traffic Engineering as an Academic Subject 
Tue Electrical Engineering Department of the 


University of Birmingham is offering among its post- 


graduate courses one on air traffic engineering. 
Students who contemplate entering industry or 
Government establishments concerned with air traffic 
work—or who are already in such employment and 
are returning to university—may take a twelve- 
months’ full-time course which lays a sound academic 
foundation for research and development work in air 
traffic engineering and leads to the M.Sc. degree (or 
the diploma in graduate studies) by examination. A 
combination of the following subjects has been 
thought most suitable: information theory and 
statistics, mathematics, communication systems, 
radar and navigational aids, computers, and air 
traffic systems. In the latter subject, in particular, 
many outside specialist lecturers contribute to the 
course, mainly from the Ministry of Aviation (which 
has given much support to the course) but also from 
industry. It is felt that air traffic engineering is 
likely to be greatly helped by a supply of engineers 
trained in all the basic elements and in the general 
integration of the work, and not specialized merely 
in one branch of it such as radar or computers. It 
is hoped that British industry will benefit from the 
new venture; but the course is naturally open to all 
students with a good first degree (or similar quali- 
fication) in an appropriate subject. Research work 
in radar systems, arrays, displays, communications, 
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computers, etc., has, of course, been carried on in the 
Department for many years; it is the integrated 
course of instruction which is new. 


Stochastic Analysis 


At a one-day conference on probability theory held 
in Oxford on December 20, 1961, the twenty par- 
ticipants agreed to form themselves into a body to 
be called the Stochastic Analysis Group, with the 
following objects: (1) to promote the study of those 
branches of pure mathematics having application to 
statistical science; (2) to promote co-operation 
between mathematicians and statisticians in the 
British Isles. The Group hopes to attain its objects 
by co-operating with existing mathematical and 
statistical bodies as well as by initiating meetings 
itself. The programme of the Oxford meeting oon- 
aisted of six one-hour papers: sample paths of stable 
processes (Dr. S. J. Taylor); skeletons (J. F. O. 
Kingman); semi-Markov processes (Prof. S. Orey); 
extreme points of some sets of doubly-stochastic 
matrices (J. G. Mauldon); random time substitution 
in denumerable Markov processes (D. Williams); 
some recent work in the U.S.S.R. (D. Vere-Jones). 
The chairman, Prof. G. E. H. Reuter, has announced 
that the second meeting of the Group will be held in 
Southampton on the morning of Saturday, April 14, 
in association with the meeting in Southampton of 
the fourteenth British Mathematical Colloquium. 
Details can be obtained by writing to the secretary 
of the Group, D. G. Kendall, Magdalen College, 
Oxford. 


Mathematics Teaching 


Tas Education Department of Associated Elec- 
trical Industries has recently published an interesting 
booklet entitled ‘Visual Aids. It is intended to assist 
teachers of mathematics in industry and in technical 
colleges, and provides detailed information on the 
design and use of a whole series of models which can 
readily be constructed in workshops. They are 
intended to help students understand simple arith- 
metical, algebraical and geometrical relationships of 
a kind required by most people in industry and would 
be particularly useful for those in the craft grades of 
employment. Contents of the booklets are based on 
information provided by the Siemens and Halske 
Works School in Berlin. Each demonstration model 
is chosen to establish effectively one point, and 
this may tend to restrict its use. Copies of the 
booklet can be obtained from the Education Depart- 
ment, Associated Electrical Industries (Manchester), 
Ltd., Trafford Park, Manchester. 


Probationary Teachers 


Tus first year of teaching in the maintained system 
of education in England and Wales is treated as a 
period of probation. More and more it is becoming 
realized that this apprenticeship can be a valuable 
additional part of training if it is wisely used. A 
pamphlet published by the National Union of 
Teachers includes.investigations of this subject by the 
Association of Teachers in Colleges and Departments 
of Education and the National Union of Teachers 
iteelf. The studies were undertaken separately, but 
show a remarkable coincidence of thought. They are 
now issued in pamphlet form and contain some joint 
recommendations. Copies of the pamphlet, entitled 
Teachers in their First Posts, are available from the 
National Union of Teachers or the Association of 
Teachers in Colleges and Departments of Education. 
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Plasma Arc Heating for Hypersonic Wind-Tunnels 


L. A. Bunt and H. L. Olsen. of the Applied Physics 
Laboratory, Johns Hopkins University, have exam- 
ined tho special requirements imposed on the opera- 
tion of hypersonic wind-tunnels when the test models 
are air-breathing engines equipped with faculties for 
fuel injection and actual combustion. Because of the 
difficulties involved in scaling the results of com- 
bustion processes, the flow in the working section has 
to be mmulated correctly for a period of the order of 
minutes in respect of both static temperature and 

ure at a piven altitude. This in turn requires 
that the stagnation temperature and pressure are 
high. The investigators have shown that at present 
only the plasma aro possesses the practical capability 
of heating the gas under such extreme conditions 
(for example, 2,900° K. and 1,000 Ib./in.* for a Mach 
number of 8 at 120,000 ft.). Design configurations 
and operating characteristics of arcs suitable for 
powering hypersonic wind-tunnels are discussed by 
Bunt and Olsen in the September issue of Research 
Applied tn Industry (14, No. 9; September 1961). 
Developments undertaken at the Applied Physics 
Laboratory to construct an are unit operating at 
1,000 Ib./in.* and 2,500 B.T.U./lb. for the purpose of 
driving a hypersonic propulsion tunnel are cited as 
examples for this application. 


Automobile Technical Congress 


THe ninth international Automobile Technical 
Congrees of the Federation International des Societies 
d’Ingenieurs des Techniques de l’Automobile, organ- 
ized by the Automobile Division of the Institution of 
Mechanical Engineers, is to be held in London and 
the Midlands during April 30-May 5. The subjects 
under discussion will include: development work on 
a combustion system for vehicle Diesel engines (Dr. 
F. Pischinger); the measurement of exhaust gases 
from Diesel automobile engines (F. P. Malschaert); 
contributions to the study of the dynamics of auto- 
mobile under braking conditions (M. J. Odier); the 
disk brake (Dr. R. C. Parker); vehicle vibrations 
during braking (Dr. Giacoss and E. Cordiano); future 
developments in achieving maximum safety in motor 
vehicles (Prof. W. Kamm); universal tyre test 
machine (V. E. Gough and §. J. Whitehall); a study 
of dynamic steering properties of pneumatic 
tyres (Y. Saito); vertical oscillations in different 
types of automohile (A. Chiesa and L. Oberto); the 
slipper type pump for automobile hydraulics (H. M. 
Clark); evaluation of vitally important vehicle 
components by programme testing (E. Gassner and 
W. Schutz). Further information can be obtained 
from the Automobile Division of the Institution of 
Mechanical Engineers, 1 Birdcage Walk, London, 
8.W.I. 


Announcements 


Aw international symposium on “Permeability’’ is 
to be held in Wageningen during May 1-4. Further 
information can be obtained from Dr. J. van Die, 
Plant Physiological Research Centre, Wageningen. 


A MEETING of the European Biological Research 
Section of the International Gerontological Society is 
to be held in Paris during April 2-4, Further informa- 
tion can be obtained from Prof. F. Bourliére, Faculté 
de Médecine de Paris, 45 rue des Sainte-Péres, Paris 6. 


THE second international conference on “Stress 
Analysis”, arranged by the Groupement pour l’avance- 
ment des Methods d’Analyse des Contraintes, is to be 
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held in Paris during April 10-14. Further information 
can be obtained from the Secretary, Joint British 
Committee for Stress Analysis, 1 Birdeage Walk, 
London, 8.W.1. 


THE fourteenth international symposium on “Crop 
Protection”, organized by the State Agricultural 
College, Ghent, is to be held on May 8. Further 
information can be obtained from Prof. J. van den 
Brande, International Symposium on Crop Pro- 
tection, State Agricultural College, Coupure Links 
233, Ghent, Belgium. 


A symposium on “The Physics of Graphite- 
Moderated Reactors”, sponsored by the Institute of 
Physics and the Physical Society, together with the 
British Nuclear Energy Conference, 1s to be held in 
Bournemouth during April 4-6. Further information 
can be obtained from the Secretary, Institute of 
Physics and the Physical Sooiety, 47 Belgrave Square, 
London, 8.W.1. 


AN international symposium on ‘Analytical Chem- 
istry’, arranged by the Society for Analytical 
Chemistry to commemorate the seventieth birthday 
of Prof. F. Feigl, is to be held in Birmingham during 
April 9-13. Further information can be obtained 
from Mr. M. L. Richardson, John and E. Sturge, 
Ltd., Lifford Chemical Works, Lifford Lane, Kings 


Norton, Birmingham 30. 


THREE osie entitled “Some Aspects of the 
Chemistry of Natural Phenols’, “Reactivity and 
Structure in Inorganic Chemistry” and “The Tran- 
sition State’’ are to be held in Sheffield during April 
3-5, in conjunction with the anniversary meetings of 
the Chemical Society. Further information can be 
obtained from the General Secretary, the Chemical 
Society, Burlington House, London W.1. 


Aw international congress on “Hormonal Steroids” 
is to be held in Milan during May. The programme 
will include symposia on: new steroids with hormonal- 
like activities; pathways of synthesis and metabolism 
of hormonal steroids; control of synthesis and release 
of steroid hormones; mechanism of steroid action; 
substances which affect the synthesis and action of 
steroid hormones; non-hormonal activities of steroids. 
Further information can be obtained from Prof. L. 
Martini, Istituto di Farmacologia e Terapia, 21 via 
A. del Sarto, Milan. 


A sympostum on “Oxidation and Reactivity of 
Graphite”, arranged by the Department of Chemical 
Engineering, Imperial College of Science and Tech- 
nology, London, under the auspices of the Faraday 
Society, is to be held on March 29. The chairman 
will be Prof. A. R. Ubbelohde, and the speakers will 
include Dr. R. L. Bond, Dr. J. B. Lewis, Mr. W. H. 
Davidson, Dr. R. F. Strickland-Constable and Dr. 
F. M. Lang. Further information can be obtained 
from Dr. G. 8. Parry, Department of Chemical 
Engineering and Chemical Technology, Imperial 
College of Science and Technology, London, 8.W.7. 


Frrata. The presentation by Mr. J. R. Hugh 
Sumner of £50,000 was to the University of Birming- 
ham and not, as published on p. 123 of Nature, 
January 13, 1962, to the University of Bristol. 


In the heading to Table 1 of the communication 
entitled ‘Release of Noradrenaline from the Spleen 
of the Cat by Acetylcholine” (Nature, 192, 880; 
1961) the units for the noradrenaline content should 
be NGM./ML. and not MGM./ML. as printed. 
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WELFARE OF THE BRITISH FACTORY WORKER 


N important adjournment debate on accidents 

at work, opened in the House of Commons by 

Mr. Elwyn Jones on December 21, directed attention 

to a disturbing position which, it was urged. 1s not 

fally reflected in the reports of the Chief Inspector of 
Factories. 

Although the last report showed that in 1960 there 
were 190,000 accidents causing death or disability 
from work for more than three days, an increase of 
9 per cent in 1959, and of these 675 were fatal, com- 
pared with 600 in 1959. This included a 15 per cent 
increase in reported accidents to young persons and 
of 17 per cent in accidents to boys (to totals of 12,500 
and nearly 10,000, respectively). Dr. Barnett Stross, 
pointing out that the Chief Inspector himself had 
admitted the need for more reliable information about 
accidents which are not reported, said that the spells 
of certified incapacity arising from accidents shown 
by the Minister of Pensions and National Insurance 
were much greater than the number of accidents 
reported to the factory inspectors. Dr. Stross arrived 
at a total of 235,000 accidents for a number of groups 
and suggested that the true total for 1960 was prob- 
ably at least 250,000, the worst offenders being in the 
83 per cent of factories employing only 1-25 people. 

Welcoming the announcement that the Inspec- 
torate was to be increased by some 30 inspectors, 
Dr. Stross suggested that an mecrease of about 350 
was needed and that more research was required into 
the prevention of accidents and more co-ordination 
and co-operation between the Government depart- 
ments involved. Mr. Jones had already emphasized 
that accidents were caused and did not just happen, 
and Dr. Stross, fully supporting this view, argued 
that it would be well worth while to incur expenditure 
of a further few hundred thousand pounds to avoid 
the loss of up to £300 million a year through accidents 
apart from the aspects of human suffering. Mr. 
R. E. Prentice also supported Dr. Stross in his plea 
for a further increase in the factory inspectorate and 
urged also a more vigorous policy of education. among 
trade unions as well as employers, fuller use of public 
relations, and like Mr. Jones, referred to the oppor- 
tunities offered by a proper apprenticeship system. 

The Parliamentary Secretary to the Ministry of 
Labour, Mr. Alan Green, welcomed the debate, and 


in replying for the Government agreed that 1960 had 
been a thoroughly bad year from the point of view 
of accidents and that everything possible should be 
done to see that industry was made safer for those 
working in it. While he was alive to the vital 
importance of enforcing the requirements of the 
Factories Act, he did not consider that an increase 
in the size of the inspectorate would itself provide a 
cure. The latest mcrease would bring its strength to 
393 in the general inspectorate and to 87 in the 
specialist branch, and there were limits to the speed 
and to the size by which an inspectorate of this kind 
could be increased if its essential characteristics were 
to be maintained. He did not believe, moreover, that 
compulsory safety commuttees were the answer; more 
good would be done if they were voluntary, and the 
attention of several important industries was already 
being directed to the seriousness of the accident 
problem and the proved value of accident prevention 
machinery. The Government believed that accident 
prevention was best approached in industry by 
industry and that self-help was the most effective 
method of combating accidents. 

Mr. Green pointed out that 65 per cent of all 
accidents still arose from straightforward carelessness 
and clumsiness. In 1961, 2,274 safety committees 
were operating and 4,000 factories had safety officers. 
The Minister of Labour had recently made 
two important codes of regulations which for the firat 
time covered the construction industries as a whole, 
and further codes were being prepared. Earlier this 
year the Minister of Education had again brought 
the matter to the attention of local education 
authorities, particularly in connexion with safety 
training in schools and technical colleges, and Mr. 
Green emphasized that employers should recognize 
their responsibility for giving induction training to 
young entrants. He concluded by quoting the view 
of the Industrial Safety Sub-Committee of the 
National Joint Advisory Council that to secure a 
further substantial reduction in the incidence of 
accidents, more extensive, better organized and 
better informed action by everyone in industry was 
required, and to this planners, designers, managers, 
technicians, research workers, supervisors and workers 
hed an important contribution to make. 


THE SHIRLEY INSTITUTE 


HE annual general meeting of the Cotton Silk 

and Man-made Fibres Research Association was 
held on October 12. The chairman, Sir Cuthbert 
Clegg, and the director of research, Dr. D. W. Hill, 
addressed the meeting. On October 12 and 13 the 
laboratories and workrooms of the Association, the 
Shirley Institute, Didsbury, Manchester, were open 
for inspection by representatives of member firms of 
the Association. More than 1,100 visitors attended 
on the two days. 

About forty special exhibits had been arranged 
covering most aspects of the Institute’s present 
research programme, which includes both fundamental 
scientific and technological work. Space permits 


mention of only a few of the more recent develop- 
mente at the Institute. In the Spinning Workrooma, 
for example, the prototype scutcher controller and 
the sandwich blender were on view. The former 
allows for completely automatic control of lap 
weight, certainly within the usual eight-ounce toler- 
ance and generally within a four-ounce tolerance 
range, and it can be fitted as a conversion unit to 
existing scutchers. The latter is again an automatic 
machine, this time for recovering the lost blending 
resulting from the omission of stack blending in 
modern opening lines. High production cards are 
now being produced, and an assessment of such 
machines must be made. In the meantime, prelimin- 
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ary experiments have been conducted on the effect 
of speeding-up the ordinary card with the ultimate 
object of obtaining information that will enable 
the industry, with its 20,000 cards to exploit 
most economically and effectively the modern 
trends. 

In the Sizing Room could be seen the results of 
some experiments on a new method of fibre laying on 
sized warps. ‘This is an extension of work on the self- 
brushing of warps, which has also been continued to 
the point where the latest version of the attachment 
is available commercially. 

In the Weaving Shed the latest modifications to 
the Shirley loom were demonstrated : it has now 
been fitted with a re-designed positive dobby using 
& paper pattern control in place of the earlier system 

using lags and pegs, and these modifications enable 
tha < dobby to operate at high speeds. Work on 
loom mechanisms, especially as they are affected 
by the demands for high speeds, has been carried out 
in collaboration with British Northrop Ltd. Visitors 
were shown & device for the hot-stretching of tyre 
cords which also shows considerable promise in other 
directions where the rapid application of dry heat at a 
uniform temperature is desirable: this is the fluid- 
ized bed. Present work is concentrated on the dyeing 
of fabrics from synthetic fibres such as nylon or 
“Terylene’ where the only major technical problem 
remaining is the application of the dye hquor in 
suitable form and suitable quantity. Arrangements 
have been made for the fluidized bed to be incor- 
porated in a commercial frame for the heat treatment 
of bulked yarns at high speed. 

The increasing shortage of water, its high cost, and 
the increasing difficulty and expense of disposing of 
effluent all make the efficient washing of textiles in 
finishing of great importance. It has been estimated 
that the cost of water may well be trebled in the next 
5-10 years. A theoretical basis for the removal of 
water-soluble impurities has been established by 
Institute staff, together with some practical con- 
firmation, and this will be extended as soon as possible 
to full-scale operation and extended to the removal of 
insoluble contamination. Much work remains to be 


SOLAR 


OLAR flares were described by Prof. M. A. Ellison 
in his Friday Evening Discourse at the Royal 
Institution on Ootober 23 as catastrophic events in 
the hot, outer layers of the Sun. These have imme- 
diate repercussions in our terrestrial atmosphere 93 
million miles away. A flare emits simultaneously both 
waves and particles; but the waves, irrespective of 
wave-length, travel with the speed of light and arrive 
together after an interval of 84 min., whereas the 
particles lag behind, arriving after various intervals 
depending on their individual speeds. The particles 
consist of three main recognizable groups. The first, 
‘the magnetic storm particles, which reach our atmo- 
sphere after some 20-50 hr., consist mainly of ionized 
hydrogen atoms—protons—and electrons, and form a 
plasma. Of low energy and guided by the Earth’s 
magnetic field these particles enter our atmosphere in 
the regions close to the magnetic poles, setting up 
powerful electrio currents in the ionosphere and hence 
magnetic storms. In addition, they excite the atoms 
and molecules in the atmosphere and produce the 
colourful displays of the auroræ. 
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done here to provide the most efficient and economical 
procedures, but good progress has been made. 

Chlorite bleaching, which is becoming increasingly 
important, has been the subject of much work at the 
Institute in recent years. Conditions for its use under 
non-corrosive and non-poisonous conditions have been 
established, and the use of activators of different 
kinds has been investigated resulting in the develop- 
ment of a new method of activating chlorite which 
permits the use of a cold-pad method for chlorite 
bleaching. This is particularly valuable for blends 
including fibres sensitive to the more normal vigorous 
bleaching processes. 

The programme of work on fabrics from blended 
fibres has now reached the stage where the Institute 
can expect to be able to forecast most of the proper- 
ties of such fabrios from a knowledge of the behaviour 
of the individual fibres. From now on, therefore, 
it will be necessary to work only on the individual 
properties of yarns and fabrics from 100 per cent 
single fibre form. 

As part of a general investigation of the relation 
between the molecular constitution of fibres and their 
textile properties, a number of silk fibroins of different 
origins have been examined by chemical and X-ray 
methods. Fundamental investigations of the geo- 
metrical structure of continuous filament yarns and 
of the effect of twist on tensile properties have also 
been undertaken. 

Fundamental work on stiffness, crease-resistance 
and crease-recovery is being carried out at the 
Institute, and exhibits were concerned with the rela- 
tions between fibre, yarn and cloth stiffness, the 
effect of crease orientation on creasability, the effect 
of time in the measurement of creasability, ageing 
after finishing, and the measurement of the forces 
involved ın creasing and crease-recovery. 

The foregoing are but some of the many aspects of 
the Institute’s work which were on show. The 
attendance figures, coupled with the enthusiasm and 
interest of the visitors to the open days, contributed 
to their success and are both an encouragement to 
the research staff and proofs of the continuing 
esteem in which the Institute is held. ° 


FLARES 


The second group of particles, consisting mainly of 
protons with energies of 107 to 4 x 10! eV., take about 
1 hr. or more to arrive, and are to be regarded as 
cosmic rays. They enter the atmosphere at locations 
within 30° of the two geomagnetic poles and give rise 
to intense ionization in the D-region of the ionosphere, 
producing polar-cap black-outs of incommg cosmic 
radio noise in the very-high-frequency band. They 
do not possess, however, sufficient energy to penetrate 
to the lower levels of the atmosphere or to generate 
secondary particles and thus can be studied directly 
only from high-flying balloons or indirectly from the 
absorption effecte of radio waves which their ioniza- 
tion produces ın the polar regions. 

On twelve occasions during the past twenty years- 
the first on February 28, 1942—meson monitors 
(maximum response to particles of about 10° eV.) 
and neutron monitors (maximum response to particles 
of about 10° eV.) located at ground-level have 
recorded sudden increases of cosmic-ray intensity. 
The showers of primary particles responsible for the 
increases came directly from the Sun and all occurred 
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shortly after the peak intensity of outstanding solar 
flares. The interval between the peak brightness and 
the arrival of the particles—high energy (10* to 102 
eV.) cosmic-ray protons—at the Earth varied between 
3 min. and 1 hr. These high-energy particles constitute 
the third group and indicate that in solar flares 
there exists a mechanism by which particles can be 
accelerated to relativistic energies. 

The enormous energy—about 103% erga—which is 
released during a’ few minutes by an intense solar 
flare is greater than the entire heat-energy stored up 
within the solar corona and chromosphere. It cannot, 
therefore, have been drawn in from the surrounding 
regions, but must have been stored up slowly tm stiu, 
almost certainly in the complex magnetic fields 
permeating the flare region above a large sunspot. It 
is now recognized that the magnetic lmes of force in 
the flare region are anchored in a plasma of ionized 
particles, which is in a state of flux, but the mechanism 
by which the energy is slowly stored in the plasma 
and then explosively released is not fully understood. 
About 1 per cent of the energy released is used to 
accelerate the high-energy particles. 

The positions of Class 3 and 3+ flares, in general, 
are distributed uniformly with respect to the Sun’s 
central meridian, but the positions of the intense 
cosmic-ray flares which have ocourred during the past 
twenty years are such that seven are located on, or 
near, the west limb of the solar disk and none nearer 
than 75° to the east limb. This longitudinal asym- 
metry and strong preponderance in the western 
hemisphere means that there is a greater probability 
that the cosmic rays accelerated into space by a flare 
weat of the meridian will reach the Earth and produce 
ground-level effects. Since high-energy particles are 
guided to their destinations by magnetic fields, 
there must exist at these times a radial magnetic 
field in the Sun—Earth space and the lines of force 
along which the particles spiral in towards the Earth 
must be bent by the solar rotation convex to the west. 

When. the particles enter the Earth’s magnetic 
field, their trajectories are bent into complicated 
Stormer orbits, depending on their energies and 
their directions of travel relative to the Earth’s 
magnetic axis. The positions of the impact zones 
where the intensities are much greater than elsewhere 
have been observed and the directions of the original 
trajectories before entering the Earth’s field have been 
computed for many of the showers. The showers 
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have all been found to approach the Earth from a - 
limited region of the sky containing the Sun. 

The particles are accelerated during the flare flash, 
which is probably all over withm a few minutes; but 
the cosmic rays in some cases continue to arrive at 
the Earth for as long as 24 hr. after the flare has died 
away. This is strong evidence for the trapping and 
storage of the particles in the interplanetary magnetic 
fields. These interplanetary fields also modify the 
‘constant’ incoming flux of galactic cosmic rays. For 
example, at the commencement of a magnetic storm 
there is a sudden decrease of cosmic-ray intensity— 
the Forbush decrease—when the primary particle 
radiation reaching the Earth may be reduced by as 
much as 30 per cent and may not return to normal for 
ten days or more. The Earth is apparently trapped 
inside a ‘magnetic bottle’, formed by lines of mag- 
netic foree which are drawn out into space from a. 
sunspot region by the issuing clouds of storm particles, 
and within this bottle the Earth is shielded from the 
normal cosmic-ray flux entering from the galaxy. 
Particles of lowest energy suffer the greatest reduction 
of intensity. Furthermore, if when a solar flare ocours 
within the neck of the bottle, it is assumed that the 
bottle is bent by the solar rotation convex towards 
the west and that, at its point of anchorage in the 
Sun, the neck subtends a solid angle of about one 
radian, we have a model with which to explain in 
general terms the longitude asymmetry characteristic 
of the cosmic-ray producing flares. 

The discovery that the Sun accelerates into space 
particles with energies as high as 10" eV. suggests 
that the origin of cosmic rays is to be sought in 
specific astronomical bodies, such as the atmospheres 
of flare-active stars, in supernovs# explosions and in 
objects like the Crab nebula where powerful magnetic 
fields anchored in turbulent, unstable plasmas are 
known to exist. However, treating the Sun as an 
‘average star’ in regard to its cosmic-ray output leads 
to too small a value by a factor of 10° for the total 
injection of cosmic rays into galactic space from stellar 
sources. Nor can solar showers account for the 
acceleration of the very high-energy particles up to 
101 eV. These problems, together with the questions 
as to how the high-energy particles are contained 
within the galactic magnetic fields and whether the 
particles we receive are generated within our own 
galaxy or have crossed inter-galactic spaces, still 
require elucidation. 


FUNCTIONS OF PROTEIN MOLECULES 


HE British Biophysical Society held. a discussion 

on the ‘Functions of Protein Molecules’? on 
December 13, 1961, as part of their Christmas 
meeting at the Royal Institution in London. Instead 
of presenting a diffuse discussion of all possible aspects 
of biological activities of proteins the symposium 
was concerned with a fairly detailed treatment of 
some selected subjects. 

The session was introduced by Prof. A. Neuberger, 
who issued & timely warning about too circumsenbed 
discussions of active sites of protein molecules. He 
quoted recent work from Prof. Rossi-Fanelli’s labora- 
tory which showed that though hæmoglobin still 
reacted rapidly and reversibly with oxygen when 
some amino-acid residues had been removed, impor- 
tant changes in the kinetics of the reaction occurred 


after such chemical modification. The first main 
speaker was Prof. Q. H. Gibson (Sheffield), who gave 
a most interesting survey of ‘‘Hsm-protein and 
Haemoprotein-ligand ‘Reactions’. An impressive 
range of techniques has been applied to the study of 
the mechanisms of the reactions of globin with ham 
and of hæmoglobin with oxygen, carbon monoxide 
and other ligands. Globin from human hæmoglobin 
is a heat-labile protein of molecular weight 33,000 
which combines with hem in a rapid and complex 
reaction. via an intermediate complex: 
2 globin + 4 hmm = (intermediate complex) — 
hemoglobin 


to form the relatively stable hæmoglobin of moleoular 
weight 68,000. 
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The work of Roughton, Gibson and others on the 
kinetics of individual constants of the reactions of 
various ligands with the four hems of hæmoglobin 
have prosented us with data for the correlation of 
structure and function. The rapid developments in 
the crystallographic and chemical elucidation of the 
structure of hæmoglobin, which were discussed by 
Dr. M. F. Perutz and his colleagues, together with 
the work described by Gibson, promise an exciting 
period of fitting together information obtained from 
widely different approaches. 

The paper by Dr. B. R. Rabin and Dr. A. P. 
Mathias (University College, London) discussed 
“The Active Bite of Ribonuclease’. The complete 
amino-acid sequence and cross-linking of this enzyme 
ia now established, thanks to the work of Moore, 
Stein, Anfinsen and their colleagues. As a result of 
work in several laboratories it has been suggested 
that histidine has an important role in the catalytic 
activity of ribonuclease. Rabin, Mathias and their 
colleagues mado a very thorough study of the depen- 
dence on pH of the velocity and Michaelis constants 
of the reactions of ribonuclease in ẹ& variety of buffer 
and solvent systems. From these investigations they 
came to the conclusion that two histidine imidazole 
groups are involved, one as acid imidazolium ion the 
other as a base. The two groups reverse their role 
in the two steps involved in nucleotide hydrolysis. 
Similar conclusions have also been reached by M. 
Panar and F. H. Westheimer in a privately circulated 
description of model building. 

Dr. D. E. Koshland (Brookhaven National Labora- 
tory) presented a paper on ‘Methods for the Study 
of Active Sites” which was illustrated with examples 
from work on chymotrypsin and phosphoglucomutase. 
Dr. Koshland showed that careful quantitative 
application of the various established methods of 
chemical modification of histidine and methionine 
side-chaing can give information about the behaviour 
of enzyme molecules in which only one of several, 
for example, methionine residues, has been modified. 
He also described his ‘all or none’ assay methods, 
which show, for example, that chymotrypsin with one 
methionine group oxidized has fractional activity in 
every molecule and is not a mixture of fully active 
and inactive molecules. While histidine is essential 
for the activity of chymotrypsin, methionine modifica- 
tion reduces the activity to about one-third without 
change in binding, when acetyl-L-tyrosine ethyl ester 
1s used as a substrate. 

Dr. B. 8. Hartley showed a slide of the sequence of 
amino-acid residues near the active serine of chymo- 
trypsin and verified the prediction that from the 
point of view of kinetics methionine must be close to 
this serine residue. There was some light-hearted 


NATURE 


February 10, 1962 von 193 


discussion between Prof. Neuberger, Dr. Gutfreund, 
Dr. Hartley and others about the value of kmetic 
analyses. It was agreed during the symposium that 
methods involving kinetics had been sensibly used as a 
powerful analytical tool. Clearly, kinetic analyses 
of reaction sequences of enzymes form a solid frame- 
werk into which any proposed mechanism has to fit. 
The finer resolution of the electronic detail of reaction 
mechanisms has to be established from the direct 
observation and identification of transient inter- 
mediates by chemical or physical methods. 

After the three main papers a round-table discus- 
sion of different aspects of sub-unit structure of 
enzymes was organized. Dr. H. Gutfreund introduced 
the subject with a statement of the terms of reference. 
It was proposed that the study of the physico-chemi- 
cal aspects of dissociation and aggregation of protein 
molecules will get a new impetus now that protein 
structures are bemg solved and biological functional 
applications of these phenomena are being discovered. 
Dr. G. A. Gilbert (Birmingham) disoussed some now 
aspects of the energetics of protein aggregation. 
Dr. J. R. 8. Fincham (John Innes Institute) gave an 
account of sub-unit structure and genetic comple- 
mentation, with special reference to his work on 
glutamic dehydrogenase. A discussion followed 
between Drs. F. H. C. Crick, Fincham and Hartley 
with questions from the audience. Attempts were 
made to define the structural conditions which make 
complementation possible and those which are suitable 
for experimental investigation. More space and dia- 
grams would be needed to give a fair presentation of 


' this part of the discussion. The time-limit was reached 


before the possible role of sub-unit dissociation in 
metabolic control could be discussed. Dr. Gutfreund 
had stated ım his introduction that various physical 
mechanisms have been described which cause either 
dissociation into inactive units or in other systems 
dissociation into active units. More sophisticated. 
mechanisms causing control by dissociation or activa- 
tion by reduction or oxidation of —S—S-linkages 
could also be imagined. In connexion with this 
and the discussion on genetics he also suggested a 
classification of contro] phenomena according to the 
time-scale involved. First, instantaneous control, 
over milliseconds to seconds, which involves enzyme 
activation or inhibition and corresponds to the usual 
term ‘primitive control’, Secondly, adaptive control, 
over minutes to days, which involves de novo 
enzyme synthesis on addition of an inducer or 
removal of a repressor. Thirdly, evolved control; 
this 18 on an evolutionary time-scale and involves 
the adaptation of tissue to a new and specialized 
purpose. 
H. GUIFREUND 


NON-DESTRUCTIVE TESTING IN ELECTRICAL ENGINEERING 


WO groups of tests used industrially constitute 

‘non-destructive testing’. One group verifies 
that apparatus in continual use is not deteriorating, 
and the other is used for initial testing of every 
article of a batch rather than of samples only. The 
methods which may be needed range widely and call 
on experience from many different fields; and it is 
probably for this reason that organizations exist for 
bringing together the people interested in theso other- 
wise unrelated topics. The British National Com- 
mittee for Non-Destructive Testing is a joint body 


representing physicists and mechanical and electrical 
engineers. At the request of this Committee, the 
Institution of Electrical Engineers held, in November, 
a conference on the applications of non-destructive 
testing in the electrical industry. Its theme was: 
“How best may the electrical engineer test the 
quality and endurance of his materials and struc- 
tures ?” 

Dr. R. W. Sillars, in an introductory lecture, stated 
emphatically that there was no well-defined group of 
physical principles underlying non-destructive testing, 
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which looked wherever it could for appropriate 
properties for test. Mere non-destructiveness is not 
enough; the test must be correlated with a property 
required in actual service, and to establish these 
correlations it is essential that the physical phenomena 
should be well understood. It is not surprising that 
the electrical engineer looks chiefly to electrical 
properties—-insulation resistance, capacitance, power 
factor, and the hke—for his indications. The list 
extends, however, to the use of X-rays and nuclear 
radiation; to the observation, by one means or 
another, of electrical discharges and ionization; and 
to the measurement of magnetic properties. Dr. 
Sillars ended with a challenge to find yet more 
properties which could be used similarly. l 

Forty-five papers were presented, grouped mainly 
according to the material or apparatus tested. Thus, 
there were sessions on insulating materials; on the 
insulation of assembled apparatus (mainly high- 
voltage); on cables (again mainly high-voltage); on 
the detection of concealed internal festures; on 
electrical contacts; and on the measurement of 
mechanical vibration. 

A good example of the papers was that by Dr. 
J.B. P. Williamson on the significance of the measure- 
ments made in the non-destructive testing of electrical 
jointa. The joints in question are the bolted-up ones 
in overhead high-tension lines. True electrical contact 
in such a joint occurs only in small isolated regions, 
and the function of clamping devices is to increase 
the area of contact by deforming the surfaces where 
they do not fit. Local heatmg at points of contact 
may be intense enough to relax the stress and thereby 
reduce the effect of clamping. Oxidation of the 
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heated metal then leads to failure of the joint. At 
first sight the problem does not lend itself to 
theoretical treatment, but the situation is entirely 
calculable if heat transfer and electrical transfer 
occur along the same paths—which is approximately . 
the case. 

Dr. A. Nemet and his colleagues described a com- 
bination of X-rays and xerography in which a 
xerographic plate is substituted for a fluoroscopic 
one. It is sensitive more to the gradient of intensity 
of radiation than to the intensity itself, so that 
contours and discontmuities are revealed even where 
the general absorption of X-rays differs in various 
parts of the object being examined. The pictures 
shown, however, appeared grainy in comparison with 
some excellent examples made by ordinary methods. 
and shown by other authors. Preference for one method 
or the other would depend on the type of object 
being examined. 

Electrical discharges claimed much attention. 
They are not necessarily harmful, and if an apparatus 
is said to be free fram discharges at ite working 
voltage it may mean only that the available instru- 
ments are not sensitive enough to detect them. 
Discharges of as little as 2 pO. (pico-Coulombs) may 
be detectable, but some speakers were willing to 
tolerate discharges of up to 100 pC. 

Four hundred people attended the conference: 
these included visitors from five countries overseas. 
They comprised physicists and both power and light- 
current engineers. The contact between the various 
groups was stimulating, and future conferences on 
similar lines would probably be useful. 

A. C. Lynon 


THE NATIONAL RESEARCH DEVELOPMENT CORPORATION 


HE annual report and statement of accounts of 
the National Research Development Corpora- 
tion for the year ended June 30, 1961 *, surveying the 
twelfth year of the Corporation’s activities, returns 
to the routine pattern, but the appendix in which 
the position is reviewed of each of the 37 development 
projecta being sponsored by the Corporation at the 
end of the year is of special interest, in view of the 
attention which, in the past year, has been focused 
on development contracts. The hovercraft project 
is making encouraging progress and five different 
vehicles embodying this principle will be undergoing 
trials during the next four months. The interest of 
the services in the Dracone project for flexible 
containers has been firmly established, and attention 
is directed to the Corporation’s concern with the 
possibilities of electronic computers in the calculations 
entailed in basio ship design, as well as for the control 
of production in shipyards and to the mterest found 
in the shipbuilding industry in such possibilities. 

The Corporation’s activities in the development of 
drugs are also extending, and, besides the arrange- 
ments made for assisting the development of cephalo- 
sporin C, the Corporation’s experience has been 
invoked by the Medical Research Council and industry 
for setting up arrangements for technical collaboration 
and commercial exploitation of the anti-viral sub- 
stance interferon and the common cold vaccine. 


* National Research ee gene ent Corporation. Report and State- 
ment of Accounts for the year Ist July, 1960, rA 80th June, 1961. 
Pp. H +32. (London: HMSO. 1061.) 2s. 8d. R 


Besides those already mentioned the report lists the 
following major revenue-earning inventions: align- 
ment of light projectors; anemometers; anti-cancer 
compounds; anti-thyroid compounds; Bailey bridge; 
cathode-ray polarograph; collet chocks; electrically 
conductive films; exploders for firing charges oleo- 
trically; fire and heat detectors; gyroscopic appara- 
tus; hecogenin; Hutchinson-Scarrott pulse height 
analyser; ignition systems; ionization gas detector; 
insecticide fumer; manufacture of cheese; micro- 
densitometer; National Institute of , Agricultural 
Engineering potato harvester; photosensitive cells; 
preparation of hydrazine; Prof. R. L. Wain’s selective 
weed killers; resonant electronio circuits; triiodo- 
thyronine; and universal joints. 

The income from royalties, options and the like 
was £232,000 compared with £259,000 in 1959-60, 
which included some exceptional option payments, 
but recurring royalty payments increased by £10,000 
to £188,000 although nearly two-thirds of this was 
derived from a relatively small number of inventions. 
The development aspect of the Corporation’s work is, 
however, regarded as of greater importance to the 
nation and a severe test of the Corporation’s capacity 
to discharge its functions. At the end of the year 
the Corporation was providing financial and other 
assistance for 37 projects, and expenditure on develop- 
ment was £812,000 compared with £422,000 in the 
previous year. Forward commitments amounted to 
£1,155,000 and recoveries of development expenditure 
to £47,000. Seven of the projects were newly under- 


536 


taken during the year, but the Corporation’s major 
preoccupation during the period was in respect of the 
hovercraft, Dracone, and fuel-cell inventions, which 
represented £475,000 of its development expenditure. 
The report records the decision of three British firms 
to establish with the Corporation a new company for 
fuel-cell research, development and manufacture. 
There will be no further work on the acetylene pro- 
ject. Durmg the year the Joint Development 
Committee with the Department of Scientific and 
Industrial Research considered and advised on 17 
proposals for research and development, and also on 
investigations undertaken by the Department and 
the Corporation of the technical needs of several 
industries. During the latter part of the year the 
Corporation started to organize a survey of the solid- 
state sciences with the view of formulating proposals 
for research and development, particularly in relation 
to the mechanical properties of solids. 

At the end of the year the Corporation had in its 
portfolio the rights in 3,400 United Kingdom and 
overseas patents and patent applications, derived 
chiefly from publicly supported research in Govern- 
ment research establishments, the Research Councils 
and the universities, as well as 495 licence agreements 
with firms in industry in the United Kingdom and 
48 overseas agreements, chiefly with United States 
firms. Of 973 inventions communicated during the 
year 312 were from Government departments and 
research councils, 115 from universities, 31 from 
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Commonwealth official organizations, 8 from indus- 
trial research associations and 7 from charitable 
organizations. Private firms and individuals in the 
United Kingdom contributed 466, in the Common- 
wealth 12 and elsewhere overseas, 20. Of the 164 
patent rights assigned 99 were from Government 
departments and research councils, 47 from univer- 
sities and 5 from private firms and individuals in the 
United Kingdom. At the end of the year the Cor- 
poration held 653 United Kingdom and 1,115 overseas 
granted patents and 369 United Kingdom and 1,252 
overseas patent applications; for its subsidiary 
development corporation the corresponding figures are 
4 and 56 patents, and 57 and 351 patent applications, 
respectively. At the end of the year 30 potential 
development projects were being assessed and some 
500 communications were again received from private 
sources during the year, and it is to be noted that 
besides C. 8. Corkerell’s hovercraft and F. T. Bacon’s 
fuel-cell, H. D. Fanshawe’s automatic drilling rig, 
F. G. de B. Perry’s infinitely variable speed gear, 
T.M. Lewis’s continuous leather-processing equipment 
and P. Eisler’s printed electrical circuits have been 
forwarded in this way. The new projecta under 
development include, besides those already men- 
tioned, those for anti-histamine substances for 
blood, a fat-mobilizing factor, a photo-typesetting 
machine, a smooth muscle stimulant, a vaccine for 
treating trachoma, and ultrasonic diagnosis equip- 
ment. 


RECENT VETERINARY PUBLICATIONS 


FEATURE of scientific literature during recent 

years has been the increasing variety and range 
of publications devoted to veterinary science and also 
the high quality of the research work which these 
publications record. 

Animal Production, for example, which is the 
journal of the British, Sooiety of J of Production, 
devotes itself, as its title indicates, to all aspects of 
the rearing and maintenance of all kinds of farm stock. 
So far, three volumes (Oliver and Boyd, Edinburgh. 
Annual subscription 46s. or 7.50 dollars; single Nos. 
17s. 6d. or 2.75 dollars) have been published, and the 
journal has established itself as one which all who 
are concerned with this subject must have. 

Ansmal Breeding Absiracts, which is prepared by 
the Commonwealth Bureau of Animal Breeding and 
Genetics, Edinburgh, has a wider scope. It is pub- 
lished quarterly by the Commonwealth Agricultural 
Bureaux, Farnham Royal, England (annual subscrip- 
tion, 90e.). The abstracts in it are compiled from 
world literature and it publishes review articles on 
selected subjects. Up to December 1961, twenty-nine 
volumes have been issued. 

For entomologists the Bulletin Singalétique d’ Ento- 
mologre médicale et vétérinaire (Office de la Recherche 
Scientifique et Technique Outre-Mer, 24 rue Bayard, 
Paris) publishes the titles only of a wide variety of 
papers on this subject. 

Much wider or, indeed, as some would put it, 
monumental in its scope, is the Animal Health Year- 
book, published jointly each year by the Food and 
Agricultural Organization and the Office Inter- 
nationale des Epizootie from their headquarters in 
the viale delle Terme di Caracalla, Rome. It is 


printed in English, French and Spanish. The latest 
(1961) issue of this astonishing mine of information 
about the causes, incidence and control of diseases of 
animals all over the world contains information 
available up to December 1960. 

From the Food and Agriculture Organization also 
comes the very useful working document entitled A 
Laboratory Handbook of Veterinary Diagnostic Pro- 
cedures compiled by A. J. Stevens (Animal Health 
Branch Monograph No. 3. Pp. ii+70. Rome, 1961). 
This typewritten document contrives to give in 70 
pages details of all the important diagnostic methods 
used in veterinary practice, and veterinarians will 
find it a valuable addition to the practical books in 
their surgeries. 

For poultrymen generally, the publication issued 
by the Ministry of Agriculture, Fisheries and Food 
entitled Poultry Nutrition (Bulletin No. 174. Pp. 
v+90. London: H.M.S.0., 1960. s. net), by Dr. 
W. Bolton, of the Agricultural Research Council’s 
Poultry Research Centre, Edinburgh, gives a valuable 
account of the essentials of this subject. It discusses 
the various nutrients in poultry foods, the processes 
of digestion and metabolism, the importance of 
vitamins and the various cereals, vegetable and 
animals protein foods, green food and food additives 
to be used, and also deleterious substances, the 
formulation of poultry diets, the efficiency of food 
utilization and recommended formule for poultry 
mashes, and also contains a chapter on the value of 
poultry products in human diets. 

Finally, laboratory workers especially will be 
interested in Volume 10 of the Collected Papers Sertes 
published by the Laboratory Animals Centre (Medical 


No. 4815 February 10, 1962 


Research Council Laboratories, Woodmansterne Road, 
Carshalton, Surrey. 129. 6d.). This volume is entitled 
Hazards of the Animal House, and in it a number of 
experts discuss these hazards in general and those 
associated with large-scale experiments with monkeys, 
and those met with when dogs, cats, farm 

and birds are handled or when poliovirus is being 
used. Other papers discuss the precautions needed 
against tuberculous infection of the animal house 
and what virus and bacterial infections may be 
acquired from rats and mice. This publication is, of 
course, only one of others issued by the Laboratory 
Animals Centre. Among them is the typewritten 
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Bulletin issued every March and September by the 
International Committee on Laboratory Animals. 
The issue dated September 1961 continues the useful 
information given by former issues of this publication 
about the breeding, maintenance and transport of 
laboratory animals and other problems associated 
with their production and care. Appended to this 
issue is a list, 100 pages long, of the literature on 
laboratory animals of all kinds. This useful biblo- 
graphy has been compiled from publications in 
various countries by M. A. Sabourdy and C. M, 
Taisne, of the Centre de Selection des Animaux de 
Laboratoire, Gif-sur-Yvette, France. G. LAPAGE 


INDIAN STUDENTS IN BRITAIN 


NDIAN students constitute the largest single body 

of overseas studente at British universities. 

During the session 1960-61 the total number of 
Indian university students in Britain was 1,513. 

Although there have been previous studies of 
overseas students, there has been no mvestigation 
into the experiences in Britain of Indian students. A 
survey, described in a recent issue of Planning *, was 
carried out to determine what impact has been made 
on the lives of a sample of Indian students who have 
been living in Britain for some time. The survey was 
carried out during the years 1959-61. Information 
was collected by means of questionnaires and inter- 
views from four hundred students attending the 
Universities of London (200), Oxford and Cambridge 
(100) and Manchester and Leeds (100). The survey 
was confined to men as the number of Indian women 
students in Britain is very small. 

The investigation showed that most of the students 
gain a new awareness and new perspectives in their 
general outlook on life. They net only meet British 
people, but they also meet people from various other 
parts of the world—Europe, Africa, America, and also 
people from different regions of India. From a dis- 
tance, they can see Thdia as a single nation with an 
identity of its own, not only politically but also 
culturally. They are made conscious of the back- 
wardness and poverty that exists in their own country 
by contrasting it with the general higher standard of 
hving of Western peoples, and they develop an admir- 
ation for the science, technology and organization of 
the West. They also develop greater admiration for 
some Indian values and for the Indian way of life, 
even though they become more critical of illiberal 
social practices in their country. 

In the survey 88 per cent of the Indian students 
agree that there is no objection to borrowing 
science and technology from the West, but think that 
India should adhere to its own values: only 6 per 
cent disagree. Indian students want their society to 
change, not only economically but also socially, and 
they draw their inspiration partly from the Western 
liberal humanitarian principles of social justice and 
individual dignity and freedom, and partly from their 
own ancient traditions of idealism and spirituality. 
These traditions derive on one hand from those 
of the Upanishads and the Vedantte, with their 
intellectual approach, and, on the other, from 
those of the deeply humane saints of the Bhakti 
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Movement, such as Kabir and Ramkrishna, with their 
emotional appeal. 

Coming to Britain is not an isolated event, a closed 
and cut-off period, in the lives of the Indian students. 
It is fitted into and rounded off the pattern of their 
lives. Their experiences in Britain are influenced 
by their conditions back at home and by their future 
aspirations, 

In general, middle-clags Indian students have more 
to win and more to lose than upper-class students m 
the attempt to gain a foreign degree. Typically, the 
middle-class students are the first generation to 
receive an overseas education in their families, or’ 
perhaps even in their local communities. For them 
the experience is more magical and more exciting. 
Their foreign degree, as they see it, is going to bring 
them greater social status and prestige and raise the 
position of themselves and their families in the Indian 
social hierarchy. 

Because they are financially handicapped, a delay 
of a few months puts a great strain on them. A few 
days lost through illness; a few extra months spent 
making up for inadequate academic preparation; & 
few more months over the ‘schedule’, inevitable 
because of the natural problems involved in research; 
a few months spent on improving work of a poor 
standard, poor perhaps because it is done hastily and 
under strain; the unexpected failure of their arranged 
sources of finance; the time and energy spent in some 
uninteresting part-time job; or bad news from home 
——all these greatly disorganize and worry them. 

The upper-class students have comparatively little 
at stake. Their families have been well established in 
Indian society for generations. Education overseas 
has become a matter of routine and is almost taken for 
granted. It is not an object of special ambition. Their 
parents and grandparents have also been educated in 
Britain. They add nothing of significance to the social 
positions of their families by adding foreign degrees, 
except that it is rather odd to move in e community 
full of ‘English-returned’ persons without this cachet. 
They are financially well-off and the expenses of their 
education in Britain does not put any strain on their 
families. A delay of a few months or a year in com- 
pleting their studies does not make much difference. 

Within this overall group of students there is a 
variety of problems. By bringing the findings of the 
survey before a wider public, Political and Economic 
Planning hopes to contribute towards a greater 
understanding of the difficulties confronting Indian 
students in Britain and also to provide a basis for 
administrative action. Overseas students should have 
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access to detailed information about living and study- 
ing conditions before they come to Britain; they 
should have adequate financial support—or they will 
waste their energies and their opportunities; and for 
the early part of their stay, at least, they should be 

‘able to find accommodation in a hall of residence or 
hostel. 
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It is gratifying to be praised for the efficiency and 
integrity of one’s public life, but the Pharisaic virtues 
alone are not enough. The slightness of their acquain- 
tance with the British may have led some of the 
students to misjudge them, but it is depressing that 
so many students should have had so little contact 
with life beyond the university. 


MEASUREMENT OF INTERPLANETARY ELECTRON DENSITY 
FROM THE EARTH 


By Da M. J. BUCKINGHAM 
School of Physics, University of Sydney 


HE presence of free electrons in interplanetary 

space would influence many observable properties 
of the solar system as well as a number of geophysical 
phenomena. These influences are the basis of many 
estimates that have been made of the electron density 
and these are far from consistent with each other, 
ranging from less than 1 to more than 1,000 
electrons per cubic centimetre. 

The steady outflow of ionized gas from the Sun, the 
solar wind, had been supposed responsible for an 
electron density of 10? om. at the Earth’s distance 
from the Sun, although more recent estimates? have 
reduced this figure to 30 cem. During intense solar 
activity the density may rise to 10* or 105, 

Recent observations of the zodiacal light by 
Blackwell and Ingham? have suggested an upper 
limit of 120 cm. for the electron density under quiet 
solar conditions and a value of 300 cm.~ during the 
magnetic storm of July 8, 1958. 

Preliminary results of probe measurements with 
Explorer X satellite indicate the presence of 686-20 
protons/cm.’, travelling away from the Sun with 
energy less than 2,300 eV.‘. 

Since some of the estimates depend on rather 
indirect evidence or on dubious assumptions, it is 
not surprising that they disagree. A critical review 
of the various lines of evidence is contained in the 
paper by Blackwell and Ingham’. 

It is the purpose of this article to point out that 
developments in radio astronomy now permit a 
direct measurement of some properties of the inter- 
planetary electron distribution. 

C. Hazard’ has recently directed attention to the 
fact that observation of the occultation of radio 
sources by the Moon enables the position and angular 
size of some sources to be obtained with a precision 
of the order of one second of arc. 

An electron density of 10% om. would endow 
interplanetary space with a refractive index, at 
frequencies in the neighbourhood of 100 Mc./s., 
sufficient to cause a deviation of the order of one 
second of arc in the apparent position of a distant 
radio source. The deviation due to this refraction is 
proportional to the electron density and inversely 
to the square of the frequency. 

Thus measurements of the lunar occultation of a 
radio source at two frequencies, one well above and 
one below 100 Mc./s., will produce apparent differences 
in position. It is likely that this difference can be 
measured with greater precision than the absolute 
position of the source, and, in favourable cases, 
differences in apparent position should be detectable 
down to a fraction of a second of arc. 


It is shown here that the angle of deviation, 3, 
produced by an electron density, n om.~ (a function 
of position and equal to ng at the Earth’s position) 
at a frequency f Mo./s. is given by: 


3 = 52-5 nef] Ve(n/nxz) ds, seconds of arc, (1) 


where the integral is along the path from the source 
to the Earth and Y gis the component of the gradient 
at right angles to the path and in the direction of the 
deviation. 

For a simple model in which the electron density is 
due to a redial solar wind of constant speed and in 
which ng is 10? cm., the deviation would be about 
one second of arc for a frequency of 50 Ms./s., when 
the angle between the Moon and Sun is 60°. 

Suitable occultations are frequent enough (C. 
Hazard, private communication) to make these 
observations quite practicable. For a receiver of 
150 ft. diameter perhaps fifty a year would satisfy 
requirements of signal to noise ratio, limita- 
tion of source, eto. The information obtained would 
be the value of the integral in equation (1), evaluated 
along the straight line through interplanetary space, 
from the Moon towards the observed source. No 
correction would be necessary for effects of the 
Earth’s ionosphere or atmosphere and only changes in 
the interplanetary electron denmty could change the 
result for a given direction in space. Thus sufficient 
observations should permit a composite picture to 
be assembled of the steady electron density distri- 
bution in the solar system. 


Scattering in the Solar Corona 


In addition to the steady electron distribution in 
the solar system, there are transient effects due to the 
emission of corpuscular streams by the Sun, hydro- 
magnetic disturbances, density fluctuations, ete. 
Such irregularities will cause scattering of radio waves 
with a consequent increase in the apparent 
size of radio sources. The scattering, like the deviation 
due to refraction, is inversely proportional to the 
square of the frequency. 

The observation of lunar occultations provides a 
means of measuring, with a precision of the order of a 
second of arc, the angular size of radio sources, as well 
as their position’. An observed variation with 
frequency of the apparent size would be a measure of 
the fluctuations of the interplanetary electron 
density, just as a variation in apparent position is a 
measure of its gradient. 
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A decrease in surface brightness must accompany 
any increase in angular size of a radio source caused by 
scattering. Such a decrease caused by scattering in 
the solar corona has been observed by a number of 
authors. In recent observations by Slee‘, scattering 
was detected out to angular separations from the Sun 
of 55 and 40 solar radii in the equatorial and polar 
directions respectively. Sporadic increases in scatter- 
ing occurred out to 120 solar radii, and in general the 
scattering was very variable, often changing signifi- 
cantly in the 24-hr. interval between observations of 
the same source. Combination of these with earlier 
results showed, that the average scattering varies as 
R-* out to angular separations of 100 solar radu 
in equatorial regions during sunspot maximum. At 
a frequency of 85-5 Mc./s. the average scattering 
extrapolates to about 5 seconds of arc at 100 solar 


Measurement of a Lunar Electron Atmosphere 


It is possible that in the neighbourhood of the 
Moon there is a different electron density from that in 
the surrounding interplanetary space. Such a change 
would cause a refraction around the Moon, the 
angular deviation being given by a relation similar to 
equation (1). For example, if there were an increased 
density given by n u(r xjr)’, where r-r x is the distance 
from the Moon’s surface, the deviation would be: 


Su ~ 52:5 nuff. 2F(r]2), seconds of are 


where F is the function introduced below. Thus, at a 
frequency of 50 Mc./s., a value nae = 100 cem. would 
cause a deviation of about 1 second of arc. 

From observation of the apparent duration.of the 
lunar occultation of a radio source, Elsmore’ has 
obtained an estimate of 10° om. for the electron 
density near the Moon. Refraction increases slightly 
the apparent duration of the occultation. 

The measurement of a lunar electron atmosphere 
is of considerable interest iteelf and one for which the 
method discussed here is well suited’. 

Although this additional deviation would compli- 
cate the interpretation of a single observation, after 
several different observations sufficient information 
would be available to separate the contributions from 
the lunar and interplanetary refraction. The lunar 
effect at the beginning and ending of the occultation 
would tend to be of opposite sign, and different occul- 
tations involve different segments of the Moon’s 
disk. 


The Elkonal Equation 4. 


The refractive index, u, of a plasma with electron 
density n(r) per o.c. for radiation of frequency f is 
given by: 


n(r)e* 





2= 1— rmf = 1 — a(r) 
= 1— $1 x 10 nf (2) 
with f measured in Mc./s. 


The paths of rays through a medium, the refractive 
index of which at a position r is u(r), are given by 
the lines orthogonal to the surfaces of constant x(r), 
where y(r) satisfies the equation 


(V x(r))* = wX(r) 


Refraction Due to Interplanetary Electron Density 


If the electron density and frequency are such that 
alr) is everywhere much less than unity, we can easily 
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approximate to calculate the angular deviation of a 
ray from infinity reaching the Earth. 

Taking the origin at the Sun, a ray froma = — œ 
is deviated by an angle 3(x, y) after reaching position 
(x, y), where : 


Vyx(asy) 
SY) ~ Fix (ay) 


~if Vy alr) de (3) 


Here, Vz and Vy are the components of the gradient 
and we have made the approximations 


S(x, y) <land Vax(z) ~ Vax (x = — O) = 1 


Calculation for Model Solar Wind 


For the solar wind plasma I shall here assume that 
the electron density is inversely proportional to- the 
square of the distance from the Sun, corresponding to 
a radia] wind of constant velocity. 

Thus if «g is the value of a(r) at the Earth’s dis- 
tance, rz, from the Sun we take: 


alr) = ax(rR/r)*. 
Then we have, for the deviation at tho Earth, at, 
which the angle subtended by the Sun and the radio 
source 18 OR: 
va 
‘ yds 
BEERE ey 
= O 
{2 — Ox 
amea 
2 
Yo — 
J — T? — 
ae 2 sin *Ox 
= agn (OR) 
Tf 8g is measured in seconds of are and we insert the 
expression for ag from equation (2) we have, for the 
deviation, due to refraction by the solar wind, of a 
ray arriving at an angle 6g to the Sun: 
8g = 6-48 x 10° «g F(Oz) 
~ 52-5 nxf-* F(8x), seconds of aro 
where nz is the electron density at the distance of 
the Earth, f is the frequency in Mc./s. and: 


nm — 6+ $sin 26 
27 sint 


Thus, for example, if the electron density is 100 per 
C.C., the frequency 50 Mo./s. a ray -arriving at an 
angle of 80° to the Sun would be deviated by about 
four seconds of arc. 

I wish to express my thanks to Dr. O. Hazard for 
discussions and to Prof. H. Meesel for his enthusiastic 
support. This work was supported in part by the 
Nuclear Research Foundation within the University 
of Sydney. 
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AFFINITY OF POLYCYCLIC AROMATIC HYDROCARBONS FOR 


- ELECTRONS WITH THERMAL ENERGIES: 


ITS POSSIBLE 


SIGNIFICANCE IN CARCINOGENESIS 


By Pror. J. E, LOVELOCK* 
National Institute for Medical Research, Mill Hill, London, N.W.7 
AND 
Pror. A. ZLATKIS and Pror, R. S. BECKER 


Department of Chemistry, University of Houston, Houston, Texas 


A METHOD for measuring the affinity of volatile 
organic compounds for free electrons in the 
vapour phase. has recently been described}. Using 
this method it was found that most classes of hydro- 
carbons had little or no affinity for electrons with 
thermal energies; exceptions to this rule were, how- 


ever, found with the hydrocarbons, anthracene, stil- 


bene, azulene and cyclo-cctatetraene. Interest ım the 
anomalous behaviour of these few hydrocarbons was 
heightened by the fact that the closely similar hydro- 
carbons, phenanthrene, tolane, naphthalene and 
benzene posseased the expected lack of reactivity 
towards free electrons. In these first measurements 
it was not possible, because of their low volatility, to 
measure the electron affinity of aromatic hydro- 
carbons with more than three rings. This article 
reports some preliminary observations on the electron 
affinity of tetracyalic aromatic hydrocarbons; meas- 
urements were made at 200-220° O. where the vapour 
pressure of the compounds was sufficient for the 
measurement of their reaction with free electrons. 
The possible relationship between electron affinity 
and carcinogenic activity with these and other 
compounds is discussed. 

Briefly, the affinity of each compound for free 
electrons was measured as follows: The test com- 
pound was vaporized in a stream of argon containing 
1-0 per cent hydrogen. A small proportion of the 
dilute vapour was then passed through an efficient 
chromatograph column to separate any traces of 
electron absorbing contaminants; the purified dilute 
vapour was then passed along two separate channels, 
the first to a photoionization detector*, the function 
of which was to measure the vapour concentration, 
and the second to an ionization chamber for measuring 
electron absorption. 

In this second chamber electrons were set free from 
the inert carrier gas by soft f-radiation from a 
surface containing tritium. At intervals of 10-20 usec. 
the electrons set free in the chamber were collected 
by the application of a short pulse of potential to 
electrodes in the chamber. The sampling pulse was 
1 psec. in duration and 30 V. in amplitude; it was 
sufficient to collect almost all the electrons set free 
during the quiescent period, but of insufficient 
duration and amplitude to raise the electron energy 
appreciably above thermal levels. 

In the presence of a test vapour some of the free 
electrons are removed to form negative molecular 
ions. These are too slow-moving for collection by the 
brief sampling pulse so that the decrease in current 
flow is à measure of the proportion of electrons 
absorbed by the vapour. ‘The electron absorption 
coefficient of each test substance, which may be 
directly related to its electron affinity, was determined 


i * Prosent address’ Baylor University, College of Medicine, Houston, 
@XAS. 


from the ratio of the change in current in the electron 
attachment chamber to that in the photoionization 
detector. With some of the compounds the electron 
absorption coefficients were so high that it was 
n to conduct measurements with vapour 
diluted to 10 gm./ml. or less. 

The errors inherent in the introduction of samples 
as small as this, together with errors from the possible 
loss or decomposition of the test substance on surfaces 
and uncertainties in the vapour concentration as 
measured by the photoionization detector, imply that 
the results may be far from precise. To minimize the 
effects of the sources of error listed above a known 
quantity of a reference substance, anthracene, was 
included with the test substance in each experiment. 
The electron absorption coefficients given in the 
results are relative to the absorption coefficient of 
this reference substance which, in the interests of 
consistency with previous measurements, is given an 
electron absorption coefficient of 12. The probable 
error of the method was estimated by calibration 
with a single test substance 1-methyl benzanthracene 
and was + 24 per cent. 

Table 1 lists the absorption coefficients of the 
compounds tested and also those of comparable sub- 
stances from a previous investigation. For the 
tetracyolic aromatic hydrocarbons the coefficients 
cover a range of 2,000 to one, with triphenylene the 
lowest and benzanthracene the highest. The intro- 
duction of one methyl substituent at the twelve 
possible positions on the benzanthracene structure 
had barely significant effects on the absorption of 
electrons. 


Table 1. ELECTRON ABSORPTION CORFFICUBNTS OF TRI- AND TETRA- 


OYOLIG AROMATIC A YDROOCARBONS AND OF BALATED OoMPOUNDS 
Hydrocarbons with Absorption Hydrocarbons with Absorption 
high electron tÒ- slight or co- 
efiwent electron affinity efficient 
thracene 12 Phenanthrene 0 06 
Benzphenanthrane 13 
ne 12 Triphenylene 0-015 
Naphthacene 1:7 Naphthalene <0 01 
8 60 Benzene <6 01 
Benzanthracene 29 
AMonomethy! benz- 
anthracenes (1-12) 16-80 
tatetraone 210 
Axuiens 840 
cis-Stilbene 1 Tolane < 0-01 
trans-Stilbens 4 Styrene < 0°01 


All values are relativo to the electron absorption cooficient of chloro- 
— which is taken as unity and are for electrons with thermal 
eng eg, 


The results indicate that among hydrocarbons tho 
class of polycyclic aromatic compounds is unusual in 
possessing many members with a high affinity for 
free electrons. The interest of this anomalous 
behaviour is heightened by the fact that previous 
measurements of the absorption coefficients of 
numerous members of the following other hydro- 
carbon classes have shown slight or negligible elec- 
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tron absorption: aliphatic, saturated, ethenoid and 
ethinoid hydrocarbons; aliphatic conjugated ethenoid 
and ethinoid hydrocarbons; saturated and unsatur- 
ated aligyclic hydrocarbons; alkyl benzenes and 
naphthalenes. The only other compounds so far 
found to show this anomalous behaviour are listed in 
Table 1 and include azulene, 
stilbene and diphenyl butadiene. 

The carcinogenic activity of some members of the 
class of polycyclic aromatic hydrocarbons has 
attracted a great deal of interest in their physical 
properties. So far, most experimental work and 
theoretical considerations of the electron distribution 
in these compounds has been concerned with their 
undoubted ability to fanction as electron donors. 
For example, in the formation of charge-transfer 
complexes with polynitro-compounds and with halo- 
genated, quinones. Similarly, many attempte have 
been made to explain the activity of the carcinogenic 
members of the class in terms of their ability to form 
charge-transfer complexes with molecules of bio- 
-logical importance, again under conditions where the 
hydrocarbon is the donor of electrons® 4. 

The readiness of the polycyolic aromatic hydro- 
carbons to function as electron donors has, however, 
tended to overshadow their essentially ambivalent 
character in electron transfer reactions. It is of 
interest, nevertheless, that it has been suggested*-* on 
theoretical- grounds that the carcinogenic hydro- 
“carbons might function in biological systems as 
electron acceptors. The lack of experimental evidence 
at the time of these suggestions caused them to 
receive relatively little attention. 

In the previous paper on electron absorption by 
organic compounds!, it was shown that substances 
able to disturb the process of oxidative phosphoryla- 
tion, such as dinitrophenol, dibromophenol and the 
thyroid hormones all possess or are hkely to possess 
an unusually high affinity for free electrons. It was 


cyclo-octatetraene, 
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suggested that the toxicity or biological activity of 
these compounds was attributable to their ability 
to function as irreversible electron traps so that 
the normal transfer of electrons during oxidative 
phosphorylation was impaired. If this notion is 
correct then any substance with a high electron 
absorption coefficient is potentially toxic although its 
actual toxicity must depend on ita reaching and 
remaining active at the appropriate site within a 
living cell and there trapping electrons irreversibly. 
The possibility that carcinogenic activity is a special 
example of this class of toxic action is supported by 
the recent observation’, that an important step in 
carcinogenesis by a variety of different agents is the 
disturbance of mitochondrial electron transport. 

The notion that an ability to extract electrons from 
their normal path in a living cell is a necessary 
molecular property of a major class of chemical 
carcinogens is a speculative one. Even sọ, it is 
relatively accessible to experimental verification or 
denial and does for the first time offer a common 
explanation for the carcinogenic activity of such 
diverse chemical compound classes as: the halo- 
genated aliphatic hydrocarbons, azo dyes, quinolinol 
N-oxides, and the carcinogenic hydrocarbons. Many 
members of these classes are known or are likely to 
share in common: carcinogenic activity, an ability 
to disturb oxidative phosphorylation, and an un- 
usually high electron absorption coefficient. 

This work was supported in part by a grant from 
the Tobacco Industry Research Committee held by 
one of us (R. 8. B.). 
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DEPENDENCE ON TEMPERATURE OF THE VISCOSITY AND DENSITY 
OF SUPERCOOLED TRIGLYCERIDES 


By L. W. PHIPPS 
National Institute for Research in Dairying, Shinfield, Reading 


HREE principal polymorphic forms a, B’ and 8 

of each of the saturated glycerides tristearm, 
tripalmitin, trimyristin and trilaurin are known to 
exist'. The ® form, which is the most stable, has the 
highest melting-point, the « form the lowest, while 
the B’ melts at an intermediate temperature. There 
appears to be some doubt as to the existence of a 
fourth glassy or vitreous form. 

The viscosity data on these compounds are seem- 
ingly meagre*, and although the melts readily super- 
cool below the B and 8’ melting temperatures, no 
measurements appear to have been made in the 
supercooled region. An examination has therefore 
been made of the dependence on temperature of 
the viscosities (and densities) of these substances 
from well above the highest melting-points down to 
the « transition temperatures, particular attention 
being paid to the possibility of discontinuities? at 
the 8 melting temperatures. A discontinuity, which 
occurs in a plot of the logarithm of the viscosity 
against the reciprocal of the absolute temperature, 


can be attributed to enhanced molecular aggregation 
in the liquid as ıt passes into the supercooled state; 
the extent of ordering, however, is not sufficient to 
lead to detectable crystallite formation. The effect 
has been observed in a number of compounds capable 
of supercooling, both organic and imorganic. 

Eastman grade compounds were used throughout 
these experiments. Their 8 melting-pomts determined 
by a capillary tube method were slightly lower than 
the best literature values, but as recrystallization 
from acetone led to no noticeable improvement in 
their purity, they were used without further purifica- 
tion. 

Viscosity measurements were made with miniature 
U-tube viscometers (B.S. 188 : 1957) which were 
immersed in a water-bath the temperature of which 
was controled to + 0-01° C. These were calibrated 
with 90 per cent glycerol/water solution prepared by 
dispensing the appropriate amount of distilled water 
into re-distilled glycerol by means of an Agla micro- 
meter syringe. The viscosity/temperature character- 
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Temperature (°C.) 
60 86 70 60 50 40 30 





28 29 30 81 32 83 


10* (1/7) 


Fig. 1. Discontinuities in log,, 7 versus 1/7 at the 8 moaltmg- 
polite of triatearin O ; tripalmitin @ ; trimyriatin Q: finan 


istics of the solution, which approximated to those 
of the glycerides, were obtained from tables‘. The 
calibration constantas of the viscometers were found. 
to vary so little with temperature, and rather irregu- 
larly, that average values over the whole range of 
temperature to be examined (100°-30° C.) were taken. 

Times of flow ranged from about 70 to 450 sec.; 
the kinetio energy corrections were extremely small 
and, therefore, neglected. Adjustments to the liquid 
volume were made at each temperature. Before use 
each glyceride was melted and filtered through a 
sintered glass filter of porosity 3 to remove particulate 
matter. Invariably, before beginning a run, the filled 
viscometer was held at 95°-100° C. for about 30 


min. 

To enable dynamic viscosities to be calculated, the 
densities of the glycerides were determined by a 
method due to Williams’. This entailed obtaining 
the weight (w) at a number of temperatures of an 
open-ended, inverted glass capsule of the glyceride 
suspended in air-free distilled water. From a know- 
ledge of the weight (wyp) in air of the glyceride and the 
weight (w) in water of the glass capsule alone, the 
density of the glyceride could be determined at each 
temperature from the equation: 


p = — Ae 

(wy + We — w) 
where pw is the density of water. All the glycerides 
were thoroughly degassed beforehand by heating to 
50° or 60° C. above the B melting-points at a pressure 
of about 0-1 torr for 1-2 hr. After cooling to about 
75° C., the vacuum in the vessel was released and the 
molten glyceride introduced into the immersed water- 
filled capsule by a pipetting technique. This was 
performed quantitatively, thus avoiding Williams’s 
solvent-extraction method of fat determination at 
the end of the experiment. Temperature control of 
the water-bath for the density measurements was 
to + 0:05° O. Determinations were made every few 
degrees descending from about 95° O., time being 
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allowed for thermal equilibrium to be attained at 
each temperature. 

The densities (gm./ml.) can be represented to better 
than 0-05 per cent by equations of the form p = A — 
BO where 6 is in degrees Celsius. The constante 4 
and B are given in Table 1. 


Table 1. THE CONSTANTS FOR THE DENSITY EQUATIONS 
Tem 


range (°C,) 
meei, GHP pa ar 
n rae 
Trumyristin 0 9270 7 02 07--45° 
Trtlani in 00-9880 7 24 95-307 


In common with observations on other materials 
no discontinuities in the density/temperature curves 
were evident. 

The viscosity data have been considered in terms 
of the equation 7 = y exp(H/RT) and results 
obtained by plotting log o against 1/7 in the vicinity 
of the B melting-pointe are shown in Fig. 1. 

In each case there are two approximately linear 
sections, one above the melting-point and the other, 
of different slope, in the supercooled region. The 
discontinuities occur at, or very olose to, the 8 
transition temperatures; none was observed at the 
intermediate 8^ melting-points. The direction of 
the change in slope of each line as supercooling occurs 
corresponds to an increase in the activation energy 
for viscous flow, as can be seen from Table 2. While 
slightly different results are obtained for each oom- 
pound, no regular pattern of change in the activation 
energy with chain-length emerges. 


Table 2. AGTIVATION HNHRGIS (R) AND THR CONSTANTS FOR THE 
Viscostry EQUATIONS 


i Data for — 
og(log n centipoises) «= 
E (k.cal, mole) C~D6 
Compound x Temp, 
fa . Above Below In- g 1D = range 
°0, mp. mp, crease (°C.) 
TristearIn 71°5° 6:31 6-86 87 03972 19 &7—§9° 
Tripalmitin 65°17 6°47 727 123 O-8864 4:47 9647 
Trimyristin 56°5° 6-28 ‘18 18°56 0-8640 4°68 98-46° 
Trilanrin 46-2° 6 55 7 18 95 0 8414 5-06 96—31° 


Viscosity measurements were made on each glycer- 
ide from about 95° C. down to temperatures very 
near the « freezing-pointe, and over these wide ranges, 
ignoring the discontinuities, the exponential relation 
does not hold too closely. In order to present the 
results in a convenient form, recourse is made to 
Le Chatelier’s* empirical equation: 


log, o(logi9n) = O — DO 


The constants C and D applicable to each com- 
pound are shown in Table 2, the viscosity coefficient, 
7, bemg in centipoises. The, equations represent 
the viscosity data to 0-5 per cent. 

For each compound the double logarithm of the 
viscosity can also be shown to be linearly related to 
the density’, although this result is not surprising in 
view of the linear dependence of the density on 
temperature. 

1 Lutton, B. 8., J. Amer, Okem. Hoe., 67, 624 (1945). Cha » D., 

MJ. hem, Soo., 2522. (1966). eae 
* Joglekar, R. B., and Watson, H. E., J. Soe. Chem. Indust., 47, 365T 

1928), McGeer, P. L., .A. J., , Q. B., and 
myth, C. P., J. Amar. Chem. Soe., 74, 8641 (1952). 
* Dodd, O., and Hu Pak Mi, Proo. Phys. Soc., B, 82, 454 (1949). Green- 
wood, o and Martm, R. L., . Roy. 500., A, 815, 46 (1952), 
Al-Mahdi, A. A. K., and Ubbelohde, A. RE., Trans. Faraday Soe 
51, 861 (1055). 
+ Handbook of Ohemisiry and Physics, 1959-1960 (Chemica) Rubber 
Publishing Co., Cleveland). 
s Williams, K, A., Analyst, 66, 8 (1941). 
* Le Chatelier, M. H., Ann. Phys. Pares, 3, 5 (1925). 
> Souders, M., J. Amer. Chem. Sot., 60, 154 (1988). 
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THEN the larva of a marine. fouling organism 
_ approaches and tries to attach itself to a ship’s 
ee morifolia paint several 












h — or 3) ne may attach, 


become ‘moribund at some stage during this process. 
if dy and/or (2). occur the larva will leave no trace of 


the larva died early in metamorphosis before hard 

parts had been formed. It seems necessary, for a 

better understanding of the mode of action of anti- 

fouling paints, to devise laboratory experiments in 
- -which larve are brought in contact with anti-fouling 
paints so that their behaviour and reactions can be 
observed. A few such experiments have been made 

Un this laboratory, using a cuprous oxide paint and 
bryozoan larva. 

-© An experimental trough was mado from a 16-em 
length of 3 cm. ext. diam. clear ‘Perspex’ tubing. 
-The upper half of the central 12 em. was removed to 
2 wid visibility and each end was plugged with a non- 

- -toxie rubber bung (Fig. 2). A 20-W. Osram ‘Daylight’ 
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—— HULL l 
—— BARRIER PAINT . 
-ANTIFOULING PAINT | 
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‘Fig.1. Diagram showing possible effects of an anti-fouling paint. 

‘on a bryozoan larva. 1, Larva approaches, then swims away as 

though repelled; 2, larva becomes moribund before attachment; 

, Larva becomes "attached, eommences metamorphosis into a 

‘young adult and becomes moribund at some stage during the 
process — 
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CT OF AN ANTI- FOULING PAINT ON A BRYOZOAN LA N 
By B. WISELY | 


Commonwealth Scientific and Industrial Research Organization l 
Marine Laboratory, Cronulla, Sydney 


jan orphosis into a young adult, and 


its presence on the ship’s hull; even in (3) traces of | 
attachment could be difficult to find, particularly if 


averaged. The larve were then removed and th 
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Fig.2. Above. Positions of larva in experimental trough without ao ee 

(O) and with (@) anti-fouling paint present at the ends. Larva = = 

dead at the end of the experiment are marked D; moribund are à ă = < — 

marked M, and alive are not marked, Average values from six 

experiments at 23° 0. using a total of 393 larvae. — Pi E 
gram of the = used in the BT — ae 





—— tube covered with 0: tion ‘thick a — 


polythono sheet was used as a source of light; this was _ oe 


placed parallel to, and 15 em. above, the trough 
floor. Extraneous light and reflexions were excluded = — 
by placing black screens around the trough, and by 
painting the cut edges of the ‘Perspex’ with black — 
paint. Larve of the fouling bryozoan Watersipora 
cucullata (Busk) were used; this organism isone ofthe —_ 
principal fouling organisms in Sydney Harbour’, and > > 
methods of obtaining its larvæ have already been — 
described?. In each experiment rubber bungs, which = 

had been immersed in running sea-water for 24 hr. 
previously, were fitted into the end of the. trough — 
and filtered sea-water and numbers (28-100) of 
freshly liberated larvee added. After 1 hr., ten con 
secutive counts were made of the larve present pe 
centimetre sector of the trough and the result 



























bungs replaced by a second pair which had bee — 
painted with anti-fouling paint and left in running © Bae 
sea-water 24 hr. previously. The paint used was a 
vinylite-cuprous oxide type; as a group these paint 
are characterized by a high cuprous oxide 
(that is, 70 per cent: of the oxide by weight) embed: 
in a tough, insoluble matrix (polyvinyl chloride- 
polyvinyl acetate copolymer)’. The sample 
from a batch which had been tested under 
Harbour conditions and found to be effect: 
approximately a year. The larve were replaced an 
counts made an hour iater, as previously describec 
and in addition the condition (alive, moribund < 
dead) of each larva noted. These results are ‘shor : 
graphically in Fig. 2. a 

Observations with a dissecting microscope wel 
made on the larve before the anti-fouling paint we 
introduced. Their swimming movements consisted 
of gyrations of several centimetres diameter around 
the axis of movement, and as this axis was constantly 
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changing the larve moved considerable distances. 
They ranged freely up and down the trough but 


tended 40 concentrate at the middle and ends, that 


is, in sections 1, 7 and 12 (Fig. 2). This may have 
been due to more intense light concentrations in 
these areas. If the trough was not exactly parallel 
to the source of light the largest concentration of 
larve was at the end nearest the light source, indi- 
cating that the larve were still in a photopositive 
phase. Their behaviour and distribution did not 
change immediately after the anti-fouling paint was 
introduced. Those entering the end sectors did not 
become agitated and attempt to swim away from the 
source of the copper ions: such a response would have 
resulted in an increase in the numbers of larve 
present in the middle sectors. In view of this it 
seomed unlikely that a ‘repellent’ effect was involved. 
After about 10 min., however, the larvæ in the end 
sectors were swimming around much less freely than 
previously, and were beginning to concentrate on the 
bottom of the trough. Their swimming movements 
consisted now of simply revolutions around their own 
axes as they lay on the bottom. New larve entering 
the end sectors became affected in the same way, 
and this resulted in an increase in the numbers of 
larve present in these sectors (Fig. 2). Larve near 
the end sectors did not appear to be attracted into 
them, nor were they stimulated to attach themselves 
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to the anti-fouling paint. Many of the larve after 
spending several minutes near or in the end sectors 
eventually swam away, apparently without damage. 
None attached to the anti-fouling paint during any 
of the experiments. After 20 min. large numbers of 
the larve in the end sectors were moribund and some 
were already dead. When the final counts were 
made after an hour it was found that many of the 
larve had extruded their eversible sacs prior to death, 
but that they had failed to become attached properly 
to the trough floor. A similar phenomenon has been 
noted previously?. 

It is conceivable that Watersipora larve approach- 
ing a stationary ship’s hull coated with this type of 
paint would be affected as described; particularly if 
the larvæ engaged in exploratory behaviour before 
attempting to attach. Such larve would be envisaged 
as losing their locomotory ability, sinking parallel 
to the hull, and becoming, in effect, moribund before 
attachment. 

This work forms part of a programme on the biology 
of foulmg organisms in co-operation with the Royal 
Australian Navy and the Defence Standards Labora- 
tory. 


* Wisely, B., Austral. J, Mar. Freshw. Res.,10, 31 (1959), 
* Wisely, B., Austral. J. Mar, Freshw, Res., 9, 370 (1958), 


* Ferry, J. P., and Ketchum, B. H., in Marine Fouling and its Preven- 
tion, 285 (U.S. Naval Inst.: Annapolis, Md., 1952), 


ROLE OF VIRUS PROTEIN IN TOBACCO MOSAIC VIRUS 
INFECTION PROCESS i 


By Pror. G. W. COCHRAN, G. W. WELKIE, J. L. CHIDESTER, 
B. K. CHANDRASEKHAR and M. H. LEE 


Department of Botany and Plant Pathology, Utah State University, Logan, Utah 


oa aac spectroscopy had been used to follow 
A the biochemical changes induced by cucumber 
mosaic virus in the lower epidermis of cucumber. 
While applying similar infra-red spectrophotometric 
techniques to the examination of the tobacco mosaic 
virus infection process, mechanical means were 
devised for the simultaneous analysis of 36 virus- 
infected and 36 control epidermal strips. The 
epidermis was stripped using the punched adhesive 
‘Cellophane’ tape method, The tapes were mounted on 
aluminium disks that had circumferentially punched 
holes near their periphery so that only the epidermal 
area of the tapes covered the open holes. The disks 
were spun on arbours mounted on the shafts of 
electric motors so that all 36 specimens were passed 
through each spectrophotometer beam during less 
time than that required for one half cycle of the 
chopping mirror of the speetrophotometer. The 
apparatus in position in the spectrophotometer is 
shown in Fig. 1. This method of obtaining spectro- 
photometric averages of 36 replicated samples in 
each beam proved reliable for detecting the changes 
induced by the infecting virus. 

Numerous comparisons were made in which 36 
normal epidermal strips were compared with 36 
normal epidermal strips. The deviations from a 
straight-line function in these comparisons rarely 
exceeded 2 per cent, which is the guaranteed repro- 
ducibility of the instrument used (a Perkin Elmer 
model 21). 


The legume strain of tobacco mosaic virus in a 
0-1 M pH 7 phosphate buffer (optical density of 
0-225 at 260 mu) was applied to the lower epidermis 
of ‘Carborundum’-dusted primary leaves of cowpea 
with a camel-hair brush. Buffer without virus was 
applied to other ‘Carborundum’-dusted primary leaves 
of cowpea with a similar camel-hair brush for experi- 
mental controls. After brushing, the inoculated 
leaves were rinsed with the phosphate buffer to 
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Fig. 1. Device for averaging 36 replicated tissue samples in each 
beam in operating position in the infra-red spectrophetometer 
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F Fig. 2. Changes induced in lower epidermis of cowpes primary 

$ cleaves by the legume strain of tobacco mosaic virus during the 

"Arsh hour, of ineubation at 24° O, as detected apectrophoto- 

coo metrically and recorded as deviations arising in the transmission 
of infra-red radiation. All curves ar average values for com- 


oe a parison of 36 virus-infected tissues. Virus inoculum had an 
ies optical density of 0-225 at 260 my 


-remove the ‘Carborundum’ and were placed on 1 per 
-cent water agar in covered Petri dishes and incubated 
in a lighted chamber at 24° C. After the desired 
- inerements of incubation time had elapsed, inter- 
oinal portions were cut away from the incubated 
-= leaves. The lower epidermis was stripped from 
these’, mounted on the aluminium disks and quickly 
killed by desiccation while placed 100 mm. from a 








































until 36 intact. replicated tissues were obtained 
_ for the controls and for the virus-infected tissues at 
each precisely determined incubation time. The 
sampling was made at 10-min. intervals during the 
_ first hour of incubation. The entire procedure for 
the examination of the tobacco mosaic virus infec- 
tion process was repeated three times. The repro- 
- ducibility of results, as achieved in repeated studies 
made at different seasons of the year, confirmed the 
validity of this method for following the virus 
< infection process. The infection process was followed 
. in a similar manner through the first 24 hr., with 
samples being taken at less-frequent intervals. 
~ Results from.one of these tobacco mosaic studies are 
> presented in Fig. 2. 

.. The magnitude of the virus- niusi changes as 
reflected by the changes in infra-red transmission 
of the tissues was surprising. The increased trans- 
mission of the infected tissues at most wave-lengths 
uring the first 40 min. was interpreted as indicating 
he development of deficiencies within these tissues; 
he decreased transmission after 50 and 60 min. was 
nterpreted as a rapid recovery made during the 
0-50-min. interval which provided abnormal 
jounts of certain protoplasmic constituents. 
These remarkable deviations induced by the virus 
luring the first hour after inoculation seemed worthy 
f further investigation. A series of experiments was 
indertaken to determine how the component parts 
-of the virus were related to the induced changes that 
had been detected by the spectrophotometer. The 
sampling techniques were changed to provide results 
“more quickly and to allow less effort to be expended 
in replicating tissues for the analyses. Opposite 
_ primary leaves from one cowpea plant were detached, 
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cowpea plant.. | 
reduce the normal variability (between 


_.§00-W. infra-red lamp. This procedure was repeated | 


“ were infective. 















ae on | per cont agar n separate Pet 
dusted with ‘Carborundum’.. One was b 
phosphate buffer to serve as the control 
later the other was brushed with either 
virus or virus components in phospha 
After each ‘inoculation the ‘Carborundum’ : 
moved with a — a amie -buffer wash. T 
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samples) to a minimum. 3 
A portion of the same virus solution that had 
used to study the effect of native tobacco 
virus was irradiated for 5 min. under an ultra 
lamp that delivered 1:82 MW./em.? (2537 A.) 
6 in, which was the radiation distance used. | ‘Th 
failure of any symptoms to develop on — as 
susceptible cowpea plants inoculated with this virus: = 
indicated that the treatment had destroyed | the vitus 
solution. infectivity. When this non-infective virus — 
solution was used as the inoculum for spectrophoto- _ 
metric studies of induced changes in lower epidermal _ 
tissues of cowpea, the reactions induced during the 
first hour appeared to be characteristic of- those a 
induced by the native tobacco. mosaic virus. | P 
deficiency induced at 40 min. is shown in Fig. 3. 
In two experiments ribonucleic acid (RNA) was — 
prepared from centrifuge-purified, legume strain 
tobacco mosaic virus, andina third experiment RNA 
was prepared from systemically infected cowpea leaf Q 
tissue by the phenol method*. All three preparations —_- 
When these three preparations of < 
RNA were used to inoculate the lower — o£ — 
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Fig. 3. Similarities of biochemical changes induced. in — 
epidermis of cowpea primary leaves by infective preparations 
nucleoprotein (native and reconstituted), by non-infective (ultr 
violet-irradiated) nucleoprotein and by phenol-propared ‘ribo 
nucleic acid’ forms of the legume strain o tobacco mosale vir 
as detected spectrophotometrically and recorded as deviations 
arising in the transmission of infra-red radiation. The nait 
tobacco mosaié virus curve represents the average of 36 Versus 
26 tissue comparisons. All other curves are plots of 1 infected: 
versus 1 control epidermis aa 
Spectrophotometric changes induced by: native tobacco: ` 
paar virus at 40 min. (....)5 ultra-violet inactivated virus at’ © 0°: 
nh. (=); reconstituted Virus at 20 min, (=*= ); Virus protein — 
ged. ‘with RNA at 40 ot — Loe prepared RNA abo 
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hr. of incubation, Changes were detected 
nany hours of incubation. The change 

9 hr. (shown in Fig. 3) appears to be 

l with that induced by native tobacco mosaic 

30 min. | 
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eoet Virus protein was prepared by dialysing the legume 


<- ‘strain of tobacco mosaic virus against 2-amino-2- 


wmoethylpropanol· ¶ for 18 hr.*. The protein prépara- 


tion was centrifuged at 40,000 r.p.m. for 1 hr. to 
remove intact virus rods. The supernatant from the 
ifuge was dialysed overnight against phosphate 
and. then used as inoculum in spectrophoto- 
tric studies of epidermis. The spectrophotometric- 
detected changes induced by this crude prepara- - 
‘virus protein in epidermal cells during the first 
shown in Fig. 4. The changes did not 
e those induced by native or ultra-violet- 
tivated tobacco mosaic virus. This crude protein 








— : . preparation was further fractionated by ammonium 
-o sulphate precipitation. The material sedimented at 


<10 per cent saturation was discarded while the 
- material sedimented at 30 per cent saturation was 
< saved, dialysed overnight against phosphate buffer, 

and then used as inoculum in further investigations 
of lower epidermal tissue. The changes induced by 
this more purified protein preparation are shown in 
Fig. 5. They, too, do not resemble the changes 
‘Induced by native tobacco mosaic virus. 
-< A mechanical mixture of the partially purified virus 
protein’ (described above) and infective phenol- 
- prepared RNA (from purified tobacco mosaic virus) 


“was made at the instant of leaf inoculation, and the 


changes induced in the inoculated epidermis were 
“examined spectrophotometrically. The changes 
-induced by this type of inoculum resembled to some 
degree those induced by native virus during the same 
time period, as shown in Fig. 3. 
< Some.of the RNA and protein used in the mixture 
< above were allowed to stand for 48 hr. at 5° C. in a 
phosphate buffer so that extensive reconstitution of 
the virus might oceur. Reconstitution was confirmed 
_ by the observation of anisotropic flow patterns. The 
infective reconstituted virus was used as inoculum 
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4, Changes induced in lower epidermis of cowpea primary 
ea by a crude preparation of legume strain tobacco mosaic 
retein during the first hour of incubation at 24° G. as 
d spectrophotometrically and recorded as deviations arising 
E transmission of infra-red radiation, All curves are plots 
oe Of L infeeted versus 1 control epidermis 
.  Ineubation at 24° ©. 10 min, 80 min, (ee 80 min. 
ooo (eee); 40 min, ): B0 min, (-~-): 60 min, (=) 
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Fig. 5. Changes induced in lower epidermis of cowpea primary ` 
leaves by a som porien preparation of legume strain tobacco 
mosaic virus protei 


plots of 1 infected versus 1 control epidermis 
Incubation at 24°C. 10 min. (=-=); 20 min, (-——); 30 min. 
h AO min. (tree ro ); 50 min. (~+); 60 min (---++ +} 


for spectrophotometric studies of lower epidermal 
tissues of the cowpea. Deficiencies typical of those 
induced by native tobacco mosaic virus were apparent 
after only 20 min. of incubation (Fig. 3). It is believed 
that the earlier inducement of the deficiencies observed 
in this experiment resulted from a higher initial 
inoculum concentration in the reconstituted virus. 

Infective tobacco mosaic virus (native and recon- 
stituted) and non-infective tobacco mosaic virus 
(ultra-violet irradiated) induced a deficiency in the 
lower epidermis of cowpea primary leaves during 
the first 40 min. of incubation. This deficiency is 
characterized by abnormally high transmission values 
at approximately 3-1, 6-3, 7-5 and 9-8u in the infra- 
red. A mixture of tobacco mosaic virus~RNA and 
tobacco mosaic virus protein made at the instant of 
inoculation appeared to have a somewhat similar 
action in the epidermis. Crude and semi-purified 
virus protein induced changes within the epidermal 
cells; but the changes differed greatly from those 
induced by native tobacco mosaic virus. This early 
detected deficiency is apparently induced only by the 
combination of virus protein and virus nucleic acid - 
and apparently only when these components are in 
the usual rod-shaped form. It is not necessary, l 
however, for the virus to be infective (in the sense of ` 
producing symptoms and more virus), because ultra- 
violet-inactivated virus that will not produce infec- 
tions (in the accepted sense of the word) in susceptible 
host tissue will give the typical spectrophotometrically 
detected deficiencies after 40 min. incubation in the 
same host tissues. 

Infective virus nucleic acid, alone, did not induce 
detectable changes during the first 2 hr. but induced 
changes at 29 hr. that resembled those induced by 
whole native virus in 40 min. Protein alone induced 
biochemical changes as made evident by the spectro- 
photometer, but the changes were not the same as 
those first induced by native tobacco mosaic virus. 
These results place a new emphasis on the role of the 
virus protein in the infectious process. The speed of 
development and the magnitude of the early induced 
changes suggests that the protein is acting directly 
on the cell protoplasm, perhaps as an énzyme. 
Since the protein composing a virus rod is formed 
of 2,200 identical units, it is quite possible that 
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each of these protein units possesses the activity. 
The introduction of one rod within a cell would bring 
in 2,200 active units. This mass introduction of 
_ protein units could fully explain the rapidity and the 
- magnitude of the changes induced. Protein oriented 
to form virus rods would present only an outer surface 
_ that might react with the protoplasmic components. 
_ This would be the condition existing with native 
__ tobacco mosaic virus, with ultra-violet-inactivated 
._ tobacco mosaic virus, and with reconstituted tobacco 
- Mosaic virus; and it is quite possible that enough 
reconstitution occurred during the short time in- 
volved in mixing and inoculating with virus protein 
and RNA to form virus rods which gave the same type 
of protein reaction. Thus it appears that the only 
function of the nucleic acid in this early detected 
: reaction is a mechanical one.. The nucleic acid is 
apparently a structure on which the protein units are 
«deposited so that only their outer face is available 
for protoplasmic reactions. Ultra-violet-inactivated 
——— an could serve this function just as well as normal 
pie N A. af 
Virus protein without RNA probably exists mainly 
|... 8&8 isolated protein units. These isolated protein 
| units would have surfaces exposed to the protoplasm 
that could not be exposed when the protein is 
-= assembled in its tightly packed condition in the virus 
rod structure. The additional protein surfaces 
presented to the protoplasm of the cell by the isolated 
protein units could also be biochemically active and 
could modify the overall effect that the protein has 
_ on the cell protoplasm. This could explain why the 
_ effect of the protein alone is quite different from the 
effect of the protein oriented on the nucleic acid. 
Both types of protein reaction may be essential 
biochemical steps in the virus infection and repro- 
duction process. It seems unlikely that such 
_ biochemical phenomena would have survived evolu- 
_ tlonary processes if they were not essential for the 
= Survival and reproduction of the virus. | 
The function of protein in the infection process 
seems rather strikingly brought out in the case of 
_ whole virus by the host-range characteristics demon- 
=o strated by different strains of tobacco mosaic virus. 
Bach different strain of tobacco mosaic virus is 
characterized by a certain protein composition‘. 
_ Strains with similar protein components infect the 
.. same plants although they often elicit different 
symptoms in those plants; but strains with quite 
different proteins, such as common tobacco mosaic 
virus and Holmes’s rib-grass virus, show marked 
differences in capacity to infect given hosts. The pro- 
== o teins of the different virus strains may possibly per- 
_ form different biochemical functions within the proto- 
` plasm, thus perhaps accounting for differences in host 
range among the strains. If the virus protein differ- 
ences can determine the host-range of strains of whole 
virus, then the presence of protein in whole virus and 
the complete absence-of protein in pure virus RNA 





























vo types of virus preparations. The fact that such 
host-range difference has never been found for 
‚bacco mosaic virus and tobacco mosaic virus~RNA 
iggests that protein is still functioning with the 
RNA to induce the infection. 

-The infectivity of tobacco mosaic virus-RNA is 
0-3 per cent of that which would be expected based 
on the infectivity of the original virus*. It might be 
postulated that only a small percentage of the RNA 
particles have one or more protein units still associated 
- with them and thus have the requisites necessary for 
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should be reflected in a host-range difference for the — 












has been explained by assuming that the pro 
provided a coating that protected the RNA ag 
degradation by ribonuclease or other inactivatin 
enzymes’. An alternative explanation might be tha 
biologically active protein, which was essential fo 
the establishment of the infection, was being adde: 
back. If the low infectivity values of RNA prepara 
tions were due to their extreme susceptibility to ribo 
nuclease degradation, then the addition of 
nucleic acid or zine to the inocula of virus 
should increase the number of lesions produced 
Since these additives have no effect’, the inherent lov : 
infectivity of the RNA must be caused by some other 
The action of trypsin in inactivating RNA prepara- 
tions has been attributed to contaminating ribo- 
nuclease®, but digesting the protein necessary for the 
infection process might also explain this phenomenon. — 

RNA preparations made by stripping tobacco 
mosaic virus with phenol contained an average of ` 
1-2 per cent protein as determined by experiments — 
utilizing sulphur-35 labelling; three preparations of — 
RNA made by the detergent technique and three. 
preparations of RNA made by heating in the presence 
of salt gave average protein values of 0-7 per cent‘. 
When phenol-type RNA preparations were fraction- __ 
ated in paper electrochromatography experiments, — ae 
the relative infectivities usually did not coincide with —— 
the maximum concentrations of nucleic acid®. The 
highest relative infectivities were almost always. 
found in the fractions farthest from the anode. 
These fractions were also identified as those having 
the maximum protein content by means of utilizing 
RNA from virus labelled with sulphur-35 and by — 
protein staining of the paper curtain. 7 

It has been postulated that no infection. results 
except through the mediation of proteinaceous 
material attached to the RNA of tobacco mosaic. 
virus, and that a minimum structure that would be: 
infectious would be the whole complement of RNA 
from a virus particle and one protein sub-unit*. Ib; 
seems highly probable that at least one sub-unit of = — 
virus protein must be present for the establishment —— ~ 
of an infection. elgg e 

Phenol-prepared RNA of cucumber mosaic virus __ 
has been shown to be as infective as a crude infective —__ 
plant sap preparation at the same relative dilutions”, __ 
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unlikely that such a great difference between cucum 
ber mosaic virus-RNA and tobacco mosaic. vin 
RNA infectivities could be due to inactivat 
factors when both have been treated with equal e 
to minimize the effect of such factors. 
Reconstituted viruses in which RNA and prot 
of distantly related strains of tobacco mosaic vi 
are recombined are mostly unstable and give p 
yields of virus progeny when inoculated into s 
ceptible hosts'!. This has been explained by say 
that apparently the fit of the RNA into the groo 
between the protein units depends on the struct 
of both the protein and the RNA. An alternat 
explanation might be that the unrelated protein d 
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is. type of reconstituted virus. Convincing 
evidence that protein is actually limiting the RNA 

t process has been obtained repeatedly m our 
iments when deficiencies have been found after 
iat resembled those induced by whole native 

0 omin. 

fact appears to be significant and can be 
ted as further evidence that the virus protein 
ing as an enzyme and that a small amount of 


rotein still remaining with the RNA retains its 


ty and functions in the usual manner to accom- 
—— the preliminary biochemical changes needed 
-o for the virus infection process. Because only a small 
quantity of the protein is present, the time for the 
-= completion of the reaction is increased fifty-fold. Of 
farther significance is the fact that no reactions that 
could he attributed to the RNA were detected during 
the first 29 hr. . This is strong support for the idea 
that the nucleic acid phase of the infection process 
— cannot even begin until the essential preliminary 
_ -protein-induced reactions are completed. 
Virus reconstituted with protein from one strain 
and RNA from another strain will always give progeny 



















an evoke the 
w virus progeny. However, the — 
possibility cannot be ruled out that the only RNA 
particles that successfully start an infection are 
those accompanied by one or more units of their own 
protein. At least the results reported here, along 
with the evidence from other sources, emphasize 
anew part that virus protein may play in the infection 
process. It appears that the virus protein itself is 
biologically active and probably is acting directly as 
an enzyme. eS 

The biochemistry of this protein-induced reaction 
is not yet understood, but the spectrophotometric ` 
evidence gives some clues which should be valuable 
in attempting to reach an understanding. 

The work reported in this communication was 
supported, in part, by research grant No. AT(11-1)-80 
Project 3 from the U.S. Atomie Energy Com. 
mission. 
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PRESERVATION OF CELLS IN TISSUE CULTURE 


_. Preservation of Cells in Tissue Culture by 
Glycerol and Dimethyl Sulphoxide 
- A NUMBER. of different cell cultures have been 
l X successfully grown after preservation by freezing 
=o to low temperatures in the presence of glyceroli-‘. 
~ The finding that dimethyl sulphoxide was in many 
=: ways a better additive than glycerol for the recovery 
of bone marrow cells after freezing*.* prompted 
investigation of the action of this compound on cells 
grown in culture. 
nary experiments were carried out with 
ibryo fibroblasts. Freshly prepared cells 
day-old embryos in fris-buffered growth 
were mixed with glycerol or dimethyl 
e so that each tube contained 2 x 10° cells. 
concentration (v/v) of the preservative given 
fe 1. The tubes were incubated in a slanted 
ion and were examined daily for four days, note 
ig taken of the amount of cell attachment and the 
extent of the cellular outgrowth in each tube. When 
readings were made after 18 hr. incubation, dimethyl 
phoxide appeared to be slightly more toxic to cells 
glycerol at the same concentration but with 
ent. was there any apparent damage at 
trations of 2-5 per cent (Table 1). When. 
medium was changed, those cells 
xposed to the higher concentrations 








































of either preservative showed little recovery. It is 
clear from Table 1 that the presence of either pre- 
servative at concentrations of 2-5 per cent or less is 
non-toxic. 

The effect of freezing chick embryo cells in the 
presence of different concentrations of each preserva- 
tive was next examined. Four different concentra- 
tions of both chemicals were tested, namely, 5, 10, 15 
and 20 per cent (all percentages expressed v/v) in the 
original freezing mixture which contained respectively 
5, 10, 15 and 20 x 10° cells per ml. After slow- 
freezing in the Polge—Lovelock freezer’, cells were 
held at — 79° ©. overnight in sealed glass ampoules. 
The following morning the contents of the ampoules 
were thawed rapidly by immersion in a water-bath 


Table 1, ATTACHMENT AND OUTGROWTH oF CHICK EMBRYO CELLS 
IN THE PRESENCE OF IMFFERENT CONCENTRATIONS OF GLYCEROL AND 
_ DIMETRYL StLpHoxipE 
— Results recorded after 18-hr. incubation 
Final Dimethyl sulphoxide Glycerol 
concentration Attachment Outgrowth. Attachment Outgrowth 
“78 + + 
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uman embryo ung cells cultured after freezing in 


at 37° C. The cell suspensions were then diluted, by 
the addition of growth medium, to a final concentra- 
tion of 2-5 x 10° cells per ml. in 2-5 per cent glycerol 
or dimethyl sulphoxide. This process was carried out 
slowly by the addition of small volumes of growth 
medium over a period of about 5 min. When these 
suspensions were examined after 18 hr. there was 
vigorous growth of the cells which had been frozen 
with 10 per cent dimethyl sulphoxide; there was also 
some growth in the other concentrations of sulphoxide. 
Cells which had been frozen with 10 per cent glycerol 
also showed some evidence of growth, but higher and 
lower concentrations of glycerol were unsatisfactory. 
Cells frozen in the absence of either glycerol or 
dimethyl sulphoxide were dead. 

These results suggested that although dimethyl 
sulphoxide appeared to be slightly more toxic than 
glycerol when added to chick cell suspensions, the 
protective effect of the dimethyl sulphoxide against 
damage produced during the process of freezing and 
thawing was considerably greater, as had been 
— with bone marrow cells. 

Following these encouraging results, experiments 
were carried out on human cells. Primary human 
embryo lung cultures were removed from the bottles 
in which they were grown, by exposure to 0-025 
per cent trypsin for 1 min., followed by 20-min 
contact with growth medium (10 per cent calf serum 
in 199). Approximately 2 x 10° cells per ml. were 
frozen in the presence of 10 per cent glycerol or 10 
per cent dimethyl sulphoxide. The fo day 
one set of ampoules was thawed, and the cell suspen- 


hoxide or glycerol 
, fourth day; bottom right, 


re 1. presence of 10 per cent dimethyl s 
Top left, inyi sulphoxide, fourth day; top right, —— —— day; bottom left, glycero 
seven y 


sion was diluted by the addition of growth medium 
in 1 ml. amounts at 2-min. intervals until the concen- 
tration of preservative was 2:5 per cent. The prepara- 
tions were then incubated and were examined daily 
for six days. The medium was changed on the third 
day. There was vigorous outgrowth in tubes which 
contained cells which had been frozen in the presence 
of dimethyl sulphoxide, with very much poorer results 
in the glycerol series. A further set of ampoules was 
removed after 2 weeks’ storage at — 79° C. These 
were thawed and diluted as before, the cells being 
placed in test tubes containing coverslip fragments. 
One set of coverslip preparations was fixed and stained 
by the May Grunwald-Giesma technique on the 
fourth day and a further set was similarly treated on 
the seventh day. Fig. 1 illustrates the results. The 
superiority of the cultures which had been pre 

from cells frozen in the presence of dimethyl sulphox- 
ide is evident. Equally good results were obtained 
when suspensions prepared directly from human 
embryo lung nts were similarly treated. 

It is realized that better results could probably be 
obtained by more gradual removal of the glycerol or 
dimethyl sulphoxide. Nevertheless, the simplicity 
of a method which requires nothing more than fairly 
slow dilution of the preservative to 2-5 per cent has 
obvious advan . Further experiments are in 
progress to determine the length of time during which 
it is possible to store cells while still obtaining satis- 
factory recovery on thawing; successful results have 
been achieved with human embryo lung cells which 
had been held at — 79° C. for six months. Since 
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| Use of Dimethyl Suiphoxide for Preservation 
-of Tissue Culture Cells by Freezing 


THE discovery that glycerol acts as a protective 
substance to prevent damage to cells by freezing! 
has allowed the development of reliable methods for 
the routine preservation of tissue culture cells? and 
tumour cells? at low temperature. However, these 
techniques are not equally effective with all types of 
cells and in particular some freshly isolated primary 
cells fail to survive in adequate numbers and grow 
satisfactorily when frozen by the usual methods. 
Lovelock and Bishop‘ found that dimethyl sulphoxide 
could be used as an alternative to glycerol for the 
preservation of erythrocytes and spermatozoa at 
very low temperature, and other work has shown that 
dimethyl sulphoxide can also protect mouse bone- 
marrow cells* and trypanosomes’ from damage due 
to freezing. 

Attempts in the past to freeze primary or early 
passage chick embryo fibroblasts using glycerol 
under various conditions were not successful, so 
dimethyl sulphoxide was tried for this purpose. 
Results were encouraging, and a technique was 
developed for the preservation of primary chick and 
human embryo cells which permits recovery of a very 
high proportion of the frozen cells with little or no 
impairment of their ability to grow in vitro. 

Cell cultivation. Primary and secondary cultures 
of chick embryo fibroblasts were prepared from 
single 9-11 day embryos by the method of Rubin#® 
using Eagles minimal essential medium supple- 
mented with 10 per cent tryptose phosphate broth, 
4 per cent calf serum and 1 per cent bovine feetal 
serum. Trypsimized human embryo kidney cells, 


prepared by the method of Melnick®, were generously 

o hydrolysate and 15 per cent calf serum. Cultures 
© were grown on 50-mm. plastic Petri dishes in a 
> humidified carbon dioxide incubator. 


buted by Dr. G. Negroni and were grown in 
8 saline containing 0-5 per cent lactalbumin 






Estimation of cell viability. To estimate the 
proportion of viable cells remaining after various 
_ treatments, cells were planted in dishes and incubated 
for 18-20 hr. At the end of this period the cells were 
washed. free of medium, fixed with methanol and 
stained with 1/10 Giemsa. The plate was then 
examined at low power (+144) with a microscope 
and the number of cells per field counted in fifteen 
or more fields from all areas of the plate. Only cells 
that were well stretched out and had healthy-appear- 
ing nucleus and cytoplasm were counted. Plastic 
Petri dishes which have a uniform, flat surface for 








used so that the counts in different 
areas of a given plate were uniform, and the same 
microscope and lens were used throughout so that 
the relative numbers of cells in control and treated _ 
cell suspensions could be determined by comparing 
the number of cells counted per field. The area of the 
field was determined using a stage micrometer, and 
since the area of the Petri dish was known, it was 
possible to calculate the total number of cells per 
dish. With untreated secondary chick fibroblasts 
planted at a density of 5 x 10* cells per dish 80 per 
cent or more of the cells could be accounted for by 
this method, although only about 60-70 per cent 
were recovered when the plates were trypsinized 
and the cells concentrated and counted in a hema- 
cytometer. Cultures made from cells that were 
frozen and thawed under sub-optimal conditions 
frequently had large numbers of rounded, pycnotic 
cells which were nevertheless firmly attached to the 
plastic dish. These cells are easily recognized and 
rejected by the foregoing method, while it would be 
difficult to detect them if trypsinization or nuclei 
counts were used for cell counting. 

Method of freezing. An insulated box was made of 
g-in. expanded polystyrene, inside dimensions 4 in, 
deep and 11 in. square, with a loose cover of the same 
material and surrounded on the outside with a gas- 
tight polyethylene jacket. Whena4 x 4 x 4-in. wire 
basket filled with solid carbon dioxide was placed in 
the box the temperature reached equilibrium at 
— 53° to — 55° in about 1 hr. 1 ml. of cell suspension 
was placed in a 3-ml. constricted neck ‘Neutraglas’ 
ampoule which was sealed in a gas flame and placed 
in a slanted rack in the freezing chamber for 1 hr. 
or more after which it was placed in a carbon dioxide 
chest at - 78° for storage. Ampoules were thawed 
rapidly by shaking in a 37° water-bath. BDH 
‘Analar’ grade glycerol and laboratory reagent grade 
dimethyl sulphoxide were used as preservatives for 
freezing cells. It was not necessary to sterilize 
dimethyl sulphoxide, but it retained activity after 
being autoclaved in sealed ampoules. 

Preservation of chick cells by freezing with dimethyl 
sulphoxide, The design of all experiments was 
essentially the same. Primary chick fibroblast cul- 
tures were trypsinized, counted, and a constant num- 
ber (usually 107) was centrifuged at 1,000 r.p.m. for 
3 min. Fluid was drained, one tube reserved as 
control, and the cells in each remaining tube were 
suspended in 1 ml. of the various media to be tested, 
sealed in ampoules and frozen. The control cells 
were suspended in growth medium, planted at 
concentrations of 5 x 10° and 5 x 10° per plate and 
the number of cells attached to the plates determined 
next day. Frozen cells were stored for various 
periods, never less than one day. They were then 
thawed, centrifuged, suspended in growth medium 
planted at the same dilutions as the control cells, 
and the number of attached cells determined as 
before. The percentage survival was calculated from 
the number of cells per field in the test divided by the 
number per field in the control. Damage to cells 
during freezing is believed to be due largely to con- 
centration of salts as a result of eutectic phenomena! 
and it should be possible to reduce this effect by 
freezing cells in salt-free medium. To determine 
the effect of salts in the medium and at the same time 
to find the optimal concentrations of the two protec- 
tive agents, cells were frozen in salt-free medium 
and tissue culture medium with different amounts 
of preservatives. The ‘salt-free’ medium was com- 
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posed of isotonic glucose (6 per cent)! with 15 per 
cent calf serum and the other medium used was made 
of minimal essential medium with 15 per cent calf 
serum. Various amounts of dimethyl sulphoxide or 
glycerol were added and the different media were 
used to suspend cells which were frozen, stored for 
10 days and then the fraction of surviving cells 
determined. Thé results in Table 1 show that the 
optimum concentration of both dimethyl sulphoxide 
and glycerol was about 10 per cent though with 
dimethyl sulphoxide the optimum was broad, and 
concentrations between 7-5 and 12:5 per cent gave 
satisfactory results. Survival was much better with 
dimethyl sulphoxide and, in fact, with the optimum 
quantity of dimethyl] sulphoxide in this experiment 
there was no detectable reduction m the number of 
cells capable of attachment to the plastic surface. 
The best result obtained with glycerol was 18 per 
cent survival and this could not be improved on in 
other experiments. In both cases survival was better 
in complete tissue culture medium than in the 
‘salt-free’ medium. 

Table 1, COMPARISON O¥ DIMETHYL SULPHOXIDE AND GLYCHROL FOR 
PRESERVATION OF CHIOK CELLS — ISOTONIO GLUOOSH ARD OULTURE 


Per oent pa 
Preservative Concentration in isotonig — stiinimal 
(per cent) glucose ntial medium 
16 — 
75 38 85 
Dimethyl sulphoxide 10 55 101 
12-5 58 80 
15 26 87 
ü 8 11 
Glycerol 10 15 18 
15 7 11 
20 — 8 


The importance of serum for the survival of cells 
frozen with dimethyl sulphoxide was shown in an 
experiment summarized im Table 2 in which cells 
were frozen with 10 per cent dimethyl sulphoxide m 
salt-free medium and tissue culture medium with and 
without 15 per cent calf serum. Cell survival was 
satisfactory only in the presence of serum and 
once again it was found that salt-free medium was 
inferior to minimal essential medium. 


Table 2. KRYECT OF SERUM ON BURVIVAL OF CHICK ORLIS FROZEN 
WITH DIMETHYL 


SULPHOXIDER 
Per ownt 
Medium surviving 
10 per cent Anony sulphoxide; 15 per cent calf serum; a7 
180 0 
10 per cent dimeth thyl sulphoxide; 15 per cent calf serum; 
minimal esse ntial. dira R 95 
10 per cent “dimethyl sulphoxide; isotonic glucose 20 
10 per cent dimethyl sulphoxide; minimal essential * 
medium 


A critical factor in the survival of frozen cells is the 
rate of cooling when they are frozen, and investiga- 
tions have shown that cells in glycerol do best when 
the temperature is reduced by about 1° per min. down 

to — 25° O., then rapidly to below — 50° C. (ref. 12). 
in preliminary, non-quantitative experiments, no 
difference was seen in cells cooled slowly by gradual 
addition of carbon dioxide ice to an ethanol bath as 
compared with cells placed directly in a carbon 
dioxide chest at — 78° and, as a matter of conveni- 
ence, the small freezing chamber described above waa 
made. Later, it was found that a larger fraction of 
cells survived when frozen in the small chamber than 
when frozen by either of the other two methods and 
an experiment to show this is given in Table 3. Sur- 
vival was poor when cells were frozen quickly at 
— 78°, while the excellent results obtained with the 
small insulated box probably mean that the rate of 
cooling was close to optimal. This was entirely 
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accidental, of course, and is a good example of 
serendipity. Apart from being a nuisance slow cooling 
with carbon dioxide ethanol was not very successful, 
probably because it was difficult to control the 
temperature by the crude method used, and it seems 
likely that slow freezing by more sophisticated 
methods (refs. 3, 12 and preceding communication) 
would be succesaful. 


Table 8. Hevyuor oF METHOD OF FREEZING ON SURVIVAL OF CHICK 
CALLS WITH DOIETHYL SULPHOXIDR 


Method of freezing Per cent surviving 
Dry ico cheat at — 78° 45 
Shallow box at — 55° 83 
Oarbon dioxide ethanol — 1° per min. 65 


Chick embryo fibroblasts are now being stored 
for relatively long periods of time by freezing with 
dimethyl sulphoxide and the experiment that has 
been under way for the longest time is summarized 
in Table 4. Unfortunately, these cells were frozen 
with 15 per cent dimethyl sulphoxide so that survival 
was relatively low; nevertheless, it is clear that there 
‘was no reduction in the number of viable cells over a 
period of 10 weeks and there is no reason to doubt 
that the colls will remain alive for much longer 
periods. 


Table 4. SURVIVAL OF ORIOK CELLS FROZEN WITH DIMETHYL 
SULPHOXIDE 
Time at — 78° Per cent surviving 
24 hr. $1 
8 weoks 45 
6 weeks 26 
10 weeks 84 


The method used for measuring cell survival does 
not give any indication of the ability of the cells to 
grow once they have become attached to the plastic 
surface, and a comparison was made of the growth 
of frozen and unfrozen cells. A suspension of primary 
chick fibroblasts was divided into two equal portions, 
one of which was frozen in minimum essential m 
with 15 per cent calf serum and 10 per cent dimethyl 
sulphoxide. The other portion was used to seed ten 
50-mm. plastic dishes with 4 x 10° cells each. Next 
day the frozen cells were thawed and planted in the 
game dilution as the controls, using the same bottle 
of medium for both groups. Each day two dishes 
were removed from each group and the cells were 
counted. In this experiment 88 per cent of the frozen 
cells survived and attached to the plastic dish, and 
subsequent multiplication of frozen and control cells 
is represented in Fig. 1. Preliminary measurements 
suggested a slight delay in the growth of frozen cells; 
however, no such delay can be seen in this experiment. 

Cells that were stored at —'78° for 5 weeks have 
been. carried through six sub-cultures and were in 
no way inferior in their growth to unfrozen cells. 
An occasional batch of cells has failed to survive in 
reasonable numbers when frozen under conditions 
that usually give better than 80 per cent survival. 
Whether this was due to a technical lapse or to some 
factor in the condition of the cells is not known. 
With this reservation, it is fair to say that chick 
embryo fibroblasta that have been frozen under 
optimal conditions with dimethyl sulphoxide are for 
practical purposes as good as fresh cells. 

Preservation of human embryo kidney cells by 
freezing with dimethyl sulphoxide. Human embryo 
kidney cella were available only in limited amounts 
and presented special problems in quantitation. The 
trypsinized cell suspension contained many clumps 
and the cells attached to the plastic stretched out 
only after 2 or 3 days, so that quantitative measure- 
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Fig. 1. Growth of secondary y ona SIDEYO fibroblasts on plastio 
Triangles, control] — — cells frozen at — 78° with 10 per 
nt dimethyl sulphoxide 

ment of cell survival by the usual method was not 
practicable. Freshly trypsinized cells were divided 
into several portions one of which was planted 
immediately, using about 6 x 10° cells per 50-mm. 
dish, and the remaining portions were frozen in 
10 per cent dimethyl sulphoxide. At intervals cells 
were thawed and planted as the control. The plates 
were i each day andthe time needed to develop 
a confluent cell sheet recorded. The results in Table 5 
indicate that there was a loss of viability on freezing 
and probably a further drop after 3 weeks’ storage, 
but there was no further loss of viability up to 8 
weeks. 


Table 56. PRESHRVATION OF HUMAN RBRYO KIDNEY CRHLLS BY 
FYRERZING WITH DIMETHYL SULPHOXIDH 
Time at ~~ 78° Result 
0 Confluent in 8 days 
8 days Confluent in 4 days 
3 weeks Confluent in 6 days 
8 weeks Confluent in 6 days 


Techniques for preservation of tissue culture cells 


by freezing may be used for several purposes. The 
maintenance of cell stocks over long periods does not 


require that a very large proportion of the cells 
survive freezing or that they be in condition to grow 
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rapidly soon after thawing since one usually can 
start @ cell line from relatively small numbers and 
increase the multiplication-rate with time. The 
importance of dimethyl sulphoxide lies in the fact 
that at least with the cells tested a large fraction of 
frozen cells can be recovered in good condition to 
grow. This makes it possible to use the cells without 
extensive cultivation to build up a cell population, 
and makes available the use of frozen cells as a partial 
substitute for cell ‘farming’. Thus, in this laboratory, 
a population of cells derived from a single embryo 
ae a ee 
assays over & period of several weeks 

that were tested before use for Bea a r ility to virus 
and for the presence of contaminating viruses or 
other organisms. Human embryonic tissue is usually 
hard to get, and supply and demand seldom coincide. 
It has been possible now to build up a stock of frozen 
cells, when the tissue is available, for use when the 
cells are needed. Only a method which gives a high 
proportion of recovery is useful for procedures such 
as these. Thus far, no one has reported the use of 
dimethyl sulphoxide with stable cell lines, but it 
seems very likely that this would succeed and it 
might even be possible to make some cell types 
available commercially as frozen stocks. 

I am most grateful to Dr. J. Craigie, who designed 
the small freezing chamber, for his advice and 
encouragement. 

Roszegr M. DOUGHERTY * 
Division of Experimental Biology and Virology, 
Imperial Cancer Research Fund, 
London, N.W.7. 


* Spenial Research Fellow, National Cancer Institute, U.8. Pubho 
Health Service. 
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SUPPRESSION OF MELANOCYTE DISPERSION IN THE FROG 
BY PSYCHIC ENERGIZERS 


By Pror. GEORGE-T, SCOTT 


Department of Biology, Oberlin College, Oberlin, Ohio, and Marine Biological Laboratory, 
Woods Hole, Massachusetts 


HE melanocyte cells of animals have been of 

great interest to biologists for more than a 
hundred years, an interest ranging from that of the 
field zoologist’s recognition of an obvious sign of 
adjustment to environment, to that of the contem- 
porary biochemist’s concern with enzyme-containing 
mitochondrial structures?. 

The mechanism of movement of the melanin 
granules is not completely understood. Recent 
studies suggest that cytoplasmic streaming associated 
with the exchange of ions between intra- and extra- 


collular media is mvolved®. In the frog and certain 
other animals the stimulus for pigment dispersion 
is the melanocyte-stimulating hormone of the inter- 
mediate lobe of the pituitary gland. Melanocyte- 
stimulating hormone has been shown to be present 
in widely divergent groups of vertebrates, and 
recently an imfluence on human pigmentation has 
been demonstrated’. 

Certain effects of drugs on the melanocyte control 
system are to the field of psychopharmo- 
cology. Ataraxis (tranquilizing) drugs (includmg 
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meprobamate, reserpine and the phenothiazmes) 
have been observed to bring about dispersion of 
melanocytes in the light-adapted frog. The reaction 
is mediated by the pituitary hormone. The relative 
potency of different phenothiazine drugs in the 
chloropromazine family were found to be related to 
certain molecular structural patterns. A striking 
parallel in milligram potency for therapeutic control 
of psychiatric disorder was noted‘. 

This article is concerned with the study of certain 
central nervous stimulants, the ‘psychic energizers’, 
on melanocyte activity in the frog, Rana pipiens. 
The psychic energizera or antidepressants act clinic- 
ally ın a reverse manner to that of the tranquilizers. 
It is of interest that in the frog an antagonistic action 
to the tranquullizers is also observed, namely, the 
suppression of melanocyte dispersion under conditions 
when pigment dispersion would normally occur. 

Results of five drugs are given in detail. Two are 
psychamines of the hear] type and three are 
phenylalkylhydrazıdes whioh possess monoamine 
oxidase inhibitor properties. All five are used 
clinically in the treatment of the mentally depressed 
state and, in the case of the hydrazides, cardiovascular 
disease as well. 

Medium-sized frogs of either sex were weighed and 
placed singly in 1,000 ml. beakers containing 200 ml. 
of 0-5 per cent sodium chloride. Beakers were covered 
with nylon netiing and were wrapped in white cloth 
to provide light background. All animals were 
completely light-adapted before use under fluorescent 
illumination of 30-ft. candles. 

Varying amounts of the psychamines, amphet- 
amine and methylphenidate (‘Ritalin’) were injected 
mtraperitoneally in light-adapted frogs. Five animals 
were used for each dose. 1 hr. later the beakers were 
wrapped with black cloth to provide a background for 
dark adaptation, which is brought about by dispersion 
of pigment throughout the melanocytes. The degree 
of dispersion was observed from microscopic observa- 
tion of the web of the foot and a notation made 
according to the Hogben and Slome melanophore 
scale’. i were taken at hourly intervals for 
5 hr. and less frequently thereafter, and covering a 
period up to 72 hr. Animals injected with Ringer’s 
solution were used for controls. The percentage 
suppression of pigment dispersion brought about by 
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the drugs was determined by comparison with the 
controls. 

Similar experiments were carried out using mon- 
amine oxidase inhibitors. The only variation in 
procedure was that the drugs were injected 2 hr. 
before the dark backgrounds were applied and read- 
ings were taken over periods ranging to 120 hr. 

The sympsthomimetic amine, amphetamine, was 
a potent suppressor of melanocyte dispersion. At 
5 mgm./100 gm. the suppression of darkening was 
nearly complete. Methylphenidate (‘Ritalin’) also 
proved effective, though less so than amphetamine 
at similar doses. The drugs produced maximum 
suppression of dispersion relative to the controls 
2 br. after the dark backgrounds were applied. 
The readings made at this time were therefore used 
for comparative purposes (Fig. 1). The duration 
of action of amphetamine ranged up to 24 hr., whereas 
methylphenidate showed somewhat more prolonged 
activity. 

Of the monamine oxidase inhibitors examined, 
pheniprazine (‘Catron’) was most active, phenelzine 
(‘Nardil’) was intermediate and iproniazid (‘Marsilid’) 
had low activity. These drugs brought about maxi- 
mum suppression of pigment dispersion approximately 
3 hr. after the dark backgrounds had been applied 
(Fig. 2). The duration of action of pheniprazine. was 
approximately 120 hr., that of phenelzine 72 hr., 
whereas that of iproniazid was less than 24 hr. The 
upper dose-level reported is that at which side 
reactions were observed not to occur and at which the 
effects reported were completely reversible with time. 
At higher levels than these side reactions became 
pronounced, characterized by decreased neuromus- 
cular tonus and abnormal nervous co-ordination. 
Some of the extreme reactions were irreversible. 
A comparison of the structures of pheniprazine, 
phenelzine and rproniazid reveal the great importance 
of substitutions near the hydrazine group. The 
presence of the isopropyl group endows pheni- 
prazme with greatest activity (Fig. 3). 

The following ‘antidepressant drugs’ were found 
to be similar to iproniazid, possessing low melanocyte 
dispersion. suppression activity: pipradol (‘Meritran’), 
isocarboxazid (‘Marplan’), nialamide (‘Niamid’). The 
action of the antidepressant drug imipramine 
(‘Tofranil’) was qualitatively different since its 
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action resembled that of a phenothiazine ataraxic 
bringing about very prolonged melanocyte dispersion. 

Somewhat similar relative activity of certain of the 
drugs is reported in other animal tests and in man. 
Horita® found that pheniprazine produced mono- 
amine oxidase inhibition in brain tissue at much 
lower doses than iproniazid although in liver both 
drugs are equiactive. Spector et al.” showed that 
pheniprazine raised the norepinephrine- and sero- 
tonin-levela in rabbit brain two- to three-fold at 
one-tenth the dose of iproniazid. Analeptio action 
(central nervous system stimulation) as measured 
by the ability of a drug to arouse an animal) from its 
reserpine stupor likewise depends for optimum 
activity on the chemical configuration possessed by 
pheniprazine, namely, the 1-phenyl-2-propyl side- 
chain®. Phenelzine has likewise been shown to raise 
serotonin-levels in brain tissues at lower doses than 
iproniazid’. Sjoerdsma et al. io has studied mono- 
amine oxidase mhibition by iproniazid in man and 
has observed equivalent effects with one-fourth the 
dose of pheniprazine. 

Since ataraxic drugs darken frogs by releasing 
melanocyte-stimulating hormones and energizers 
apparently suppress this reaction, a combination of 
the two kinds of drugs were used to test experi- 
mentally for antagonism. One group of frogs 
received 0-2 mgm. per 100 gm. of fluphenazine 
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(‘Permitil’), which is the most active phenothiazine 
tranquilizer; another group received 2-0 mgm. per 
100 gm. of pheniprazine (‘Catron’), the most active 
monamine oxidase inhibitor. A third group was 
injected with pheniprazine followed 1 hr. later by 
fiuphenazine. An intermediate value of melanocyte 
index between that of pheniprazine and fluphenazine 
was observed in those animals receiving both drugs, 
thus demonstrating opposing action by the drugs 
(Fig. 4). 

These investigations have revealed conclusively 
that once the pigment granules become partially or 
completely dispersed in themelanocytes, the energizers 
are unable to reverse the degree of dispersion and 
bring about concentration of the pigment in the cell. 
The drugs act in this manner regardless as to whether 
the pigment has been dispersed as a result of adapta- 
tion to a dark background, or by use of a tranquillizing 
drug, or by injection of pituitary extracts, including 
purified hog b-melanocyte stimulating hormone. This 
property is to be contrasted with that of epinephrine, 
which brings about direct and rapid contraction of 
melanocyte pigment. ‘The energizers act only to 
suppress melanocyte dispersion in the frog. Their 
action appears to be central since no antagonism 
with injected pituitary extracts is observed. 

The energizers apparently act on some mechanism 
in the brain which influences the secretion of the 
darkening hormone of the hypophysis—a mechanism 
conceivably affected by the levels of certain endogen- 
ous amines. The psychamines (amphetamine and 
methylphenidate) may act centrally by a sympatho- 
mimetic principle due to certain structural similarity 
to norepinephrine. Amphetamine, one of many 
aralkylamines, has been shown. to possess maximum 
pressor activity. Methylphenidate is a modified 
phenaralamine which may account for its activity 
(Fig. 3). The interpretation of the action of the mono- 
amine oxidase inhibitors may follow from their 
enzyme- -inhibiting properties, which cause an increase 
in the levels of physiologically active amines such as 
norepinephrine and serotonin. 

It is of interest that the antidepressant drug, 
imipramine (‘Tofranil’), which does not possess 
sympathomimetic or monoamine oxidase inhibitor 
properties, was found to act qualitatively different 
from the other energizers on frog melanocytes, in 
that it caused darkening of the animal rather than 
the suppression of melanocyte dispersion. 

The observations reported above are of interest 
as a biological indicator of relative pharmacological 
activity of compounds which are clinically significant 
in the treatment of certain psychiatric disorders. 

This investigation was supported by a Public 
Health Service Research grant (M Y—-3903) from the 
National Institute of Mental Health, U.S. Publie 
Health Service. 
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RELATION BETWEEN MITOTIC INDEX, DURATION OF MITOSIS, 
GENERATION TIME AND FRACTION OF DIVIDING CELLS 
IN A CELL POPULATION 


By Dr. C. L. SMITH and P. P. DENDY* 
Department of Radiotherapeutics, University of Cambridge 


UPPOSE we have a population of parasynchron- 
ously dividing cells, in which the number of calls 

n(z) at a time t is a function of 2, given by a relation 
such as that shown in the curve of Fig. ia. (Para- 
synchronous in this sense has been defined by Newton 
and Wildy and means a population in which the cells 
which are going to divide enter division over a period 
of time short compared with the generation time.) 

From this curve we see that cell division occurs 
only between times 4, and t,. The variation of 
mitotic index M(t) with time ż will then follow a curve 
of the general form shown in Fig. 1b. The function 
M(t) can be obtained experimentally at a number of 
fixed times ¢,, fg... tn. We wish to derive the function 
n(t) from the experimental observations of M(t) and, 
in particular, to calculate the fraction F(t sty) of the 
number of cells n(tp) in the culture at time tp which 
divide between times tp and 4. Since the division 
of each cell increases the total number of cells by 1, 
the number of cells which divide between times tp 
and é is n(t) — n(tp) and therefore the fraction of 
the initial number which divide is given by: 


n n 
Pitot) = PEL (1) 

At any given instant, ¢, the cells which are observed 
to be in mitosis are just those cells which will divide 
at some time between times t and (¢ + +) where r is 
the average duration of mitosis. The number of 


No. of cells nit) 








Mitotic index Af(f) 


— — — — — — — — — — —— ——— ee aer a 


Time 
(b) 


Big. 1. (a) Idealized the approximate doubling of 
oaly p colls ın short 


Ò a time 
———— with the ‘ntarmit time. (b) Mitotio index corro 
sponding to the increase in cell population shown in « 


these mitotic cells at time ¢ is therefore n(é + +) —n(é) 
and, hence the mitotic index M(é) at time ¢ is given 
by the expression: 
_ nt + t) — nit) 
Mies (2) 

The n(t) versus # curve can now be constructed 
graphically from the M(t) versus t curve as follows. 
We may re-write equation 2 in the form: 

nii + +) = ntl + Me) 
If we now commence at an arbitrary time ¢, with 


some arbitrary number of cells n({t,) we can calculate 
n(t, + +) from the relation: 


nit, + T) = nil + M(t)} 
When the value of n(t, + +) is known we can then 
proceed, in a similar manner, to calculate nit, + 27) 


and soon. Having so constructed the curve n = f(t) 
it is a simple matter to read off the fraction: 


nl) — nito) 


to obtain the number of cells which divide between 
times tp and &. Reverting to Fig. 1, if, in fact, the 
time limite are taken as t#, and t, then: 


nin) — nl) 
n(ty) 

gives the fraction of the cells in the parasynchronous 
population which are dividing in one cycle. 

Experimental work on this subject has recently 
been done both by Terashine and Tolmach’® and by 
Newton and Wildy?. We have made calculations 
using the data contained in both papers and the 
following example is taken from the work of Newton 
and Wildy (Fig. 2a). The mode of calculation and 
the resulting log n(t) versus t curve are shown respec- 
tively in Table 1 and Fig. 2b. For this calculation 
the average duration of mitosis t was taken as 45 min. 
It should be noted that the shape of the curve and 
the upper and lower limits n, and n, are quite sensi- 
tive to the value chosen for +. 





Table 1 

(hr.) ) log rett{ty) nf seat yy nit +r) 
bp OR) ? Ae Jia} (x 10°) 
0 1 50 1{1+0°016) 1 0186 

1016 1 016 — 015} —1031 
1 1-031 1-081 (1-0018) «1-045 
2 1 045 1 045 (140-018) =—1-068 
8 i 058 5-024 1 DES ETOD j1 O71 

calculation ot as h ve to 

25 1:798 1-708 (40-01 = 1 -829 
2 1-829 1:829 (1+0°015) =1-856 
27 1-856 5:260 


The general shape of the curve obtained by calcula- 
tion (Fig. 2b) can be seen to agree quite well with the 
experimental points obtained by making cell counts 
at various times ¢. These points are shown on the 

as solid circles. 

It should be noted that the numbers calculated 
from points of high mitotic index carry a much heavier 
weight than the others and also that any error made 
at one point is cumulative since the number of cells 
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Fig. 2. a takon from the work of Newton ead Wildy? 
mitotic mdax with 


variation of time m & parasyn- 
aly avidin calture. (b) The theoretical “cell numbers 
versus time curves d 


—— from oe mitotic indices of Fig. 2a 
apenas orosses). resent experimental obsarv- 
ations (by Newton and wiki of F coll numbers at various timos 


calculated for a given point is used in the caloulations 
for the next, and hence all subsequent, pointa. 

It is perhaps interesting also to consider the 
results these calculations give when applied to a 
completely asynchronous, randomly dividing popula- 
tion. Under these conditions we may write: 

n(t) = n,.2T), where T = (generation time) 
= (duration of mitosis + 
intermitotio time) 
= N,.e4% where g = mae 





and then the mitotic index M(t) is given by: 

nit + T) — nit) 
nit) 

ect + t) — gat 


tents ee 


== * = ( 


M(t) = 


1 
ect — J) = (eT OTS _ i) 
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In this case, M(t) is independent of ¢, as we 
should expect. We may re-write the above expression 
in the form: 


* z loge? 


to give a relation connecting mitotic index M with 
the mean duration of mitosis + and generation time 
T in a population of cells during the exponential 
period of growth. It is a trivial matter to show 
that this relation is the same as that quoted by 
Hughes? if the quantity Æ which he (incorrectly) 
calls the mitotic Index is redefined as the ratio: 


number of cells in mitosis 
number of cells not in mitosis 


(Since we made these calculations, Dr. Crick, who 
made the original calculations quoted by Hughee, 
has informed us that his definition of R was incorrectly 
quoted in the book. It should have been that given 
here.) 

In general M<€1 and equation (3) may then be 
re-written : 

log.(1 + M) ~ M = +/T log. 2 = 0-693 t/T 

Attention is directed to this relation since, in the 
past, generation times have sometimes been calculated 
from known mitotic indices, M and known duration 
of times of mitosis t using the relationship: 

M = +/T (refs. 4, 5 and 6) 


The formula has, however, been correctly quoted 
by Hoffman’, and by Stanners and Till. 

The error introduced into the calculated value of 
T by using tho latter equation is of the order of 30 
per cent. 

We are grateful to Dr. A. A. Newton for originally 
bringing this problem to our notice. 

m * ae of a scholarship from the Medical Research Counol of 
Tea 
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FACTORS INFLUENCING THE SURVIVAL OF NEUROSPORA CRASSA 
CONIDIA IN SORBOSE-SUCROSE MEDIA 


By Dr. F. J. de SERRES, Dr. H. G. KOLMARK and Dr. H. E. BROCKMAN 
Blology Drvision, Oak Ridge Natlonal Laboratory*, Oak Ridge, Tannessee 


LE o has been used extensively to induce 
colonial growth in strains of Neurospora crassa 
which are genetically non-colonial since the discovory 
of its paramorphogenic effect by Tatum et alt. A 
direct method for determining forward-mutation 
rates at the ad-3 region of Neurospora? was modified 
by adding 1:0 per cent sorbose and 0-1 per cent 
sucrose to the incubation medium so non-colonial 
wild-type Neurospora could be used. When experi- 
ments were performed under thege conditions, the 


* Operated by Union Carbide Corporation for the U.S. Atomic 
Energy Commission. 


viability of the conidial inoculum expected was not 
always obtained. This observation led to more 
detailed studies in which the Neurospora wild-type 
strain 744 was used to test the influence of various 
factors which might affect the viability of conidia 
grown in such a medium. 

In these experiments ‘per cent viability’ is defined as 
the percentage of the conidial population (as determ- 
ined by hemocytometer counts) forming visible 
colonies in the presence of sorbose or the percentage 
germinating in the absence of sorbose, when incubated 
at 30° C. in either Westergaard’s’, Fries’s* or Vogel’s® 


No, 4815 February 10, 1962 


80 


e 
e——— HO X RAY 


Viability (por cent) 
S 





CEET time (min.} 
Fig. 1. Viability of wild-type conidia in e operi ’s medium 
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basal media containing 1:5 per cent agar. Media 
were autoclaved for 15 min. (18 Ib., 252° F.) unless 
otherwise specified. 

Because media containmg sorbose and sucrose 
darken during autoclaving, we suspected that the 
differences in viability encountered in the forward- 
mutation experiments might be related to the auto- 
claving time. The resulta of an experiment testing this 
possibility (Fig. 1) show that the viability of X-irra 
diated and untreated conidia is strongly dependent 
on the autoclaving time of sorbose~-sucrose media. It 
was also observed in this e nt that the incuba- 
tion time required for the colonies to reach a diameter 
of 2-3 mm. was inversely related to autoclaving time. 

In another experiment with Westergaard’s medium, 
‘Millipore’ filter-sterilized sucrose plus sorbose auto- 
claved for 15 min. gave 1-2 per cent viability, whereas 
filter-sterilized sorbose plus sucrose autoclaved for 
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15 min. gave 62-2 per cent viability. Therefore, the 
increased, viability following autoclaving, which is 
shown in Fig. 1, can be attributed to autoclaving 
time of the sucrose but not of the sorbose. We con- 
cluded that sucrose was hydrolysed during auto- 
claving and that some hydrolysis products, such as 
glucose and fructose, were responsible for the increase 
in viability. The results of an experiment utilizing 
mixtures of filter-sterilized sucrose, glucose and 
fructose in combination with 1-0 per cent sorbose 
(Table 1) are consistent with this suggestion, because 
viability increases when fructose and glucose are 
substituted for sucrose. 


Table 1, VIABHJITY oF WILD-TYPE CONIDIA ON VARIOUS CONOEN- 
TRATIONS OF -BTERILIERD SUCROSE, GLUCOSE, AND Frucross 
(Weatergaard’s medium and 1°0 per oent filter-sterilized sorbose) 


Filter-sterilizad Filter-atarilized 


gnooso and fructose sucrose Viabili 
(per cent of each) (per oont) (per oent} 
00 8i 49 
0 0001 06-0008 9-4 
0-001 0-008 58-2 
0°01 0-08 58-5 
0-08 0-04 70-8 
0 05 0-6 78-8 


It had not been determined, however, whether 
conidial survival is low on filter-sterilized sucrose 
alone or whether sorbose is required to produce this 
effect. Fig. 2 shows that viability on 0-1 per cent 
filter-sterilized sucrose alone is at a Maximum and that 
viability decreases when sorbose is added. These 
results again demonstrate that the lethal effect of 
sorbose is reversed when the sucrose—sorbose medium 
is autoclaved for a sufficient time. 

Other experiments have shown that the type of 
basal medium also affects conidial viability in both 
sorbose and filter-sterilized, or insufficiently auto- 
claved, sucrose. In one experiment using filter- 
sterilization, 1-0 per cent sorbose and 0-1 per cent 
sucrose gave 1:8, 18:3 and 29-3 per cent viability 
on Westergaard’s, Fries’s and Vogel’s basal media, 

ively. 

If both sorbose and sucrose are autoclaved in the 
medium, the source of sorbose can also affect the 
viability. In an experiment with both 3-0 per cent 
sorbose and 0+1 per cent sucrose autoclaved 10 min. in 
Westergaard’s medium, the following viabilities with 
different sources of sorbose were obtained: 

Nutritional Biochemicals Co., lot 7,800, 44:3 per 
cent; lot 9,221, 24:5 per cent; lot 5,554, 17-3 per 
cent. Matthiegon, Cole, and Bell, lot 5,905, 29-1 per 
cent. Mann Corp., lot D 3,850, 16-2 per cent. 

The sorbose of highest purity (as determined by 
colour, odour, and amount of insoluble material) gives 
the lowest viability and vice versa. These results may 
be explained by the supposition that the sorbose of 
lowest purity can best catalyse the hydrolysis of 
sucrose or that it contains other contaminating mono- 
saccharides. 

Our results show that a number of factors—auto- 
claving time of the sucrose, sorbose concentration, 
types of basal medium, and source of sorbose—can 
significantly modify the viability of Neurospora 
conidia. When Neurospora is grown in sorbose— 
sucrose media, it is important to establish the auto- 
claving time required for maximum viability under 
the conditions adopted. 


ER oy L., Barratt, R. W., and Cutter, V. AL, Science, 109, 600 
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TUNNIES AND MARLINS OF SOUTH AFRICA 


By F. H. TALBOT and M. J. PENRITH* 
South African Museum, Cape Town 


Tunnles 


INCE February 1960 the South African Museum 
has been conducting a survey into the species of 
tunny found off the Cape Province, South Africa, 
using the Japanese long-lining method. This survey 
is being conducted in conjunction with the Council 
for Scientific and Industrial Research Oceanographic 
Research Unit, University of Cape Town, and is 
complementary to a long-term survey being made by 
the Division of Fisheries, Department of Commerce 
and Industries. 

Although tunny have been known from the Cape 
for some time! it is only’ since 1952 that sport 
fishermen, using surface trolling gear, have shown that 
they are abundant off the Cape Peninsula in summer. 
The present survey has confirmed this, but has also 
shown that the sub-surface popwations (15-80 
fathoms) differ in species composition from the surface 
shoals, that in winter different and even larger popu- 
lations are present, and has forced us radically to 
change our ideas of the distribution of the genus 
Thunnus (sensu latu) around South Africa. 

To date, the South African Museum has undertaken 
eleven cruises over the period of one year (March 
1960-March 1961), and more than 900 tunny have 
been caught and examined. 

The survey has concentrated on a line running out 
west of Slangkop Point, Cape Peninsula (18° 19’ E., 
34° 9’ S.), and up to 60 miles off-shore. Cruises have 
also been made up the West Coast as far as 32° 30’ S., 
and along the East Coast to the region of Port 
Elizabeth (26° E., 34° 30’ 8.). 

Thunnus alalunga (Bonnaterre) (longfin tunny), 
T. thynnus (L.) (bluefin tunny), T. obesus Lowe 
(bigeye tunny) and T. albacares (Bonnaterre) (yellow- 
fin tunny) have been taken during the survey in that 
order of abundance. The catches are summarized in 
Tables 1 and 2. 

South-west Cape Coast. In summer 7’. albacares is 
often abundant at the surface off the Cape Peninsula 
(Atlantic Coast), and T'. alalunga is also present, both 
being taken by surface lures. Long-line catches in the 
area. in summer, however, show that among the 
deeper swimming tunny T. alalunga, averaging 860 
mm. and about 35 Ib. is the commonest species. In 
contrast with the surface few T. albacares are present, 
these being mostly large fish averaging 1,300-1,850 
mm. and 110-130 Ib. T. obesus, first taken in South 
Africa in 1959°, proves to be extremely common, and 
although not as numerous as T. alalunga, forms the 
bulk of the summer catches by weight due to the 
large sizes of the fishes, which average 1,480 mm. and 
about 200 lb. This species is very rarely found at the 
surface. Occasionally also in summer large T. thynnus 
of more than 400 lb. are caught. One of 2,151 mm., 
taken off Slangkop in December by this survey, was 
not included in Table 1. Another large T. thynnus of 
more than 400 Ib. was taken by long-lming from a 


* Saconded from the Council for Scientific and Industrial Researeh 
QOoeanographic Unit, University of Cape Town. 


commercial group of six boats in this area in summer, 
as well as six by net in shallow water. 

These summer tunny populations are usually 
found in the warmer waters off the Cape (South 
Atlantic Subtropical Water and Agulhas Current with 
surface temperatures averaging 19-22° C.) and 
although common on the border of the cold, rich 
Benguella Current flowing up the West Coast, are 
seldom found within it. 

It was previously thought that with the onset of 
winter with its colder surface water temperatures of 
15-17° O., and occasionally (as shown in Table 1) even 
lower than this, the shoals of tunny left the South- 
western Cape. The survey has shown, however, that 
although the populations of T. albacares and T. obesus 
disappear from the area in winter, they are replaced by 
huge shoals of T. thynnus (average size 1,885 mm., 
140-150 lb.), which gave the highest catcah-rates of the 
survey. These fishes do not appear at the surface, 
which may account for their presence being previously 
unknown. These winter T. thynnus show close 
affinities with T. t. maccoys Castlenau, with similar 
coloration and low gill raker count (31-34). T. 
alalunga is‘also very common in winter, of an average 
size of 975 mm. and 50 lb. This species matures at 
about 30 Ib., and it is probable that the mature fish 
leave to spawn. in the tropics and sub-tropics in the 
southern summer. Similar behaviour has been found 
in the Pacific‘. 

South-east Cape Coast. In the Indian Ocean off 
the south-eastern Cape the Agulhas current keeps 
surface temperatures higher. Here catches were lower 
(Table 2), and although T. albacares and T. obesus 
were present, T. thynnus and T. alalunga were not 
taken in the four cruises made to this area. 


Table 1. FISHES OF THR GHNUS Thunnus TAKAN FROM THA CAPH 
SOUTH-WEST (ATLANTIO OOHAN) Coast BY LONG-LIXING 


(Fishes caught on the deepest hooks may have taken the bait during 
necessartl 


lowering or raising the une: and ae 7, at that — 
Species Gialunga fhynnus obesus 
Sixe ronge (mm. fork 
length 603-1,191 748-1,661 930-1,707 1,116-1,826 
Per Per Per Per 
Presence by cent cent nt cent 
quarters of year No. of No. of No. of No. of 
fish fish 
Summer — 84 B28 21 133 OF — 64 889 
Autumn May) 118 722 20 175 2 12 I5 @ 1 
Winter ( ane AUG.) 82 444 2 08 112 54: 0:5 
Spring (Sept.—Nov. 188 665 8 35 77 272 10 2-8 
emperature-range 20 -4B— 20-1 18 24 20 -04— 
surface °O, 18 80 13 13 80 13-80 
Lowest temperature at 
the deepest hook an 
which wero taken 9:86 11°88 9-31 11 83 


Table 2. FISHES OF THE GENUS TAunnus TAKEN FROM THEA CAPE 
SourTH-HAST (INDIAN OCRAXN) Coast BY LONG-LINING 


Species T, albacares T. obesus 
Size-range (mm. fork length) 539-1,604 1,262-1,885 
Presence in quarters of the year No No. 
Summer me 0 
Autumn May 18 2 
Winter ( — 0 
Spring (Sept.—Nov. 79 14 

emperature-range (surface °C.) 28-80-17 05 21-81-17-95 
Lowest temperature at deepest er ee 
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Lack of temperature barriers to migration. It seems 
clear that there is no temperature barrier in summer 
to movement round the southern tip of Africa by the 
two warmer water species of tunny (T. albacares and 
T. obesus). Both these species were found throughout 
the areas surveyed from the Atlantic to the Indian 
Oceans in the summer months of the year. Surface 
temperatures of 21° C. are often present round the 
Cape (outside the cool upwelled water of the Benguella 
Current) in summer, and there is evidence of mixin 
of Agulhas Current water and South Atlantio sub- 
tropical water under certain conditions®:*. In winter 
the colder water off the Cape would act as a barrier to 
these two species. Neither of the cooler water species 
(T. thynnus and T. alalunga) was found in the warm 
Agulhas Current water on the Cape south-east coast. 
Both species are known from the Indian Ocean, 
however, and it is probable that some movement or 
mixing of populations takes place between the two 
oceans. 

It bas been shown in other areas that tunny may 
shift their distribution with relatively slight changes 
in water temperatures’ particularly, as can be expec- 
ted, in marginal areas. In the case of the Pacific 
bigeye tunny changes in range of up to 10° of latitude 
have been found’. The clear patterns found during 
1960-61 are therefore best considered as a pre- 
liminary statement until proved by further work. 


Marlins 


Prior to 1961 marlins were considered extremely 
rare in the waters off Cape Town, on the Atlantic side 
of the southern tip of Africa (Cape Agulhas), as only 
three specimens had been recorded during this 
century from the area, and only one (the type of 
Makaira herscheltt Gray 1838) during the last cen- 
tury (ref. 9 and unpublished South African Museum 
records). At Mossel Bay, which lies on the Indian 
Ocean 200 miles to the eastward of Cape Town as 
the crow flies, they were considered more common, 
sports fishermen having taken eight specimens during 
1956-58 (C. Horne, personal communication). 

The results of a recent survey by the South African 
Museum, using Japanese long-lining gear, and trial 
fishing by commercial firms using the same technique, 
have changed this picture. During three summer 
months in 1961 (January~March) fourteen marlins 
were taken off Cape Town by long-lning. Ten of 
these fishes were black marlin (Makaira indica 
(Cuvier)), three were the striped marlin (Makatra 
audax (Philippi)) and, most surprisingly, one was a 
white marlin (Makaira albida (Poey)). One further 
marlin taken in winter (June) 1961 has proved to be 
the blue marlin (Makaira nigricans Lacépède). 

The black marlins, with the typical deep body, low 
dorsal and rigid pectoral fins, ranged from 3.659 mm. 
(1,082 lb.) to 2.850 mm. (650 lb.). The length given 
here was taken from the tip of the mandible to the 
caudal fork. These seem to be the first records of 
black marlins from the Atlantic Ocean, apart from 
Smith’s* recording of a black marlin from Table Bay 
based on a photograph. At this time (1956), however, 
Smith was of the opmion that the black and the blue 
marlin were one species. 

The blue marlin, 2,959 mm. in length and weighing 
590 Ib., had a moderately high dorsal (0-76 per cent of 
body-depth); pectorals able to le flat against the 
body; and dissection showed the pectoral girdle to 
fit Morrow’s description?®. This is the first confirmed 
blue marlin from the area since the type of herachelts 
in, 1838. 
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The striped marlins, the first recorded from the 
Atlantic to our knowledge, had dorsal fin greater 
than body-depth; an elongate slender bill; posterior 
position of the anus; pointed tips to pectoral, anal, 
and dorsal fins; faint uncomplicated lateral line 
scarcely visible externally (found to be only 1-5 mm. 
wide on the larger fish on dissection); and marked 
stripes which remained after freezing. The one was 
1,746 mm. (87 Ib.) and the other 2,182 mm. 
(147 Ib.). 

The white marlin, similar to the striped marlins in 
many points, differed from them in having a strongly 
demarcated lateral line, with numerous open pores 
clearly visible to the naked eye externally. On dissec- 
tion a simple and wide lateral-lme tube was seen 
(4-5 mm. across), with the many open pores running 
directly into it, as described by Lamonte!'. The dorsal, 
anal, and pectoral fins were rounded, unlike those of 
the striped marlins. This fish was 1,918 mm. in 
length and its fresh weight unknown. A photograph in 
the South African Museum of a marlin, caught by long- 
lining off Walvis Bay in April 1961, has also been 
identified by us as this species. 

It is possible that these fishes were taken in water 
derived from the Indian Ocean, as the warm Agulhas 
Current is thought to round the southern tip of 
Africa on occasion, and flow into the Atlantic outside 
the cold, upwelled water of the Benguela Current, 
mixing with sub-tropical water of the South Atlantic 
gyral, in this area called the south-east Tradewind 
Drift by Hart and Currie#*. During much of the 
summer period surface temperatures of 21° C. are 
found right round the Cape, and there are no obvious 
hydrographic reasons why the different species of 
marlins should not move between the two oceans. 
Yet the black and the striped marlins have never been 
recorded in the rest of the Atlantic, and the white 
never in the Indian or Pacific Oceans. Rivas", 
comparing the populations of blue marlins on both 
sides of America, suggests that they are not distinct 
species, but represent two ends of a cline stretching 
from the Atlantic, through the Indian Ocean and to 
the Pacific. The presence of blue marlin around the 
Cape suggests that his interpretation is correct, and 
this should be provable when more specimens are to 
hand. A possible explanation for the unusual finds 
in this area may be that although these fishes may 
reach the Cape at certain times of year, the breeding 
areas are restricted, in the case of the white marlin to 
the western Atlantic, and in the case of the black and 
striped marlins to the Indo-Pacific region. 

Detailed measurements of these marlins have heen 
taken, and will be published at a later date. The 
white marlin and one of the striped marlins are in the 
South African Museum collections, as well as skeletal 
material of the blue marlin and some of the black 
marlins. 


* Thompson, W. W., Mar Biol. Rep., Cape Town, 4 108 (1818). 

1 Barnard, K. H., Ann. South Afr. Mus., 31 (2), 798 (1927). 

* Talbot, F, H., and Penrith, M, J., South Afr. J. Sei., 67 (9) 240 (1861). 

4Brock, V. E., and Marr, J, O., Fish and Wildhfe Circular 83, 21 
(Washington, 1960). 

2 Dietrich, G., Inst. Mesreskunde Berlin, A, No. 27, 58 (1935). 


e P a J. H., unpublished results, Oceanogr. Res. Unit, Univ. of 
pe Town. 


1T Radovich, J., Fisk, Bull., Sacramento, 112 (1961). 


* Tully, J. P., aid Bennett, E. B., Prog. Rep. Fuh. Res. Bd. Canada, 
92 (1952). 


t Smith, J. L. B., Tehikyol. Bull., Grahamstown, No. 2 (10956). 
10 Morrow, J. E., Bull, Bingham Oceanogr. Coll., 16, 88 (1057). 

u Tamonte, F. R., Bull. Amer, Muwe. Nat. Hyt., L14, 881 (1958). 
u Hart, T. J., and Currie, R. I., Discovery Rep., 31, 128 (1060). 
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SIGNIFICANCE OF CEPHALOPOD BEAKS 
By MALCOLM R. CLARKE 


National Institute of Oceanography, Wormley, Surrey 


EPHALOPOD mandibles or beaks are notoriously 

difficult to identify when found isolated, as they 
frequently are, in stomach contents or in deep-sea 
deposits. Few could hitherto be identified at all with 
certainty, but a recent study of cephalopod beaks of 
all sizes and of as many families as possible in the 
British Museum (Natural History) and Dtscovery 
Collections has shown that beaks have stable charac- 
teristics which can be utilized to identify them to 
families and sometimes even to genera. In addition, 
correlations between dimensions of the lower beaks 
and total body-weight have been found. 

This work has applications in several fields of 
research which are considered here. For most 
purposes the lower beak is more useful than the upper 
beak. 


Biology and Taxonomy of Squids 


It was found that many beaks darken in three 
distinct stages during growth. In the Ommaatre- 
phidae, a family more intensively investigated than 
others, the second stage occurred at approximately 
the same time as the beginning of sexual maturity. 
real orig coe es ge caine A are 
Sthenoteuthis pteropus from S. carols (unpublished 
work) because these species differ in the size at which 
the second stage of darkening occurs. The beaks of 
Todarodes sagittatus from Icelandic and Norwegian 
waters pass through this second stage at a larger 
size than beaks of the same ies from Madeiran 
waters. Thus, by examining beaks it is sometimes 
possible to find differences with a population 
thought to be homogeneous on other grounds. 

This work also suggesta that there are similar 
correlations between darkening of beaks and maturity 
of squids in other œgopsid families. This should be 
further investigated because it may prove a useful 
tool in solving intricate taxonomic problems. 

Squid species known to grow to a large size have 
beaks which pass through the second stage of darken- 
ing at a larger size than the beaks of squids thought 
to be a small species. It is therefore possible tenta- 
tively to predict that a species is likely to have 
members of large size if the beaks are also large in 
the second stage of darkening. A constant relation- 
ship between beak size at the second stage and at ite 
maximum size for the species has not been estab- 
lished, so that it cannot be stated that a squid 
will not grow large if the final, third stage of darkening 
ocours at a smal} size. 


Analysis of Stomach Contents 


Beaks are found very frequently in the stomachs 
of many sea-birds!, many sea-fish*-®, many seals” 
and many cetaceans®®. They are often very numerous 
in a single stomach and are usually the only undi- 
gested food present. Their identification is an essen- 
tial preliminary to the exammation of the food of 
such squid eaters. 

Correlations for most cgopsid families have been 
found between total body-weight and a dimension 
of the lower beak. In several families very few 


observations have been possible, and only a frame- 
work can be provided; however, this can be extended 
and made more accurate as more specimens become 
available. 

Such an examination of beaks from stomachs will 
provide both information concerning distribution, 
ecology, relative importance, etc., of squids and 
information on the food of teuthophages. 

Provisional identification of the species represented 
by the beaks in stomach contents can be obtained 
by linking the beaks, where possible, to any complete, 
or nearly complete, squid specimens. These deduc- 
tions can be quite useful in practice and are not as 
misleading as would at first appear, because there are 
not many species of a family in any one geographical 
area. 

The large number of beaks obtainable from stomach 
samples can give even more information concerning A 
predator’s diet than can be obtained from a study of 
the comparatively few whole squid specimens. 


Analysis of Bottom Deposits 


Murray and Renard, and recently Belyaev", have 
reported beaks from grab, dredge and trawl samples. 
Belyaev has recorded enormous numbers of beaks 
from the Indian and Pacific Oceans. Up to a maxi- 
mum of 15,000 beaks per one square metre (personal 
communication) have been found in the Arabian sea 
and the Gulf of Aden. The rate at which these beaks 
decay is not known, but Belyaev believes that they 
have accumulated relatively recently, because their 
surfaces had none of the manganese deposit present 
on gravel in the same samples. To judge from his 
paper, the beaks are in a condition which will permit 
identification. Unfortunately, I have been unable to 
trace the beak specimens from the ChaHenger Expedi- 
tion. 

A study of beaks from bottom deposits should give 
some interesting ecological information, if more can 
be found out regarding rate of decay, rate of sedi- 
mentation and horizontal transport by currents. 
Relative abundance of families in various geographical 
regions, spawning areas, relative mortality between 
different size groups and the normal maximum size 
of the squids in any family may all be indicated. 


Fossi! Cephalopoda 


Beaks are sometimes found. in association with 
fossilized remains in rock strate. They can be 
identified by features that are stable within families, 
and it follows that such features indicate relationships 
and may therefore be useful in evaluating relation- 
ships in fossil forms. In particular, the history of 
some of the recent squid families may be clarified 
by comparison between fossil beaks and the beaks of 
existing forms. 

I hope that this article may direct attention to the 
possibilities offered by this work on the identification 
of squid beaks. The methods used and the results 
obtained will be published elsewhere. 

My thanks are due to the Trustees of the British 
Museum (Natural History) for the loan of materal, 
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and to my colleagues for constructive criticism of the 


manuscript. 
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A ‘SILENT’ PSEUDOCHOLINESTERASE GENE 


By J. LIDDELL 
Nuffield Department of Clinical Biochemistry, Radcliffe Infirmary, Oxford 
AND 


Dr. H. LEHMANN and E, SILK 
Department of Pathology, St. Bartholomew’s Hospital, London, E.C.1 


BOUT 0-25-1 per mille of hospital patients can 
be shown to have a genetically determined 
deficiency of serum pseudocholinesterase. These 
subjects are usually discovered because they show & 
marked sensitivity to the short-acting muscle 
relaxant, suxamethonium!. This drug, which is the 
dicholine ester of succinic acid, is rapidly hydrolysed 
by pseudocholinesterase’. 

Kalow and his colleagues have shown that the 
enzyme found in these rare individuals differs from 
the usual type in two respects: it is less effective 
against a wide range of substrates, and more resistant 
to the majority of mnhibitors?*. Kalow and Genest 
devised a test system using 5 x 10° M benzoyl- 
choline as a substrate and a 10-° M concentration of 
the local anesthetic dibucaine (“‘Nupercaine’) as an 
inhibitor’. Under these conditions, dibucaine inhibits 
the usual enzyme by about 80 per cent, whereas sera 
from the suxamethonium-sensitive individuals are 


H 





@ = Abnormal dibucaine number (presumed abnormal homozygote) 

© = intermedinte dibucaine number (presumed heterozygote) 

O Usual dibucame number(presumed normal homozygote) 

A Anomalous phenotypes 
Fig. 1. Two famfites — anomalous inheritance of atypical 
pseudocholinesterase 


ylis Dare aay Y from ref. 7; 
famuy 2 from ref. 


inhibited by about 20 per cent. An intermediate 
group, comprising about 3 per cent of the popula- 
tion, existas the sera of which are inhibited by about 
50 per cent. 

The percentage inhibition produced by dibucaine 
under these conditions is usually called the dibucaine 
number. Genetic studies indicate that the three 
categories are determined by two allelic genes: the 
homozygotes for the usual and atypical genes have 
dibucaine numbers of about 80 and 20 respectively, 
while the heterozygote, presumably possessing a 
mixture of both enzymes, has an intermediate value. 
The results in the majority of families support this 
theory. 

Harris and Whittaker, using sodium fluoride as a 
differential inhibitor, and comparing the fluoride and 
dibucaine numbers, have shown that there is a further 
variant of the normal enzyme with an increased 
resistance to this inhibitor’. 

Two families have been reported in which the 
dibucaine resulta cannot be explained on the theory of 
two allelic genes’:®. These are shown in Fig. 1. In 
both cases the anomalous individuals are classified 
by the dibucaine technique as atypical homozygotes, 
while studies of families suggest that they are hetero- 
gygous. We have now seen a third such family, the 
results from which are shown in Fig. 2 and Table 1. 
In this family two sisters (OI, and IUI,) have 
dibucaime numbers characteristic of the atypical 
homozygote, and their parents (IL, and II,) appear 
to be a heterozygote and a normal homozygote 
respectively. 

In order to explain this type of discrepancy, Kalow 
and Staron have suggested that there is a number of 
allelic genes for the usual pseudocholinesterase, each 
determining its production at a different rate’. The 
extreme of such a series would be an allele producing 


Table 1. A FAMILY WITE AN UNUSUAL MODE OF INHERITANCE OF 
ATYPICAL PSEUDOCHOLINESTHRASE 


Individual oaholinesterase- Dibucaine No. Fluoride No. 
level (units/m!.) 
Is 58 54 54 
L 106 79 69 
I 7i 79 68 
Ty, 60 64 50 
II, 62 65 56 
3 44 76 64 
41 77 58 
Ti, 12 21 24 
*TIT, 16 31 22 
* Propositus. 


(106) (71) 


I sal laa Ta etl i 
J 
(62) (44) 


Abnormal dibucaine number (presumed abnormal homozygote) 


4 
(41) 


intermediate dibucaine number (presumed heterozygote) 


Normal dibuca:ne number (presumed normal homozygote) 


5099 


Not tegted 


Figures in brackets show enzyme level 


Fig. 2, A family with an unusual mode of inheritance of atypical 
peeudocholmesterase 


an absence of pseudocholinesterase activity. The 
mode of inheritance in our family (Fig. 2) would be 
explained if the mother (II.) was actually a hetero- 
zygote for this ‘silent’ gene and the usual type. This 
is supported by the fact that her pseudocholinesterase- 
level of 44 units/ml. is well below the normal range of 
65-125 units/ml. Her sister (I.) also has a subnormal 
enzyme-level. Both children would then be hetero- 
zygous for the atypical and the ‘silent’ genes, and 
their dibucaine numbers would be those of the atypical 
homozygote. It should be noted that the combination 
of a normal and a ‘silent’ gene does not always result 
in abnormally low enzyme-levela; for example, I, in 
this family has an enzyme-level which is just within 
normal limits. This is not unusual in this type of 
heterozygosity, and is also seen in hemophilia and 
glucose-6-phosphate dehydrogenase deficiency, when 
on occasion one gene is seen almost to do the work of 
two. 

A. serious objection to this theory has been that it 
predicts the existence of homozygotes for the ‘silent’ 
gene with no pseudocholinesterase activity in their 
sera. Such individuals have as yet not been described. 
We have now seen such a person, a Greek woman aged 
42, who was brought to our attention because she 
developed a prolonged apncea following the adminis- 
tration of suxamethonium. No pathological cause 
could be found for this complete absence of pseudo- 
cholinésterase activity, which has persisted during 
the four months she has been under observation. The 
true cholinesterase-level of the red cells was 97 
units/ml., a normal value. The results of study of the 
family which are shown in Fig. 3 and Table 2 suggest 
that this deficiency is inherited. Two children and 
two siblings have subnormal pseudocholinesterase- 


Table 2. FAMILY OF THE PROPOSITUB WITH ABSENT PSEUDOCHOLIX- 
BSTHRASEH AOTIVITY 


Serum psendo- 
cholinesterase- Dibucaine No, Fluoride No, 


Individual 
level (units/ml) 

T 67 80 64 
Wi, 78 81 67 
Ti, 66 82 64 
il, 78 80 83 
Ii, 63 83 67 
‘ 70 65 

' 55 78 

*Tl, Nil 
Ii, 78 78 64 
TY, 74 81 63 
I, 112 80 68 
moO O B g 
I, 98 81 61 
T ë 52 82 64 
im, 55 82 65 
* Propositis 
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levels and are probably heterozygous. The mother, 
one further sibling, and one niece have values which 
are just within the normal range. These individuals 
may also be heterozygous. All these carriers of both 
the normal and the ‘silent’ gene had normal dibucaine 
and fluoride numbers. The serum of the propositus 
with absent pseudocholinesterase activity did not 
affect the dibucaine numbers of sera from normal and 
atypical homozygotes when mixed with them in vitro. 


l 








@ Propositus. No activity. 


B Less than 56 units Abnormal 


X) 56 — 89 unts Low normal. 


O 70 units and above. Normal 


Fig. 8. The family of the propositus with an absence of pseudo- 
cholinesterase activity 


It thus seems that there are a number of pseudo- 
cholinesterase variants. Another possible variant, 
where the pseudocholinesterase activity was like 
that seen in atypical homozygotes, but the dibucaine 
number was somewhat higher than usual, has been 
described in several members of another family’. The 
position is not unlike that found for human hsmo- 
globins, and the ‘silent’ pseudocholinesterase gene 
presents a similar problem to that of thalassmmia. 
Some consider that in thalassswmia normal hemo- 
globin production is reduced per se, and others 
envisage that the normal pigment is replaced by an 
abnormal hemoglobin which cannot be recognized 
by present laboratory procedures. Either of the two 
explanations could also be applied to the inheritance 
of the ‘silent’ pseudocholinesterase gene. 

We are indebted to Mr. J. A. Stallworthy, Radcliffe 
Infirmary, Oxford, for allowing us to study the 
propositus with the ‘silent’ pseudocholinesterase gene, 
and to Dr. Ph. Fessas and staff, Alexandra Hospital, 
Athens, for helping us to obtain blood specimens 
from Greek relatives. We are also grateful to 
Capt. E. J. Jones, R.A.M.C., Military Hospital, 
Tidworth, for his help in obtaining the blood 
specimens of the family described in Fig. 2 and 
Table 1. 

1 Lehmann, H., and Ryan, B., Lanoef, li, 124 (1956). 

t Bovet-Nitti, F., R. C. Ist Sup. Sanit., 18, 188 (1949). 

? Davies, R. O., Marton, A. V., and Kalow, W., Canad. J. Biochem. 
Physiol., 38, 545 (1980). 

1 Kalow, W., and Davies, R. O., Blockem. Pharmacol., 1, 188 (1958). 
z —— and Genest, K., Canad. J. Biochem. Physiol., 38, 339 
* Harris, H., and Whittaker, M., Nature, 191, 496 (1961). 


ý ——— and Staron, N., Canad. J. Biochem. Physiol., 35, 1085 


isi ibe eR M., Lehmann, H., and Silk, E., Acta Genel., 
*Lehmann, H., Sik, E. Harris, H., and Whittaker, M., Acta Genet., 
10, 241 (1060). 
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LETTERS TO THE EDITOR 


NOTE TO AUTHORS 


The Editor of Nature frequently receives requests from potential authors for instructions concerning 
the best method of presenting their results for publication, and especially for any ‘rules’ which Nature 
may have. Nature prefers not to issue such instructions : for the Editor considers it best that authors should 
present their material in their own way and then, with the assistance of the Editor, proceed to publish 
(if accepted). The following remarks, however, should prove of value to any future contributors, in the 
interests of brevity, speed of publication and, indeed, relevance. 

It has recently been estimated that about ro per cent of the space in Nature devoted to special articles 
and “Letters” is taken up by various forms of acknowledgement of help received. The following are 
actual examples taken from manuscripts : 

. Mrs. A. has given competent and devoted technical assistance. 

. Lam indebted to Prof. B. [Head of the Department] for his encouragement throughout this work, and 
wish to acknowledge the advice of Dr. C. 

. I thank Dr. D., who suggested corrections in this letter. 

. We are indebted to Prof. E., who kindly read this report. 

. Lam indebted to Dr. F. and Mr. G. for directing my attention to Dr. H.'s paper. 

. We thank Dr. I. for supplying us with certain deletions. 

Other examples could be given ; but the above are enough to indicate what may be looked on as the 
embarrassment of publicized courtesy—surely of little scientific value. In most cases one naturally presumes 
such thanks are given personally, just as the Editor thanks his secretary for accepting the dictation of a 
letter, without every time indicating the fact in the letter itself. 

Correspondents are, therefore, urged to keep such acknowledgements as these to a minimum, if only 
to reduce the amount of space demanded for a communication, and thus in no mean measure to expedite 
publication. 





PHYSICS 


Electrical Breakdown in a Shocked Gas 


As part of an investigation of the properties of a 
plasma homopolar (Fig. 1) we have observed the 
impulse electrical breakdown in air and in argon at 
pressures between 400u and 4 mm, mercury in zero 
magnetic field. 

When a capacitor-bank of relatively high induc- 
tance, having a ecurrent-period of 30 usec., is rapidly 
connected between the electrodes, the initial discharge 
occurs along a radial path from which a pair of shock 
waves diverges. Electrical breakdown follows the 


COPPER ELECTRODES 
OUTER 13:4 cm. I.D. — 
INNER 5cm. O.D 

AXIAL LENGTH 25cm _ 

















Fig. 2. Normal photograph of light from discharge. Dark space 
Fig. 1. Plasma homopolar discharge tube is 7 o’clock; other lines are electrical connexions 


beam of 8-mm. waves, show that the shocked gas 
remains ionized to a degree greater than 0-1 per cent 

_ for up to 3 times the duration of the current flow; 
_ the interferograms show that the degree of ionization 
Pea 5 per cent behind the shocks, corresponding 
n perature of 20,000° K. The equilibrium tem- 
e caused by the shock-passage would be only 


. for up 












clude that, in our experimental conditions, 
discharge gives rise to non-ionizing shocks; 
eed of shock controls the development of electri- 
-Gal breakdown; and that a stable, sharply defined dark 
<- region is produced by the collision of the shocks. 
Similar dark regions have been observed in shock- 
: tubes by Cloupeau'. We do not understand the 
- mechanism by which the dark space remains stable, 
_ but surmise that the slab of dense gas never becomes 
electrically conducting but is retained between the 
adjacent regions, of smaller mass-density but high 
_ pressure, in which electrical power is dissipated. 
< Because of these effects caution may be necessary in 
the interpretation of experimentally observed rota- 

_ tions in the presence of magnetic fields. 

. The assistance of Mr. R. J. North and Mrs. ©. M. 
‘Stuart, both of the National Physical Laboratory, in 
this work is acknowledged with thanks. This com. 

-< munication is published by permission of the Director 

_ of the Central Electricity Research Laboratories, 

-. Leatherhead. 

[oo ee P. B. BARBER 

J. 5. T. Looms 
D. A. Swrrr 
B. A. Tozer 
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Exzxctinction Coefficient at Zero 

ae Concentration 
‘Tue use of extinction coefficients to characterize 
substances depends on the validity of Lambert- 
3eor’s law. The following shows that a constant- 
ion coefficient at zero concentration—which 
agent to the extinction—-concentration curve 
concentration, may be calculated even if 
t-Beer’s law is not followed. 
‘ding to Lambert-Beer’s law, the extinction 
mt (e) is a constant which gives the change 
tion. (Æ) with respect to concentration (C) 
ath (d): © = H/(Cd). 
ns from the law may be due to stray light 











sroperties of the substance. In both cases, 
red are too low and this divergence 
creasing concentrations. With stray 
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light, the ‘foreign’ light is transmitted unabsorbed 


while the light energy within the absorption band 
_ decreases with increasing concentrations. 
_ the properties of the substance, a certain light quan- 
tum is taken up by each molecule so long as they are 


As regards 


‘free’ to resonate. » With higher concentrations or in 
the presence of other molecules, they are ‘damped’. 


Alternatively, the molecules form aggregates, are 


dissociated or ionized. Then they can either not take 
up a proportional amount of energy or can only 


resonate by absorbing energy from other ranges of 
the spectrum. The energy absorbed decreases, too 


much light is transmitted and extinctions registered Jefe 


are too low. 


In Fig. 1, extinctions were read with potassium : 
chromate dissolved in 0-05 N potassium hydroxide 
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at the 373 mu maximum with an effective band-width 
below 7 my at 25° C. in a Beckman model B spectro- 

photometer. Stray light in the 373-mp range could 
be excluded by the Beckman filter 12216, which, as 
shown in Fig. 1, gives a shift in the maximum sensi- 
tivity of the phototube from 520 to 375 mu. 

The figure shows how extinctions—and extinction 
coefficients—deviate from Beer’s law in the presence 
of stray light (without filter). However, these values 
may, in & certain range of concentrations, be fitted 
by a second-degree curve. In that case, the corre- 

sponding extinction coefficients lie on a straight line. 
A tangent to the second degree curve at zero con- 
centration gives the extinction coefficient at zero 
concentration (€o). With l-cm. light-path: 


With the filter (no stray light): B= e x Cor ae ~ 4 
Withont the filtor (stray fart E w bO + cO*® and 


Table 1 shows the mean extinction coefficients (em) 
and extinction coefficients at zero concentration (ep) 
with and without stray light read with three different 
Beckman spectrophotometers. With a filter, the 
extinction coefficient measured is 0-4 per cent too low. 
If the filter is omitted it is 3:7 per cent too low, 
and this value is reduced to 0-7 (compared with 0-4 
here) when the constant is calculated as the extinction 
coefficient at zero concentration. 


Table 1 
Extinction coeffledlent (mAf/L/1 cm.) for 
potassium chromate, 878 my maximum 4°880/ tots 
kman spectro- WBF WB WBF WB 
photometoers Em em Eo im mm £, 
Model B 4'818 4:657 4798 1:004 1:087 1-007 
» DU 4 ie A 771 9 -4°814 1 oe no 1-008 
DK 4°83 4:808 4-830 1-006 1-000 


ten imc. B Blus-seonsitive kotoba F, Beckman 
filter 12216; en, extinction coefficient, mean; sa, extinction coefficient 
zero concentration: 4830, extinction coefficient National Bureau 
of Standards, U.S.A. 


Theoretically, the extinction coefficient at zero 
concentration is identical with the common extinction 
coefficient. In the presence of stray light, or if Beer's 
law is not valid, the extinction coefficient at zero 
concentration is the only constant which can be 
determined experimentally. 

J. Foa 
Institute for 
Medical Biochemistry and Physiology, 
University of Oslo. 


Stress and Magnetic Anisotropy in Thin 
Permalloy Films 


A UNIAXIAL magnetic anisotropy is observed in 
thin nickel—iron films which have been deposited, in 
the presence of a uniform magnetic field, on to & 
heated glass substrate supported in vacuum. 
Macdonald? and Finegan and Hoffman’ have reported 
that both nickel and iron films can be in a state of 
anisotropic stress. Nickel, for example, can contain 
an anisotropic planar compression of about 5 x 108 
dynes/ cm.*. Such an anisotropic stress, if present in 
the nickel~iron films, could contribute to the magnetic 
anisotropy both directly through the magnetostric- 
tion, and indirectly through stress-induced iron-pair 
directional ordering, as suggested by Zener®. Several 
authors*-* have used such stresses in explaining, at 
least in part, the magnetic anisotropy of thin nickel- 
iron films. However, no direction observations of the 
stress in evaporated nickel—iron films have been 
reported. 
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Isotroplo stress (dynes/sq. om. x 10") 





Substrate temperature (° 0.) 
Fig. 1 


A range of nickel~iron films were deposited jon to 
thin glass microscope coverslips maintained at various 
temperatures and the stress in the films was determ- 
ined by measuring the bending of the coverslips at 
room. temperature. The coverslips were selected to be 
flat and uniformly thick (about 0-10 mm.) and then 
were supported on two knife edges in the vacuum 
system. This vacuum system has been described in 
detail in a previous report’. A number of dummy runs, 
made without actually depositing a film, showed that 
the weight of the coverslip did not deform it perm- 
anently. After coating, the slips were placed in an 
optical arrangement, similar to that described by 
Finegan and Hoffman’, such that multiple beam 
interference occurred between the filn surface and an 
optical flat. The shape of the coverslip could be 
determined from the consequent interference pattern. 
Having recorded its magnetic properties, the film was 
dissolved off of the substrate and a new interference 
pattern obtained for the shape of the uncoated cover- 
slip. The two interference patterns were used for 
calculating the curvature of the glass due to the 
nickel—iron film, and hence, the stress ın the film. The 
advantage of this technique over that of measuring 
the deflexion of a mica beam substrate during the 
deposition’ is that it enables the observation of stress 
anisotropy in the plane of the film. 

All the films measured (78-87 per cent nickel, and 
pure nickel, substrate temperatures between 20° C. 
and 450° C.) were found to be in a state of isotropic 
planar stress which was a function of the temperature 
of the substrate during the deposition. The stress in 
pure nickel films deposited on to substrates at 20° C. 
was tensile and in the range 5-8 x 10° dynes/cm.?, 
in agreement with the results of previous observers. 
The variation of the isotropic planar stress as the 
substrate temperature was varied as shown in Fig. 1, 
which is for 81-19 nickel~iron films in the thickness 
range 800-1200 A. Above about 325° O., films were 
produced which were in isotropic planar compression. 
The only results reporting a compressive stress in an 
evaporated metal fihm are due to Murbach and 
Willman’, who could produce an aluminium film (on a 
copper substrate) which was in compression only if the 
pressure in the vacuum system was greater than 10-4 
mm. mercury during the deposition. They attributed 
this compression to the oxidation of the aluminium 
during the formation of the film. 
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So far as the magnetic anisotropy is concerned it is 
important to note that if any stress anisotropy is 
present in these films, it must be smaller than 1 x 10° 
dynes/om.*. In this composition-range, this stress 
anisotropy is too small to account for any very 
significant fraction of the magnetic anisotropy, if 
coupling is through the magnetostriction. At a film 
composition of 83-17 nickel—iron, for example, a stress 
anisotropy of 1 x 108 dynes/om.* would produce a 
magnetic anisotropy of — 300 ergs/c.c. Such a film 
has a etic anisotropy of at least 1,500 ergs/c.c.*. 
It is thus concluded that if the stress in these filma is 
playing a significant part in determining the magnetic 
anisotropy it is doing so through some indirect, and 
anisotropic, coupling of the isotropic stress to the 
magnetic behaviour. It is not known what such an 
anisotropic coupling mechanism might be. 

It is suggested that the large stress anisotropy in 
Macdonald’s nickel films! arose from the anisotropic 
character of the single crystal mica substrates he used. 
The stress anisotropy in the iron films of Finegan and 
Hoffman! was due only to the oblique incidence of the 
iron atoms during the deposition of the films. 

As with the aluminium films of Murbach and 
Wilman, the compression found in films produced at 
high substrate temperatures may be associated with 
the oxidation of the nickel—iron during its deposition. 

I wish to acknowledge the help of J. Wells and 
M. F. Crick, who made most of the tedious observations 
and calculations. 

M. Prurron 
International Computers and T'abulators 
(Engineering), Ltd., 
Gunnels Wood Road, 
Stevenage, Herts. 
1 Macdonald, J. R., Phys. Rev , 108, 890 (1957). 
2Hinegan, J. D., and Hoffman, R. W., J. App. Phys., 30, 597 (1960). 
3 Zener, 0., Phys, Rev., 74, 639 (1948). 
t Blades, J. D., J. App. Phys., 30, 260, 3 (1959). 
s Prutton, M., and Bradley, B., M., Proc. Phys. Soc., 75, 557 (1980). 


s Bobinson G., Symp. Eleo. and Mag. Properties of Thin Fims, 
uvain, Belgium (Sept. 1961). 
t Story, ME 8S., and Hofman, R. W., Proc. Phys. Soc., B, 70, 950 


* Murbach, H. P., and Wilman, H , Proc. Phys. Soo., B, 68, 905 (1058), 


Effect of F-centres on the Electrical 
Conductivity of Potassium Chloride 


SuvERAL authors! have examined the electrical 
conductivity of irradiated alkali halide crystals. 
When the ratio of the conductivity o: of the irradiated 
crystal to the conductivity o, of the normal crystal is 
plotted as a function of in i temperature, 
maxima and minima are observed at several tempera- 
tures. In most cases the ratio o:/o, remains less than 
unity. However, at the maximum, this ratio attains a 
value more than unity for X-irradiated potassium 
chloride orystals*. 

Seitz! attributed the reduction in the conductivity, 
on irradiating the crystal, to the trapping of the holes 
at the cation vacancies during the time of irradiation. 
Smoluchowski? argued that the conductivity of an 
irradiated sodium chloride orystal is nearly normal at 
room temperature and decreases only as the tempera- 
ture is increased, therefore the decrease of conduc- 
tivity could not be due to the neutralization of cation 
vacancies by holes. According to him, the reduction is 
due to the trapping of cation vacancies by the traps 
created during the time of irradiation. Jain and Singh’ 
compared the o:/o, versus T plots with thermolum- 
inescence curves and arrived at the conclusion that the 
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decrease in the conductivity could be due to the 
mechanism suggested by Kertz and that the peaks 
may be due to the release of electrons and holes when 
the orystal is warmed. 

When a crystal is irradiated, different kinds of 
colour centres and other defesta are produced simul- 
taneously and the experimentally observed facts are 
difficult to interpret in a simple manner. It is there- 
fore desirable to study the conductivity Cə of an 
additively coloured crystal and the effect of /-centres 
alone on the a,/on, versus T' plots. Experimenta were 
therefore performed with additively coloured crystals 
of potassium chloride. The preliminary resulta are 
compared with those obtamed by the earlier workers 
with the irradiated crystals. 

The typical resulta are shown in Fig. 1, where the 
ratio o-/¢, is plotted as a function of temperature m 
the temperature-range 100°-600° O. Curve 1 shows the 
results obtained with the crystal which was heated 
with potassium-vapours at 620° O. for 1$ hr. in a 
sealed glass tube. It is seen from this curve that the 
ratio is about 0-4 at 100° C. It decreases with the 
increase of temperature and attains a broad minimum 
from 190° O. to 300° C. The ratio increases after 
showing a shoulder at 380° C. and attains a aharp 
at 430° O. There is a second minimum at 480° C. 
and a maximum at 540° O. The value of s,/c, at the 
first minimum is 0-02 and that at the second minimum 
is 0-2. The values of the two maxima are about 1-9 and 
0-65 reapectively. Curve No. 2 shows the effect of 
heating the coloured crystal at 350° C. for 6 hr. and 
then cooling it slowly to room temperature. It will be 
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seen that the first minimum becomes broader and 
attains a lower value. The peak at 430° C. is now 
reduced to a shoulder. Now the maximum and 
minimum are at 480° O. and 500° C., respectively. 
Curve No. 3 shows the effect of heating the coloured 
crystal at 600° O. for 12 hr. and then cooling it slowly 
to room temperature. It is seen from the inset that the 
value of the minimum is now very amall; actually it is 
0-0003. The ratio at higher temperature seems to be 
rising and becomes 3-00 at about 560° C. 

Qualitatively these results are the same as those 
obtained with irradiated crystals. Naturally the 
effects now are more permanent and exist at higher 
temperatures where irradiation effects anneal out. 
As was mentioned previously, the advantage of 
working with additively coloured crystals is that the 
crystal contains only F-centres and presumably has 
no other imperfections. These results with additively 
coloured crystals indicate that the effect of irradiation 
on the conductivity of potassium chloride may be 
intimately associated with the F’-centres, and hence a 
new mechanism to interpret these results may have to 
be invoked. The work is in progress and the detailed 
results will be published in the near future. 


8. ©. Jain 
G. D. KOOTHA 
Solid State Physios Division, 
National Physical Laboratory, 
New Delhi-12. 
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GEOPHYSICS 


Equatorial Electrojet in Ghana 


PRELIMINARY investigations on magnetic variation 
in Ghana were reported at the Helsinki Congress of 
the International Union of Geodesy and Geophysics 
in 1960. It was suggested that the variability from 
day to day in the diurnal range of the vertical field 
component at a station 0:5° south of the magnetic 
equator indicated a movement of the equatorial 
electrojet north or south on different days. 

For 35 days during February and March 1961 the 
variation in horizontal and vertical field components 
(H and Z) was measured with an Askania vario- 
graph at Tamale (8° 25’ N., 0° 53’ W.) and with two Gulf 
flux-gate magnetometers at Legon (6° 38’ N., 0° Il’ 
W.). The position of the magnetic equator was 
determined using a magnetometric zero balance 
for a north-south traverse in December 1960 and 
estimated during February and March from the 
variograms for Tamale with a base-line determina- 
tion from the magnetometric zero balance. 

The magnetic equator. The mean position of the 
magnetic, or zero dip, equator for the night-time 
hours 00-03 was taken to define its position for that 
day. The hours 00-03 were chosen because the jet 
effect is expected then to be at a mmimum. For 
the four-month period considered, the magnetic 
equator passed 39 km. north of Tamale through 
the point 9° 46’ N., 0° 50’ W. (+ 01’). Another 
traverse was made farther east and the magnetic 
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equator crossed the Greenwich meridian at about 
9° 40’ N. I am indebted to the Ghana Survey Depart- 
ment for the geographical co-ordmates. The small 
changes in night-time values of vertical fleld at 
Tamale over the period suggests that the equator 
moved less than 1 km. from its mean position. 

The electrojet. The equatorial electrojet is attrib- 
uted to an increased conductivity in the ionosphere 
nesr the magnetic equator. The theory has been 
developed by Baker and Martyn’. Onwumechilli? 
shows that a simple model electrojet fits observations 
made at a number of stations in Nigeria, and cal- 
culates the ranges of horizontal (H) and vertical (Z) 
componentes due to the jet at different distances from 
it. 

A significant feature of the recent work in Ghana 
is the observed variability in the diurnal range of Z at 
Tamale from day to day. The range of Z is not propor- 
tional to that of H, and cannot be attributed only to 
changes in the current strength of the electrojet or to 
underground anomalies. It can be explained by sup- 
posing that there are changes in the position of the 
electrojet as well as in ita intensity. If the jet shifted 
northwards, the vertical component of its magnetio 
effect at Tamale would be increased. 

In order to find the position of the electrojet on 
any day, it was n to separate the magnetic 
effects due to the jet from those due to the rest of the 
S current system. The axis of the electrojet was 
defined as the line on the Earth’s surface for which 
the jet produces no vertical field (north and south 
of this line the diurnal variation ın the vertical com- 
ponent due to the jet would be of opposite phate). The 
jet should be a maximum at about the same time of 
day as the observed horizontal field at Tamale is a 
maximum. Hence the ‘diurnal range’ of a com- 
ponent O is defined as the difference ın the value of 
O for the hour of day when H was a maximum at 
Tarmale and the mean value of C for the hours 00-03 
the previous night. It is clear that m Ghana, about 
500 km. west of the stations used by Onwumechilli 
in Nigeria, the jet effect on H will be small at Legon 
and large at Tamale. To a first approximation, the 
diurnal range of H at Tamale less the range of H 
at Legon gives the horizontal component due to the 
jet at Tamale. Assuming that the variation in Z 
at Tamale is due only to the jet, the ratio of the 
range of Z to that of H due to the jet was calculated 
for different days. Using the model jet known to 
fit observations in Nigeria this ratio gave an estimate 
of the distance from Tamale to the electrojet. 

For the period considered, the mean position of 
the axis, at the time of maximum jet intensity each 


568 


day, is 14 + 8 km. north of the magnetic equator. 
This value depends on the particular model chosen 
for the jet, but it suggests that the mean position of 
the axis was close to the magnetic equator. 

The position of the jet axis on individual days is 
shown in Fig. 1. The probable error for the caloulated 
position each day is less than 10 km. and the root 
mean square of the displacement of the axis from 
its mean position is about 46 km. Different possible 
models for the jet give some displacement of the 
mean, but only a small alteration in the scale of the 
north-south movement. It has not proved possible 
to relate this movement of the jet axis to lunar 
effects or to magnetic activity. 

A more detailed description of this work, with 
some examination of the approximations involved, 
is bemg prepared for publication elsewhere. I am 
indebted to Prof. R. W. H. Wright for help and 
encouragement in the initiation and progress of 
this work, and to Mr. P. Y. Akofur, of the Ghana 
Meteorological Department, for assistance with the 
variograph at Tamale. 


Department of Physics, 

University of Ghana. 
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CRYSTALLOGRAPHY 


Variance as a Measure of Line Broadening 


THE measures of line-breadth most widely used 
in X-ray and electron diffraction are perhaps the 
half width and the integral breadth. The measure 
of dispersion most widely used in mathematical 
treatments of distributions is, however, the variance 
or mean-square breadth. Ite comparative neglect in 
crystallographic problems has been due to the large 
variance of the wave-length spread and of the diffrac- 
tion profile, the ‘tails’ of the hnes approaching zero 
approximately as the square of the distance from the 
line centroids. In spite of this, however, the variance 
has been used in discussions of spectrometer! and 
diffractometer? aberrations. When the line profile is 
‘truncated’, as it has to be in practical centroid 
determination’, the large contribution to the 
variance from the tails is eliminated, and it becomes 
a measure of line-broadening worth serious con- 
sideration. It has the great advantage over all other 
measures of breadth that it can be corrected for 
geometrical aberrations! and wave-length spread by 
simple subtraction, instead of by ‘unfolding’®. 
Tournarie®® has criticized the use of half width and 
integral breadth on the ground that they give undue 
weight to a few isolated points of the diffraction 
profile, instead of treating all observed pointe on the 
same basis, and derived a relation tween the 
crystalhte size and the variance of the line profile 
over & deliberately restricted angular range. 
Tournarie’s result is immediately obtained by con- 
sidering the asymptotic expressions for the line profile 
given by Wilson"; in the present communication a 
unified treatment is outlined which not only recovers 
Tournarie’s particle-size result but also gives analog- 
ous expressions applicable to certain types of ‘mistake’ 
and strain broadening. 

It is well known (for references see ref. 12) that 
the diffraction profile of a powder line can be expressed 
as & Fourier series the coefficients of which contain 
the significant factors: 
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(i) the mean value of the product FF* of the 
structure factors of a pair of cells separated by m 
interplanar spacings ; 

(2) the number of such pairs of cells in the crystals 
making up the specimen. 

Unless the imperfections are on a very small 
scale the series can be replaced by integrals; the 
integral form for the line profile is (ref. 11, p. 62): 


I(8) = 2U-3[ [T(N (t)eos2nstde 
= | VK (tsin? rata] (1) 


where s is the angle of diffraction expressed as a 
distance from the point Akl of the reciprocal lattice, 
U is the cell volume, V(t) is the volume common to 
the crystals and their ‘ghosts’ shifted a distance t 
perpendicular to the Akl planes, J(t) and K(t) are 
respectively the real and the imaginary parts of the 
mean value of F '* for cells separated by t, and + is 
the value of ż for which V(t) vanishes. Ta many 
applications K(t) is zero (particle-size broadening, 
some ‘mistake’ broadening, and some strain broaden- 
ing), and in some others it can be made zero by a 
proper choice of the reference unit cell. The rest of 
this communication is confined to such cases, and 
A(t) will be written for V(t)J(t) whenever convenient. 

The variance is defined by W=fs*I(e)ds/{I(s)ds, 
with the ideal mits —o to +a. In practice, 
however, the range has to be limited to +c, where c 
is of the order of one-tenth to one-fifth of the distance 
between successive orders of the hkl reflexion. This 
limitation does not greatly change the ideal value, 
A(0)/U, of the integral in the denominator, but 
because of the factor s* it has a great effect on the 


numerator. The variance over the restricted range 
is then: 
Wc) = 4[4(0)}"* J J 8A (t)cos2rstdtds (2) 


d? ginꝰ rot 


= -[rA0) AH Sa So (3) 


This expression is easily integrated by parts, giving: 








Wo) = = [MA0] 40 = a) SE 
$ fart) — ar | (4) 


Considered as a function ofc, the leading term in this 
expression is clearly 4’(0)s, since it increases linearly 
with o, whereas the middle term oscillates with a 
frequency ot, and the final term approaches the 
constant value 44*(0)—for o large [i-'sin2notdi is a 
delta function of weight 4n. We have then, neglecting 
the oscillating term: 
Wo) = — [wtA(0)}[$47°(0) + AO] (6) 

Since A(t) has a singularity at the origin, it should 
perhaps be stated explicitly that the values of the 
derivatives required are the limite as ¢ goes to zero 
from positive values. For small particle size as the 
only source of broadening, J(t) has the value |F]? 
for all values of #, and A’(0)/A(0) = V’(0)/¥(0), 
and the numerical values in Tournarie’s table can be 
checked from the expressions for F(t) given by Stokes 
and Wilsont? (in their notation Vx). 

For mistakes as the main source of broadening J (t) 
has the formi‘ : 


J = Te dem eb on (6) 
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where )-! is the mean distance between mistakes in 
the direction perpendicular to the Aki planes, or: 


J(t) = Jwxp( — yltl) (7) 
for mistakes entirely at random (ref. 11, p. 53). Here 
J; is the mean value of FF * for cella in the same 
domain, and Ja the mean value for cells in adjacent 
domains; comparison of (6) and (7) shows that: 


Y= Ada — da)/ds (8) 
The variance is thus to a first approximation: 
W(o) at Aa(ds — Ja) n’ — (9) 


with a correction — ły'/n? established only for 
random mistakes. 

There does not seem to be any satisfactory general 
expression for A(t) for strained crystals, though 
plausible approximations may be derived for large!’ 
and smalls ¢, The portion for small ¢ governs the 
tails of the lines, and hence the variance; the effect 


is to make: 

A*(0)/4(0) = V"(0)/V(0) — 4n%<e*> /d* (10) 
without altering the value of A’(0); e is the local 
strain and d the spacing of the hkl planes. Strain 
thus adds a contribution to the variance that increases 
with the square of the order of the reflexion but ig 
independent of the range of integration o, provided 
that the range is more than a certain minimum. 

A. J. O. Wison 
University College, 
Cardiff. 
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Graphitization of <-Silicon Carbide 


In the course of a comprehensive investigation in 
these laboratories of the mechanisms by which carbon- 
containing inorganic and organic materials are con- 
verted to graphite, the structural changes which 
occur when single orystals of «-silicon carbide (6H) 
are heated in vacuo have been studied. Euler and 
Czerlinsky! and Mohun? have recently examined the 
high-temperature decomposition of silicon carbide by 
chlorination. In both mvestigations the residuo was 
found to be amorphous carbon, which showed no 
structural relationship to the original silicon carbide. 
It has been stated by Busch’ that silicon carbide 
converta to graphite on heating to 2,000° C. in vacuum, 
but no structural studies of this decomposition have 
been reported. 

In the present investigation good single crystals of 
a-silicon carbide (6H) were chosen by X-ray examma- 
tion. These were heated in an induction furnace to 
temperatures of about 2,060° C.-2,150° C. for 1 br., 
in a vacuum of 10-§ mm. mercury. Details of the 
graphitization furnace, developed by Dr. R. J. 
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Fig. 1. Photograph of a stationary happened a with its hexn- 


gonal axis vertical. Cylindrical copper Ka radiation 


Hussey, will be reported elsewhere. The products 
were found to have retained perfectly the original 
morphology of the silicon carbide including growth 
steps. These pseudomorphs were then studied, using a 
Unicam single crystal X-ray goniometer and copper 
Ka radiation at 40 kV. and 20 m.amp. from a Philips 
generator. 

The pseudomorph produced by heating to 2,050° C. 
had undergone only partial decomposition as shown 
by the superposition of the strong (002) ring of 
graphite on the single crystal pattern of silicon 
carbide. The (002) ring showed preferred orientation 
parallel to the layers in the original silicon carbide 
crystal. The pseudomorph resulting from the decom- 
position of silicon carbide at 2,150° C. had, however, a" 
more complicated structure, and Fig. 1 shows a 
photograph of a stationary, hexagonal plate-shaped 
pseudomorpb with its plane horizontal. The pattern 
due to the single crystal of silicon carbide has now 
disappeared and has been replaced by three different 
features; (a) a powder pattern of graphite with 
preferred orientation of the (002) ring m two direc- 
tions; (b) a fibre pattern of graphite; (c) strong aniso- 
tropic low angle scattering. 

Fig. 1 shows strong (002) and (004) reflexions but ` 
poorly developed (hkl) reflexions, thus the powder 
pattern is undoubtedly due to turbostratic carbon. 
The preferred orientation of the (002) reflexion shows 
that the turbostratic layers are mainly parallel and 

erpendicular to the layers in the original structure. 

The fibre pattern in Fig. 1 shows that there are 
fairly large regions of graphite with three-dimensional 
order which have a common c axis coinciding with the 
c axis of silicon carbide. They show also a rotational 
symmetry about the c axis. The repeat period along 
the c axis is 6-7 À., showing that the graphitic carlton 
has a high degree of order but a considerable number 
of stacking faults are present, giving rise to streaks 
joining spots on tho layer lines (Fig. 2). 

If X-rays are incident along the c axis of the pseudo- 
morph, then the pattern shown in Fig. 3 is obtained 
A spot-like pattern with hexagonal symmetry mw 
observed superimposed on the strong (002) ring. 
There are other reflexions present in the photograph, 
but it had to be printed lightly in order to show the 
spot pattern on the ring. 
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Fig. 2. Photograph of a statio giomh with ita hexa- 
a: Š gonal axis vertios. Fla t film 


On the basis of an examination of various parts of 
the pseudomorph using a small collimator, the 
following structure has been proposed. The pseudo- 
morph contains two distinct structures: (1) a matrix 
of turbostratic carbon with strong preferred orienta- 
tion of the carbon layers parallel and perpendicular 
to the layers of silicon carbide; (2) within this matrix, 
there are orystalline regions of graphite having a 
common c axis and an axial symmetry about it. 
Furthermore, these graphitic regions contain voids 
which lead to the strong anisotropic low angle scatter- 
ing (Fig. 2). The fibre pattern seems to occur only 
in a certain region of the pseudomorph, being virtually 
absent both near the surface and at the centre. 

A possible mechanism for the decomposition of 
silicon carbide to graphite is suggested by this work. 
At these high temperatures, the silicon atoms diffuse 
out of the lattice, and two layers of the carbide lattice 
collapse together to give one layer with a hexagonal 
arrangement of carbon atoms. The resultant 
hexagonal network then contracts, producing a layer 
of graphite. This leads to the preferential orientation 
of carbon. layers parallel to the original silicon carbide 
layers. Successive layers of graphite would then be 
in an ABOABO packing. It is interesting to note, 
however, that the fibre pattern belongs to a hex- 
agonal graphite with an ABAB packing, and there 
is no trace of a layer line corresponding to an 
ABOABO packing. 

The silicon carbide lattice can further be thought of 
as consisting of undulating layers parallel to the co 
axis, when viewed along the hexagonal axis in the 
layer. It is su that these layers also flatten 
out and collapse together to give layers of graphite 
which are now preferentially parallel to the c axis. 


— 


hs 
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Fog. 3. X-rays incident along hexagonal axis. Fist film 
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These would then give the second preferred orienta- 
tion in the (002) ring. Since there are three such sets of 
layers we would obtain the hexagonal spot-like 
pattern (Fig. 3). However, the small number of 
layers in these directions results in the absence of 
higher orders of (007). 

Details of this work will be reported elsewhere. I 
would like to thank Dr. G. L. Kington for helpful 
discussions and the Morganite Research and Develop- 
ment Co., Ltd., for permission to publish this com- 
munication. 

` D. Y. Babam 


Northfields Laboratories, 
Morganite Research and Development, Ltd., 
Wandsworth, London, §8.W.18. 
? Ruler, F., and Oserlinsky, H. R., Silteon Carbide, 155 (Pergamon 
Press, 1060). 


A W. A., Proc. Fourth Carbon Conf., 448 (Pergamon Prees, 
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X-ray Study of Preferred Orientation 
in Pyrolytic Boron Nitride 


Tae preparation of boron nitride by vapour 
paan deposition on a hot target has been reported 
y the British Ceramic Research Association! and 
more recently by Belforti, Blum and Bovarnick?. In 
the latter publication, the deposits are described as 
having turbostratic layer disorder and a high degree of 
preferred orientation of the crystallites. In support 
of these claims the authors show two X-ray diffraction 
patterns obtained with a pyrolytic sample and a 
randomly oriented powder sample. The turbostratic 
layer disorder is evident from the two-dimensional 
lattice type reflexion (10) in the pyrolytic pattern 
and from the expansion of the unit cell height which 
is indicated by the shift of the (002) reflexions to 
lower scattering angles. The relative intensities of 
the two patterns suggest the presence of some pre- 
ferred orientation in pyrolytic boron nitride, but do 
not support the authors’ contention that the basal 
planes of the crystallites are ‘‘easentially parallel to 
the deposition surface”. 

In order to clarify this question we have studied 
the preferred orientation of three samples of pyro- 
lytic boron nitride which were prepared by Dr. 
Bovarnick. The samples were deposited at 1,400°, 
1,800° and above 2,000° O. X-ray measurements 
were made on a General Electric XRD 5 diffraction 
unit, using nickel-filtered copper Ka radiation and 
scintillation counter detection with pulse-height dis- 
crimination. The preferred orientation of one of the 
samples is demonstrated qualitatively in Fig. 1, 
which shows the X-ray patterns of the 1,800° ©. 
deposit obtained with a flat specimen (a) in the 
reflecting, and (b) in the transmitting position. The 
relative intensities of the diffraction lines indeed 
indicate some preferential alignment of the basal 
planes of the crystallites parallel to the deposition 
face. The presence of weak (10) and (11) lines in 
the reflexion pattern and of weak (002) lines in the 
transmission pattern suggests, however, that this 
alignment is far from being complete. 

Quantitative measurements were made using 4 
method developed in connexion with similar in- 
vestigations on pyrolytic graphites*. Rod-shaped 
specimens were cut out of the deposits with the rod 
axis parallel to the deposition face and mounted in 
such a way that the rod axis was perpendicular to 
the diffraction plane. This arrangement permite the 
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1, X-ray powder pattern of flat specimen of pyrolytic boron 
h AEN deposited at 1,800° 0. (a) E n in refi , and 
(b) in transmitting position. pper K a tadlatlon 


direct tracing of the preferred orientstion by measur- 
ing the intensity of a (001) diffraction line versus 
the rotation angle about the rod axis. The (002) 
intensity used in this measurement was corrected 
for bac d scattering and normalized to 
I(002)mm. = 1. The normalized intensities were then 
plotted against the rotation angle, 3, which was set 
equal to zero at 1(002)max, The resulta, which are 
shown in Fig. 2, clearly indicate the dependence of 
the preferred orientation on the temperature of 
deposition. Expressed in terms of the ratio [(002)max. : 
I (002)min. the preferred orientation of the 1,400° C. 
deposit is about 3:1. For the deposits made at 
1,800° C. and more than 2,000° C. the ratio moreases 
to 20:1 and 33:1, respectively. 

No other results on the preferred orientation of 
pyrolytic boron nitride have become available as yet, 
so that general conclusions about the range of pre- 
ferred orientation and ita correlation with the tem- 
perature of deposition may be premature. The 
present results indicate that pyrolytically deposited 
boron nitride can have a considerable degres of pre- 
ferred orientation. Modifications in the process of 
deposition presumably have some influence on the 
preferred orientation. Improvements may be 
achieved, therefore, by a judicious choice of process 
variables. However, it should be recognized that 
the preferred orientation of pyrolytic boron nitride 


I (002) 





90° 





-90° o° 





_ 
Fig. 2. Preferred — of p c boron nitride po eeoaes 
at: O, > 2,000°C.; (J, 1,800°0.; A, 1,400° 0 
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material at present available to us does not yet 
compare with that of pyrolytic graphite, whioh 
generally shows values in the range 107: 1 to 10% : I. 
when deposited in the vicinity of 2,000° C. (ref? 3). 
O. J. Guanrmr 
Research Division, penn 
Raytheon Company, 
Waltham, Mass. 
1 B.O.RA., N.RD.O. Bull., 8 (Oot. 1960). 
* Belforh, D., — and paren B — 190, 901 (1961). 


2 Guentert, O. d Prewitt, O Phys. Soc., 5, 187 
1960), —— A t *Gutkench g Acta Oit, 13, 1059 
. Carbon, Pennsylvania Sta University, 

OO one York) (to be bated) 
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Behaviour of Well-orlented Graphite 
at Very High Temperatures ` 


Commmant has previously been made about the 
remarkable anisotropy of properties of graphite such 
as the thermo-electric power, the electrical resistivity? 
and various other physical properties*. The develop- 
ment of techniques for preparing fairly large pieces of 
well-oriented graphite has opened the way for 
investigating other consequences of the anisotropy. 
some of which are particularly relevant for work at 
temperatures above 3,000° C. Two kinds of well- 
oriented graphite can be utilized as susceptor crucibles 
in induction furnaces designed to work under 
extremely clean conditions‘. 

(1) As was previously indicated, cylindrical walls 
can be made from sleeves of pyrolytio graphite 
deposited by cracking methane on to oylindrical 
polycrystalline graphite formers. We have recently 
used such sleeves in thickness up to 3 mm. and have 
closed top and bottom with plates of pyrolytic 
graphite. It is preferable to anneal the component 
parts of such a crucible at 3,000° C. before assembly. 
The preferred orientation in a typical high-tem- 
perature chamber is illustrated in Fig. 1. Because of 
the specific properties conferred by the preferred 
orientation, this chamber can be held for quite long 
periods above 3,200° C. under conditions which lead 
to rapid disintegration of ordmary polycrystalline 
graphite. 

In this design the high thermal expansion of 
graphite is normal to the walls of the chamber; but 
expansion parallel to the walls is almost negligible, and 
this serves to limit the tensile stresses which would 
otherwise be created at high temperatures. As a 
further result of the anisotropy, the thermal con- 
ductivity parallel to the .surface is so great that 
extremely high rates of cooling or heating can be used 
without fracture resulting due to thermal shock. We 
have used initial rates up to 1,000°/sec. The low 
thermal condustivity perpendicular to the a-axis of 
the orystallites promotes a considerable temperature 
gradient between the outer surface and the inside. 
For walls 3 mm. thick we have estimated a difference 
of 300° C. This assists operation particularly at the 
highest temperatures. A further interesting pecu- 
liarity of such chambers arises frem the fact that the 
emissivity of well-oriented graphite perpendicular to 
the carbon hexagon networks is considerably less 
than that of the polyorystalline material, particularly 
if surface irregularities are removed by buffing before 
use. Dhustrative figures have been given by Kingery‘. 
In consequence, the introduction of molybdenum 
radiation shields, such as are frequently applied to 
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obtain the highest temperatures in induction furnaces, 
becomes unnecessary. This can be very helpful when 
making measurements or when manipulating speci- 
mens at these very high temperatures. 

(2) A second procedure exploits quite different 
orientations of the crystals. We have found that high- 
temperature crucibles of well-oriented graphite can be 
made rapidly and conveniently by compacting flakes 
of carefully purified natural (for example, Madagascar) 
graphite under pressure into moulds. Olean working 
at high temperatures is assisted by our finding that 
no binder need be added. As previously reported’, 
densities up to 2-2 gm./c.c. can be attained in such 
compacts, and a high proportion of the crystallites 
have their c-axes parallel to the axis of the extruded 
oylindrical wall, as illustrated in Fig. 2. As a result of 
the pressing operations, the outer surface is covered 
with a thin layer of crystallites whioh have turned so 
as to lie with their a-axes parallel to the surface. In 
these crucibles the surface emissivity is again con- 
siderably lower than for polycrystalline graphite. 

Thermal conductivity in the radial direction is 
found to be considerably higher than in the first type 
of orucible. We have found gradients as low as 
10°/mm. with the outer surface at about 2,800° C. 
‘Parallel to the cylinder axis, the much lower thermal 
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“Fig. 1. Crucible of well-oriented pyrolytic graphite for work 
- at 8,000° p i : 
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Fig. 2. Crucible of wer ouened gators graphite for work at 


conductivity permite the maintenance of steep tem- 
perature gradienta in this direction. 

In addition to the anisotropy of properties already 
referred to, the electrical resistivity depends in a 
corresponding way on preferred orientation. How- 
ever, with the designs of mduction furnaces so far 
described, this does not appreciably affect the 
behaviour at high temperatures. 

Each of these two types of chamber with walls 
the thermal and electrical properties of which are 
anisotropic permits measurements and operations 
that cannot be conveniently achieved at correspond- 
ingly high temperatures in any other simple way. 

Thanks are due to the Central Electricity Gener- 
ating Board for its support of this work. 


A. R. UBBELOBDE 
D. A. Youna 
A. W. MOORE 


Imperial College of Scienco and Technology, 
London, 8.W.7. 
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o-Helix in Synthetic Polypeptides 


Ir is now well established that in the solid state 
many preparations of synthetic polypeptides form 
stable helical structures which correspond closely to 
the «-helix described by Pauling, Corey and Branson}. 
With other preparations, however, the «-helical con- 
figuration appears to be less stable, apparently due 
either to a low degree of polymerization’ or to the 
nature of the side-chain’. In the case of poly-8- 
benzyl-L-aspartate** steric interference between the 
side-chain and main-chain renders the «-helical 
configuration comparatively unstable, and on heating 
films in vacuo the molecules adopt a new 
helical form resembling the 4,, configuration de- 
scribed by Bragg, Kendrew and Perutz’. The new 
configuration, which has been termed the w-helix, 
has a pitch of 5-30 A. with four residues per turn and 
is believed to be of opposite screw sense to the a-helix. 
We are at present Investigating synthetic polypep- 
tides with side-chains which are derivatives of cysteine 
_ and wish to report the discovery of a second example 
of a four residue per turn helix which closely re- 
sembles, but is not identical with, that found in 
poly-$-benzyl-L-aspartate. 

The polymer poly-S-benzylthio-1-cysteine was 
synthesized in methylene chloride from the corre- 
sponding N-carboxyanhydride, the preparation of 
which will be described in detail elsewhere. No 
solvents for this polymer have so far been found, but 
thin films showing a high degree of planar orientation. 
were recovered from the walls of the polymerization 
vessel. On rolling, a considerable degree of uniaxial 
orientation was obtained and the films yielded sharp 
X-ray reflexions indicating a high degree of orystal- 
linity. Four well-developed layer lines were observed 
and the spacings for the equator and first layer line 
are given in Table 1. It will be seen that the reflex- 
ions roay be indexed on a tetragonal cell with a = 
14:28 A. and c = 5-55 A. The tetragonal symmetry, 
together with the absence of meridional reflexions 
except on the fourth layer line, strongly suggest that 
the polymer has a helical configuration with four 
residues per turn and a pitch of 5-55 A. From density 
considerations there can only be one polymer chain 
passing through the unit cell so that the space group 
is P4, or P4, depending on the screw sense of the 
helix. 

The helix is thus not identical with that in the 
aspartate polymer as the pitch is 5-55 A. rather than 
5-30 A. (of. a-helix 5-4 A.); but ıt is convenient to 
retain the term to describe it. In contrast to the 


Table 1. PoOLY-S-BENZYLTHIO-L-CY8TRINE 


Observed (d,) and caloulated (ds) spacimgs(A.) basedon a tetragonal 
cell with a = 14:28 Å.; o=655A. Space group P4, or Ph 
lt 


120 
Ak de de ® 
00 — — 555 — 
10 14°28 14:47 5:17 617 
11 10°09 9 93 4°36 4°85 
20 7-14 7°18 4°38 4-35 
21 6°39 6 36 4-19 4°19 
22 6 05 6°08 3 78 3°74 
80 4 76 — 361 3 60 
81 4-52 4-51 8-50 
32 8 96 3 95 8-22 8:23 
40 8-57 — 3-00 ~ 
41 3°46 8-47 2:04 2°97 
83 8-87 — 2:88 — 
42 8-19 8-18 277 2 76 
48, 50 2°86 2°85 2 54 — 
51 2 80 — 2-50 — 
52 2 65 2 66 2-89 2°88 
44 2-52 — 2°29 — 
582 2°45 2-45 2°24 2 25 
60 2 38 — 218 — 


004 de = 139, dy = 1°39, 
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conclusions of Blout ef al, we beleve that the 
comparative instability of the «-hehx in polycysteine 
derivatives is to be explamed in terms of steric 
interference between the sulphur atom of the side- 
chain end the main-cham atoms. In conclusion, it is 
interesting to note that the number of atoms between 
the «-cerbon and the benzene ring in poly-S-benzyl- 
thio-L-cysteine: j 


CO 


~~ 
CH—CH,—8-S-CH,—O,H, 


n 


is the same as that in poly-B-benzyl-L-aspartate: 


co O 
I 
CH—CH, 


—CH,—C,H, 
a 
NH 


n 


and this may be a prerequisite for the formation of 
the w-helix. In contrast poly-S-benzyl-L-cysteine: 


CO i 

N 

CH-——CH,—8—CH,—C,H, 

a eg 

NH 
n 

yields only a poorly crystalline a-helix X-ray pattern 
under the same conditions of preparation. 


R. D. B. FRASER 
T. P. MacRaxs 
I. W. Srapirron 


Division of Protein Chemistry, 
Commonwealth Scientifico and Industrial 
Research Organization, 

Wool Research Laboratories, 


Parkville, N.2, Victorias, Australia. 

1 Pauling, L., Corey, R. B., and Branson, H. R., Proc. U.S. Nat. 
Acad, Sei, 87, 205 (1951). 

t Bradbury, E. M., Brown, L., Downle, A. R., Elliott, A., Fraser, 
RD. —— W. E., and MoDonald, T. B., J. Mol. Brol., 
2, 276 (1960). 


* Biout, R. R., de Lozé, 0., Bloom, 8. AL, and Fasman, G. D., J Amer, 
Chem. Soc., 82, 8787 (1980). 


t Bredbury, B. M., Brown, L., Downie, A. E.. Ellott, A., Hanby, 
W. E., and MoDonald, T. R. Re, Naiurs, 188, 1786 (1959). 


* Bradbury, E. BL, Brown, L., Downie, A. B., Hiliott, å., Frase, 
R. D. B., and Hanby, W. E., J. Mol. Biol. (in the prese). 


s Bragg W. L, Kendrew, J. C., and Peruta, M. F., Proo. Roy. Soc. 
, 203, 321 (1950). 


Labile Organo-Halogen Compounds and 
their Gas Chromatographic Detection 
and Determination in Biological Media 


THE great usefulness of DDT and similar organo- 
chlorine pesticides to agriculture and for the preser- 
vation of health throughout the world has lead to an 
enormous distribution of these chemicals. For 
example, the production in 1959 for DDT in the 
United States was 156,738,000 Ib... The ultimate 
fate of this enormous tonnage in relation to food 
consumption and to physiological effects on man 
and animals is a matter that merits and receives 
considerable scientific investigation. 

In order to develop useful, rapid, and accurate 
means of segregating DDT and simlar residues from 
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(DDT) (DDE) 


biological substrates for subsequent uncomplcated 
determination, aspects of the stability of DDT were a 
reviewed. A principal pathway for the degradation 
of DDT involves its dehydrochlorination to DDE: 

This process may proceed by at least three mechan - 
isms: Friedel-Crafts catalysis? by electrophilic 
attack, alkali-induced nucleophilic dehydrochlorina- 
tion’, and removal of the elements of hydrochloric 
acid by one or more enzymes‘; the last of these is 
thought to be connected biochemically with the 
characteristics of DDT-resistant races of certain 
insects, particularly flies and cockroaches. 

In work on the commercial processing of DDT it 
was noted that, when held above its melting point at 
120-130° C., it rapidly evolved hydrochloric acid. The 
rate of evolution of hydrochloric acid was increased if 
iron or certain other metals or their galtes were present. 
This degradation of DDT to DDE was followed 
quantitatively by passing an inert gas through the 
molten imsecticide and continuously titrating, and 
hydrochloric acid evolved. Qualitatively, technical . 
grade DDT stored in borosilicate tubes at tempera- 
tures of 120—140° C. darkened and became increasingly 
dificult to recrystallize. For example, DDT held at 


Aree 
(mm.,") 


time 


(min.) 


1:244+0-02 142+4 
0-9040-00 143415 
0-78+001 166347 


0) 
0 
Retention 


15 3812+008 188+1 
14 2-05+0-01 208+1 
15 2454008 25748 


, temperature, 250° 0.; heltum flow-rate, 186 ml./min.; currant, 400 m.amp., 186 per cent of a high-vacumum type silicone grease on 
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. Brreort or Dow ‘X-1110’ ON PRRFORMANOH OF SOM DDT-TYPE COMPOUNDS ON A SILICONE-ON-FIRBBRICK COLUMK* 
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Table 1 
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s Injected a second 100 mgm, of Dow ‘X-1110’ in 5 ml, of acetone and purged for an additional 20 hr. 
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Fig. 1. Evolution of hydrochloric acid from 5-0 gm. portions of toch- 

nical grade PDT containing 0-1 pa cent ferric chloride as catalyst 
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25 per cent tributy. pooepnete (curve 8) at 140° 0. Curve 4 
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Table 2, PRROENTAGE EFFECT ON PRRFORMANCE FOR 80MB DDI-TYP} COMPOUNDS on A SILIOONE-ON-FIREBRICK COLUMN AFTER DOUBLE 
‘CONDITIONING’ WITH Dow ‘K-1110’ 


-COl 
LY O 
Retention 
time (per cent) — 23°9+0°6 ~~ 23-84 1-1 
Ares can 199+3-5 28:6 +6°7 
Q (per cent) +454+15 ~B8- 6447 


Compound 
H 
Oa ON ON 
C~-OH, C-CCI, C-OOl, 

L ang ofS 
—23-6424 ~ 217 £20 -Briti 
+5668 +4144 115 + 12-8 + 65 
—2-5+6°8 +84-b+ 3-8 +5°3+ 4:8 


«Oo m etention time (min.) 
Oe “Beak width (mn) Pe! 7). 


120° C. ın the presence of an ion nail blackened and 
became opaque in a few hours. 

It was noted early’ that commercial batches of 
DDT contained inhibiting substances which provided 
greater stability for certain forms of manufactured 
DDT than for carefully purified DDT. It is now 
believed that these materials which partially inhibited 
degradation were sulphonic acid impurities. Also, 
there were early reports of inhibition of the catalysed 
thermal decomposition of DDT by picolinic acid*-, 
salicylalamino-guanidine"’:'’, a mixture of long-chain 
mono- and di-alkyl phosphates’, glycerol’, glycerol 
dichlorohydrin’, phenyl biguanide®, and others. 

Recently it was shown that phosphorus pentoxide 
or neutral esters of phosphoric acid added to DDT 
will completely inhibit the evolution of hydrogen 
chloride and other evidences of decomposition’. It is 
advantageous to utilize the esters of phosphoric acid, 
for they form homogeneous solutions in auhydrous 
DDT and in other non-aqueous organic systems. In 


Fig. 1 is shown, the evolution of hydrochloric acid. 


from DDT to which 0:1 per cent ferric chloride was 
added as catalyst, while under the same conditions, 
except for the addition of 0-25 per cent of triethyl 
or tributyl phosphates, there was almost complete 
mhibition of the decomposition of the DDT -ferric 
chloride mixture. 

On the basis of these observations, the application 
of certain organophosphorus compounds to the gas 
chromatographic systems under investigation for 
DDT-residue analysis was evaluated because decom- 
position and low recoveries always result from ex- 
posure of DDT to such high-temperature conditions”. 
It was postulated that the decomposition of DDT by 
either Friedel-Crafts catalysis or by acidic spots on 
the column and supporting material would be 
inhibited by their use. The well-known capacity for 
phosphates to bind metals and to render metallic 
surfaces inert to certain corrosive conditions supported 
this idea, of their value in the gas chromatography of 
highly chlorinated substances. 

A neutral ester of phosphoric acid, tri-(2- 
biphenylyl) phosphate (Dow ‘K-1110’), was chosen 
primarily for its low vapour tension at 260° C., the 
usual temperature for the gas chromatography of 
DDT. A 2-5-ft. aluminium column of 18-5 per cent 
reprecipitated Dow-Co high vacuum silicone 
grease on acid-washed ‘@O-22’ firebrick, with a helium 
flow-rate of 186 ml./min., was used. The chromato- 
graphic behaviours of DDT and several DDT-type 
compounds were determined with this control or 


~‘ynconditioned’ column; the column was then ‘con- 


ditioned’ by slowly injecting into the hot injector 
block 100 mgm. of Dow ‘K-1110’ dissolved in 
acetone and by allowing excess Dow ‘K-1110’ to be 
purged from the column for 16-20 hr. before again 
determining the chromatographic behaviour of the 


same compounds. Typical results from these determ- 
inations are reported in Table 1. In Table 2 are 
presented the percentage changes in performance of 
these compounds on the ‘conditioned’ column over the 
same column before conditioning. The enhanced 
recoveries of the haloform-substituted compounds 
demonstrate that Dow ‘K-1110’ acts as a Friedel- 
Crafte (or possibly Ullmann) inhibitor. The greatly 
increased column efficiency Q for the methoxy 
derivative should also be noted. 

In general and with DDT-type compounds, the 
above ‘conditioning’ agent decreases retention time, 
stops dehydrohalogenation, sharpens peaks, and 
increases gas chromatographic ‘yields’. Other ‘con- 
ditioning’ agents and conditions for their optimum 
performance are under investigation. 

We wish to thank the Dow Chemical Co. for the 
sample of Dow ‘K-1110’. 
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Use of Carbon Dioxide as Carrier Gas 
in Gas Chromatography 
Tan carrier gas in gas chromatography is usually 
considered to pley little part m the analytical process, 
and its choice is usually determined primarily by the 
method of detection. That carrier gas may not, and 
need not, be entirely inert was demonstrated in two 
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separate series of experiments. In one, carbon 
dioxide was substituted for helium in a gas-solid 
chromatographio system. In the other it was sub- 
stituted for argon in a gas-liquid system. 

In analyses of mixtures of oxygen and nitrogen 
using molecular sieve columns, carbon dioxide carrier 
gas was shown to compromise the ability of the 
system to resolve oxygen from nitrogen. In an 
experiment in which carbon dioxide was substituted 
abruptly for helium, it could be demonstrated that 
the resolving power of the column diminished at a 
rate determined by the concentration of carbon 
dioxide in the column effluent, as indicated by the 
decreasing thermal conductivity of the effluent. The 
resolution was regained when helium was again put 
through the column. The effect produced by the 
presence of carbon dioxide in this analysis was similar 
to that produced by water vapour in these columns. 

The use of carbon dioxide in gas-liquid chromato- 
graphic analyses of sterols, long-chain fatty acids and 
their methyl esters was facilitated by the use of the 
hydrogen flame ionization detector!. Changing carrier 
ges from argon to carbon dioxide produces no 
measurable increase in base-line current or any 
detectable change in the sensitivity of this detector. 

In these analyses, replacement of argon with 
carbon dioxide caused the retention volume of each 
of the substances analysed to be reduced. This effect 
varied in magnitude from column to column, but was 
observed in each of the ten columns tested (Table 1). 
The reduction in retention volume ranged from 3 to 
35 per cent. This was experimentally demonstrated 
to be greater than that attributable to any experi- 
mental error in the determination of gas flow. 


Table 1. Herrror on RaTANtION True AT EQUAL RATES OF Gas 
FLOW WHEN (ARBON DIOXIDE IB SUBSTTTUTHD FOR ARGON AS 
CARRIER GAS 

Retention time Reduction 
(min, in reten- 
Columa Substance Carbon tion time 
Argon dioxide (per cent) 
1 BGA 6 per cent 
‘Chromosorb W’ 
95 Pe cent * Lauric aold 8:7 5-0 35 
2 HGA 5 per cent 
‘Chromosorb F’* 
acid washed t Palmitie acid 48-5 88-2 12 
basic treated Methyl tate 70 6'4 8 
8 EGA 22 percent Methyldecancate 2:1 2 4:7 
‘Gas Chrom P’ 
78 per centi Decanols aad 18 12 88 
4 BGA 5 per cant 
‘Chromosorb W’ 
05 Fed cent * Palmitic acd 35 6 246 80:8 
5 EGA 5 per an 
y r 
93 por cent * Methyl palmitate $45 8 25 56 
Myristio adid 122 11°38 9 
6 BHGA 5 per cent 
rop 
95 per cent§ Mothyl palmitate 1425 i129 9-4 
7 Bicone 
DO04002, ‘Chromo- 
sorb W’*, acid, 
alkali washed siH- 
conized with 
methyl dichloro- 
silane Cholesterol 28-4 19-5 $1 
8 Same as 7, but vul- 
d at 820° O 
for 24 hr Cholesterol 244 223 B 
9 Sameas 7, but vul- 
canized at 240° C. 
for 24 hr. Cholesterol 315 26-0 17°8 
10 NGS 0-76 per oent, 
‘Chromosorb FY’ 
$9 per cent* 
silleonzed ] Cholesterol 20 18 10 
EGA, ethylene glycol-admate — 
Nee neopentyl glyool-suceimate polyester, 
Johns Mannville Co. 


to the method of Farquhar at al. (ref. 2). 

if plied Solences Co., State — Pennsylvanis. 

‘Paoro k 80°. Arthur H. Thoma Perr a , Pennsylvania, 
9 Aeara ng to tho method of Sweeler etai G 


NATURE 


February 10, 1962 vo. iss 


— ——“ J aa al 


12 108 7 


us —— a 
18 14 — 


— of a mixture of free long-chain fatty acids, 
ace — oxide as carrier gas (upper graph) compared with 
an analysis of the same mixture using argon as carrier gas on the 
same polyester column, with the same flow-rate of gas, and at the 
game temperature. ote the hed retention time and 
increased symmetry obtained when carbon dioxide was usei 


Another effect of the use of carbon dioxide carrier 
gas was a modest mcrease in the symmetry of peaks 
of free fatty acids and sterols which have somewhat 
asymmetrical peaks when argon is used as carrier 
gas (Fig. 1). This effect was also observed with each 
of the columns tested. The addition of water vapour 
to the carbon dioxide by bubbling the gas through 
water at room temperature prior to its entry into 
the column caused the peaks to become less sym- 
metrical, while drying it by bubbling the gas through 
concentrated sulphuric acid caused them to become 
even more symmetrical. 

Carbon dioxide is strongly adsorbed on molecular 
sieve columns. Since the separation of oxygen from 
nitrogen on these columns is believed to depend on 
preferential adsorption of these gases on the active 
adsorption sites of these columns, carbon dioxide may 
interfere with the separation by occupying and thus 
blocking these sites. Asymmetrical peaks in gas- 
liquid chromatography may sometimes be attribut- 
able to adsorption of the materials being analysed 
on active adsorption sites of the solid support. 
Carbon dioxide, since it is probably more strongly 
adsorbed on these sites than argon because of its 
greater polarity, may more successfully compete for 
the adsorption sites with the substances being 
analysed, reduce their adsorption and increase the 
symmetry of their peaks. This, however, would not 
explain the reduced retention volumes obtained 
using carbon dioxide. A better explanation of 
this effect may be that the presence of dissolved 
carbon dioxide in the liquid phase may reduce the 
solubility of the substances being analysed in the 
liquid phase. 

The result of the use of carbon dioxide as carrier 
gas is faster, more efficient separations, which, when 
the hydrogen flame ionization detector is used, are 
obtained at no additional expense and with no loss 
of sensitivity. 

ABTHUR KARMEN 
TRMGARDE MoCarrrey 
Rosert L. Bowman 
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Bethesda 14, 
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Metabolism of pL-Norepinephrine-7H 
in the Guinea Pig treated with 
Tolbutamide 


TOLBUTAMIDE, & drug widely used in the treatment 


of diabetes, has been reported to relieve pain in a `~ 


large proportion of patients with angina pectoris and 
intermittent claudication!. This clinically useful 
property of tolbutamide has been related to an 
acceleration of fibrinolytic activity in the blood’. 
An alteration in vascular tone might account, 
however, for a similar clinical response. To test this 
possibility we exammed the effect of tolbutamide 
on the metabolism of norepinephrine, the sympathetic 
transmitter. Our results indicate that the drug 
profoundly alters the intermediary metabolism of this 
neurohormone in animals. Since treatment with 
sulphonylurea compounds has been reported? to cause 
disulphiram-like reactions we thought at first that 
norepinephrine metabolism might have been affected 
at the aldehyde dehydrogenase-level. Our experi- 
mental results show, however, that tolbutamide and 
disulphiram act quite differently on norepinephrine 
metabolism. 

Female guinea pigs weighing 500-600 gm. were 
used in all experiments. All injections were made by 
the intra-peritoneal route. A solution of tolbutamide 
as the sodium salt was given in a dosage of 200 
mgm./kgm. 2-3 hr. prior to norepinephrine admunis- 
tration. Disulphiram suspended in propylene/glycol- 
water (1: 1) was injected once daily for 3 days in the 
same dosage. Between 50 and 100 uc. di-norepine- 
phrine-7-°H. (New England—Nuclear) with a specific 
activity of 25 mc./mgm. was then injected into the 
treated and control animals. Specimens of urine 
were collected in dilute acid during the subsequent 
24-hr. period. Portions of these urine specimens were 
then transferred to Whatman No. 1 filter paper and 
the radiochromatograms developed over-night in 
n-butanol/acetic acid/water (4:1: 1). The dried 
chromatograms were scanned in a 4-2 detector 
coupled to a recording ratemeter (Atomic Accessories). 
Acidic and neutral metabolites were determined by 
extraction with 3 vol. of ethyl acetate from salt- 
saturated urine adjusted to pH 0. Counting-rates 
were measured with a liquid semtillation detector 
(Ekeo). 

In the untreated guinea pig more than a third 
of the urmary radioactivity could be extracted. This 
radioactivity was found to be chromatographically 
homogeneous with 3-methoxy -4-hydroxymandelic 
acid (VBA), a compound which has been shown to be a 
major metabolite of norepmephrine in man‘. It has 
been found that disulphiram‘ inhibits the oxidation 
of deaminated normetanephrine to VMA, thus 
enhancing reduction of the aldehyde intermediate to 
3-methoxy-4-hydroxyphenylethylglycol sulphate. In- 
stead of inhibiting the formation of extractable com- 
pounds tolbutamide strikingly promoted this con- 
version. In two experiments with tolbutamide- 
treated animals almost all the urinary radioactivity 
consisted of extractable compounds while in a third 
experiment more than half was extracted. These 
results may be seen in Table 1. Urines from animals 
treated with tolbutamide were analysed later by 
chromatography to determine the natures of the 
extractable metabolites. Surprisingly no radioactive 
VMA was detected (Ry = 0-67). The major metabolite 
in these urmes was located at Rr = 0:86 while a 
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Fig. 1. Metabolites of DI-norepinephrine-7-"H from normal and 
treated i d in scans of radiochro 
re from their urines. The radiochromatograms “were 
evel by the descending method in n-butanol - acetic acl 
water (4:1: 1). Origm and solvent front are indicated by Q Per F 


much smaller amount of radioactivity appeared at 
Rr = 0-60. A larger proportion of this metabolite 
was found in the third urine. A scan of the radio- 
chromatogram prepared from this urine is shown in 
Fig. 1 along with scans from urines of normal and 
disulphiram-treated guinea pigs. It may be seen that 
radioactivity normally present from the origin to 
Rr = 0:2 increases markedly after disulphiram. 
Formation of this material, however, is totally sup- 
pressed by treatment of the guinea pig with tolbut- 
amide. Since a portion of this material represents the 
sulphate of 3-methoxy-4-hydroxyphenylethylglycol, 
tolbutamide appears to have blocked not only VMA 
formation but also glycol formation. These effects 
of tolbutamide on norepinephrine metabolism were 
not duplicated by insulin or phenformin given in 
amounts adequate to produce hypoglycemia. 
Prelimmary attempts have been made to character- 
ize these unknown metabolites of norepinephrine. 
The major metabolite located at Rr = 0-88 was not 
extracted into ethyl acetate from neutral solutions. 
As anticipated from the above findmg this compound 
was quantitatively adsorbed on to ‘Dowex l’ resin 
(Cl form) but not on to ‘Dowex 50 (Na form). On 
re-chromatography mm isopropanol/7 N ammonia 
(4: 1), an Rr = 0-47 was obtained. These character- 
istics resemble those we have found for honovanillic 
acid, and indeed such a compound might be formed 
by an intermolecular rearrangement of 3-methoxy-4- 
hydroxyphenylethylglycol aldehyde. However, on 4 
mixed chromatogram these compounds did not 
coincide exactly in Rr. The second unknown metab- 
olite (Rr = 0-50) was thought at first to be an 
Table 1. RADIOACTIVITY EXTRACTED WITH ETHYL ACETATE FROM 


THE 24-HR. URDTES OF NORMAL AND TREATED GUINDA PIGS INJECTED 
WITH DI-NORHPINEPHRINE-7-"H. 


Results are expreased in percentage of urinary radioactivity 
Untreated Disulphiram treated Tolbutamide treated 


416 25-0 99-0 
36-6 21:3 52 6 
42:2 = 80:8 
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amine, but did not adsorb on to ‘Dowex 50’. Partial 
adsorption of this compound did take place on 
‘Dowex 1’ resin, suggesting the presence of a phenolic 
group. No adsorption of e:ther metabolite occurred 
on neutral alumina, which indicated the absence of 
catechol grou 

The possible inhibition of aldehyde dehydrogenase 
by tolbutamide was studied in a soluble enzyme 
system’. Although disulphiram inhibited aldehyde 
dehydrogenase in concentrations of 10-* M, tolbut- 
amide had no effect on this enzyme in concentrations 
as high as 10-3 M, even after pre-incubation of 30 
and 60 min. 

This work has been supported by the U.S. Public 
Health Service and the Licensed Beverage Indus- 
tries. 
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. Infra-red Spectroscopic Evidence of 
Chondroitin Polysulphate and its Relation 
to Anticoagulant Activity 


CHONDROITIN sulphates, which sre regarded as 
polymers composed of approximately equimolar 
quantities of N-acetylgalactosamine, hexuronic acid 
and sulphate, have been classified as chondroitin-4- 
sulphate (chondroitin sulphate A and B) and chon- 
droitin-6-sulphate (chondroitin sulphate 0O). In 
infra-red spectroscopic studies, evidence has been 
presented that chondroitin sulphates showed charac- 
teristic absorption bands at the 700-1,000 em.~} 
region, which may differentiate ohondroitin-4-sul- 
phate and the 6-sulphate'. 

A recent communication® in- 80 

dicated that the infra-red 
spectra of acetylgalactos- 
amine-4-sulphate obtained 
from chondroitin sulphate A 
and B, and of acetylgalactos- 
amine-6-sulphate from chon- 
droitin sulphate of shark 
cartilage, corresponded re- 
spectively to those of chon- 
droitin-4-sulphate and the 6- 
sulphate. Accordingly, the 
spectral differences would be 
attributed to the presence 
of the C, and C, sulphate in 
the galactoszamine moieties of 9 
chondroitin sulphates. Al- 
though chondroitin sulphate 

from shark cartilage has the 
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high sulphur content of 7-6 per cent (1:3 residues 
of sulphate per acetylgalactosamine reaidue), the 
infra-red, spectra are identical to that of chondroitin 
C from chordoma?:§, 

On the other hand, it has been reported that chon- 
droitin polysulphate, synthetically prepared by high 
sulphation from chondroitin sulphate, possessed high 
anticoagulant activity’-*. However, the nature of 
this activity is stall not definitely settled. 

In the present communication the infra-red spec- 
troscopic evidence of chondroitin polysulphate 
is related to its anticoagulant activity. Chondroitin 
polysulphate used was prepared as follows: chon- 
droitin sulphate from shark cartilage was sulphated 
with chlorosulphonic acid and pyridine to yield chon- 
droitin polysulphate, as the water-soluble sodium 
salt, containing 15-7 per cent sulphur, [«]*? —15-0° 
(c, 1:0 in water). This material was degraded with 
testicular hyaluronidase to the same extent as was 
shown in chondroitin sulphate from shark cartilage. 

The infra-red spectrum of chondroitin poly- 
sulphate is presented ın Fig. 1. Chondroitin poly- 
sulphate showed a relatively stronger wide absorption 
band at 1,240 om.-!, due to 8 = O stretching vibra- 
tion, than that of chondroitin sulphate from shark 
cartilage. This is due to the high sulphation. The 
new absorption bands at 725, 855 (weak peak) and 
928 cm.-! were presented in the 700-1,000 om.-} 
region, in addition to the unique bands at 775 (weak 
peak), 820 and 1,000 om.-1 which were due to chon- 
droitin sulphate from shark cartilage. These groups of 
absorption bands correspond respectively to the 
characteristic bands previously found in chondroitin- 
4-sulphate and the 6-sulphate’*. 

Chondroitin polysulphate showed high anticoagu- 
lant activity +m vivo and in vitro, related to the gul- 
phation. By the Lee and White method, no clot 
occurred at 15-60 min. after intravenous injection in 
rabbits of the material at 10 mgm./kgm. of body- 
weight. In the re-calcification test, its anticoagulant 
activity was approximately 15 per cent of that of 
standard heparin. The clotting time in the thrombin- 
fibrinogen reaction was 14 sec. with control (0-1 ml. 
of thrombin having 1 unit, plus 0-1 ml. of fibrinogen 
solution). This was prolonged to 42 sec. by the 
addition of 0-1 ml. of 1 per cent chondroitin poly- 
sulphate, but the prolongation was inhibited by 
further addition of hexadimethrine bromide, a 
coagulant with anti-heparin activity. 

These observations would appear to indicate that: 
(1) the high anticoagulant activity of chondroitin 
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polysulphate is primarily due to its high sulphation, 
although there might be the other factors; and (2) 
the sulphate groups would be linked, at least, to the 
C(4) position in the galactosamine moiety by the 
sulphation, in addition to the C(6) position in the 

galactosamine moiety of chondroitin sulphate from 
shade cartilage. 

Further work on physiological properties of this 
material will appear elsewhere. I thank Prof. Y. 
Oshima and Prof. 8. Suzuki for their valuable advice 
and criticigm, Dr. T. Furuhashi for providing chon- 
droitin polysulphate, and Dr. T. Abe for assistance in 
the determination of anticoagulant activities. 
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identification of Formic Acid as the 
p-Bromophenacyl Ester 


In the course of work on the microbial metabolism 
of glycine and glyoxylic acid we have had ‘occasion 
to isolate formic acid as the p-bromophenacyl ester 
which is widely quoted!:* as having m.p. 140°. It was 
observed that the derivative, m.p. 140-42°, isolated 
from authentic sodium “C-formate (95,200 counts/ 
min./umol.) was inactive and showed no depression 
in melting point when mixed with p-bromophenacyl 
alcohol, m.p. 142°, A search of the literature revealed 
that Neish and Lemieux? have made a simular obser- 
vation and have described a preparation of authentic 
p-bromophenacylformate, m.p. 92°. In my hands 
the methods of Neish and Lemieux yields a derivative, 
m.p. 98° (92,200 counts/min./mol.), when the above- 
labelled formate is used in the preparation (of. 
Heilbron and Bunbury‘, who quote m.p. 99°). 

In view of the apparent widespread use of ‘p- 
bromophenacylformate’, m.p. 140°, in the identifi- 
cation of formic acid, I have thought it desirable to 
direct attention to the paper of Neish and Lemieux?. 

In view also of the present interest in the microbial 
metabolism of C(2) compounds it may be noted that 
the puzzling degradation of labelled glycine and gly- 
oxylic acid by a strain of Pseudomonas to formic acid 
(from the carboxyl group) and carbon dioxide (from 
the a-carbon) ires reinvestigation as the evidence 
adduced by the author’? involved the characteriza- 
tion of the isolated formic acid as the “p-bromo- 
phenacyl ester’, m.p. 140°. 

G. W. OROSBIE 
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: Production and Utilization of Free 
Acetate in Man 


THE concentration of acetate in the blood determ- 
ined enzymatically! in a number of experimental 
subjects was found to be about 2 ugm./ml., indepen- 
dent of the nutritional régime (see Table 1). Attempts 
to raise the level of acetate in the blood by oral 
ingestion of acetic acid or acetates were unsuccessful, 
because the experimental subjects were not able to 
consume a sufficient quantity of those substances. 


Table 1. CONOSNTRATION OF ACETATE IN HUMAN SERUM. RESULT 
OF DUPLICATE ANALYSES IN ONE EXPERIMENTAL BUBIRCY 


(ugm. fmi.) 
for 17 hr, 1°5-1°5 
2 hr. ra heavy mixed meal 21-22-65 
2 hr. after the intake of 90 gm. fat 2:6-27 


It was, however, observed? that during the metab- 
olism of ethanol the level of blood acetate increased 
to 19-57 pem./ml. ia 20 subjects with concentrations ' 
of ethanol in the blood ranging from 0-2 to 2-6 

/ml. The acetate concentration showed no 
correlation to the ethanol concentration. 

The formation of free acetate from ethanol was 
shown to take place in the liver and to be the major, if 
not the only, pathway of alcohol metabolism?. 

is constant and continuous production of 
acetate makes it possible in a simple way to study the 
utilization of acetate in the human organism. The 
rate of disappearance of ethanol from the blood, 
provided absorption from the intestine is completed, 
equals the rate of production of acetate. Ifno acetate 
is lost from the organism and a steady-state concen- 
tration in the blood has been reached, formation of 
acetate will equal the utilization.. The loss of acetate 
through the urine is negligible, as the concentration of 
acetate in urine was lesa than that in blood in all 
cases examined. 

Acetate is utilized mainly in the peripheral tissues*, 
as may be inferred also from the work of Forsander, 
Ràiha and Suomalainen’, who showed that while 
very little radioactive carbon dioxide is formed by 
rat liver perfused with blood containing carbon-14 
labelled ethanol, marked utilization occurred when 
the blood was allowed to perfuse also the hind- 
quarters of the animal. 

Ethanol metabolism and therefore the rate of 
produotion of acetate’ may be changed within certain 
limits. Thus festing reduces the metabolism of — 
alcohol somewhat, while administration of large 
quantities of fructose may increase it by a factor of 
2 (ref. 6), as illustrated in Fig. 1. 


fouk 
a 
oo 
co 


¢ 
l ? 
52 oq 
8 708 40 37 
ag 
eed Ag 
a5 0-8 2 $3 
FE: 33 
* qs 
8 — — 8 
2 8 4 
Hours after intake of alcohol 


580 


Acetate utilization 
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Fig. 2, Dependense of acetate utilization on the concentration 

of plasma acetate. Four experiments on two experimental 

subjects. The ordinate is the rate of disappearance of ethanol 

from the blood plasma, in — to equal the utuization 
0 ace 


©n the basıs of four such experiments in whioh 
fructose was given to accelerate alcohol motaboliam, 
the results shown in Fig. 2 were obtained. This gives 
the impression that the dependence of acetate 
utilization on the concentration resembles a curve of 
the Michaelis type with half-maximal velocity at a 
concentration of about 0-6 mM acetate. One difficulty 
in this kind of experiment is that during their rela- 
tively short time of action, the concentration of acet- 
ate may not reach the equilibrium-level corresponding 
to the production of acetate. If, for example, acetate 
production suddenly increased by 3 m.moles/hr. per 
litre body-water, it will take 10 min. to increase the 
concentration of acetate in the blood by 0:5 mM if 
the extra acetate were not utilized, and considerably 
longer when the utilization increases. Thus the 
uppermost point in Fig. 2 (indicated by the arrow) is 
probably not an equilibrium value, but would be at a 
higher acetate concentration after equilibration. 

The similarity to a Michaelis curve may be for- 
tuitous, as probably several factors can be limiting 
the rate of the reaction; for example, the availability 
of free coenzyme A. 

It was an obvious possibility that during muscular 
work acetate utilization might be increased, but 
experiments in which the subject performed quite 
heavy work (bicycle riding) for 1 hr. during ethanol 
metabolism showed no significant change in the 
concentration of blood acetate. 

Fig. 2 suggests that the maximal amount of free 
acetate which can be metabolized in the human 
organism is about 0-3 mole/hr., furnishing some 1,500 
cal./day. Therefore possibly the activation of acetate 
to acetyl coenzyme A limits the metabolism of free 
acetate, as the greater part (about two-thirds) of the 
total energy available to the organism is invariably 
derived from the oxidation of acetyl coenzyme A in 
the tricarboxylic acid cycle. 

The fact that free acetate is an intermediate in the 
oxidation of ethanol permits the conclusion that 
acetate is metabolized in preference to other substan- 
ces normally utilized in the peripheral organs. If this 
were not the case, the concentration of acetate would 
meorease so long as ethanol were metabolized. The 
mechanism responsible for this phenomenon might 
be that the activation of acetate necessary for 
further conversion reduces the concentration of free 
coenzyme A in peripheral tissues sufficiently to limit 
the incorporation of this co-factor into, for example, 
pyruvate and fatty-acid oxidizing enzyme systems; 
with the consequence that acetate arising from 
ethanol (or administered as acetate) should be incor- 
porated preferentially into various tissue con- 
stituents. 
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Apparently no direct compamson of ethanol (or 
acetate) and other substrates into, for example, fats 
has been made, but it has been shown’ that radio- 
active ethanol and acetate are in fact incorporated 
very effectively into tissue constituents of both liver 
and other organs. 

The situation may perhaps be summarized by 
saying that free acetate, whether or not it originates 
from ethanol, behaves quantitatively, but not 
qualitatively, in a different way from the acetate pool 
derived from all the common nutrient substances. 

This work was supported by a grant from Statens 
almindelige Videnskabsfond. 
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Ganglioside in Maturing Rat Brain 


Tax cerebral cortex is characterized im part by its 
large content of glycolipid material called gangliosides. 
These substances were first noted in brain by Klenk!. 
Later they were extensively studied by Folch et al.?:3, 
who have used the term ‘strandin’ for their prepara- 
tions. Bram ganghosides have been shown to contain 
hexoses, hexosamines, N-acetylnevraminic acid 
(NANA) and ceramides. There are strong indications 
that amino-acids are joined to the glycolipid tn sttu?. 
Because of different procedures and the use of 
divergent species, workers have not been ablo to 
agree on the exact concentrations of the various 
components. Bogoch‘, on the basis of hydrolytic 
studies, has proposed a basic unit structure for ox- 
brain ganglioside. Klenk and Gielen have suggested 
a smaller, though similar, unit. Both authors indicate 
that there should be a stoichiometric relationship 
among the components of mature brain ganglioside. 

Whereas many of the other brain bpids have been 
examined in some detail during growth’, little 1s 
known. about the synthesis of ganglioside during this 
period. Cumings et al.” have reported a relationship 
between, neuraminic acid and hexosamine in human 
cerebral cortex at various ages, and Moser and 
Karnovsky! have shown that injected glucose-u-4C 
was readily incorporated into mouse brain ganglioside 
during development. Here a NANA~hexose correla- 
tion has been established for developing rat brain. 

Purified ganglioside preparations*»* were obtained 
from the grey matter of rat cerebral cortex at various 
ages. These corresponded to the period of active 
myelination in white matter’. The NANA-® and 
hexose-levels!® were determined at each age 
after hydrolysis by the asid-resin procedure of 
Anastassiadigit 14, 

It appears that NANA and hexose accumulate at 
the same rate (Fig. 1) in cerebral gangliosides during 
early growth. A ratio of 5 umoles of hexose to 1 umole 
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NANA was obtamed. This figure is higher than that of 
others" * who used adult tissue. It is possible that a 
higher value ıs characteristic of glycolipid formed 
during early development. The present findings, and 
those of Cumings et al.? on NANA~hexosamine, 
indicate that the prior synthesis of a NANA~hexos- 
amine—hexose unit is a prerequisite for the formation 
of brain ganglioside. Furthermore, the results seem to 
indicate that the rate of ganglioside synthesis from 
hexose and NANA is constant during the period 
studied. This contrasts with ‘white matter evente’ 
which are concerned with myelination. In this 
process, lipids are formed and deposited in the brain 
at very different rates**, Even in grey matter we 
have observed marked differences in synthetic rate 
among various phospholipids. 

The work reported here suggests that the accumu- 
lation of cerebral ganglioside is, at least in part, a 
rather steady process during early rat brain growth. 
It may be that the basic unit of structure is added to 
low molecular weight material continually. This 
polymeric process would eventually give rise to s 
macromolecular glycolipid in the adult brain. 

This work was supported in part by grants from 
the U.S. National Multiple Sclerosis Society and the 
National Research Council of Canada. 
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Phosphorylation of Thiamine labelled 
with Sulphur-35 in the Liver of Rat 


Worx has been devoted to the phosphorylation of 
thiamine in purified enzyme systems both from 
yeast'-* and from animal tissues’*. Comparatively 
few reports are known on thiamine phosphorylation 
in living animals, particularly those using isotopic 
techniques’-!1, 

A recently developed method!* for the chromato- 
graphic separation and quantitative determination of 
thiamine and its phosphoric esters ın animal tissues 
prompted us to examune in the liver of rat this import- 
ant stage of thiamine metabolism and to determine 
thiamine and its mono-, di- and tri-phosphates after a 
single intraperitoneal injection of *°S-thiamine, Male 
albmo rate (100-110 gm. body-weight), reared on a 
balanced diet, were injected intraperitoneally with 
100 pgm. of 8-thiamine (9-84 x 10? counts/min.) 
and afterwards killed by decapitation at different 
times after the injection (Fig. 1). 

Livers were rapidly excised, weighed and extracted 
in cold 5 per cent trichloroacetic acid. The determina- 
tion of thiamine and its phosphoric esters was per- 
formed according to Rind: and de Giuseppe!’, using a 
Beckman spectrophotometer model D.U. for the 
fluorescence measurements. 

The radioactivity of thiamine compounds was 
measured directly on the isobutanolic layer, contain- 
ing thiochrome, derived from thiamine by alkaline 
oxidation. The samples for counting were prepared 
by drying on planchets 1-2 ml. of the isobutanolic 
solution. The radioactivity was determined using a 
flow-counter, filled with a butane-argon mixture. The 
activities of the samples were referred to a unique 
relative specific activity (counts/5 min./ugm. thia- 
mine). 

The sample weight was always in the range of a 
few pgm. in order to avoid the auto-absorption of the 
B-rays emitted by sulphur-35. The efficiency of the 
measurement was 14-15 per cent, on 4 II, for sul- 
phur-35. 

The results of our determinations are summarized 
in Fig. 1. 

As can be seen, the specific activity of thiamine in 
liver rises very quickly after the injection, as a 
consequence of the massive uptake of *°S-thiamine 
from the blood. Judging from the results on other 
thiamine compounds, it is likely that the maximal 
specific activity of thiamine might be at 1-2 min. after 
the injection, as is represented in Fig. 1 with a dotted 
line. ` In this assumption, the thiamine biological 
half-life is about 20 min. or shorter. 

Incorporation of 2°S-thiamine in thiamine mono- 
phosphate was rather slow and attained its maximum 
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Fig, 1. Specific activity (8.A.) of thiamine (©), thiamine mono- 
phosphate (©) and t e diphosphate (4) in the liver of rat 
after intraperitoneal injection of 100 ugm. of **5-thlamine 
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at 60 min.; the biological half-life of thiamine mono- 
phosphate can be calculated at 160 min. 

Thiamine diphosphate (cocarboxylase), the most 
abundant thiamine ester’, was, instead, very rapidly 
formed from thiamine in the liver (maximal spec. 
activity at 60 min.), but it was metabolized slower 
than the other compounds: its half-life was about 
8 hr., in good accordance with Vincent’s findings". 

ing to the low activity and content of thiamine 
triphosphate, no definite information on this ester 
could be drawn from the present experiments. 

Work ia now in progress to examine the "§-thia- 
mine phosphorylation in brain and heart, and a com- 
plete report of all our results will appear elsewhere. 

We are greatly indebted to 8. p. a. Prodotti 
Roche, Milan, for the generous gift of **S-thiamine 
used in our experiments. 
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Histamine in Grasses and Clovers 


THH presence of biogenic amines has been reported 
in a number of plants!*. Although they are found 
most widely distributed in fungi, their presence in 
higher plants has been made more evident by work in 
recent years, and a survey of the physiologically 
active amines in fruits and vegetables = Udenfriend 
et al." revealed a wide variety of these compounds. 
Holtz‘ had shown earher that extracts of tomato and 
spinach had a physiological action in animals similar 
to histamine, and Werle and Raub’! extended this 
work to a survey of many plant genera. In this survey, 
water extracts of Trifohum pratense and Trifolium 
repens were shown to have slight histamine-like 
activity. The presence of histamine, N- dimethyl 
histamine, N-acetyl histamine and acetylcholine in 
Spinacea oleracea has since been confirmed by Appel 
and Werle’. Colamine has been shown to be present 
in grass! and the presence of other amines is also 
suggested. 

Paper chromatographic examination in this labora- 
tory of aqueous ethanol and trichloroacetic acid 
extracta? of Lolium perenne, Dactylis glomerata, and 
Trifolium repens, using two-dimensional techniques, 
Whatman No. 1 paper and the solvents detailed 
here reveal the usual pattern of ninhydrin-reacting 
spots due to amino-acids and in addition a spot (K) 
(Fig. 1) which occupies, with all solvents tested, 
positions corresponding to an authentic specimen of 
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histamine when run on the chromatogram after 
addition to the plant extracts. The reaction with 
diazotized p-bromoaniline’, giving a bright cherry-red 
coloration which is characteristio of imidazole com- 
pounds, has also been observed with spot K but is less 
certain than the ninhydrin reaction, a fact also noted 
by Appel and Werle’. There is a tendency, not always 
observed, to the formation by histamine in plant 
extracte of elongated and crescent-shaped spots in the 
direction of flow of the acidic solvent and in extreme 
cases two or even three discrete spots may be produced 
with the diazo-reagent, apparently by fracture of the 
elongated spot. This has been observed with other 
amines, but usually in solvents with more strongly 
acidic components’. Failure of the diazo-reagent to 
react in certain cases may be due to spreading and 
dilution of the amine on paper by substances which 
fluoresce under ultra-violet light. Evidence for this 
was obtained particularly in single dimensional 
chromatograms run in n-butanol-ethanol-ammonia® 
with spmach and perennial ryegrass extracts. In the 
former extract, in which no fluorescent spot was 
visible in the histamine position, a normal red spot 
was produced on spraying the diazo-reagent; in the 
latter, on addition of histamine, a red streak was 
produced from a point above the fluorescent spot to 
the solvent front. Under identical conditions, the 
ninhydrin reaction is apparently not so affected by 
the presence of interfering substances. 

The Fr values of spot K in various solvents, under 
conditions where a single spot was produced, were as 
follows: 

(a) Isobutanol—formic acid—water, 6 : 1 : 1 v/v (ref. 
10), freshly prepared before use, 0-08-0-10; (b) 

n-propanol-water, 7:3 v/v (ref. 11), 0-48-0-51; {e) 
acetic acid~n-butanol-ethyl acetate—water, 1:1: 
1 v/v (ref. 12), 0:26-0-29; (d) Pa a 
water—28 per cent ammonia, 30 :5:4: 0-2 v/v (ref. 
13), 0-19-0-21; (e) n-butanol-ethanol—-28 per cent 
ammonia, 8:1: 3 v/v (ref. 9), 0-57—0-60. 

The great similarities in chromatographic behaviour 
of histamine in plant extracts and spot K very 
strongly suggest the presence of histamine in these 
two species of grass and in white clover. It is hoped 
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to obtain final confirmation of its presence by extrac- 
tion, purification and characterization later. 

The spot below y-amino-butyric acid and to the left 
of threonine (spot F in Fig. 1) ocoupies the same 
position as an authentic sample of ethanolamine and 
is thought to be due to that compound. 
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PHYSIOLOGY 


Early Growth of Rats in an Increased 
Gravitational Field 


Bors the size reached by an animal and its rate of 
growth are determined by a number of factors. Some 
of these are peculiar to living organisms, whereas 
others appear to be of a more simple physical or 
chemical nature. One factor of the second kind— 
namely, the acceleration due to the field in which the 
animal is growing—is, of course, remarkably constant 
over the whole of the Harth’s surface. 

It has been suggested on theoretical grounds! that 
an alteration in the magnitude of the gravitational 
field should produce a corresponding alteration in the 
size of an animal; and, within certain limita, that the 
stronger the field, the smaller is the animal produced. 

were first subjected to an increased 
acceleration for long periods of time by Sir Bryan 
Matthews at Cambridge’, but he was not primarily 
concerned with the question of their growth. White 


laboratory rats (kept in a specially constructed 


centrifuge at 3g) lived for periods of up to a year 
and a half under these conditions, and remained 
below control weight. 

The growth-rates of organisms under increased 
acceleration have also been described in the fruit 
fly*, wheat coleoptiles‘, birds’, rate*, mice’ and 
hamsters’, Working with fruit fly larve and using 
enormous accelerations, Wunder and his co-workers 
have shown that the effect on growth of centrifuga- 
tion depends on the initial size of the organism and 
that oxygen consumption is increased during ex- 
posure’. After removal from the apparatus, their 
rate of growth accelerates, a finding that has 
been confirmed for mice’. Further work has shown 
that, following exposure, the oxygen requirement of 
the fruit fly is decreased’® and its reaction to an 
increase in gravity alters with the temperature’). 
The effect of spinning on the growth of the mouse 
femur has also been investigated". 
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In 1956 a centrifuge was built for me by Mr. James 
Young and installed at the London Hospital Medical 
College. This apparatus, which, it is hoped, will be 
described elsewhere, is a slight modification of that 
at Cambridge. It enables four rat cages to be sub- 
jected to approximately 3g for indefinite periods. 
Wistar and Ohester Beatty rats have been used for 
the investigation. These animals have been fed 
exclusively on calf nute (placed in wire hoppers) and 
supplied with tap water in bottles; observations have 
repeatedly confirmed that the rats experience no 
difficulty in gaining access to either. 

Five litters were so divided as to produce three 
groups of males and five groups of females (average 
size of the groups to nearest integer: 4 (males) and 
5 (females)). If the mean weights of the spun and 
control animals from each group are plotted against 
time, it can be shown that the increase in weight for 
roughly the first fifty days after the beginning of 
centrifugation approaches linearity. Advantage may 
be taken of this fact to compare the different rates of 
growth of the experimental animals and their siblings. 
The slope of the ‘straight line of best fit’? has been 
calculated by the method of least squares for approxi- 
mately the first fifty days after the beginning of 
centrifugation. The significance of the difference 
between the slopes of the spun and of the control 
animals of each litter has been expressed as the 
probability of its chance occurrence (using ¢ test for 
small samples). 

These results are shown in Table 1. 


Table 1 
Days at 
Day when 
and end Males Females splaning Latter 
of slope p n p R ogan 
21-63 0-001 (65) 0-1 4 21 3 
24-78 0 OL 6 24 J 
81—77 07 4 81 O.P. 
83-82 0 6 8 0-6 8 83 8 
44-91, 0-1 4 0-2 4 44 7 


p is the probability of the null hypothesis belng true for the values 
of Tne slope between the spun and control animals, and n the number 
of rate In each group. 


The weight of food consumed by the six females in 
litter J has also been investigated over a period of 
59 days. Fig. 1 shows this weight compared with the 
increase in body-weight of the animal during this 
time. 

The observations on growth suggest that the effect 
of centrifugation is greater the earlier exposure 
begins, although the positions of both male and female 
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members of litter 7 are dubious. It would be of great 
interest to know whether the susceptibility of the 
animals to moreased g varies with the age at which 
spinning begins or the weight already attained at this 
time. Since rats of the same species reach & compar- 
able weight at a comparable age, the figures so far 
obtained are totally inadequate for distinguishing 
between these two possibilities. It is relevant at this 
point to recall Wunder’s observation? that ‘“‘the 
larger [fruit fly] larvæ experienced a more drastic 
reduction in growth-rate than the smaller ones’’. 

From the results shown in Fig. 1, it is apparent 
that the amount of food taken to produce an equiva- 
lent increase in weight (in any event in the early 
stages) in the spun animals is much greater than 
thet required by their controls. A more detailed 
investigation of this phenomenon is at present being 
planned. 

I thank Prof. R. J. Harrison, Prof. A. J. E. Cave and 
Dr. C. R. B. Joyce for their advice and help. 
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Measurement of the Surface Area of 
the Human Body 


In the study of heat exchanges between the human 
body and its environment, physiologists in the past 
have been interested to know the area of the surface 
of the experimental subject, as this quantity appears 
in the equations concerning convection, radiation and 
evaporation. In the past, surface areas were determ- 
ined by covering the surface of the human subject 
with patches of paper and then measuring the area 
of all the patches after they had been stripped off 
the subject. Such a method is very tedious; and an 
approximate equation relating surface area to the 
height and the weight of the subject was evolved. 
This equation is admittedly approximate and it can- 
not be maintained that it will be satisfactory for all 
ethnic types. 

In the study of heat problems encountered by 
miners working at great depths in the South African 
gold mines (undertaken by the Applied Physiology 
Research Laboratory of the Transvaal and Orange 
Free State Chamber of Mines which sponsored it), it 
was considered that it should be possible to measure 
the surface areas of large numbers of men, and a 
physical method for achieving this object has been 
devised. 
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The method actually measures the radiation surface 
of the subject by the reverse method of measuring 
his absorbing surface when that surface has been 
made 95 per cent absorbant to visible ight by means ` 
of a pigment. A scaled-down model of the apparatus 
has been constructed, and the resulta of the experi- 
mente indicate that an apparatus made twice the 
size of the present experimental ap tus will 
measure the radiation surface of adult subjects with 
an error of not more than 1 per cent. 

In the present experimental apparatus an integrat- 
ing cube, 6 ft. on an edge, and with its corners closed 
by means of teral triangles 34 ft. on an edge, 
is filled with a flux of light from eight electric lamps 
set, one in the centre of each triangle, and suitably 
screened to produce a diffuse illumination. Experi- 
ment shows that the centre 34ft. cube of space 
within the integrating cube has a uniform light flux 
(variation less than 1 per cent). In one face of the 
integrating cube there is a frosted glass window and 
this window has a brightness which is directly pro- 
portional to the light flux inside the cube. A photo- 
metric bench is mounted opposite the window in the 
cube and at the end of the bench there is a second 
frosted glass window, the same size as that in the 
cube, but illuminated by the light from a comparison 
lamp which runs on a carriage on the photometer 
bench. The comparison lamp and the eight illuminat- 
ing lamps inside the cube are all in series, so that 
small changes in the voltage of the supply do not 
affect the photometric measurements. 

By means of suitable photometric arrangements, 
the brightness of the window at the end of the bench 
can be compared with that of the window in the 
cube and the comparison Jamp can be adjusted until 
the two brightnesses are equal. When an object with 
black surface is then introduced into the cube the 
brightness of the window 1s decreased and it is possible 
to measure this diminution with an accuracy which 
is better than 1 per cent. The apparatus is calibrated 
by introducing objects with known surface areas and 
equally black surfaces, and constructing a calibration 
graph. 

It has been found possible with the present appar- 
atus to measure surfaces of up to 15,000 sq. om., and 
experiments with two blackened disks hanging face 
to face at different distances have shown that what 
is being measured is the true radiation area of the 
objects being introduced. This is, of course, of con- 
siderable value to the physiologist, for the radiation 
area of a subject varies with his working position 
and this variable value can now be determined with 
rapidity and accuracy. Measurements on & con- 
ventionalized model of a human being have shown 
that a human subject in the spread-eagle position 
presents the largest radiation area that can be 
presented, and that this area is approximately 95 per 
cent of the true geometrical area, so that where the 
true geometrical area is required it can be determined. 

Further work is in progress to bring the integrating 
cube up to 10 ft. and to make the measurements 
on adult human subjects, sprayed with a black 
dye to produce 96 per cent absorption, so that a final 
check of the equipment can be made and, in particular, 
the ratio of maximum radiation area to true geo- 
metrical area may be more precisely determined. 

E. O. HALLIDAY 
T. J. Huao 

National Physical Research Laboratory, 

Council for Scientific and Industrial Research, 
Pretoria, South Africa. 
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Sub-cellular Distribution of the Substance 
P in the Nervous Tissues 


Hebb and Whittaker! have described the isolation 
of a sub-oellular fraction of brain tissue which contains 
bound acetylcholine and choline acetylase. This 
fraction was examined further by Whittaker? with 
equilibrium centrifugation in a density gradient. His 
resulte appear to provide evidence for physiological 
significance of his “‘synaptic vesicle fraction”. We 
have also attempted to apply his fractionation method 
to study sub-cellular distribution of substance P in 
the nervous system. 

The preparation and fractionation of homogenates 
of brain and spinal cord (rabbit or guimea pig) were 
carried out as described by Whittaker, the microsomal 
and the cytoplasmic fraction not being separated but 
combined as the supernatant fraction. Eserine was 
not used except for experiments on acetylcholine. 
Assay of substance P activity was carried out on the 
isolated guinea pig ileum in the presence of atropine, 
pyribenzamine and tryptamine, ite specificity bemg 
usually ascertained by desensitization treatment of 
the ileum strip with a large amount of substance P 
prepared from the bovine brain by Euler’s method’. 
Assay of acetylcholine was carmed out on frog’s 
rectus abdominis muscle. 

The highest activity of substance P (per gm. wet 
tissue and per gm. protein estimated by Lowry’s 
method‘) was found im the synaptic vesicle fraction 
and then in the supernatant fraction, while the mito- 
chondrial and nuclear fraction contamed only a small 
amount of substance P. Such a sub-cellular distribu- 
tion of substance P was observed on all samples 
prepared from different regions of the central nervous 
system of rabbit and guinea pig; cortex, midbrain, 
cerebellum, ventral and dorsal halves of spinal cord. 
Of course, the total substance P activity recovered 
was higher in the midbrain and dorsal spinal cord, 
while homogenates of cerebellum and ventral cord 
were lowest in its activity as reported by previous 
workers®:*, When the sub-cellular distribution of 
substance P and acetylcholine in the spina! cord of 
rabbit was compared, it was found, as shown in 
Fig. 1, that the distribution of substance P might be 
said to be nearly identical with that of acetylcholine, 
if the word ‘ventral’ for acetylcholine is replaced with 
‘dorsal’ and ‘dorsal’ with ‘ventral’. 

It seems worth noting here, however, that the 
activity of acetylcholine measured was the sum of 
free and Lound form, while the treatment such as 
extraction by heating at pH 4 scarcely increased the 
activity of substance P obtained; s fact which is 
similar to that found on the particulate 6 — 
tryptamme by Whittaker*. The bound substance P 
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may be released by treatment with sucrose solution. 
In this respect substance P differs from acetylcholine 
and rather resembles 5-hydroxytryptamine. 

It was also reported that choline-esterase activity 
was chiefly found in the fraction S 7°. When each sub- 
cellular fraction was incubated with substance P, 
mactivation of the latter was observed only on inou- 
bation with the fraction S (Fig. 2). Such an inacti- 
vation of substance P was inhibited by adding strych- 
nine (10-*) or lysergic acid diethylamine (10-*) into 
the incubation mixture, just as that of acetylcholine 
due to choline esterase by eserine. Lysergic sord 
diethylamine potentiates the gut-stimulating action 
of substance P. In this case, however, the response of 
1leum strip was too high to be ascribed to this poten- 
tiation effect alone, while strychnine (10-3) showed no 
potentiation of activity of substance P. Hence a 
specific enzyme or enzymes which inactivate substance 
P seem to be present in the supernatant fraction’. 

The increase in substance P activity after mouba- 
tion with.the fraction S for 5 or more hr. was only an 
apparent one, this gut-stimulating activity being not 
abolished by high dose of substance P. This com- 
ponent seems to be a kinin-like compound which 
causes & slow contraction of guinea pig Jeum with a 
latency of considerable length and is more active on 
rat’s uterus and colon than on the hen’s rectum and 
not destroyed by trypsm”*. 

These results appear to suggest a close relationship 
of substance P to the transmission mechanism in the 
central nervous system, even if ıt is not & transmitter 


itself. 
ÅKRA INOUYE 
Kiyos: KATAORA 
Department of Physiology, 
Faculty of Medicine, 
Kyoto University, 
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Entry of Sodium-24 in Isolated Rabbit Atria 


ACETYLOHOLINE has been shown to increase 
potassium permeability m myocardial tissues’. Its 
eflect on transport of sodium, however, 1s incon- 
clusive. Earlier flux studies? and, more recently, 
microelectrode studies*-? suggest that acetylcholine 
(ACh) may have an effect on entry of sodium during 
the rising phase of the action potential. This com- 
munication deals with the effect of ACh on the rate of 
net entry of sodium-24 in isolated rabbit atria under 
different stimulus frequencies. The results presented 
may explain some of the findings of other investigatora 
working on the effect of ACh, using the microelectrode 
technique. 

Isolated left atria attached to platinum—iridium 
electrodes were equilibrated 30-60 min. in a Ringer- 
. bicarbonate medium which was continuously oxygen- 
ated. At the end of this time the control atria were 
placed in a modified Ringer’s solution containing 1/4 
. normal potassium (1:35 mM) and tracer amounts of 
sodium-24. Treated atria were placed in identical 
medium containing ACh 80 ugm./ml. The net entry 
of sodium-24 was determined over an additional 
30-min. interval. During this period of time the atria 
were stimulated at varying frequencies with a 2~10-V. 
pulse of 0-5 m.sec. duration. The atria were then 
homogenized in distilled water and evaporated 
samples of the homogenate were counted in a Beta 
scintillator. All experiments were carried out at 
30° C. The data are expressed as a rate of net entry of 
sodium-24 in 0.p.m./gm./30-min. interval. 

Fig. 1 summarizes the results obtained. Each point 
represents the mean of 6-8 experiments. Rate of net 
entry of sodium-24 16 plotted as a function of stimulus 
frequency. ACh almost doubled the rate of entry of 
sodium in quiescent atria. Stimulating the atria at 
180 and 400 cycles/min. caused a sharp increase in 
net entry of sodium-24 in control atria and to a lesser 
extent in ACh-treated atria. Over the frequency- 
range of 180—400 cyclea/min., ACh had no significant 
effect on sodium entry. At frequencies above 400 
cycles/min. the rate of sodium entry dropped markedly 
in control preparations but continued to increase in 
ACh-treated atria, approaching a maximum at 1,200 
eycles/min. 

These experiments indicate that ACh affecte the 
rate of net entry of sodium in quiescent and electri- 
cally driven atrial preparations. The increage m 
‘sodium entry in quiescent atria may be due to the 
hyperpolarization which ACh produces with the con- 
comitant increase in net efflux of potassium’. The 
lack of a significant effect of ACh over the range of 
180-400 is difficult to explain; however, the effect of 
ACh at higher frequencies suggests a direct effect of 
the agent on the sodium carrier system. That the 
sharp drop in rates of entry in control preparations 
at frequencies of about 400 cycles/min. is due to a 
change in the conduction process and not to a change 
in the rate of firmg of indrvidual cells is evident from 
the following studies: using rabbit atria Vaughn 
Williams? demonstrated that as the stimulus 
frequency increased (150-250 cycles/min.) conduction 
velocity decreased. At frequencies abave 250 cycles/ 
min. conduction velooity fell sharply. He also showed 
that ACh increased conduction velocity. A property 
intimately related to conduction velocity is the rate of 
rise of the transmembrane action potential. Johnson 
and McKinnon’ observed in ventricular strips that as 
the stimulus frequency mereased, the rate of rise of 
the action potential decreased. This effect was most 
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marked at frequencies greater than 600 cycles/min. 
Quinidine, a drug known to depress conduction, 
decreases the rate of rise of the action potential ?° 
and depresses the rate of net entry of sodium-24!+12, 
The effects of quinidine can be reversed by ACh. 
Finally, it has been shown by [ein and Holland? 
that the maximum following frequency of single atrial 
cells was of the order of 800 cycles/min., and m ACh- 
treated preparations the maximum followmg fre- 
quency was in excess of 1,200/mn. The gross maxi- 
mum following frequency was found to range from 
350-400 cycles/mm. and in ACh-treated atria the 
range was 500-700 cycles/min. 
PETER CERVONI 
Wurm C. HOLLAND 
Department of Pharmacology, 
University of Mississippi Medical Center, 
Jackson. 
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The Limiting Carbon Dioxide Concentration 
for Photosynthesis 


Many reports! indicate that planta in a closed 
system will reduce the concentration of carbon 
dioxide in the ar to a munimum value between 
50 and 100 p.p.m. Gabrielsen? postulates “there 
exists a threshold value for carbon dioxide in photo- 
synthesis, which for elder leaves is about 0-0090 volume 
per cent. Below the threshold no assimilation takes 
place. Thus it seems that only about two-thirds of 
the atmospheric carbon dioxide is available for 
photosynthesis”. 

The equilibrium value between photosynthesis and 
respiration in a closed system varies with light 
intensity and temperature’. I have compared the 
equilibrium concentration of carbon dioxide for 
excised leaves of several species in a closed glass 
chamber at a constant light intensity of 7,000 ft. 
candles and temperature of 23°C. Carbon dioxide 
was monitored continuously with a Liston Becker 
infra-red gas analyser calibrated with standards of 
known concentration of carbon dioxide. 

Striking differences were noted between species in 
the minimum level to which they could reduce the 
concentration of carbon dioxide in our system, as 
shown in Table 1. Under my conditions both corn 
and sugar cane reduced the concentration of carbon 
dioxide to less than 10 p.p.m. All other species 
tested came to an equilibrium at 60 p.p.m. carbon 
dioxide or greater. Orchard grass was in the latter 
group, indicating that the ability to scrub carbon 
dioxide from a system to very low levels is not a 
universal property of the grass family. The equilib- 
rium for Norway maple leaves was an extremely 
high 145 p.p.m. carbon dioxide. 

The constancy of the minimum level of carbon 
dioxide for a species was striking. I studied two 
corn and three tomato varieties over a period of six 
months at varying light intensity over 2,000 ft.- 
candles. The mmimum concentration was char- 
acteristic of the species and varied by 5 p.p.m. or less. 

The difference between species did not appear to 
be due entirely to high respiration relative to photo- 
synthesis. The ratio of apparent photosynthesis at 
normal air concentration of carbon dioxide (P35) 
to dark respiration (FR) is shown in column two of 
Table 1. Although sugar cane had the lowest respira- 
tion relative to photosynthesis, corn was not different 
from tobacco or geranium. Orchard grass had a 
very high respiration relative to photosynthesis but 
the minimum level of carbon dioxide was the same 
as tobacco and geranium. However, tomato and 
Norway maple, which had high minimum levels of 
carbon. dioxide, did have high respiration-rates com- 
pared to apparent photosynthesis. Actual respiration 
on a unit leaf basis was equal for sugar cane and 
geranium at & rate one half that of tobacco and corn. 
Leaf area was not determined for the other species. 


Table 1, OBSERVATIONS OF PHOTOSYNTHESIS IN EXOISED SHOOTS 
UNDER 7,000 FOOT-OANDLES AT 28° 0. 
Minimum CO, Ratio Ratio 
concentration Pai R Pinel Pon 
(p.p m) 
Coin (Zea mays) 9 3-9 0-83 
8 cane (Saccharum 
officinarum) 7 6-2 0°67 
Orchard grasa (Dactylis 
— a 60 15 0-22 
‘obacco (Nicotiana tabacum) 60 44 0-38 
Geranium (Pelargonium sp.) 65 4d, 0:38 
Tomato (Lycopersicon 
esculentum) 75 20 0-81 
Norway maple (Acer 
plalancides 145 1°7 0 00 
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The different ability of plants to remove carbon 
dioxide to low levela would have great significance 
on the production of plants in an environment where 
carbon dioxide was limiting photosynthesis. Column 
3 in Table 1 lists the ratio of photosynthesis at 
100 p.p.m. carbon diomde (Proo) to that at normal 
air concentration of 300 p.p.m. carbon dioxide (P300). 
At this low concentration of carbon dioxide, the rate 
of assimilation of corn and sugar cane was two-thirds 
the normal rate while photosynthesis of tobacco, 
geranium, and tomato was only one-third the normal 
rate, orchard grass one-fifth the normal rate and the 
Norway maple was giving off carbon dioxide. Thus 
if carbon dioxide in the natural environment were 
low it would limit photosynthesis in Norwey maple 
long before ıt would limit it im orchard grass or 
tobacco. Further low carbon dioxide would limit 
photosynthesis m orchard grass and tobacco before 
it would in the most effective species, corn and 
sugar cane, 

When the supply of carbon dioxide is limiting 
photosynthesis, the rate of uptake of carbon dioxide 
by a leaf should be proportional to the gradient from 
the outside air to the cell surface in the sub-stomatal 
cavity. If the equilibrium concentration of carbon 
dioxide in a closed system reflects the concentration 
of carbon dioxide inside the leaf, then a larger 
gradient exists for corn and sugar cane than for many 
other species; this advantage would become rela- 
tively larger at lower concentrations of carbon 
dioxide and, perhaps, expleins the difference in rate 
of photosynthesis I have observed between different 
species at these low levels of carbon dioxide. If plants 
are to be tested for air purification and low levels of 
carbon dioxide are desired, I suggest that the ability 
to reduce carbon dioxide to low values may be 
of importance not only in the efficiency of the photo- 
synthetic process but also may be a useful phenome- 
non and important criterion for selecting material 
to be used in ar purification for submarines or 
space platforms. 

Darm N. Moss 
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Effect of Inhibition on the Presynaptic 
Nerve Terminal in the Neuromuscular 
Junction of the Crayfish 


In the crayfish muscle stimulation of the mhibitory 
axon results m two mbhibitory effects: (1) The con- 
ductance of the muscle membrane 1s increased by the 
released inhibitory transmurtter!; (2) The amount 
of transmitter released on stimulation from the 
axcitatory nerve ending 18 reduced**. The second 
effect was named ‘presynaptic mhuibition’. In the 
present work the following hypothesis 18 tested: 
presynaptic mhibition 1s based on interference of the 
inhibitory transmitter with the action potential 
spreading mto the nerve terminal, 

When an extracellular microelectrode is placed 
at an isolated junctional area on a muscle fibro, & 
record of the current flowing into the postsynaptic 
fibre during an excitatory junctional potential is 
obtained’. Under favourable recording conditions 
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this postsynaptic potential is preceded by a record of 
the potential change in the excitatory nerve ending. 
Such an excitatory nerve synaptic potential is seen in 
Fig. 1. About 0-6 msec. before the onset of the 
excitatory junctional potential the excitatory nerve 
synaptic potential starts with a small positive phase. 
The following negative main deflexion of the exorta- 
tory nerve synaptic potential is rarely higher than 
50 uV. 

In the lower record of Fig. 1 the inhibitory axon 
was stimulated before the excitatory one, and an 
inhibitory nerve synaptic potential appears 2 msec. 
before the excitatory nerve synaptic potential. It is 
seen that the excitatory nerve synaptic potential is 
inhibited, its amplitude being reduced. by 28 per cent. 
The following postsynaptic excitatory junctional 
potential also is strongly inhibited: its average 
amplitude decreases from 235 to 76 uV. A statistical 
analysis of the results of the experiment of Fig. 1 
proves the inhibitory reduction of the excitatory 
nerve synaptic po ontial to be significant with a 
probability of more than 99-9 per cent; the same was 
found in 5 further experiments of this kind. It seems 
very probable, therefore, that presynaptic inhibition 
ig the consequence of an inhibition of the action 
potential spreading into the nerve terminal. 

Presynaptic inhibition can be imitated by the 
application of y-amino-butyric-acid (GABA) or some 
related substances as guanidino-acetic-acid or B-gua- 
nidino-propionic-acid. These substances reduce the 
number of quanta of excitatory transmitter released 
from the nerve terminal on stimulation, leaving the 
size of the quantum unchanged. As in presynaptic 
inhibition, the amplitude of the excitatory nerve 
synaptic potential is found to be decreased. In 
relatively high concentrations (for example, GABA 
2 x 10-* gm./ml.) these drugs even block conduction 
into thé nerve ending. During this block only the 
initial positive phase of the excitatory nerve synaptic 
potential is recorded, whereas the main negative 
phase of the excitatory nerve synaptic potential 
disappears. This 1s interpreted as indicating electro- 
tonic spread of the action potential into the nerve 
terminal. Records of action potentials in more 
proximal small nerve branches do not show any effect 
of the application of GABA or ite relatives in the 


concentrations used in this study. It is remarkable . 
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that GABA and guanidino -acetic- 
acid also imitate the action of the 
inhibitory transmitter on the post- 
synaptic muscle membrane, in- 
creasing its conductance’. The 
closely related §-guanidino-pro- 
pionic-acid, however, does not 
increage at all the conductance 
of the muscle fibre’. The marked 
inhibitory effect of 6-guanidino- 
propionic-acid thus is shown to 
be solely due to its presynaptic 
action. 

Therefore the nerve terminal 
seams to be specifically sensitive 
to drugs, imitating the action of 
the inhibitory transmitter sub- 
. stance in all respects known. It 
‚may be suggested that in pre- 
synaptic inhibition the mhibitory 
transmitter released in the syn- 
aptic area produces the game 
change in the excitatory nerve 
ending as in the postsynaptic 
muscle membrane; that is, it might reduce the spread 
of the action potential into the nerve terminal by 
Increasing the membrane conductance to Cl- and/or 
K+ ions in this structure. 
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PHARMACOLOGY 


Effect of Particle Size on Blood 
Griseofulvin-Levels in Man 


For some drugs both the degree of alimentary 
absorption and the consequent levels in the blood 
are inversely related to particle size. Here we sum- 
marize the results of experiments to investigate the 
relationship between the particle-size of griseofulvin 
and its level in the blood after oral administration of 
the drug. 

Samples of griseofulvin of different particle-size 
were prepared, and the mean particle diameters were 
measured on a Fisher sub-sieve sizer by a method 
based on that of Gooden and Smith. 

Healthy volunteers of either sex received single 
oral doses of 0-25, 0-50 or 1-0 gm. griseofulvin. The 
tablets, each of which contained 250 mgm. of the 
antibiotic, were prepared from samples of 0:36, 0-41, 
1-00, 1-56 or 2-43 sq. metres/gm. specific surface area, 
which is inversely proportional to particle size. The 
preparations were made during a period of about 


. eighteen months. Small groups of volunteers were 


tested on separate occasions, the final number in each 
group being at least twelve. Griseofulvin-levels in 
blood were measured 4, 8 and 26 hr. after dosing, by 
the method of Bedford, Child and Tomich!. 

The resulta were analysed statistically as a multiple 
biological assay; for each individual, the area under 
his blood level/time curve was used as onse 
metameter and the logarithm of the dose as dose 
metameter. The estimates of relative potency so 
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obtained, which we have called ‘relative absorb- 
ability’, are linearly related to the logarithm of the 
specific surface area (Fig. 1). 

‘Grisovin’ (griseofulvin, ‘Glaxo’) has a specific 
surface area of approximately 0-4, which corresponds 
to a mean particle diameter of 10u. It can be 
seen. that material of specific surface area 1-5 (mean 
particle diameter approximately 2-7) is twice as 
effectively absorbed as ‘Grisovin’. Further, 0-5 gm. 
of the drug of specific surface area 1-5 gives a curve 
for blood concentration against time almost identical 
with that found with 1 gm. of ‘Grisovin’. 

Fuller details of the investigations will be submitted 
for publication later. i 
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Liberation of Acetylcholine from the Small 
Intestines of Guinea Pigs and Cats after 
Treatment with Picric Acid 


Dusa work on drug antagonism, ıb was found 
incidentally that isolated small intestines of guinea 
pigs contracted reversibly with picric acid, and the 
mode of this action was examined in detail, using the 
organ bath of 30 ml. at the bath temperature of 26° C., 
on isolated small intestines of guinea pigs’. All the 
results given here are the mean of at least ten experi- 
mente. 

With imeoereasing concentration of picric acid, the 
response of the gut increased and a sigmoid concen- 
tration-action curve was obtained (Fig. 1). Eserine 
salicylate (10-* gm./ml.), which by itself did not 
provoke contraction of the ileum, potentiated the 
activity of picric acid (Fig. 2). Atropine sulphate 
(1-3 x 10- gm./ml.) inhibited non-competitively the 
contraction curve of picric acid (Fig. 1). Such a low 
concentration of atropine might mbhibit only the 
contraction through endogenous or exogenously 
given acetylcholine. A somewhat simular non-competi- 
tive inhibition of nicotine contraction of guineas pig 
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small intestines by atropine had already been reported 
by one of us". On the contrary, diphenhydramine 
inhibited the contraction by picric acid in higher con- 
centration (10-8 gm./ml.) than that necessary to 
inhibit histamine contraction (Fig. 1). From these 
results it was supposed that picric acid effects the 
contraction of guinea pig ileum through the liberation 
of acetylcholine. Because hexamethonium bromide. 
(1-5 x 104 gm./ml.), which antagonized nicotine 
competitively’, did not affect the contraction due to 
picric acid (Fig. 2), and because plexus-free circular 
muscle of cats? contracted with picrio acid, it might 
be possible to disprove that picric acid affects cholin- 
ergic ganglion cells. 
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Fig 1. Ooncentration-action curve of piorſo acid on the tsolated 
small intestines of guinea pigs, and the effect of atropine and 
diphenhydramine on the astion of picric acid. The response ms 
expressed as percentage to the maximum response by acetylcholine 
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Fig. 2. Effect of ezerine, hexamethonium and morphine on the 
concentration-action curve of pleric acid on wolated small intest- 
inea of guinea pigs; Q» Plorio acid alone; x, hexamethoninm. 
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The contraction produced by picric acid was 
inhibited competitively by morphine sulphate (4:8 x 
10-7 gm./ml.) (Fig. 2), which had been reported by 
W. Schaumann to have the activity of inhibiting 
acetylcholine release at the endings of post-ganglionic 
cholinergic neurones?. It is therefore supposed that 
picric acid has the same site of action as morphine and 


Table 1. INCERASR OF AOETYLCHOLINE RHLRASH FROM THE INTESTINAL 
TISSUE OF GUINEA Pia BY — AcCYD AND Its INHIBITION BY 
ORPHINE 


Compounds added liberated 
Group to er’s acetylcholine per 
solution (gm./ml.) gm. tisuo 
On preparations I Control 4°8 
trom two ammals 2 Morphine hydro- 
ehlonde (10) 21 
On preparations 3 Control 52 
Jrom another two 4 Picnoe aod cra 10-3 
animals 5 Piome acid (10° 
and —— 
hydrochloride (10-5) & 9 
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causes liberation of acetylcholine from the cholinergic 
nerve endings. 

The small intestines isolated from two guines pigs 
were cut up in small pieces of 5-7 mm. in length and 
mixed well. To each 5 gm. of pieces was added 
Ringer’s solution, which contained eserine sabcylate 
(10+ gm./ml.) and the compounds lasted in Table 1, 
to a total volume of 20 ml., and the mixture incubated 
at 26° C. for 1 hr. (The groups 1 and 2 were allotted 
to preparations from the same two guinea pigs, and 
the groups 3-5 to those from another two guinea 
pigs.) The mixture was centrifuged and the acetyl- 
choline content of the supernatant fluid was assayed 
on excised rectus abdommis muscles of frogs with the 
addition of eserine salicylate (10-° gm./ml.). The 
results are the mean of two experiments on a total of 
8 animals. The results indicated that picric acid 
increases the release of acetylcholine from imtestinal 
tissues and that morphine inhibits the acetylcholine 
release and antagonizes picric acid in the liberation 
of acetylcholine. 

K. TAKAGI 
I. TAKAYANAGI 
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Effect of Catecholamines on the Psycho- 
Motor Activity of Mice 


CATECHOLAMINES, especially noradrenaline, are 
regarded as central neuro-humoral agents of ergo- 
tropic character’. Notwithstanding, parenterally 
injected adrenalin has a depressive effect in intact 
animals, at least in relatively high doses, causing, in 
certain conditions, even sopor or general analgesia. 
Similar effects have been observed also after injec- 
tions of catecholamines into the sub-arachnoideal 
space, the ventricles or the cerebral tissue’. 

Kosman and Gererd‘ found that high doses of 
adrenalin (6 mgm./kgm.) decreased the frequency 
of learnt avoidance responses to electric shock in 
rate. The depressing effect of adrenalin was inhibited 
by a previous injection of phenoxybenzamine, an 
adrenergic blockmg agent of the a class (according 
to the classification of Ahlquist’); also Wurtman 
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et al. encountered a suppression of the output of a 
learnt behaviour in pigeons, after intramuscular 
injection of 0:1 mgm./kgm. of l-adrenalm. The 
action of J-noradrenaline was similar but less potent. 
The prior application of phenoxybenzamine (1 mgm. 
for 3 days) led to a complete abolition of these effects. 

We investigated the effect of catecholamines on 
the psychomotor activity of mice, usmg for the 
quantitative determination an actophotometer, similar 
to that used by Dews’. The psychomotor activity of 
untreated mice weighing 25-30 gm. was registered 
for 10 min. and the assay was repeated 5-6 days 
later, but now 10 min. after an intraperitoneal 
injection of a catecholamine. Every treatment was 
tested on 10 animals. The resulte are shown in 
Table 1. i 

Table 1 shows that relatively high doses of catechol, 
amines depress the psychomotor activity of mice. 
The animals showed a tendency to adopt a resting 
position but reacted normally to external stimuli 
and recovered their normal attitude in 50-60 min. 
Vegetative signs (exophthalmos, tachycardia and 
puo-erection) appeared as a result of smaller doses of 
adrenalin or noradrenaline, but isoproterenol did not 
produce such signs, not even in the highest dose used 
in our experiments, which caused a diminution of 
the psychomotor activity. The relative strengths 
of the depressive action of the 3 catecholamines 
corresponded well to their relative affinities to 
receptors of the « class’. (Effective doses of adrenalin 
and noradrenaline were 2:0 mgm./kgm., and of iso- 
proterenol 7:0 mgm./kgm.) The diminution of the 
psychomotor activity seemed to be independent of the ‘ 
vegetative phenomena that appeared after doses 
of adrenalin or noradrenaline without depressive 
effect, and were absent even after depressing doses 
of isoproterenol. 

In a second series of experiments the animals 
were treated intraperitoneally with 4 mgm./kgm. of 
phentolamine (‘Regitin R’), an adrenergic blocking 
agent of the a class, shortly before the injection of 
catecholamines. The results are shown in Table 2. 

Table 2 shows that an adrenergic blocking agent 
of the « class does not modify the depressive action of 
adrenalin and noradrenaline, but suppresses the 
vegetative phenomena that are otherwise manifest 
after their application. This mav be due to a presumed 
lack of central action of the blocking agent used in 
our experiments. It is also possible that a sub- 
stantial raising of the blood level of catechol- 
amines exerts a depressive effect through some regu- 


Table 1. PayoHOMOTOR AOTIVITY OF MIOR IN PROMFDIA OP GROUPS OP TEN ANIMALS BEFORE AND AFTER INTRAPERITONEAL INJECTIONS OF 
CATFOHOLAMINHES (DOSES IN NGM./KGK.) 


Activity (¥ + S») Statistical 
Before After Difference t significance Vegetative signs 

treatment treatment at P= 001 
Adrenalin 1 67 + 388 53 +412 —14 2 478 not significant absent 
Adrenalin 0 25 76 + 3-24 85 + 378 9 1:822 not sıgnificant prerent 
Adrenalin 10 68 + 5:20 45 + 619 — 28 3:137 not aignifloant present 
Adrenalin 2-0 68 + 416 11 + 268 — 52 10 650 aumifleant present 
Noradrenaline 10 92 + 6 29 69 + 7-73 — 28 2-300 not significant ` present 
Noredrenaime 2-0 309 + 6 75 26 + 2:74 ~ 83 13 050 significant prerent 
Noradrenaline 4-0 07 + 4-21 5 + 1°21 ~ 92 21 050 significant present 
Isoproterenol 10 79 + 708 52 +4071 — 27 2 769 not significant absent 
Isoproterenol 20 91 + 716 63 + 7 88 — 28 2°726 not siqniflcant absent 
Isoproterenol 40 78 + 908 51 + 680 — 27 2:556 not significant absent 
Isoproterenol 7-9 96 + 4:90 12 4 8-54 ~ 84 13 900 significant abnent 


Table 2 PSYOHOMOTOR ACTIVITY OF MICE In PROMEDIA OF GROUPS OF TEN AXIMALS BEFORE AND AFPTHR INTRAPERITONEAL ISJROTIONS OF 
CATHOHOLAMINES AND PHENTOLAMINE (DOBES IN MGM./KGM.) 


Activity ae + Sw) 
After 


Before 
treatment treatment 
Phentolamine 40 01 + 617 82 + 644 
Phentolamine 40 adrenalin 1-0 75 + 829 56 + 6 22 
Phentolonune 4:0 adrenalin 10 72 + 687 28 + 455 


Phentolamine 4-0 noradrenaline 4 0 106 + 681 27 + 4°65 


Statistical 
Difference t ngene at Vegetative signs 
=a OO! 
— 0 1 008 not significant absent 
— 20 1-928 not siguificant absent 
— 44 & 340 sytnificant absent 
— 79 7-830 significant absent 
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latory central mechanism the receptive sites of 
which belong to the « class. 
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PATHOLOGY 


Cancer Subjects and Abnormal Cell 
Division 

We reported recently that the proportions of 
aneuploid cells in cultures of human blood cells 
increased approximately ın proportion to the age of 
the subject!. Some of the cells observed to have 
chromosome numbers less than normal are hkely to 
have been artefacts. There was, however, evidence 
that others were genuinely abnormal, and it was 
concluded that the increase of abnormal cells with 
age indicates either & real increase in the number of 
aneuploid cells in the body or an increased hability 
to abnormal cell division. In either case it was 
possible that the finding was related to the increase 
ın incidence that occurs with age in most types of 
cancer. 

We have, therefore, examined cells cultured from 
the blood of cancer patients, exclusive of those with 
primary reticulo-endothelial tumours, to see if the 
proportion of aneuploid cells differed from that 
observed in persons without cancer. 

Data obtained from 38 cancer patients, between 
26 and 87 years of age, are summarized in Table 1. 
Between 29 and 60 cells were examined for each 
patient and altogether chromosome counts were 
made on 1,281 cells. From the regression formule 
previously reported for persons with a normal karyo- 
type and the age of the patients, it was possible to 
calculate the numbers of cells which would have 
been expected to show abnormal chromosome counte. 
The observed and expected numbers are shown in 
Table 1 for four age-groups (25—44 years, 45-59 years, 
60-69 years and 70 years and over). From these 
results it is clear that there is no significant difference 
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Table 1. 


Mean age weighted 


Age (years) No. of for number ot cells 
subjects examined 
2644 9 88-05 811 
46-59 10 62-69 338 
60-69 10 64 60 269 
70+ 9 7°00 258 
All ages 38 66-88 1,176 
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between persons with and without cancer, and the 
closeness of the observed and expected numbers 
at all ages combined makes it extremely unlikely 
that any important difference would be discovered 
by examining more patients. 

The results do not, in our opinion, weigh against 
the suggestion that aneuploidy predisposes to the 
development of cancer. They show, however, that 
cancer subjects do not have an unusual tendency 
to abnormal cell division in all tissues. 

Karrs EK. BUCKTON 
PATRICIA A. JACOBS 
W.M. Count Brown 
R. Dorn 

Medical Research Council 

Clinical Effects of Radiation Research Unit, 
Western General Hospital, 
Edinburgh 6. 
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Sub-celiular Transmissible Agent from 
Ehrlich Carcinoma Cells producing 
Ascites Tumours in Mice 

For the past several years, Ehrlich ascites tumour 
cells have been used in this Laboratory in work on 
the anti-tumour activity of fatty acids’. Serial 
transplantation of the stock tumour in Swiss mice 
was carried out at weekly intervals using an inoculum 
of 15 x 10* washed ascites cells, a number which 
effected a maximum rate of cell proliferation*. Under 
these conditions, the proportion of tumour cells in 
the ascitic fluid reached 60-70 per cent within 6-6 
days after inoculation. Afterwards, however, the per- 
centage of tumour cells declined steadily and dropped 
to only 10-20 per cent shortly before death of the 
mice at 10-14 days. This observation suggested that 
the ascitic fluid might be exerting an oncolytic effect 
on the tumour cells'*, and experiments were 
carried out to test the activity of the fluid after 
removal of the tumour cells by high-speed centri- 
fugation. These experiments, rather than revealing 
an oncolytic factor, indicated the presence of a trans- 
mussible agent producing ascites tumours. 

Ascites was collected by intraperitoneal puncture 
from Swiss mice bearing the Ehrlich ascites tumour. 
The ascitic fluid was centrifuged ın an international 
clinical centmfuge at 2,500 r.p.m. for 10 min. to 
sediment the majority of the tumour cells. The result- 
ing supernatant was recentrifuged for 1 hr. at the 
same speed. This second supernatant was carefully 
removed and centrifuged for a third time in a Spinco 
ultracentrifuge, model L, at various speeds, using 
rotor No. 40. After removal of the top white layer, 
the underlying pale yellow fluid was collected and 
injected intraperitoneally in 0:5 ml. amounts into 


CHROMOSOME COUNT DISTRIBUTIONS IN PATIENTS WITH CANCER (BXOLUDING PRIMARY RTIOULO-KNDOTHELIAL TUMOURS) * 


No. of hypermodal cells No. of hypomodal cells 


No. of modal cells 
Obeerved Obeervd 


7 30 5 

6 80 9 20 55 23 

771 9 21 84 22 
26-54 26 82 89 79 


* With the exception of two cases of papillomas tosis et ue ———— no case had been subjected to any therapeutic procedure before 


examination. The two exceptions had been treated by f 


The — weis. breast (10), testis (7), bronchus Ri “bladder (5), salivary gland (2), cervix uteri (1), larynx (1), colon (1), esophagus 
pros 


(1), skin (7), te (1), muebium (1), soft tissue of leg (1). 
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groups of 10 mice. The results of several experi- 
ments are summarized in Table 1. It is evident that 
aecites tumour formation has been elicited within a 
normal time by inoculation of supernatant fluids 
obtained by centrifugation at speeds up to 40,000 
r.p-m. (105,000g). In all cases the inoculated mice 
appeared to develop normal ascites tumours which 
consisted of cells indistinguishable from typical 
Ehrlich carcinoma cells. The ascites tumour elicited 
by the supernatant from centrifugation at 40,000 
r.p.m. has now been passed through 17 serial trans- 
fers by such supernatants and has been designated 
the ‘SN ascites strain’. 


Table 1, Asorms TUMOUR FORMATION IM MICE INOCULATRD WITH 
THE SUPERNATANTS OF HHRLICH ASCITES TUMOUR ORNYRIFUGHD FOR 
1 HR. AT DIPFERBNT SPREDS 


Centrifugation No. of mice surviving/ ——————— e survival 
speed {r p.m.) No. mooulated 

2,000 0/10 21 
5,000 0/10 21 
10,000 0/10 28 
20,000 0/5 20 
; 0/5 17 
40,000 /10 19 
Untreated cell control 0/10 12 


It was considered possible that the viscosity of the 
ascitic fluid (which contains 7—8 per cent protein) 

ight modify the centrifugal foree applied so that 
intact cells could remain in the supernatant even 
after centrifugation at 40,000 r.p.m. Model experi- 
mente were designed to test this possibility. Pooled 
normal human serum, when mixed with washed ascites 
cells, did not diminish the tumour-inducing capacity 
of the cells at serum concentrations up to 80 per 
cent. Accordingly, washed Ehrlich ascites cells were 
suspended in 80 per cent human serum at concentra- 
tions ranging from 10° to 10° tumour cells per ml. 
Control suspensions at similar cell concentrations 
were prepared in Hanks’s modified T'yrode’s solu- 
tion’. All suspensions were centrifuged three times 
consecutively, as described here. The cell washings 
(Hanks’s solution) and supernatants were injected 
intraperitoneally in 0-5 ml. amounts into groups of 
Swiss mice. Typical results are summarized in Table 2. 
It is apparent that, when a protein-rich suspending 
fluid is used, supernatants obtained from relatively 
low cell concentrations elicit tumour formation. On 
the other hand, with a protein-free suspending fluid 
relatively high cell concentrations are necessary to 
yield active supernatants. However, it seems improb- 
able that the active factor consisted of whole cells 
since the centrifugal force applied in the present 
experiments was 105,000g. Even if a few cells were 
still present in the inoculum, solid tumour growth, 
rather than ascites formation, should have ensued’. 
No solid tumours were found in any of the mice 
inoculated in these studies. Since apparently cell- 
free supernatants obtained both from ascitic fluid and 
from ascites cell washings have elicited ascites tumour 
formation, it is suggested that a sub-cellular trans- 
missible agent has been released from the Ehrlich 
cells. 


Table 2. Ascites TUMOUR FORMATION IN MICE FOLLOWING INOCULA- 
TION OF SUPERNATANT FLUIDS FROM WASHED REARLION ASCITES 
CELLS SUSPENDED In DiFFBEHMT MEDIA 


No. of mios (surviving/inoculated) 


Cell concentration nding medium 
(per ml) 80 per cent serum Pro 
in Hanks’s BSS Hanks's BSS 

10° 1/8 8/8 

10* of8 6/8 

10* 0/8 2/8 

10° 0/8 0/8 
Oontrol 104 


(not centrifuged) 078 6/8 
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The transmissible agent present in the ultra- 
cen ed supernatants is destroyed by heating at 
56° C. for 30 min. but is stable for at least three 
months at —65°C. The agent also appears highly 
sensitive to ultrasonic treatment. 

Attempts to demonstrate the agent by intra- 
peritoneal inoculation of material obtained from 
ultracentrifuged supernatants filtered through ultra- 
fine fritted glass filters were unsuccessful. However, 
in adult mice inoculated intraperitoneally with such 
material consistent hepato- and spleno-megaly’ were 
observed, both being evident as early as one week 
after inooulation. Serial transplantation and trans- 
mission experiments using spleen and liver cell- 
suspensions and cell-free filtrates are in progreas to 
elucidate the nature of this phenomenon. To date 
(seven months) no evidence of leukzsmia has been 
seen among the inoculated mice’. 

The top layer, which was discarded during the 
preparation of supernatants by centrifugation of 
ascitic fluid at 40,000 r.p.m., was characteristically 
milky white in appearance, presumably due to lipid 
material. Microscopic examination of this layer 
showed the presence of peculiar enlarged spherical 
bodies, which have been designated ‘blebs’. These 
structures have not-been observed in the super- 
natants prepared from washed ascites cells. Experi- 
ments are in progress to determine the nature of 
these spherical bodies and their possible relationship 
to tumour formation. : 

Virus-like particles have been observed in electron 
microscope studies of the Ehrlich ascites tumour”. 
Also, several workers have succeeded in isolating sub- 
cellular particles from Ehrlich ascites cells capable 
of inducing a variety of solid tumours}!, or leukæ- 
mia®?*, when re-incculated into mice. However, to 
our knowledge, there'is no previous report of ascites 
tumour formation following inoculation of apparently 
cell-free ascitic fluid or cell washings. 
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Cadmium as a Carcinogen 


Ir has been shown previously that cobalt metal 
powder suspended m fowl serum and mijected intra- 
muscularly into rats is a potent and rapid carcmogen. 
This metal produces mainly rhabdomyosarcomate!-3. 
Zinc and tungsten metal powders injected in the same 
way produce no tumours. 

Metabolic studies directed towards an elucidation 
of the carcmogenic mechaniams mvolved in the 
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Pig. 1. 


Cadmium-imduced tumour (stained azan, x 200) 


production of these tumours in the rat have shown 
that one effect of cobalt ıs the mhibition of keto-acid 
oxidation’ >. It is thought likely that this inhibition, 
which is consistently observed in those rat tissues 
that have been studied, is due to the inactivation of 
lipoic acid coenzymes. Thus the 2 : 1 chelate formed 
anaerobically between dihydrolipois acid and cobalt is 
oxidized rapidly under aerobic conditions with the 
formation of an insoluble complex from which lipoic 
acid cannot be regenerated**. It has been shown that 
cadmium’, which has a strong affinity for dithiols’, isa 
potent inhibitor of the enzymatic oxidation of «-keto- 
glutarate. It thus seemed logical to investigate the 
effect of cadmium metal powder when injected intra- 
muscularly into rats in the same manner as metallic 
cobalt. 

Ten rats of the hooded strain, 2—3 months old, were 
each injected in the thigh muscle with 0-028 gm. 
cadmium metal powder m 0-4 ml. fowl serum. A 
further 10 rats were sumuarly injected with 0-014 gm. 
cadmium in 0-4 ml. fowl serum. Whereas the injec- 
tion of cobalt metal causes no obvious gross inflam- 
matory reaction, that of cadmium is always followed 
by severe inflammation 3 days after injection. This 
reaction slowly subsides but leaves the animals with 
permanent contracture and wasting of the leg 
muscles. 

So far five tumours have developed m response to 
cadmium, and three of these have been examined 
histologically. Two were in rate of the 0-028 gm. 
series which were killed for histological examination 
at 23 and 24 weeks respectively, when the tumours at 
the injection sites measured 40m. x 240m. x 2 cm. 
and 44 om. x 44 om. x 40m. The third was in a rat 
of the 0-014 gm. series killed at 28 weeks, when the 
tumour at the injection site measured 3 om. x 3 cm. 
x 3 om.; im this animal the right and left axillary 
and inguinal lymph nodes were much enlarged and 
showed considerable metastatic invasion. 

The three tumours are all mainly rhabdomyo- 
sarcomata, although m two there is much collagen 
and evidence of a fibrosarcomatous change concurrent 
with the development of the rhabdomyosarcomata ; 
in one tumour (that in the 0:014 gm. series) there is a 
large area of fairly well differentiated fibrosarcoma, 
as well as regions of spindle-cell sarcoma. The 
rhabdomyosarcomatsa, so far examined differ from 
those produced by cobalt in being far more differen- 
tiated; the structure is predominantly an interwoven 
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system of multinucleate strap-like muscle cells 
(Fig. 1), all with well-defined fibrils, and some with 
pronounced cross-striations. There are also some 
areas showing free mononucleate myoblasts. In 
general there are fewer mitoses than in the cobalt- 
induced tumours. 
The histogenesis of these cadmium-induced tumours 
is being examined in detail. : 
Note added in proof. Since the above communica- 
tion was submitted a further ten rats have developed 
tumours. These tumours have been examined histo- 
logically and all found to be mainly rhabdomyo- 
sarcomata. Three rats remain alive and with no sign 
of tumour at present. One of the original tumours- 
was lanted into the thigh muscles of rats of 
the same strain and is now in its eighth transplant. 
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Androgen Secretion by the Rat Ovary 


Ir has been shown! that the secretion of cestrogen m 
the rat ovary 1s dependent on an interaction between 
theca interna gland cells or interstitial gland cells 
and granulogs cells or corpus luteum cells. 

The existence of this joint-action mechanism. in 
fact, seoms to explain the well-known observation 
that human chorionic gonadotrophin does not 
induce secretion of cestrogen in the immature hypo- 
physectomized rat whereas it does in the adult 
hypophysectomized rat: ıt has been demonstrated? 
that human chorionic gonadotrophin can stimulate 
thecal and interstitial gland cells and corpus luteum 
cells but not granulosa cells. It can therefore induce 
the above-mentioned co-operative mechanism and 
consequently secretion of cestrogen only in ovaries 
containing corpus luteum cells. 

An effect of human chorionic gonadotrophin 
common to both the infantile and the adult ovary is 
that this hormone can mobilize the cholesterol stored 
in the interstitial and thecal gland cells after hypo- 
physectomy. There 18 much indirect evidence to 
indicate that these cells synthesize cestrogen from 
cholesterol. If this be the case it remaims to explain 
the fact that the precursor can be mobilized from the 
infantile ovary after hypophysectomy without any 
demonstrable formation of astrogen. That the 
explanation of this need not necessarily be sought in 
the ovary being in an infantile state 1s indicated by 
the fact that the effect of interstitial cell-stimulating 
hormone is the same as in the adult hypophysectom- 
ized rat. It is conceivable that cstrogen synthesis 
is incomplete in these conditions, but on the other 
hand the possibility that the interstitial and thecal 
gland cells secrete another steroid hormone cannot 
be excluded. 
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Whether a steroid with androgenic effects will be 
secreted has been investigated using a technique 
previously described! by which small well-defined 
endocrine cell populations and contiguous biological 
indicator tissue are grafted to the anterior chamber of 
the eye. 

In these investigations grafts from the ventral 
prostate and the seminal vesicle were used as indi- 
cators. In control experiments pieces from these 
organs were auto- lanted to the anterior 
chamber of the eye of rats castrated 14-40 days 
previously, and exposed to various cestrogens, gosta- 
gens and androgens (crystals in the eye). The results 
show that the development of a secretory epithelium 
m such grafis is probably a reaction specific to andro- 
genic steroids and that the ventral prostate is clearly 
@ more sensitive indicator than the seminal vesicle. 
Both these types of indicator tissue have been used 
in the experiments described here. The animals used 
in the experiments belong to & strain inbred for 
more than thirty generations, and the indicator grafts 
were taken from adult males castrated 2-3 weeks 
previously. 

In a first series, immature and adult female rate 
which had been hypophysectomized 5-8 days pre- 
viously were spayed and small pieces from the 
ovaries were autotransplanted to the eye. The adult 
animals were divided into two groups which received 
ovarian transplants respectively with and without 
corpora lutea. The animals were injected with 10 rv. 
human chorionic gonadotrophin per day from the 
day of transplantation and killed 10-14 days later, 
after which the transplants were excised, serially 
sectioned and stained with hematoxylin-eosin. In all 
cases the ovarian grafts exhibited androgen effects, 
the contiguous prostate transplant showing a pro- 
nounced response with the development of large 
lumina and tall, columnar secretory epithelium except 
in the largest lumina, where the epithelium was more 
cuboidal. Transplants of the seminal vesicle some- 
times developed a high epithelium, but in the cases 
where the ovarian transplants were very small the 
epithelium was lower or of the castrate type. Sys- 
temic androgenic effecta were never recorded, since 
control transplants of the prostate and seminal 
vesicle in the other eye always exhibited castrate 
characteristics. 

Experiments in progress using the same technique 
have been designed to elucidate which endocrine 
cell system or systems may be responsible for this 
androgen effect. So far the following isolated cell 
systems have been investigated in adult rats not 
hypophysectomized: granulosa cells, corpus luteum 
cells and interstitial gland cells. Pieces of follicle 
wall containing only granulosa cells and theca interna 
cells have also been lanted. In the granulosa 
cell and follicle wall transplants the granulosa cells 
were transformed into corpus luteum cells as pre- 
viously described’. Interstitial gland cells and 
fragments of follicle wall have also been autotrans- 
planted in hypophysectomized animals which were 
stimulated with human chorionic gonadotrophin as 
above. Androgen activity was only recorded in the 

lants of interstitial gland cells and pieces of 
follicle wall. The indicator tissue contiguous to the 
transplants of corpus luteum cells or transformed 
granulosa cells showed a typical castrate appearance. 
In some of the follicle-wall transplants the granulosa 
cells did not survive and only theca interna cells 
were to be found at the end of the experiment, but 
androgen effect was nevertheless recorded. 
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Simultaneous Staining of Heinz Bodies 
and Reticulocytes with New Methylene 
Blue N in Uromastix acanthinurus 
after Iproniazid Treatment 
Ly dogs given iproniazid (“Marsilid’) it was observed 
that Brecher’s method! for counting reticulocytes 
very clearly showed the presence of Heinz bodies’, 
which yielded a method for demonstration of both 
Heinz bodies and reticulocytes in the same prepara- 
tion’. Since, to the best of my knowledge, nothing 
is known of the possible occurrence of Hemz bodies 
and reticulocytes in lower vertebrates, I performed 
a corresponding investigation with the lizard Uro- 
mastiix acanthinurus. As staming technique the 
method of Brecher! was used according to Thompson’s 
method*. The erythrocytes appeared to be stained 
@ pale greenish-blue, while the reticulum was deep 
blue and sharply outlined. The Heinz bodies stood 
out prominently against the pale-green background 
of the erythrocytes and were pale to deep blue. As 
in the dog erythrocytes*, these bodies were stained 
at least as well as by the usual methods***, As 
these results correspond very well with those obtained 
in the dog? a more general importance should no 

doubt be attached to it. 


A. STOLE 
Department of Histology, 
Free University, Amsterdam. 
1 Brecher, G., Amer, J. Clin. Path., 19, 895 (1949). 
* Heinz, R., Berl, kun. Wochenschr., 27, 47 (1890). 
* Thompson, B. 0., Stain Teoh., 36, 88 (1961). 
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7 (1048), J. Aarmacol. Rap. Therap., 96, 201 (1049). 
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BIOLOGY 


Lack of Ultrasonic Components in the 
Flight Noise of Owls 


Durina the course of some observations on the 
ultrasonic components of the songs and call notes of a 
number of species of birds!, we noticed to our surprise 
the extent to which the wing beats of small birds 
produced ultrasonic ‘noises’. This raised interesting 
problems as to how far the silent flight of the smaller 
and medium-sized owls is also ‘silent’ above the 
normal upper limit of the human ear: for if the owls’ 
wings are noisy-at the higher frequencies, then most 
of the supposed advantage to owls of this adaptation 
would be lost, since it is likely that the vast majority 
of small mammals on which these birds prey possess 
good hearing in the ultrasonic range’. 

In order to follow up this suggestion we carried out a 
number of observations with the ultrasonic bat- 
detector! on owls and other birds of corresponding 
size in free flight in aviaries at the Sub-department of 
Animal Behaviour in Cambridge and at the London 
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Zoo. The full account of this work, of which this 
communication is a summary, will be published 
shortly*. 

Comparison of five species of small owls with two 
species of hawks and five species of doves of corre- 
sponding size showed that the owls were all silent at 
ultrasonic ranges, whereas all the hawks and doves 
were noisy at these levels: Three species of medium- 
sized owls also tested were all silent at ultrasonic 


ranges. With large owls such as species of the genus | 


Bubo, the wing beats were found to be mostly silent 
but ultrasonic noise was occasionally heard at the 
tıme of take-off. It has long been known‘ that the 
fishing owls of tropical Asia, genus Ketupa, which 
feed not on small mammals but principally on fish 
and crustaceans, have lost the three main modifica- 
tions of the feathers thought to be responsible for 
eliminating flight noise. These are the fringe on the 
leading edge, the trailing edge fringe, and the downy 
upper surface. It was therefore of interest to find that 
the flight noise of an Asiatic fishing owl was signifi- 
cantly higher in the ultrasonic range than that of other 
owl species of approximately the same size. The same 
appeared to be true of the rufous fishing owl of 
Africa (Scotopelia ussheri). It seems, therefore, that 
the wing beats of the smaller and medium-sized owls 
are as effectively silent at ultrasonic frequencies as 
they are in the sonic ranges. Moreover, the fishing 
owls both of Asia and Africa, consequent on taking 
to a diet of fish and crustaceans, have become un- 
silenced at all frequencies. 
W. H. THORPE 
(University of Cembridge) 
D. R. Grorrov 
(Harvard University) 
Sub-department of Animal Behaviour, 
Department of Zoology, Cambridge. 

! Thorpe, W. H., and Griffin, D. R., Ibis., 104 (in the press). 
! Rohleidt, W. M., Naturwiss., 39, 69 (1952). 
Thorpe, W. EL, and Griffin, D. R., Ibis, 104 (in the press). 
‘Graham, R. R., J. Roy. Asronaut. Soc., 38, 887 (1934). 


Ultrasonic Frequencies in Bird Song 


THERE is much circumstantial evidence that, in the 
majority of birds at least, the communicative function 
of call notes and song depends principally if not 
entirely on those frequenaies which fall within the 
range of normal human hearing!. Nevertheless, the 
limitations of the recording apparatus which has so 
far been used in the study of bird song are such that 
any ultrasonic frequencies present would probably 
have escaped detection. It seemed worth while, 
therefore, to take advantage of a recent opportunity 
to use apparatus designed for the recording and 
analysis of the ultrasonic cries of bata to study some 
representative examples of bird song which are 
known to contain fundamentals of high frequency 
and in which it was suspected, on more or less good 
evidence, higher frequency harmonics might also be 
found. The design and performance of the micro- 
_phones and tape recorders used in this study will be 
fully described m a forthcoming publication on the 
subject?. They allowed reasonably accurate estimates 
of amplitude from about 50 c./s. to well over 100 
ke./s. 

In the first place, songs and call notes of about 
twenty species of small birds (fifteen of them in the 
wild, the rest in captivity) were tested qualitatively 
for the existence of frequencies between 15 and 50 
ke./s. About ten of these, including robin (Erithacus 
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rubecula), grasshopper warbler (Locustella naevia), 
corn bunting (Emberiza calandra), reed warbler 
(Acrocephalus scirpaceus), canary (Serinus c. canartua) 
and blue honeycreeper (Oyanerpes cyaneus), gave 
evidence of strong ultrasonic components. It was 
found, however, that there was no very close relation 
between the height of the fundamental notes and the 
presence of these components. Nor was it possible to 
establish any correlation between the systematic 
position of the bird or its habitat and the presence of 
ultrasonic components. Perhaps the most surprising 
result of these teste was that the high-pitched songs of 
many small birds such as willow warbler (Phy 
trochilus), swallow (Hirundo rustica) and great tit 
(Parus major) should lack these components at 
detectable mtensitacs. Accurate studies of relative 
intensity at different frequencies were accomplished 
in the case of two species, the robin and the canary. 
In this case simultaneous records with two micro- 
hones, one of them exactly calibrated, were made on 
igh-speed twin-track tape. In all cases the results 
were afterwards analysed by sound spectrograph. 
From these investigations it is concluded that 
although many small birds undoubtedly have high- 
frequency components present in their songs and call 
notes, these are—in the examples studied—always 
associated with, and are at very much lower amplitude 
than, the sonic frequencies. In the canary the evidence 
suggests that the drop in amplitude greater than 15 ke. 
is of the order of 20 decibels at least. This being so, 
and although frequencies up to 50 ke./s. were easily 
detectable, it seems extremely unlikely that the 
ultrasonic frequencies have any major communica- 
tory function ; for at this level of intensity their carry- 
ing power would be very limited and they would be 
easily interrupted by foliage and other obstacles. This 
in itself, however, does not necessarily imply that 
they are completely functionleas since, provided that 
the hearing organs of the birds in question are suff- 
ciently sensitive at the higher ranges (an assumption 
which the present evidence seems to render highly 
doubtful), these high frequencies could be providing a 
significant component to the tonal quality of the notes 
as perceived by the birds themselves. However, even 
if this view is correct, it would seem most improbable 
that these tonal differences could be perceived at any 
great distance. So in the unlikely event of their being 
significant in the life of the bird, they must presumably 
play their part only in those notes which serve for 
inter-specific communication at very close quarters. 
The full details of this investigation are in the press?. 
W. H. THORPE 
(University of Cambridge) 
D. R. GREYIN 
(Harvard University) 
Sub-department of Animal Behaviour, 
Department of Zoology, Cambridge. 


1 Thorpe, W. H., Bird Song: the Biology of Vocal Oommunication 
and Expression in Birds (Cambridge, 1961), 
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Thyroid Dysfunction in Aborted and 
New-born Calves ` 


A SYNDROME of full-term still-births unassociated 
with any consistent evidence of infections or other 
specific causes is one which clinically has been 
associated with thyroid abnormality in cattle!-. In 
a preliminary report on hypothyroidism in cattle’ it 
was pointed out that the evidence was insufficient to 
allow any conclusion on the significance of the 
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t association of hypothyroidism, as reflected 
by blood iodine values and fotal thyroid characteris- 
tics, with the clinical picture of aborted, stillborn and 


weakly calves. In an attempt to get more information ' 


on this apparent association, an examination was 
made of the thyroid glands of all complete aborted 
bovine fcetuses recerved at the Reading Veterinary 
Investigation Centre from the counties of Berkshire, 
Oxfordshire and Buckinghamshire. Thyroid glands 
judged to be oversized were weighed, and when over- 
weight for the age of foetus, were prepared for histo- 
logical examination and iodine analysis. Of 1,629 
foatuses plus a few new-born calves which were 
examined, 160 from farms where there was a sus- 
pected thyroid problem had thyroids which were 
either overweight or, in a few cases, of normal weight. 
Of these, 95 were from calves born recently dead at 
the full term of pregnancy, and 8 from calves born 
alive but dying within a few days. This syndrome of 
full-term still-birth is that which clinically has been 
associated with thyroid abnormalty in cattle. Of the 
remainder, 17 were aborted at 8-9 months’ gestation, 
25 at 7—8 months, 5 at 6-7 months, 2 at approxi- 
mately 4 months, and in 8 cases the age was not 
recorded. 

Chiefly because of post-mortem degeneration 
changes occurring before the calf reached the labora- 
tory, only 33 glands were entirely suitable for histo- 
logical examination. From the histological findings, 
these glands were separated into normal (11), doubtful 
(4), abnormal (18). 

In the normal glands, the diameter of the follicles 
varied widely from 70u to 250u. The smaller follicles 
were situated towards the centre of the gland. Colloid 
was densely staining and appeared to be viscous. 

The abnormal glands were separated mto three 
groups according to the severity of abnormality. The 
first group contained also those finally labelled as 
doubtful. In this group the colloid in the folhcles 
was reduced in amount and vacuoles appeared 
towards the inner surface of the epithelium. The 
density of staining of the colloid was generally 
reduced, but homogeneous. The small folloles were 
generally situated in the peripheral region. In the 
second group the changes which were found in the 
first group had possibly spread towards the centre of 
the gland but more exact details about the location of 
the tissue from which the section was cut would be 
needed to confirm this. The third group contained the 
most abnormal glands where the changes had spread 
to the centre. The spherical follicles had completely 
disappeared and were replaced by poorly differen- 
tiated epithelial cells which were cuboidal or columnar. 
There was complete absence of colloid. 

There was no correlation between the severity of 
the degenerative changes and weight of gland, or the 
total iodine in the gland. In the abnormal group the 
percentage iodine was less than that in the normal and 
the difference was very nearly significant at P = 0-5. 
The results are given in Table 1. It is noteworthy 
that in twin calves there were differences ın both 
thyroid weight and iodme values between the indi- 
vidual twins. 


Table 1. MAAN WHIGHTS AND IODINE CONTENTS OF THYROID GLANDS 
Weight of d Iodine Total iodine 
(gm. freah pane, (mgm./100 gm.) (mgm.) 


Abnormal Mean 18-8 49 8 7-8 
Range 4 5-29 8-7-170 Q:2-21-4 
Doubtful Mean 12°7 76-6 9-0 
Range 8-20 14-140 15-186 
Normal Mean “12-5 80 6 10-6 
Pango 7—22 28-140 2 0-24 6 
S + 1-14 + 697 + 114 
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The degenerative changes ın the histology of the 
glands are similar to those described by Alleroft et al.* 
and indicate that the gland becomes progressively 
defective in the ability to synthesize thyroid hormone. 
It is not certain, however, whether these changes are 
the primary changes in the fœtus or whether they 
result from changes in other glands, particularly the 
pituitary or adrenal, which control the functioning 
of the thyroid gland. It seems not unlikely, however, 
that the high incidence of still-births in this series 
may in some way be connected with thyroid degener- 
ation. 

The incidence of thyroid enlargement in school 
children m north Oxfordshire has been shown to have 
increased between the years 1948-5945 and was 
found to be especially prevalent in girls. Although 
the area studied was a ‘low iodine’ area it is suggested 
that the lack of iodine in the diet was probably not 
the only causative factor in thyroid enlargement. 
More recently Kilpatrick, Berry and Horne* have 
shown that the feeding of iodized salt m school meals 
did not reduce the incidence of thyroid enlargement 
m this area. It seems likely, therefore, that the con- 
tinued high incidence of thyroid enlargement is 
caused, by some factor or factors other than sımple 
dietary iodine deficiency. 

Clinically it is of special interest, therefore, to find 
indications of thyroid imsufficiency among cattle 
not only in north Oxfordshire but also in Berkshire 
and Buckinghamshire, that 18, in areas in which 
human thyroid insufficiency has long been known‘ 
and from which cases continually attend the area 
hospital. 

These findings are of interest especially in view of 
the general belief that the distribution of gortre in 
domestic animals follows closely that of goitre in 
man’. In the Sheffield region it was suggested® that 
iodine deficiency, although probably playing an 
important part in the development of goitre m cattle 
and humans, was possibly of less importance than the 
occurrence of goitrogens, especially in milk. Similar 
factors seem to be involved in the areas from which 
the present series of thyroids was collected. 

R. M. Loosmore 
Ministry of Agriculture, 
Fisheries and, Food, 
Veterinary Investigation Centre, 


Reading, Berkshire. 
RUTH ALLCROFT 
F. J. BALT 
Central Veterinary Laboratory, 
Weybridge. 
D. E. Huanns 
J. T-Y. CHovu 
: Daamar O. Witson 
Biochemistry Department 


and Unit of Cell Metabolism, 
South Parks Road, 
Oxford. 
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Swarming of Planktonic Organisms 


AGGREGATION in planktonic organisms is often 
observed, both in the sea and in fresh water, and 
several explanations have been put forward to account 
for it. Uneven light intensity can often lead to aggre- 
gation; but other reasons must be put forward to 
account for swarms under uniform illumination. 
Some authors consider the animal's own behaviour 
to be responsible for swarming; thus social behaviour 
has been invoked in Cladocera’, chemosensitivity in 
Hemimysis® and visual orientation to explain Mysid 
shoaling*. Other authors regard physical processes 
as being largely or entirely responsible, such as wind- 
generated turbulence‘, retention in convection cells® 
or in a weak convergence, aided by photopositive 
swimming®. 

A more general basis for surface aggregation which 
may be applicable to many organisms can be deduced 
from simple hydrodynamic principles. Any organism 
that swims towards the surface must displace water 
downwards if its density exceeds that of water. 
Moreover, to maintain itself at the surface, it must 
continue to drive water downwards, and this water 
must be replaced by water moving in horizontally 
towards the animal. Each organism will therefore lie 
at the centre of a minute convergence, which could 
entrain small floating particles and neighbouring 
organisms swimming in the same manner. When 
several such organisms become drawn together their 
combined downward streams of water would reinforce 
each other, thus drawing in other individuals and 
clusters from farther afield. 

Such behaviour can clearly be seen when a number 
of freshly hatched barnacle nauplii are placed in a 
large dish or aquarium tank and illuminated from 
above by an even diffuse light. They first swim to 
the surface, then accumulate in small clusters distrib- 
uted more or less randomly near the centre of the 
dish, and finally these groups can_be observed to 
coalesce into a single large swarm (Fig. 1). 

Within the swarm, although individuals may be 
seen swimming in all directions, a residual movement 
ean be discerned. Viewed from above, a concentration 
can be seen taking place towards the centre of the 
swarm; the movement is scarcely perceptible at the 
periphery but increases steadily towards the centre. 
Viewed from the side a dense accumulation of larve 
can be seen pouring vertically downwards from the 
centre of the surface swarm. As this column of larve 
descends it gradually slows down and broadens out 
into a cloud of larve below the surface. From this 
cloud larve can be seen returning individually to the 
surface at varying distances from the central axis 
of the swarm. The general circulation strongly 
suggests a system of convection currents as demanded 
by the above theory; these can be demonstrated by 
means of milk trails’. If the figure is inverted it can 
be seen to bear a striking resemblance to more sinister 
systems driven by convection currents. 

Probably convection is assisted by the fact that 
when larve have accumulated in such dense numbers 
at the centre of the swarm not only are they inhibited 
from swimming freely but they may also be partially 
shaded from the light, with the result that they swim 
more randomly. These larvae would be more readily 
carried downwards in the central axis of the swarm. 
Nevertheless this effect is not the only cause of the 
circulation, since a limited degree of aggregation can 
be observed at the surface of a dish containing so few 
larve that a dense cluster cannot form. Groups of as 
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Fig. 1. 
iarve of Elminius modestus formed in a large aquarium. The 
swarm is viewed from the side and slightly below the surface. 


Photograph of a dense swarm of the first stage nauplius 


below illustrates the convectional 

movements within the swarm; the small arrows above the water 

show the convergence of larve in the water surface towards 

the centre, the heavy arrows the descending column and the 

broken arrows the paths of nauplii returning individually to the 
surface 


The corresponding 


few as 20-50 larvæ can sometimes be seen swimming 
quite freely but the majority keeping within about 
2 cm. of the centre of the swarm. 

' Similar swarms have been noted in other photo- 
positive organisms notably among flagellates. Dr. 
A. O. Christie informs me that he has observed a 
number of distinct swarms of Enteromorpha gametes 
forming against the illuminated sides of an aquarium, 
and Dr. R. Bainbridge (private communication) re- 
ports a swarm of Gymnodinium of exactly the same 
form as that described above for barnacle nauplii. 
Daphnia sp. probably swarm in the same manner, 
foreign organisms also being collected in the swarm’. 

Dense swarms such as those described are produced 
by very-short-range forces and are readily dispersed 
by surface currents and waves. Hence, at least in its 
fullest development, such a mechanism of swarming 
might be expected to be confined to small ponds, to 
calm lakes, or to the sea during exceptional periods of 
calm weather. Further investigation is necessary to 
determine the actual magnitude of the forces which 
would be necessary to overcome this spontaneous 
tendency to aggregate, and its prevalence among 
vertically swimming planktonts. 

Aggregation brought about in this way might be 
considered as of no biological importance since it 
could be regarded as merely an incidental consequence 





widespread occurrence among aquatic. organisms of 
continuous upward swimming. Since swimming not 
only maintains organisms in the euphotic zone but 
may also cause them to accumulate in compact 
groups in the plane of the surface, it may play a 
.. . valuable part in bringing the sexes together and in 
-~ reducing the dispersal of sex products. In Entero- 
-morpha intestinalis the gametes, though not the 
-goospores, show this behaviour and swarm at the 









. surface, while the surface swarming of the sexual - 


>. segments of Heteronereids and of other annelids may 
~~. be brought about in this way. 
A further consequence of the inward flow of water 
towards each organism is an increase in the catchment 
of food particles, although as larger swarms develop 
~ and the surface in the vicinity of the swarms becomes 
denuded, any such advantage may be lost. Redistri- 
bhution would then be necessary by such means as 
-diurnal migration as suggested “by Bainbridge’. 
‘I wish to thank Dr. R. Bainbridge for useful dis- 
- cussion on this subject, 
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A Coral-eating Polychete 


A variery of polychetous annelids are known to 
- þé associated with coral reefs. Most of them dwell in 
-interstices of the rock beneath the living surface of the 
reef and undoubtedly contribute, in some degree, to 
oae tho eventual destruction of the reef. Other inverte- 
brates, polychaetes, crustaceans and others live at the 
surface, in close association with the live coral!. With 
the exception of some reef-dwelling fish, however, 
predators of the living coral have generally been 
considered non-existent’. 
Hermodice carunculata (Pallas) has long been 
< known to be associated, at least in part of its geo- 
graphical range, with coral reefs. This amphinomid 
is. also the one polychaete commonly found roaming 
freely over the surface of the reef. At the Bellairs 
_ Research Institute, Barbardos, with the aid of the 
: simplost skin-diving equipment, H. carunculata has 
en watched carefully and repeatedly. These 
observations show that this animal is never encoun- 
fered. on the reef in the middle of the day but can be 
ounted on to appear after 4 p.m. and has occasionally 
been seon before 9 a.m. H. carunculata may, therefore, 
be presumed to remain in the crevices of the reef 
duriug most of the day and to emerge to move over the 
~ . surface of the reef during the late afternoon, night 
and early morning. This pattern of activity is also 
- phown by animals kept in the laboratory. 
H. carunculata, while moving slowly over the 
surface of the reef, has been. seen, on more than ten 
occasions, to overt the buccal region of the digestive 
tract and fold it over the projecting tip of one of the 
Da finger-like growths of the madreporian coral, Porites 
porites Pallas. Tho buccal region is short but elastic 



















= as seen ‘fr ) 











| Such feeding Hermi re- 
fairly securely hed in position and > 
dislodged only by gently pulling the animal away rom. | 





the coral. After removal of the feeding Hermodi hè- 
Porites tip appears white and bereft of living tissue: — 
In the particular area of shallow reef where these 
observations were made there was a considerable. 
amount of Porites porites, and damaged tips of this = 





sort were not uncommon. : 
The contents of the digestive tract of Hermidize: 


taken from the reef have been studied by the examina- 


tion of the gut taken from preserved individuals and. . 
also by the study of fecal deposits left by animals — 
isolated in finger bowls. In both cases the material 
studied was rich in nematocysts, all the same 
holotrichous type, some intact and some discharged. 
Common also were masses of small, spherical, greenish- 
brown cells resembling zooxanthellae from coral 
tissue. 

It seems probable, therefore, that H — 
carunculata is a habitual predator of living coral. 
A study of feeding and digestion in this animal is now 
under way and will be published in the near future. 

JOAN R. MARSDEN 

Department of Zoology, 

McGill University, 
Montreal. 
i — L. H., The Invertebrates, 1, 615 (McGraw-Hill, New York, 


t Wells, J. W., Geol. Soe. Amer, Mem., 67, 612 (1957). 


Production of Hybrids between Physio- 
logical Races of the True Slime Mould 
Didymium iridis 


For many years it was believed that plasmodia of 
the sare species of Myxomycetes merge on contact, 
whereas those of different species do not. This test 
was proposed as a criterion of specificity by Torrend: 
in 1909. In 1934 Skupienski? announced the discovery 
of physiological races in Didymium. iridis (D. gan- 
thopus) and stated that the plasmodia of the two races 
he had in culture would not merge. Later he found? 
physiological races in Didymium squamulosum, and 
Gray found them in Physarum polycephalum‘. _ 

For some years we have been experimenting at — 
Iowa with some races of Didymium iridis collected in 
Honduras. Collins, 


(—). Later, working with another race (B), we found 
that this, too, consists of self-sterile strains which 
yield plasmodia readily when mated in certain 
combinations. Plasmodia of the same race HH or 
BB merge one with another on coming in contact, 
but HH plasmodia will not merge with BB plasmodia. 
After a number of self-sterile clones of each race 
were isolated, H clones were mated with B clones in 
various combinations and hybrids were produced 
which formed HB plasmodia within two or three 
days after the swarm cells from the two parents were 
mixed. The hybrid plasmodia grow well and sporu- 
late, producing typical sporangia of Didymium iridis. 
Hybrid HB plasmodia resulting from the same cross 
fuse readily one with another, but do not fuse with 
HH plasmodia or BB plasmodia. | 
Because it is difficult sometimes to determine 
whether plasmodia in intimate contact are actually 
merging, visual observations were confirmed by 


working in our laboratory, — 
showed that race H of this species is heterothallig 
consisting of two mating types he designated (+) and = 






















dig labelled with phosphorus-32. Plas- 
nade radioactive by being permitted to 
agar in which phosphorus-32 had been 
rporated as sodium hydrogen phosphate (10 ue. 
sphorus-32 per 20 ml. agar), and were then 
ansferred to non-radioactive agar on which non- 
dioactive plasmodia were also placed to test ability 
use. Radioactive and non-radioactive HH, BB, 
HB plasmodia were juxtaposed on non-radio- 
tive agar in all combinations. In all tests, plasmodia 
he same type fused almost immediately on contact 
-the radioactivity was transferred to the non- 
oactive protoplasts. In no test did plasmodia of 
rent types fuse, as determined both visually and 
he radioactive test. ae: 
nus, haploid protoplasts of Didymium iridis 
cos H and B are compatible with each other, at 
least in certain clonal combinations, yielding hybrid 
-= plasmodia.. Diploid protoplasts (multinucleate plas- 
_ modia with diploid nuclei), on the contrary, do not 
. merge except with their own type. Hybrid plesmodia 
_ do not merge with plasmodia of either parent. This 
isthe first record of hybridization in the Myxomycetes. 
= — A` detailed exposition of these experiments and 
` the results obtained are being published elsewhere. 
_ This work was supported by National Science Founda- 
tion grant G-6382. 
— CONSTANTINE J.. ALEXOPOULOS 
cos GEORGE. G. ZABKA 
Department of Botany, 
=o > University of Iowa, 
— Iowa City. 
A Porrend, C., Broteria, 6, 5 (1909). 
© Skupfenski, F. X., Ann, Protistol., 4, 121 (1934). 
8 Skupienski, F. X., C.R. Soc. Biol., 181, 355 (1939). 
 # Gray, W. D., Amer. J. Bot., 82, 157 (1945). 
<- o § Collins, O. R., Amer. J. Bot., 48 (in the press). 





oe . Splash Dispersal of Spores of Botrytis 
ne cinerea Pers. 


_ einerea-in still air! have shown that the hygroscopic 
_. movements of the conidiophores do not eject many 
-spores into the air, but merely dislodge them so that 
_ the majority come to lie in loose masses among the 
/. When drops of water fall on to such masses or on 
toa layer of dry spores on a plane glass surface, spores 
< are dispersed on air shock waves and turbulent air 

currents to form a characteristic cloud, and also in 
omposite projectiles of splash droplets and spores. 
ash droplets containing wet spores may be 

ified and their spores counted by catching them 
roscope slides coated with naphthol green B, 
iry spores may be caught when one half of each 
; coated with petroleum jelly*®. It was thus 

that of those spores dispersed with water, very 

come wet enough to enter the droplets and that 
majority are carried on the droplet surface as a 
oating. ‘These composite projectiles, which vary 
; up to about 2 mm. ‘diameter, may travel 
ntal distances of 1 m. or more and are remark- 
able. They frequently roll intact along a smooth 
ace and can be readily manipulated with forceps. 
n the water within the spore-coating evaporates, 
ually quite slowly, the mass of spores gradually 




























aginates and, when completely dry, collapses. 
These projectiles may form an important and 





 OpsERVATIONS on the release of spores of Botrytis . 


cient means of spore dispersal among plants; 








failing rapid evaporation of the carrier drop] 
spores may become wet enough to enter the: 
begin germinating. | 


Scottish Horticultural Research Institute, — 
Invergowrie, z 
Dundee. 


Jarvis, W. R., Trans. Brit, Mycol, Soe., 43, 525 (1960). | 
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Graft Transmission of Lettuce Big 
Lxerruce big vein disease, first described by 
and Chandler’, causes a pale yellow vein ban 
the leaves, sometimes accompanied by leaf puckering 
The disease is soil borne and healthy lettuces planter 
into contaminated soil develop leaf symptoms, : 
usually in 4-6 weeks. Fry? and Yarwood* isolated = 
tobacco necrosis virus from the roots of affected = =< 
plants, but plant or soil inoculation with the virus as 
failed to reproduce the disease. Grogan et al.tshowed oe 
that the roots of affected plants were invariably  —  — — 
invaded by a fungus which they identified as Olpidium — 
brassicae (Wor.) Dang., and they reproduced the leaf < = 
symptoms by adding zoospores of this fungus to the — 
soil in which lettuce plants were growing. = ooo o. 
The disease occurs in Britain®, and work by us 
has confirmed the results of all the above investiga- > 
tions. Although there was reason to believe that thea — 
leaf symptoms were induced solely by the root  — 
infection with an Olpidium sp., attacks by Olpidium ts 
on a wide range of other hosts have not been reported ts 
to cause leaf symptoms, The symptoms of big vein — 
are, however, similar to those induced by some plant = = 
virus infections. In view of this, attempts were o= 
made to determine whether the infectious agent could 
be transmitted, in the absence of Olpidium infection 
of the roots, by grafting together above-ground parts _ 
of the plants. From 1957 to 1961 six experiments _ 
were made, using bolting cos lettuce plants or. a wild 
Lactuca šp., which formed a stem. . Healthy plants 
growing in autoclaved soil and protected from. acei- 
dental contamination were used as stocks, cut back — 
to 6-9 in. and cleft-grafted with stems taken from ._ 
plants infected with big vein, or with healthy stems: Sa 
(as controls). The originally healthy stocks pro; < 
duced side-shoots on their stems, and the leaves on ae E 
these side-shoots were examined for symptoms. _ 
Lobjoit’s Green cos lettuces were used in the first _ 
three experiments but their scions and side-shoots 
flowered and ceased growth shortly after grafting. 
The last three experiments, therefore, were made _ 
with a wild Lactuca sp. (U.S.A. Plant. Introduction _ 
Service No. 177418), which formed a non-flowering 
stem. Vigorous side-shoots grew from the stocks and 
showed clear symptoms of the disease. To obviate 
surface contamination of the grafted stems. with 
Olpidium zoospores, the scions taken from infected 
plants were dipped in a sodium hypochlorite solution 
(‘Chloros’, 20 per cent for 1 min. or 2 per cent for | 
60 min.) and then washed in water before use. oe 
Some disease transmission occurred in all six 9 o~ 
experiments, after periods varying from 5 to 12 
weeks, and the results are summarized in Table L. . 
- The roots of the lettuce stocks to which the disease = = 0o 
had been transmitted in the last three experiments —— > 
were examined for the presence of Olpidium but => 
none was found. Sap inoculation tests to Oheno- 
podium amaranticolor also showed that the symptoms =. 
on the lateral shoots were not caused by lettuce or ==. 
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oo cucumber mosaic viruses. The evidence therefore 
indicates that the causal agent of the leaf symptoms 
big vein could be transmitted directly from a 
diseased stem to a healthy one without entry through 
.. ~~ the-roots. The identity of this causal agent, however, 
oc remains uncertain. A toxin or a virus may have 
~~ been present in the scions from the infected plants 
or, alternatively, the scions may have been infected 
~ with Olpidium in such a fashion that the fungus was 
. mot removed by surface sterilization. These possi- 
= bilities are being investigated, 
Ginoo this communication was submitted another 
~ aceount of graft transmission of the disease has been 
published by Campbell et al.*. 


J. A. TOMLINSON 
Brivger R. SMITH 
R. G. GARRETT 
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Early Tertiary Pollen Deposits in Ireland 
= VÆR little work has been published on pollen- 
analysis of Tertiary fresh-water deposits in the British 
Isles, although there is a considerable literature 
dealing with Continental work. Recently I attempted 
_ to date three Tertiary sites in Ireland by their fossil 
pollen content. They are: (1) a small deposit of 
<- lignitic clay at Ballymacadam, County Tipperary!; 
(2) the Lough Neagh Clays, an extensive deposit of 
clays, sands and lignites, about 400 metres thick in 
the borehole described by Wright?; (3) interbasaltic 
-i lignites of the Antrim basalt series*. The Lough Neagh 
Clays and underlying Antrim basalts occupy a very 
large area in north-east Ireland. None of the three 
deposits has been dated satisfactorily. Wright? 
ntatively suggested an early Tertiary date for the 
gh Neagh Clays; Simpson* proposed a late 
rene or early Pliocene date for the interbasaltic 
gnites and an early Tertiary, perhaps late Eocene, 
age has been tentatively put forward for Bally- 
macadam!, I examined samples from Ballymacadam, 
m the interbasaltic beds at several sites, but 
cially from Craigahulliar quarry near Portrush, 
and from the Lough Neagh Clays from exposures at 
 Thistleborough near Glenavy, County Antrim, and 
from boreholes at Washing Bay and Mire House, 
“County Tyrone, which penetrated to the base of the 
Clays. The Lough Neagh Clay samples, especially 
from Thistleborough, and the Ballymacadam samples 
ontained abundant well-preserved pollen. The inter- 
basaltic pollen was in poor condition. 
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ous as the floras are very rich in species; (3) some _ 
species the presence of which points to an early Tert- 
iary date. These include, sensu Krutzsch', ‘plicatoid’, 
‘rhizophoroid’ and ‘pseudocingulum’ i 
group 118) types, Anacolosa type, Oligopollis and —- 






spores of the ‘cingulate’, ‘paradorogensis’ and ‘pseudo. 
This assemblage suggests the > 
end of the Eocene or earlier Oligocene. Ballymacadam © 
has the richest representation of early Tertiary types 
and should be referred to the late Eocene. The Lough ©. 


dorogensis’ groups, 
g gr 


Neagh Clays resemble Ballymacadam in species com- — : 
position, especially at their base, but the early 
Tertiary types are more feebly represented and pollen 


of Taxodiaceae and Nyssa, both very rare at Bally- a 
macadam, appear in abundance. This gives the floraa ©: 


younger appearance. However, many of the species 


present do not occur in deposits of Miocene and later . 


Oligocene age from Germany, so that the Lough 


Neagh Clays are most probably of early or middle | 
Oligocene age. A more precise statement is scarcely 


possible at present. The interbasaltic beds resemble ` 
the Lough Neagh Clays in containing much pollen of 
Sequoia type; but the remaining pollen is sparse and 
poorly preserved. One can only say that the inter- 
basaltic flora appears to have more in common with 
the Lough Neagh Clays than with Ballymacadam and 
should be of intermediate age. 

I wish to thank Dr. G. von der Brelie, of Krefeld, 
and Dr. W. H. Zagwijn, of Haarlem, for many kind- 


nesses in providing comparative material and for their - : 
stimulating discussion of the Irish pollen types. It was | 


particularly valuable to be able to study the well- 


dated Lower-Middle Miocene brown coals of the 


Cologne area and to establish that considerable 
differences exist between their floras and those from — 
the Irish deposits described. . 


W. A. WATTS 


Department of Botany, 
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VIROLOGY 


Concentration and Partial Purification 
of Poliovirus by means of Zinc Hydrox- 
ide and lọn-exchanging Resin 
Newton and Bevis! concentrated some animal- 
viruses by adding zine hydroxide to the virus sus- 
pension and afterwards dissolving the gel in saturated | 


ethylenediamine tetraacetic acid solution in order to 
recover the virus. Attempts made in our laboratory to. ~ 


concentrate poliovirus by this method yielded unsatis-.. 7 
factory results. O eo 
Grossowiez et al.* concentrated the three types of 


poliovirus by directly preparing a cobalt, cesium or __ 


manganese hydroxide gel in statu nascendi in the 





ert. 
(Krutzsch’s 





















Volume 
reduction 
factor 


Method of 
concentration 


Crude 
suspension 


(4a) 
2-5 x Loft 
5-8 x10 
1-7 x19" 

4x10* 
< * Column (2): CS, or CS, = number of concentration steps b 
pyrrolidone. 


Virus type 
Bes GY . 
Type 1 (Mahoney) 
pe 1 (Mahoney) 
ype 2 (MEF,) 
rpe 3 (Saukett) 


irus suspension and dissociating the gel in McIivain 
uffer at pH 3. The metal ion was afterwards 
moved by dialysis against the same buffer. ~ 
‘We were able to confirm the efficiency of virus 
adsorption on heavy metal gels in statu nascendi. In 
our experience the losses of virus proved more 
important, due to the method of Grossowicz et al., in 
performing gel dissociation and dialysis at acid pH. 
_ On the basis of this method, a new procedure for 
-> the concentration and partial purification of polio- 
_ virus has been devised, which has certain advantages 
ASSs compared with the techniques already mentioned. 
Batohes of 1-8 litres of the three poliovirus types 
(Mahoney, MEF, and Saukett), cultured on monkey 
-kidney cells and filtered, were rendered alkaline at pH 
10-105 by the addition of M ‘sodium hydroxide 
- solution. A solution of M zinc hydroxide was added 
drop by drop with continuous stirring up to a con- 
~ centration of 1 mgm. zine by 1 ml. virus suspension. 
_ The gel formed: was separated by centrifuging at 
1,500-2,000 r.p.m. for 10 min. The gel was dissociated 
_ by means of an M/2 solution of citric acid, buffered at 
_ pH 6-5 with trie 4 M solution. The volume of the 
_ dissociated gel is about 1/30-1/35 of the initial volume 
_ of the suspension. 
- In order to remove zine from the concentrated 
_ product, the latter was stirred for 5 min. with an ion- 
_ exchanging resin (20 gm. cationic “Dowex 50’—moist 
_weight—per litre of initial virus suspension, pre- 
viously activated with a 10 per cent solution of 
hydrochloric acid). During the treatment with 
_ ‘Dowex 50’, zine as well as various other cations are 
fixed and the pH decreases by about two units. A 
hydrogen ion concentration of about pH 4-is thus 
attained, when s considerable amount of non-virus 
_ proteins are precipitated and afterwards removed by 
centrifuging at 4,000-5,000 r.p.m. for 20 min. 
_ The supernatant was buffered at pH 7-2 with tris 
<4 M solution and dialysed for 24 hr. at + 4° C. against 
_Hanke’s solution or 0-85 per cent saline. The solutions 
as well as the resin were previously sterilized in the 
autoclave for 20 min. at 120° C. During the experi- 
nent, the temperature should not exceed + 8° C. 
larger amounts are processed, the above operations 
= he rapiaia 7 | 
ve ob 
. The virus concentration was estimated by means of 
laque-forming units-determinations in monkey kid- 
y cultures. The results are given in Table 1. 
If desired, the volume of the final product may be 
10 times reduced by dialysis against dry polyvinyl 
yrrolidone, to which 1 per cent dry tris has been 
dded. Virus losses with the two-step procedure 
amounted to 0-3-0-4 log unit. If the concentrated 
oduct is purified by enzymatic digestion with 































ained a 500- 1,000-fold concentration of the 





suspension) the losses may attain I log unit. 
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mae ee — ‘Table 1, RESULTS or POLIOVIRUS CONCENTRATION AND PURIFICATION — 

— Titre in plaque-forming 
units 


Virus 
Coneentrated concentration Virus 
suspension 


(4b 
1-8 x10 


means of zinc hydroxide; P = volume reduction by means 
. E = enzymatic digestion with nucleases and ficin. Column (5) gives the ratio between columns (4a) and ( 
the ratio between columns (3) and (5) expressed in log units, Column (8) gives the ratio between columns (7a) and (76). 


+ In our two-step experiments we. 


DNase, RNase (2 ugm. per ml. concentrated sus- 
pension) and ficin (25 ugm. per ml. concentrated 


— 
faetor = 
r 3 (7a) 
520 p: 8 oa 
-5 12x10 














75 Q 2°26 x 10-9 © 


). Col 


The efficiency of the purification as 
by micro-Kjeldah! determination of non al 
nitrogen was found to vary according to the n 
of concentration steps (Table 1). ee 


Gel precipitation was carried out with the conce 
trated product and antipolio sera. The reactions were 
specific, and no precipitations of non-virus proteins 
were recorded. In some of the experiments, precipi 
tation lines characteristic of antigens D and C wer 
demonstrable’. Pe 
This method may be readily applied wheneve 
concentrated virus specimens are required for high 
virus purification, preparation of antigen for the Ee 
complement-fixation test, ete. Preliminary experi- _ oS 
ments have shown that the method may also be used —— 
for concentration and partial purification of inacti- — 
vated polio vaccine as well as of other animal viruses 
Frortan HoRopDNICEANU: o 
Dina SERGIESCU . 
Riewarp Kren ă o 
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Inactivation of Protein in Poliovirus by 
Nitrous Acid i — 
Lixe other viruses, poliomyelitis virus undergoes 
inactivation in the presence of nitrous acid?, Since — 
the inactivation of whole poliovirus is accompanied — 
by the induction of mutations’, the process must 


involve the virus’s genetic material- (ribonucle 
acid, RNA); it isnot known, however, whether all t 
inactivating events are at the RNA-level, or + 
some of them result from the reaction of nitrous acid 
with the viral protein (protein inactivation). pre 
indicated in this communication, some resul 

















several lines of investigations support the ‘ 





hypothesis. > — o A 
If some virus particles were inactivated b 
tion of the 


RNA. Though these particles would no longer 
contribute to the titre of the intact virus population 
they would contribute to the infectivity after t 
RNA is isolated. Hence, if protein inactivation oceurs 
the RNA infectivity ratio (ratio of the infectivity 
the isolated RNA to that of the intact virus before 
the RNA was extracted from it) would be increased 
by nitrous acid treatment of the intact virus befo 
extraction of the RNA. On the contrary, no increa, 
in the RNA infectivity ratio would be expected in the 
absence of protein inactivation. . — 


r alter 
‘still 
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Reduction of virus. RXAn of 
titre by HNO,* HNO, treated iror 
1. . 28 47 428 
5-2 5-3 
2 23 4:2 1 
8 . 2-9 4-1 47 
4-4 BZ 
4:7 &2 
i 48, 5+ 


* — LOR of residual titre/titre at time zero. 
. $ — Logu of titre of RNA/titre of intact virus. 





To test this point, concentrated and partially 
purified poliovirus of type 1, strain 730p10, was 
-submitted to the action of nitrous acid (NaNO, 1 M; 
pH 52; 20° 4). Adequate untreated controls were 
— _ obtained by removing part of the reaction mixture 
immediately and stopping the reaction by raising the 
pH to 8; in the remainder of the reaction mixture, 
-the reaction was allowed to proceed to the degree of 
“inactivation given in Table 1, second column. The 
Mirus particles were then pelleted by centrifugation 
and resuspended; after removal of a sample for virus 
assay, the suspension was divided into 1-4 separate 
tubes for phenol extraction and assay of the RNA?. 
Care was taken to standardize the procedure in order 
to avoid artificial differences between the treated 
samples and the controls. 

-The RNA infectivity ratio after nitrous acid treat- 
ment was determined for eight separate phenol extrac- 
tions in four independent experiments; the results are 

< -givenin Table 1, third column; the geometrical mean 
of the eight values is 10-*°, The corresponding mean 
value for the extraction of the control virus samples 
— (fourth column) is 10-'-1, The difference of 0-5 logio 
< is significant at the 5 per cent probability-level and in 
-. the direction predicted from the protein inactivation 

<- hypothesis. _ 
_.. Independent evidence of the alteration of the viral 
— protein was found in the reduction of the antigenicity 
_ when poliovirus was incubated with nitrous acid. 
-o Three virus samples were taken at different times from 
the same reaction mixture, diluted 1: 100 and 
— injected to groups of ten chickens; ‘the geometrical 
mean of the antibody titre for each group of animals 
was calculated after collecting the sera at 5 days and 
testing them individually for neutralization of 10— 
10° plaque-forming units of type 1 virus’. The results 
are given in Table 2. It is seen that the geometrical 
mean of antibody titre decreases with increasing 
reaction time and that there is a rough parallelism 
_. between the loss of antigenicity and the loss of in- 
ouu feetivity. In view of earlier suggestions‘ for using 
so nitrous acid in the preparation of killed vaccines, it 
- may be noted that no antigen could be detected after 
the infectivity was reduced to a rather safe level 

{ ernie). 


















; suggested by my previous Vita — iho 
rus strain and experimental conditions as inthe 
ent. work) that the intact virus was inactivated 
bree times. faster by nitrous acid than was its 


ENICITY 
Residual titre of reaction Antigenicity * 
mixture 
x — plaque-forming units/ml. ce 
non-detectable t 0-00 


. of geometrical mean of antibody titre. 
gue ing unit in 10** ml, as estimated by extrapolation 
inactivation curve. 
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acid. This probe 
viruses as wellt; | as 

I am indebted to Miss M. Lamy for carryin out i * 
the antigenicity determinations. z 
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GENETICS 


Glucose-6-Phosphate Dehydrogenase 
Deficient Mutant in Human Cell Culture 


THE examination of known human genetic dif- 
ferences in cell culture is a prerequisite to the 
establishment of a somatic cell genetics of man. The 
recent paper on the inability of cell cultures from 
galactoseemic subjects to utilize galactose is the first 
report of the maintenance of a genetically determ- 
ined metabolic difference in cell culture!. In this 
communication we wish to report the results of work 
on glucose-6-phosphate dehydrogenase activities in 
cell cultures from a subject with a genetically determ- 
ined deficiency of glucose-6-phosphate dehydro- 
genase activity and from a series of normal subjects. 

All cell cultures were started from small skin 
biopsies (above 5 mm.) taken according to the method 
described by Edwards?. The cultures were maintained 
in a mixture of foetal calf serum (25 per cent) and 
medium 199 in closed bottles. The culture of. the 
deficient subject was from a Caucasoid male patient 
in Ferrara, Italy, where a population and family 


survey in this area (unpublished results) indicated 


an elevated frequency of the sex-linked incompletely 
dominant gene underlying a deficiency of glucose-6- 
phosphate dehydrogenase. The patient’s erythro- 
cyte glucose-6-phosphate dehydrogenase activity was 
less than 0-2 optical density unit/min./gm. hemo- 
globin (normal value 15:0) and his corresponding | 
leucocyte activity was 6-4 optical density units/min./ 
10° leucocytes (normal value 44-0) (unpublished 
The normal cell lines were 
started from various Caucasoid subjects in Seattle, 
Washington. All lines were examined cytologically 
and shown to have normal diploid karyotypes. — 
After approximately 135 days in continuous 
culture (generation time approximately 30 hr.), 
glucose-6-phosphate dehydrogenase activity was 
determined in extracts of cells from the deficient 
subject and controls, the assays being repeated at 
intervals over a period of 90 days. Cells were washed 
with saline while still attached to the glass and then 
disrupted by shaking with glass beads in a small 
volume of distilled water. Activity of glucose-6- 


phosphate dehydrogenase was determined in the — 


resulting homogenate by following the reduction of 
triphosphopyridine nucleotide at 340 mu in a Beck- 


man model DU spectrophotometer (reaction mixture  - 


in 3 ml: 5 umoles glucose-6-phosphate, 0-5 umole 


umoles nico- 
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mide, 20 moles magnesium chloride, 3 ymoles 
ene’, 74 umoles tris, pH 8-5). The means of these 
rminations for each cell line studied are given in 
le 1, the data being reported as change in optical 
nsity/min.j/mgm. protein. As can be seen, there is 
ore than a ten-fold difference between the deficient 
id normal lines, this difference having remained 
latively constant over the period of observation. 


ACTIVITY OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE IN 
EXTRACTS OF CELL CULTURE LINES 


Optical a protein * 
Normal Deficient 


ble 1, 


0-085. 0-688 0-001 0-008 


* Bovine plasma albumin, 


1 
0-082 


Jixtures of deficient and normal extracts in all 
sible combinations (normal homogenate plus 
deficient homogenate, supernatant of deficient plus 
sediment of normal, etc.) gave only additive results, 
indicating, therefore, that the deficiency of enzyme 
activity in the deficient culture was not due to the 


pe “presence of an inhibitor or to the absence of an ` 


activator. _ H 
<- This work has thus demonstrated the maintenance 
in cell culture of a genetically determined difference 
an enzyme activity. It was supported in part by a 
grant from the National Science Foundation (G 
14825). 
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An X-ray-induced Strain of Ring-of-12 
7 in Tradescantia paludosa 


— RECIPROCAL translocations are found frequently in 
: -many wild and cultivated plants, and are inducible 
artificially by treatment with X-rays’. In the cases of 
Wheat (2n = 14), the largest ring © 14 was obtained 
r. successive inter-crossing. of the translocation 
: Locks, which were produced by X-rays’. This is a 
firmation. of one of the processes through which 
largest rings arise in some. wild plants. 
ave succeeded in obtaining a strain showing the 
st ring © 12 in Tradescantia paludosa (2n = 12) 
peatedly treating the resting axillary buds with 
ys. Cuttings with all the branches removed were 
iated at 5,000 r. or 10,000 r., that is, the first 
iation. By observing the meiosis in pollen 
er cells of the new branches developed from the 
ated resting axillary buds, chromosomally aber- 
ranches were selected out and cloned by 
‘ings. In this way 43 reciprocal translocation 
re were obtained, namely, © 4+ 411, © 
3u. 2o4+ 211, and so forth. Some of these 
ary strains were irradiated for a second time 
) 000 r. in the same way as the first irradia- 








ngs were obtained, for example, 2 0 6, 0 6 *0 
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maintained at Bussey. Institute, the Arnold Arbore 


and more complicated strains with larger - 











Fig. 1. a, Photomicrograph of © 12 at metosis ina a ‘poll Hi 
ceil; b, the same ring ata ee catenation. io 
x 


4+ lm, and so on. Of. — secondary stra: 
2 © 6 strain was irradiated for a third tim 
10,000 r., and finally a o 12 strain was. obtained 
(Fig. la, b). For cytological preparation — 800 a : 
preceding paper*. — 
X-rayed cells. in. the branch primordia showed 
bridges and fragments at anaphase and micronuclei 
at interphase. However, there were no branches which 
are chimerical for the different types of the arrange- — 
ae Therefore, the new branches from the irradi- — 
ated buds must have been developed from a single — 
genetically well-balanced cell, with the standard = = 
arrangement or with the reciprocal translocation, al = 
the genetically unbalanced. cells being eliminated in = 
the mitotic cycles. The same conclusion was stated = 
in the case of barley spikes developed | from the S 
irradiated dormant seeds? ey, 
In annual plants mainly sexual in reproduction, the ae 
large rings cause striking abortion of the. gametes, — 
inhibiting further propagation on out- as well as on 
in-breeding. On the other hand, in the perennial 
plants which propagate vegetatively, the large rings PR 
are easily maintained asexually. ae 
In the genera Oenothera®, Paeonia, anil Bhoeo* the : | 
ultimate rings, © 14, © 10, and © 12 respectively, 
are well known and extensively studied by numerous 
workers. Ultimate rings in these perennial wild 
species may have originated from successive direct < = 
translocations as in the present case of Tradescantia, 
or from inter-crossing between the translocation 
strains as in the case of wheat, or from both these oe 
two processes. he 
I wish to express thanks to Prof. T. Haga, Kyush 3 
University, and to Prof. J. Eguchi, Kyushu Dental 
College, for offering facilities, and to Dr. H, Kihara, 
National Institute of Geneties, for the supply of the 
standard stock, T. paludosa Bussey No. 5, which was 
introduced, seeds labelled 2n + 1-12f, to Japan b 
Dr. H. Kihara in 1948 from Dr. K. Sax’s stock 
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z Tax statistioal theory of — — Pearson’, 

= which uses the likelihood ratio in making binary 
= decisions, has proved very valuable when applied 
to the physical problem of detecting a signal in noisos. 
= ‘This theory uses error probabilities as the basic 
riterion of performance in detection and tends to 
that the attention given to the signal-to- 
tio in older approaches is now outmoded. 
uirpose of this communication is to point out 
while a maximum signal-to-noise property is 
y longer to be considered necessary in an 











signal-to-noise requirement is sufficient to lead to a 
ee a ert jikelihood ratio receiver. This conclusion rests on a 
-=-= fully general property of the Neyman—Pearson binary 
decision — which seems to have escaped previous 
ee an notice. 
ee Ae in: - the usual Neyman~Pearson discussion, we 
tee consider an observation space in which each point or 
observation, symbolized as a vector x, represents the 
|. totality of numbers on the basis of which a binary 
=- = decision is to be made. ‘The two alternatives are 
— represented by two probability density distributions, 
oo fha). noise, and f,(x), signal-plus-noise, defined over 
=o ooo the entire observation space. We will use that part 
P ETSER of the observation space for which: 


fale) and f,(%) do not simultaneously vanish (1) 


eee Somoe. observations must be common to the two 
EE distributions; otherwise the problem is trivial. 
=-  Wenow require a decision rule which is essentially 
-= — a division of the observation space into two parts; 
all observations lying in one part are to be attributed 
{sometimes falsely) to one distribution, and con- 
. trarily for the other part. At this point, however, 
we depart from the Neyman-Pearson approach 
ee and formulate a more naive and physically oriented 
problem. We postulate a receiver, as yet unspecified, 
= — which produces as an output from every observation 
gs z a singlo number R(x). A family of decision rules 
<o will be stated in the usual way; w will be attributed to 
fy when and only when R(z)> A, with A being a 
- different constant for each rule of the family. The 
` receiver function B(x) will be determined by defining 
= „and maximizing a signal-to-noise ratio. 
We define a difference in expected values of R(x): 




















S = fR(x) g(x) dV (2) 
gle) = fale) ~ fae) 6) 
g(a) dV = 0 | sth) 


tegrations here and in all following expressions 
spt. when otherwise indicated) extend over all 
i and only those observations for which (1) 
ished. We further define a distribution function: 


fle) = 1/2 file) + fale] (5) 
qe ire of R(2), without loss of generality, that: 
J fæ = 0 | (6) 


_ defined as the. variance of ae — the 
tion fle). ae 3 





op mum receiver for detection, a suitably formulated 


probabilities. 








— ASRS AV) (b) 
A ratio is formed from (2) and (6): ae 


UR) g(a R(x) g(x) d vP 
JER*æ) fle) dV 


This expression is offered as a definition of — A 
(noise plus signal) ratio at the output of an arbitrary — 
receiver for detection. It does have symmetry _ 
between the two alternatives which is not usually 
contained in the physical point of view. However, -> 
in the case of a small signal detected by means of an `= 
extensive observation, the two variances generated 
by J (wz) and f(x) are substantially alike, and at least = 
in this case the definition is quite appropriate OME 
physically. ae 
For assigned functions g(x) and f(x), the right a 
member of equation (7) is maximized by the following — 
value of R(x): 


R(x) = gjf = 





o Salf =l gse Bo 


(Solf) +1 


The proof of this is simple, and is given at the end 
of the communication. — 

Any further discussion converges with the usual — 
binary decision theory. We have, by maximizing =- 
a particular ratio, arrived at a function which gener- = — 
ates the same family of decision rules as does the likeli- 
hood ratio ( Self) that is, the two functions have the. 
same ‘contours’, The importance of these decision 
rules rests, of course, on the consideration of decision < 
errors, the fundamental position of which in the sub- 
ject is in no way disturbed by this discussion. | 

If the solution (8) is inserted in (7), we. get an 
expression for the (finite) maximum achievable 
value of S°/N?: 


[(S/N) max. P= ff AV =f Pfa V <4 (9) 


Thus (S/N)max. is an r.m.s. value of the function 
(gif). Integrals of the first power of the same quantity - 
determine the decision error probabilities. If A. 
and B are the two parts of the observation space 
produced by a likelihood partition, with B — — 
the more positive values of (g/f), we have: 


(S/N) mas. ZSlglflfAV = fall SAV = fag AV 
or, using (3): 
1/2 (S/N) max. 21 — py — pa 
where decision error probabilities are defined by: 
Pr = fafa, pa = fafa V 


In interpretation of the inequality (10), N* should | 
have the form given by equation (6b). Thus the _ 
maximum achievable signal-to-noise ratio also indi- 
cates a lower. limit. on the sum of the two error ~ 





Proof that equation (8) maximizes equation (7). 
The two integrands in (7) may be written respectively — 
as [Rf/g] lu“f] and [Rf/g]? [g*/f]. The positive factor: 
ig*/f| common. to these two is, aside from a normaliz- 
ing constant, &. ‘distribution function, as æ conse 
quence of the inequalities. in (8) and (9). Hence the’ 
right member of (7) may be regarded as proportional. 
to the ratio of a — mean to a mean square - of 7 







No 4816 February 17, 1962 


of which are gonerally regarded as madequate, has 
had in consequence to reduce considerably its planned 
activity, and its present report also refers to the 
embarrassment in which the Conservancy finds itself 
on account of the many urgent requests for advice 
and help from overseas territories, which, the report 
remarks quite rightly, the United Kingdom cannot 
disclaim responsibility for giving. Moreover, Lord 
Hailsham 1s well aware of the conditions which must 
be observed if university autonomy ıs not to be 
undermined, particularly in times of financial strin- 
gency. Concern for the future cannot absolve him 
from the responsibility of seeing that short-sighted 
or illusory attempts at economy to-day do not 
engender far-reaching frustrations and failures two 
or three decades hence. 


AEROFOIL SECTIONS 


Aerofoll Sections 

Results from Wind-Tunnel Investigations; Theoreti- 
cal Foundations. By Dr. Friedrich Wilhelm Riegels. 
Translated from the German by D. G. Randall. 
Pp. xi+281. (London: Butterworth and Co. (Pub- 
lishers), Ltd., 1961.) 200s. 


HIS book is devoted to aerofoil sections, and it is 

written by a German author who is a specialist 
in this field. About one-third of the book is text which 
18 devoted to the various topics affecting aerofoil 
design and performance. These include the deriva- 
tion of aerofoils, the theoretical prediction of velocity 
and pressure for irrotational, incompressible, inviscid 
flow, the effects of compressibility, viscosity, rough- 
ness, boundary layer control and cavitation. The 
remaining two-thirds of the book is devoted to tables 
and graphs displaying experimental and theoretical 
results for aerofoils developed in Germany, in the 
United States and in the United Kingdom. The lay- 
out of the book is tolerably good; section headings 
are clear, and quick reference is possible. Each chapter 
carries & fairly comprehensive lst of references. The 
diagrams on the whole are satisfactory, but a few 
are rather small and the symbols on these are not easy 
to read. 

Chapter 1 is devoted to the geometrical and 
algebraic description of the various families of aero- 
foils and it is a very necessary and valuable chapter. 
Chapter 2 is concerned with experimental methods, 
wind-tunnels and corrections. The information 
relating to high-speed wind-tunnels is not up to date. 
There are discussions on the effects of turbulence on 
test results and on tunnel-wall interference—this 
latter is very short. Chapter 3 deals with the force 
and moment characteristics of aerofoils and how these 
are influenced by Reynolds number and by Mach 
number in typical cases. Chapter 4 gives a condensed 
account of the effects of surface finish and there is a 
short section devoted to cavitation effects. Chapter 5 
describes the effect of flaps, and, in relation to the 
magnitude of information on the subject, the account 
is inadequate and the reference to an important 
summary paper on the subject by A. D. Young is 
left out. Chapter 6 gives s short account of boundary 
layer control. Some important British contributions 
to this subject are not quoted in the references. 
Chapter 7 deals with theoretical camber lines and 
thickness distributions and the velocity distributions 
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for these are quoted; the theory for these is given 
in Chapter 8. Itis based on the assumption of small 
thickness and camber and it makes use of the method 
of singularities developed by the author. The chapter 
ends with an account of the methods of conformal 
mapping for aerofolls which are no longer thin. 
This is far too short and it would have been more 
valuable if, in the account of the Theodorsen—Garrick 
method, the author had shown how the method of 
singularities can be obtained from this. The impor- 
tant contributions of Goldstein, Thwaites, Lighthill 
and others are dismissed in stx lines. Chapter 9 deals 
with viscosity effecta on aerofoil characteristics, and 
includes a compact account of the methods of com- 
puting laminar and turbulent boundary layers. 
Boundary leyer stability and transition are briefly 
covered and methods of estimating the drag of sero- 
foils are mentioned. The short account of the effect 
of the boundary layer on lift is out of date. Finally, 
Chapter 10 gives a compact account of the effects of 
compressibility on serofoil characteristics and both 
subsonic and supersonic flow are dealt with. 

We come now to the tables and diagrams, compris- 
ing Chapters 11 and 12, and which take up about 
two-thirds of the book. Tho tables in Chapter 11 are 
& collection of geometrical and aerodynamic data for 
almost all known aerofoils and including high lift 
devices. Tables of coefficients for determining the 
surface velocity distribution, given the aerofoil co- 
ordinates, are also provided. A page of explanatory 
notes and definitions at the beginning of this chapter 
would have been a great help as the list of symbols at 
the back of the book is not complete; for example, 
the symbols We, Ws in Tables 11.4 do not appear to 
have been defined anywhere. Chapte: 2 commences 
with a list of section headings, followed by graphs of 
pressure distributions (theoretical and experimental) 
for incompressible flow for a large number of aerofoils 
and a few results for compressible flow. Finally, 
polar curves for a wide range of aerofoils are given, 
including some results for compress ble flow and some 
for cavitation conditions. 

The conclusion is that this book is essentially for 
reference, and as such it will be invaluable to engin- 
eers, serodynamicists and research workers who 
require information about specific aecrofoils. The 
textual part of the book is for experts and, even s0, 
many aspects affecting aerofoil design are so briefly 
touched on as to make some of these accounts of 
little use to the reader. J. H. PRESTON 


LARGE ELASTIC DEFORMATIONS 


Large Elastic Deformations and Non-Linear Con- 
tinuum Mechanics 

By Prof. A. E. Green and J. E. Adkins. . xin + 

348. (Oxford: Clarendon Press; London: Oxford 

University Press, 1960.) 55s. net. 


HIS book forms a natural extension of the well- 

known earlier book by Green and Zerna. To 
quote from the introduction: “The general theory 
of elasticity for finite deformations has been given ın 
Theoretical Elasticity. This theory is presented in 
compact form with the aid of tensor notation and the 
results are applied to solve a number of special prob- 
lems, mainly for isotropic incompressible materials. 
In the present book attention is concentrated on 
subsequent developments”. 
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One main development clarifies the restrictions 
imposed on finite strain-energy functions by crystal 
symmetry requirements, and thus opens the way 
to an adequate formulation of the stress-strain 
relations for all the thirty-two crystal classes. This 
elegant invariance theory enables a new and more 
general account to be given of such topics as elastic 
membrane analysis, thermoelasticity and stability. 
Throughout the text a serious endeavour has been 
made to apply theoretical formulations to specific 
problems and, notwithstanding the inherent diff- 
culties of the subject, some degree of progress can be 
recorded. The authors devote two chapters to a suc- 
cessive approximation method of attacking problems; 
however, m view of the formidable manipulations 
involved with even the simplest type of problem, 
for example, second-order torsion, this approach 
seems destined to remain of academic interest only. 
A more fruitful procedure, albeit of more restricted 
scope, is to introduce suitably specialized displace- 
ment fields and compute from them the relevant 
stress fields and force resultants, as described in the 
long second chapter: among the problems examined 
are the extension, inflation and torsion of a com- 
pressible circular cylindrical tube, and the inversion 
of a compressible hemispherical shell. Also, finite 
membrane theory is utilized to solve various inter- 
esting problems concerning the inflation of rubber 
sheets, permitting a welcome comparicon with 
experimental data. These and other comparisons 
make it clear that finite strain theory, thanks largely 
to the efforts of R. S. Rivlin and of the authors, has 
now been soundly formulated and developed, ready 
to take its place as a worth-while branch of solid 
mechanics. The account here presented will un- 
doubtedly serve as the standard text on the subject 
for at least a generation. 

The final chapter, dealing with rheclogical equa- 
tions of state, proved difficult to comprehend, 
possibly because too much mathematics seems to be 
chasing: too few physical ideas. In any event, my 
personal preference would have been for some 
account of the Saint Venant compatibility tensor, 
identified in finite strain with the Riemann—Christoffel 
tensor associated with the strain metric. This 
uUluminating identification, mentioned by Green and 
Zerna but not here, reveals a close link botween 
deformation theory and differential geometry that 
has led to some extremely suggestive developments 
slong various directions during the past few years. 

M. A. Jaswon 


VARIATIONAL PRINCIPLES AND 
STABILITY 


Hydrodynamic and Hydromagnetic Stability 

By 5. Chandrasekhar. (International Series of 
Monographs on Physics.) Pp. xix+652. (Oxford: 
Clarendon Press; London: Oxford University Press, 
1961.) 105s. net. 


URING the past ten years, Prof. Chandrasekhar 

has written a large number of papers on certain 
classical problems of stability in fluids. These 
meclude the problem of a liquid heated from below; 
that of a gravitating liquid sphere heated internally; 
that of steady flow between rotating cylindera; and 
Jeans’s problem of the gravitational instability of an 
extensive gas cloud. A variety of special cases of 
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each problem were discussed, with the modifications 
introduced by rotation or the presence of a magnetic 
field in an electrically conducting liquid. A normal- 
mode analysis was regularly used, in which a small 
perturbation of the steady state was assumed, pro- 
portional to a time factor exp(ct). Instability arises 
either when c takes real positive values, or when it is 
complex and its real part becomes positive. In the 
first case a variational principle was normally used 
to derive the critical value for stability of an appro- 
priate non-dimensional parameter; occasionally.’such 
a principle was found applicable in the second case, 
but more often it was found necessary to confine 
attention to simple cases where the equations could 
be solved exactly. 

The original papers have now been expanded into a 
book. The word ‘expanded’ is not imappropriate; 
few of the details of the papers are omitted, extensive 
comparisons with experiment are cited, the general 
equations of the subject are derived ab inito, and 
three further problems are discussed (Rayleigh— 
Taylor and Kelvin- Helmholtz instabilities for super- 

fluids, and instabilities of various types in 
fluid cylinders). One may note, however, that of the 
problems often regarded as the fundamental problems 
of hydrodynamic and hydromagnetic stability—the 
stability of shear flow and of a pinched discharge— 
the first is not discussed, though some of the problems 
of flow between cylinders are closely related to it; 
and the second is treated rather as an afterthought, 
and not in great detail. 

The book 18 essentially one on applied mathematics; 
the experiments are to be regarded as adorning the 
theory rather than as being there of independent 
right. The treatment is extremely comprehensive, 
which has both advantages and disadvantages. For 
example, by starting ab tntiio the author has been 
able to give a very clear account of the hydromagnetic 
analogy between vortex lines and magnetic field-lines, 
and of the limitations of this analogy; but it has also 
actually led the author to ‘verify’ that the equation 
of motion is an equation of momentum balance ! 
Again, it is clearly advantageous to have all the results 
collected between one pair of covers; but the mass of 
analytical detail often seems unnecessary and tedi- 
ously repetitive. 

The use of variational principles to approximate to 
the condition of marginal stability is an important 
feature of the book. The approximations are often 
surprisingly good, even with crude approximate 
forms for the perturbation, when instability arises 
through a real exponential factor exp(ct). However, 
results in the theory of shear flow instability suggest 
that Chandrasekhar may be over-optimistic in 
asserting (p. 127) that similar accuracy is to be 
expected when instability appears through oscilla- 
tions of increasing amplitude. 

In Chendrasekhar’s original papers the variational 
principles were made to emerge almost miraculously 
from a tangled mass of equations. Jeffreys showed 
that one of the principles could be derived by simple 
energy considerations. It is easy to show that others of 
them have a similar source, and in fact Chandrasekhar 
shows that this is so for the variational principles used 
in the first half of the book. However, he still 
prefers in the first instance to derive the principles 
from s mass of equations rather than from general 
considerations. One cannot but feel that this is an 
inversion of the natural order. 

However, the book reveals once again Chandrasek- 
har’s massive powers as a mathematician. Those who 


, 


No. 4816 February 17, 1962 


do not aspire to follow all the mathematical argu- 
ments will none the less appreciate the numerous 
beantiful diagrams. Those who do so aspire will be 
interested in the extensive bibliography with which 
each chapter closes. T. G. Cow Line 


BIORHEOLOGY 


Flow Properties of Blood and other Biological 
Systems 

Proceedings of an Informal Discussion convened 
jointly by the Faraday Society (Colloids and Bio- 
physies Committee) and the British Society of 
Rheology, held at the University Laboratory of 
Physiology, Oxford, 23 and 24 September 1959. 
Edited by A. L. Copley and G. Stainsby. Pp. xviii+ 
446. (London and New York: Pergamon Press, 
1960.) 758. net. 


HERE is a present fashion among publishers to 

produce books on specialized subjecta from the 
transenpts of symposia under the general editorship 
of one or more well-known scientists. In support of 
this practice it may be contended that in this manner 
the readér is presented with an up-to-date view of the 
subject, charged with the authority of experts and at 
the minimum of financial outlay. It is debatable, 
though, whether this produces a good book. In one 
reviewer’s opinion the essence of a good scientific 
book is that it shal! be written in a consistent style of 
good English prose and shall develop the subject- 
matter in a concise and logical manner. The pro- 
ceedings of a symposium are unlikely to satisfy these 
criteria, and one would have thought that those 
papers presenting original matter should be published 
in an appropriate journal; if publication of the whole 
proceedings is desirable then it might be as a supple- 
ment to an established journal, as is the practice of 
some of our leading societies. The demands made 
on the time of the conscientious scientist who tries 
by reading to keep himself informed of recent 
developments ın his own or neighbouring spheres are 
already so great that his time at the bench 18 severely 
restricted, and any attempt to induce him to read 
unnecessary verbiage must be resisted. It is custom- 
ary in presenting a paper to start with a preamble 
in which, inter alia, suitable compliments may be 
paid to other workers, and the general background 
from which the special problem emerged is discussed, 
sometimes at some length. Though this is appro- 
priate in the conference room, much of the preamble 
becomes irrelevant or redundant when presented in a 
book. Moreover, when several papers kear on closely 
related topics, there may be considerable overlapping 
and repetition. 

Having thus challenged the principles which 
governed the publication of The Flow Properties of 
Blood, one must fairly commend the publishers, the 
societies who sponsored the symposium and all those 
who contributed for presenting this very interesting 
subject. The book is not easy to read as it requires 
considerable knowledge of the language of medical 
science and of rheology, but one reader, at least, is 
grateful for having been obliged to make the 
effort. 

In the first paper the lecturer set out to explain in 
simple language the basic rheological phenomena. 
In print this is only partly successful. At times one 
is conscious of the conflict between rigorous theory 
and popular exposition, and at others one misses the 
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atmosphere and the appurtenances of the lecture 
room. After this follow several in ing articles 
on different aspects of the flow of blood, and about 
as many on other biological systems as diverse as 
fish and milk. One paper is stated to have been 
received too late for the symposium; its disjointed 
summary style suggests hasty preparation and gives 
the impression of being submitted as an afterthought. 
It deals only with very old work (there are no refer- 
ences less than sixteen years old) and the editors 
might have been forgiven for omitting it. 

Lhe last eighty-eight pages are devoted to a descrip- 
tion of the demonstrations and films which were part 
of the programme, and finally, to complete the record, 
there is a directory of the participants. Most of the 
demonstrations were of apparatus used in work 
described in the earlier parte of the book and there 
is a considerable number of cross-references and 
repetition. In more than one case the diagrams are 
in one part of the book and their descriptions more 
than a hundred pages away. It is a pity that 
the editors did not prevail on the authors to include 
the descriptions of their demonstratione in the text 
of their scientific papers. The descriptions of the 
films vary from brief synopses to a complete com- 
mentary. Without the film the synopsis is probably 
the more useful. j 

The book is well produced, as one expects from 
this house. The diagrams and illustrations have a. 
commendably uniform appearance when one con- 
siders their diverse origins. It was a little surprising, 
however, to find that the editors had not insisted on 
uniformity in the symbol for viscosity. 

J. H. Prentice 


ARCTIC GEOLOGY 


Geology of the Arctic 

Proceedings of the First International Symposium on 
Arctic Geology held in Calgary, Alberta, January 1II- 
13, 1960. Edited by Gilbert O. Raagch. Vol. 1: 
Pp. xv+1-—732. Vol. 2: Pp. vi+ 733-1196. (Toronto: 
University of Toronto Press; London: Oxford 
University Press, 1961.) 204s. net the two volumes. 


HE symposium, recorded in these two volumes 
of very diverse scientific papers, was organized 
during January 11-13, 1960, by members of the 
Aiberta Society of Petroleum Geologists, a society 
the strength of which lies in the unprecedented con- 
centration of geologists and geological activity in the 
province during the past ten years. Very competitive 
exploration for oil and natural-gas had spread by 
1959 from the prairies nto the Mackenzie basin and 
for more than economic reasons into the Arctic 
Islands. The Geological Survey of Canada, with its 
large air-borne ‘Operation Franklin’ in 1955 and with 
much subsequent and other work, had brought geo- 
logical knowledge of the archipelago to a new level; 
in addition, the skilful and rapid handling of first 
publication of these Survey results has provided a 
very high standard for all other such institutions to 
follow and is greatly to the credit of its directors. 
The organizers of the Calgary symposium were 
therefore justified in inviting contributions from 
geologists in all other nations known to be concerned 
in Arctic geological exploration. 
The resulting first and larger volume contains 60 
geological papers on the Soviet Arctic, Spitsbergen, 
Greenland, Canada, Alaska and the Arctic Ocean 
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basin. The second volume contains 43 papers on 
glaciology, permafrost, climatology and logistics 
which are mostly short and not necessarily geological, 
although in a sense it is this material which is the 
main unifying factor of experience for this present 
symposium. It was clear at the symposium that 
there will be a need for further symposia to discuss 
stratigraphical and structural problems as co-ordin- 
ated investigations of the Arctic Ocean area progress, 
and these have indeed been planned. 

Thé four papers on the Soviet Arctic are very tightly 

written (in English) and provide correlation informa- 
tion in a systematic manner, but, as no references and 
few authorities are cited, the general effect is slightly 
remote, even apart from the geographical effort 
involved. This last effort is made more difficult by 
the apparent over-reduction of the many (black and 
white) maps and tables which the Russians have 
supplied; these maps are interpretive and speculative 
compilations of sedimentation and sediment sources 
rather than geological outcrop maps which have 
been recently published elsewhere. It is not meant 
to be ingratitude to that we now hope for 
much more detail next time of the great advances 
obviously made by the Russians in their very large 
area. 
Spitsbergen is well served by W. B. Harland in a 
comprehensive geological history and discussion of 
ite structure, with full references. Much of the more 
recent information has been collected by the Cam- 
bridge expeditions under his leadership and by many 
from other European centres. It is an accident that 
one has to look near the end of Volume 2 for a paper 
by T. Winsnes giving some mention of the important 
exploration and co-ordinating work in this field by 
the Norwegian Polar Institute. Owing to the short 
notice given by the Calgary organizers, compared 
with the long-planned International Geological 
Congress in Scandinavia in the same year, there was 
little opportunity for substantial Norwegian contribu- 
tion. This probably accounted also for the very small 
European representation at the symposium. 

Lauge Koch heads a list of eighteen papers from 
many of his distinguished collaborators in the 
geological study of North and East Greenland, and 
concludes it with a most impressive five-page summary 
of his exploration activities from 1913 to their abrupt 
curtailment after 1958. He must surely be unique 
in this century for a one-man contribution to geo- 
logical effort, his Arctic leadership bemg represented 
by the most extensive publications in Meddelelser 
om Grenland. In East Greenland he has found one 
of the, geologically, most interesting areas of the 
world, which in the present symposium is carefully 
summarized in stratigraphical order. Koch himself 
outlines the scope of the three Pre-Cambrian and 
Lower Palæozoio geosynclines of North and Hast 
Greenland, and stresses the urgent need of dating 
studies to extend the now fairly accurate knowledge 
of the Canadian shield proper. H. Butler, in two 
papers, describes more than 13,000 m. of continental 
strate from Middle Devonian to Lower Permian, 
mainly between 71° and 74° N. John Haller, also in 
two valuable syntheses, describes the Carolinides 
along the ‘north-east’ geosyncline, and Caledonian 
folding in the ‘north-west’ and ‘central-east’ geo- 
synclines. J. W. Cowie brings together all the Lower 
Paleozoic stratigraphical correlations. R. Triimpy 
gives important facts about fossiliferous Hotriassic 
lying conformably over fossiliferous Permian, both 
with ammonoids; and J. H. Calloman presents the 
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latest account of Jurassic zones identified. D. E. T. 
Bidgood and W. B. Harland give preliminary results 
of palmomagnetic measurements on rocks of Pre- 
Cambrian to Triassic age, which suggest the post- 
Triassic drift of Greenland. It will surely be the 
serious hope of all readers of these papers that 
means will be found for Lauge Koch to continue this 
work 

The Canadian Geological Survey has also made a 
varied and important contribution. R. Thorstein- 
sson and E. T. Tozer, after many consecutive seasons 
in the Arotic archipelago, summarize the structural 
history of the area since Cambrian time, and particu- 
larly of the Palwozoic Franklin geosyncline. Tozer 
discusses separately the Mesozoic and Tertiary strati- 
graphy with special attention to facies distribution 
in the Carboniferous to Tertiary succession of the 
Sverdrup basin. J. A. Jeletzky describes part of the 
Richardson mountains, a critical and much disturbed 
area, immediately west of the edge of the Canadian 
Shield in the Mackenzie delta region. P. E. Kent and 
W. A. C. Russell describe evaporite piercement 
structures in the same area. These and other papers 
make & foundation for the work which is contmuing 
in this large Canadian area, hitherto geologically 
almost unknown. Naturally, much paleontological 
and other detailed work is as yet unpublished. It 
should perhaps be noted here that most of the papers 
by Survey officers in Volume 1 have already appeared 
since the Congress as Canadian Survey official publi- 
cations. i 

The Arctic Ocean basin is covered rather historic- 
ally by A. J. Eardley and there are a number of 
detailed papers of relatively local observations. B. C. 
Heezen and M. Ewing, however, argue from new 
information the extension of the mid-Oceanic ridge 
from the Atlantic through the Arctic basin. 

Alaska, which is only represented by a small 
number of abstracts and a short paper, receives full 
publicity through the United States Geological 
Survey, but it is a pity that no major work is published 
here. Certain other areas such as Northern Scandin- 
avia, Iceland and West Greenland receive little or 
no attention. It is clear, however, that the problem 
of definition of the area to be counted as Arctic is 
difficult, and that any inclusion of Scandinavia would 
lead logically to unlimited extension. 

Volume 2, although not strictly geology, is impor- 
tant. R. F. Leggett and others provide a useful 
statement on permafrost research, H. P. Wilson 
summarizes the basic features of Arctic climate, and 
there are numerous glaciological papers. Finally, 
in the logistics section, J. C. Sproule gives a short but 
illuminating evaluation of prospects in the whole 
Canadian Arctic area. 

It is a great pity that the publishers were forced to 
place all the maps and diagrams which had to be 
folded in a separate container which is cumbérsome 
and tedious to use, and will probably cause librarians 
and users much difficulty. Some diagrams in the 
text have been wrongly reduced, or possibly authors 
received insufficient instruction about format; some 
half-tone plates of fossils are not successful. The 
general text, however, is well printed and accurate, 
and it is perhaps unfair to dwell on the results of 
what must have been considerable editorial difficul- 
ties. Finally, is it too much to ask publishers to reduce 
the delay of several months between availability of 
such a work in North America (August 12), and its 
appearance in Europe (November 2)? 

N. F. Hugues 
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Great Experiments In Physics 

Edited by Prof. Morris H. Shamos. Pp. viii+370. 
(New York : Henry Holt and Company, Ino., 1959.) 
4.40 dollars. 


á | ‘HIS is a selection of original papers, ranging 
from Galileo to Compton, each introduced with 


an account of the writer’s work, and annotated in the 
margin with explanations and references. It is 
intended as background reading for American 
college students taking a liberal arts course, and to 
Ulustrate the development of the main concepts of 
physics. Several of the experiments (Coulomb, 
Cavendish, Millikan) are among those selected by 
the Physical Science Study Committee’s course, 
and some of the more recent ones feature topics 
that may possibly come into British school teach- 
ing. It is worth while mentioning this, since the 
author seriously accepts the thesis that the works 
of Thomson, Rutherford, Chadwick, Bohr, Planck, 
and Hinstein are not, at this level, fancy trim- 
mings to be dealt with superficially, but (in small 
and carefully selected portions) matter for detailed 
and serious study as a means of illustrating funda- 
mental principles. There is, of course, a great 
difference between the response of a mature liberal 
arts student and that of a hard-pressed examinee 
schoolboy; but if the pedogogical assumption is 
sound, then one might feel that material that assists 
a non-specialist to understand the principles could 
at least be acceptable in more conventional physics 
courses. Or, alternatively, that physics ought to be 
taught as one of the liberal arte ? 

There are two points that one might criticize m 
the planning. The quotations from Newton, Planck 
and Einstein are not records of experiments, and it 
seems unn to offer them as such. Further, 
if the full picture of physics was to be presented, 
there migbt well have been something about the 
establishment of the finite speed of light and its 
measurement, the Michelson—Morley experiment, 
and G. P. Thomson’s work on electron diffraction. 
In both cases, though, the selection was probably 
made on the grounds of the availability of material 
exactly suited to the standard of the course. One 
lesson can be learned by the young scientist who 
reads through it—that scientific prowess is not in- 
compatible with the precise use of words and the 
cultivation of a pleasing literary style. 

G. R. Noakes 


Advances In Pest Control Research 

Vol. 4. Edited by R. L. Metcalf. Pp. vi+ 347. 
(New York: Interscience Publishers, Inc.; London: 
Interscience Publishers, Ltd., 1961.) 12.50 dollars; 94a. 


EVEN of the eight reviews in this volume are 

concerned with insect control. The eighth is by 
T. F. Hall about the control of American aquatic 
plants. He illustrates the essentials of pest control, 
namely, recognition of the pest, a knowledge of its 
biology, chemistry, habits and habitats, all pre- 
requisites for economic control, whether chemical, 
biological or cultural. This pattern is leas clear in 
the article by W. M. Rogoff on the control of insects 
on domestic animals. The peste and their effects 
are varied and sometimes may even be beneficial at 
low population-levels and the problem is further 
complicated by the effects of control chemicals 
on the hosts. The biochemical and physiological 
processes which result in the selective toxic action 
of insecticides are discussed by R. D. O’Brien using 
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a wider range of types of insecticides than in his 
recent book on toxio phosphorus esters. Some of the 
detoxication mechanisms involved are also discussed 
by K. P. Dubois in his review of the joint action of 
organophosphorus insecticides on mammals. In- 
evitably further mention is made in the 658 references 
on the organophosphorus insecticide, malathion 
collected by D. Spiller. J. C. Gage outlines assays 
for, and the inhibition of, cholinesterase and describes 
how this may be used to estimate residues of organo- 
phosphorus insecticides. Recent studies on the 
toxicity and chemistry of compounds related to 
insecticides found in pyrethrum flowers are sum- 
marized by W. F. Barthel, but developments in the 
study of micro-organisms described by I. M. Hall. 
suggest that virus and bacteria may eventually be 
used as widely as chemicals for the control of insecta. 
In conclusion, this is a useful volume, mamly on 
insect control, which would have been improved by 
more references to earlier reviews and by cross- 
references between articles which could have shortened 
some articles without loss. K. A. Lorp 


Discovery 

Developments in Science Examined by Sir Edward 
Appleton, Prof. D. R. Bates, Sir Edward Bullard, 
Sir John Cockcroft, Dr. Q. E. R. Deacon, Dr. T. F. 
Gaskell, Sir James Gray, Sir Bernard Lovell, Prof. 
Gordon Manley, Sir Harrie Massey, Prof. Dudley 
Stamp, Prof. P. C. Sylvester-Bradley, Sir Alexander 
Todd, Prof. C. H. Waddington, and Dr. Errol White. 
Pp. viii+144. (London: Methuen and Co., 1961. 
Published for Granada TV Network.) 12s. 6d. net. 


Si within a book of comparable compass, 
have there appeared contributions by so many 
distanguished scientists. Their names are sufficient 
indication of the high standard achieved. In an 
introduction, Sir Gerald Barry writes: “The ‘talks’— 
if that is the best name for them—in this book have 
been chogen (as being reasonably representative and 
diverse) from nearly forty schools’ television pro- 
grammes which Granada TV network over the past 
year or so has put out for sixth-form science pupils”. 

Sir Edward Appleton, in the opening talk, “The 
Art of Scientific Investigation”, includes, by way of 
illustration, the interesting story of the verification 
of Balfour Stewart’s hypothesis concerning daily 
magnetic variation. Succeeding sections indicate 
the variety of subjects examined: Sir James Gray 
writes on the science of life; Prof. C. H. Waddington 
on evolution, the appearance of design in living 
things; Sir Alexander Todd on the chemistry of living 
things. Other articles pay special attention to the 
Earth: its history by Prof. P. C. Sylvester-Bradley ; 
its past life by Dr. Errol L. White; its minerals by 
Dr. T. F. Gaskell. Sir Edward Bullard forecasts the 
tasks for future research workers. Dr. G. E. R. 
Deacon writes on the oceans and Prof. Gordon 
Manley on climate. The wise utilization of land is the 
theme of Prof. L. Dudley Stamp’s contribution. The 
last four talks cover the physical and astronomical 
sciences. Sir John Cockcroft describes how a nuclear 
power station works. Sir Harrie Massey discusses 
the scientific exploration of space, and Prof. D. R. 
Bates upper atmospheric physics. The series con- 
cludes with an article by Sir Bernard Lovell on 
discovering the universe. 

The book is well illustrated and produced, and it 
should appeal to an even wider public than that of the 
original television broadcasts. H. D. ANTHONY 
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IDEAL FORM AND POPULAR TASTE IN INDUSTRIAL DESIGN* 
By Sir HERBERT READ 


HE International Council of Societies of Indus- 

trial Art is concerned primarily with the im- 
provement of standards ‘of industrial design, and 
this problem is approached from two points of view— 
that of the practical designer, and that of the propa- 
gandist, the person concerned with those civilized 
values which find expression m the visual appearance 
not only of industrial products but of all we make 
and use, our architecture, our cities, our street 
furniture, even our clothes. 

We might claim, without any particular pride, that 
industrial design, as a separate branch of the arts, 
was a British conception. It was made a subject of 
public concern by the same statesman who invented 
the British policeman, Sir Robert Peel, and it is a 
highly significant fact that from the first—the 
occasion was the establishment in 1832 of a National 
Gallery in London—it was the fine arte that were 
chosen for the tasks of instilling a sense of design in 
the manufacturer and of elevating taste in the con- 
sumer. Those splendid institutions in Trafalgar 
Square and South Kensington, now treasure-houses 
which attract pugrims of beauty from every country 
in the world, were first conceived as aids to the 
manufacturer in his struggle with foreign com- 
petitors. The National Gallery and the Victoria and 
Albert Museum, prototypes of similar institutions all 
over the world, were not conceived as temples of 
beauty, but as cheap and accessible schools of design. 

In all this enterprise there was, of course, a funda- 
mental confusion of which we are all now well aware, 
but it took about a hundred years, and the ceaseless 
energy of a great teacher like William Morris to make 
clear the fundamental] distinction between the work 
of the hand and the product of the machine, between 
what Sir Robert Peel called ‘pictorial design’ and 
what we now call ‘industrial design’. But in 
making that necessary and logical distinction, is it 
possible that something of vital importance was 
sacrificed ? 

Wiliam Morris was the first critic of modern 
civilization to earn the name of ‘intellectual Luddite’, 
but not the last-—I myself have been given this 
opprobrious label. The Luddites were desperate work- 
men who tried to solve the problems of industrial 
design by smashing the machines. It would not be 
true, however, to suggest that Morris or any of his 
immediate followers had any desire to abolish the 
machine and return to handicraft: in this respect 
the Morris Movement must be sharply distinguished 
from Gandhi's Swadeshi Movement. Morris, like 
Gandhi, was a revolutionary socialist; he did not 
beleve that industrial design or anything else could 
be transformed without & transformation of society. 
What Morris believed in can be expressed in the one 
word ‘tradition’, and tradition he would have defined 
ag an organic contmuity in methods of work. Work 
in this sense is not conscious of such qualities as 
beauty or style; it is a spontaneous activity accom- 
panied by joy and satisfaction, and beauty is ite 
natural by-product. 

* Substance of the opening address delivered on September 14 


1961, at the Second General Assembly at Venice of the International 
Counci of Sooletics of Industrial Art. 


Somehow that organic link between work and 
beauty had been broken in the transition from the 
eighteenth century to the nineteenth century, and 
without such continuity in methods of work there 
could be no possibility of a genuine art produced by 
means of the machine. It was this working tradition 
that was dead, and an idealist hke Morris could but 
helplessly contemplate “the wreckage of its brilliant 
and eager life’. From this wreckage might arise, 
among a few men of sensibility, a genuine eclecticism, 
a taste which could occasionally influence the products 
of the machine. But Morris felt that no general 
impulse towards an organic art could be expected 
“till civilization itself had been transformed into 
some other condition of life, the details of which we 
cannot foresee’. Meanwhile, only a makeshift of art 
was possible; not beauty, but mere utilitarianism. 

Morris made remarks of this kind in the year in 
which I was born, and in spite of all that has happened 
in the intervening years, I must stand here as a 
disciple and repeat his warning: there can be no 
general recovery of style without a recovery of an 
organic tradition. Need I dwell on the significance 
of the word ‘organic’, a word given deeper meaning 
since Morris’s time by an equally great man who was 
his true follower, Frank Lloyd Wright ? An organic 
architecture—such was Wright’s constant ideal, and 
by this word he meant the same as Morris meant by 
it; and like Morris he was convinced that an organic 
architecture implied an organic society. 

‘Organic’ is an ambiguous word, much misused, 
much misunderstood. In what useful sense can we 
apply it to industrial design ? Only, I think, in the 
sense of a design that links the products of the 
machine with the producte of Nature—an enterprise 
that some might say was impossible, and others might 
say was undesirable. But that is the enterprise which 
Morris contemplated and which Frank Lloyd Wright 
in some degree brought to a successful conclusion. 

Architecture, one might object, is one thing—by 
its very nature it imposes on man an organic relation- 
ship with his natural environment—with the space 
which is the organic element in which he moves and 
has his being, with the practical necessities of his 
breathing, eating, sleeping—all the activities of his 
bodily organism. But is there any product of indus- 
trial design which is not also linked, however tenu- 
ously, with those same organic needs? We must 
hold tools with our hands, manipulate handles and 
levers, sit in chairs and sleep in beds. In general, 
there is nothing we make and use that does not engage 
our senses in the performance of some organic func- 
tion. Even if there is no physical contact with 
manufactured things, we must look at them, and the 
eye itself is an organ subject to organic laws of 
perception: to reactions, however subtle. of pleasure 
and pain. We may therefore conclude that the organic 
principle is basic to all our activities, that we design 
in relation to bodily functions, and that functionalism 
of any other kind should rather be called utilitarian- 
iam, which Morris defined as ‘“‘the reckless waste of 
life in pursuit of the means of life”. 

The objection may now be raised that such an 
organic principle, unconscious in its operation, as 
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variable and as tentative as life itself, is opposed to 
that other principle which I mentioned at the 
beginning, a principle based on the concept of 
absolute or ideal form. 

First let me state that this principle is much older 
than the Machine Age, that, indeed, it is historically 
the first swsthetic law ever to be formulated by a 
philosophy of art. It probably arose in the minds 
of those early Greek philosophers, Heraclitus and 
Protagoras, as an explanation of the art of music. 
It was discovered that the effects of music were 
related to measurable intervals, and that harmony 
could be reduced to mathematical forrnules. Harmony 
is a mathematical or measurable law, and in relation 
to the human organism in the dance, for example, 
was imposed on the natural movements of the body. 
A dialectic thus arose, an opposition of organic 
vitality to mathematic law, which has guided the 
whole historical development of art; and it has been 
held by some philosophers of art, Ruskin, for example, 
that the greatest work of art is that which holds in 
perfect balance these two opposed principles. 

In the development of industrial design, as of 
functional architecture, it bas proved easier to seek 
out and establish the laws of a mathematical harmony 
than to preserve an organic tradition; but the result 
has been something less than perfect art. I think 
there is now a general realization, accompanied by 
resignation and even despair, that the finest achieve- 
ments of modern architecture do not compete with 
the finest achievements of the good styles of the past. 
What we have gained in utility and efficiency we 
have lost in sublimity or grandeur. The best sky- 
scrapers of New York may be as impressive as the 
pyramids of Egypt, though less durable; but there 
are qualities in the supreme monuments of other 
ages, in the Parthenon, the Pantheon, San Marco, 
Chartres or Versailles, which no monument of our 
own time can match. The cities and buildings of 
these epochs display a richness, a plenitude and a 
splendour that present a dramatic contrast to the 
drabness and chaos of our own cities and buildings. 

Yet we should not despair—there is a solid basis 
for hope. We have perfected this all-powerful tool, 
the machine, and could we but use it with instinctive 
“wisdom, the results might exceed in beauty and 
splendour any monuments of the past. What then is 
lacking in our sense or sensibility that makes such 
an instinctive application impossible ? The answer 
is to be found in that hiatus between the past and 
the present which Morris detected. The continuous 
chain of sensibility that stretches from prehistory to 
the threshold of the modern age on that threshold 
lies snapped. Before any further progress is possible 
the broken links must be re-forged: the chain of 
tradition must be re-united. The sensibility that 
coursed along the nerves and veins of countless 
generations of craftsmen must be made to flow again 
in the veins and nerves of our industrial designers. 
Thet is the single and essential remedy for our 
alienation: on that possibility rests the recovery of 
& sense of greatness in the arts of our time. 

Such a necessity directa us to our schools, to a 
revision of our methods of teaching design. I shall 
not indulge in a denunciation of prevailing methods 
of art education, and I am only too conscious of the 
fact that the very mention of the word ‘tradition’ 
may have already suggested the academic heritage 
which in most countries has only recently been joy- 
fully discarded. But that was a false tradition, based 
on s singularly limited interpretation of the place of 
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art in society. It waa a classical tradition, conceived 
for a hierarchy of pomp and circumstance, confined 
mainly to those arta of painting and sculpture, the’ 
s0-called fine arts, which could be directed into the 
channels of a vain system of patronage. The system 
of art education which was established in the nine- 
teenth century, and persisted into our own century, 
unconsciously accepted tho esthetic values that had 
been promoted by the social] structure of the seven- 
teenth and eighteenth centuries. Sir Robert Peel 
and his friends, the Prince Consort who did so much 
to encourage these first steps in the education of 
industrial designers in England, were the unques- 
tioning disciples of Sir Joshua Reynolds and the 
Greco-Roman tradition. They believed that “the 
contemplation of noble works in fresco and sculpture” 
would by some process of transfusion enable the 
manufacturers of Manchester and Glasgow to com- 
pete successfully with the manufacturers of Lyons 
and Milan. Their minds and imagmations moved in 
an unreal realm of taste, divorced from any direct 
connexion with the tools, the processes and the 
materials of manufacture. 

Manufacture, manifattura—one is constantly held 
up by this word, a word of medieval Latin origin, 
which means simply ‘to make by hand’; and one 
wonders by what strange perversion it came to be 
applied to processes into which the hand never 
enters, unleas to press a button or pull a lever. But 
it is a linguistic fossil which records the truth that 
was once alive: the truth that all organic vitality is 
transmitted from raw materials to artefacta by the 
agency of the human hand, the hand being im this 
respect but the symbol for the whole sensitive 
organism of man. Such is the basic truth which we 
must recover and embody in the education not only 
of industrial designers, but also of all who use the 
products of industry——that is to say, all consumers. 
Education through things, education through direct 
contact with natural materials, education in the 
forming and shaping of useful objecta—-there is no 
other solution to this problem. To engage the senses 
in constant creative effort—such is the true tradition 
to which we must return, and on which alone the 
machine can become the instrument of a vital 
civilization. 

I have left very little time to discuss the sub- 
sidiary problem of popular taste, but the solution is 
contained in what I have already said. There is 
prevalent to-day a heresy which I regard as dishonest 
in ite origins and pernicious in its effects. Accepting 
the alienation and nihilism of our age as a condition 
which we have neither the will nor the means to 
remedy, it erects into an sesthetic category or criterion 
the vulgarism which is the symptom of this condition. 
Expanding populations, casual and incomplete educa- 
tion, increased leisure and spending power, all these 
conspired to produce a vast public eager to exercise 
ita unsatisfied appetite for sensation. Such appetite 
is the natural basis for the kind of education I have 
been talking about, but lacking any training or 
direction, this appetite rages on whatever diet of 
sensation is offered to it. Its familiar forms are 
certain films, strip cartoons, jazz music and jiving. 
To this vast and avid public the advertising agent, 
the entertainment industry and, it must be confessed, 
sometimes the industrial designer, adjust their 
æsthetic standards. In an economy based on the 
profit-motive, this is an unavoidable consequence of 
the given circumstances. But is it really necessary 
to make a virtue of this vulgar necessity ? Such, 
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however, is the affirmation of certain critics, who 
decry the purists and the traditionalists, and would 
have the artist and the industrial designer accept the 
taste of the masses as the expression of a new 
æsthetic, an art of the people. The ten-cent store 
and the bargain basement replace the museums and 
art galleries as repositories of taste, and any ideals of 
beauty or truth, refinement or restraint, are dis- 
missed, in the language of the tribe, as ‘square’. 
Such ism may not be a new phenomenon in 
the history of art—it seems to have prevailed at the 
end of the Roman civilization and the standards of 
Chinese taste, even before the impact of Western 
civilization had been deliberately lowered. But never 
before our time has it been given the dignity of a 
philosophical theory, never before defended by 
writers clever enough to rationalize the blind mstincts 
of the mob. To such a tendency I suggest that we 
should oppose and maintain certain principles which 
can never be abrogated so long as we believe in the 
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dignity of work, the future of civilization, the worth 
of life. William Morris has been invoked more than 
once in the course of these brief remarks, and I return 
to him for a conclusion. Writing to Mrs. Burne-Jones 
eighty years ago, he used words which fit exactly to 
our present condition: 

“In these days when all the arts, even poetry, are 
likely to be overwhelmed under the mass of material 
riches which civilization has made and is making 
more and more hastily every day; riches which the 
world has made indeed, but cannot use to any good 
purpose: ın these days the issue between art, that 
is, the godlike part of man, and mere bestiality, is so 
momentous, and the surroundings of life are so 
stern and unplayful, that nothing can take serious 
hold of people, or should do so, but that which is 
rooted deepest in reality and is quite at first hand: 
there is no room for anything which is not forced out 
of a man of deep feeling, because of its innate strength 
and vision.” 


SOME THOUGHTS ON ENGINEERING EDUCATION” 


By Pror. R. EDGEWORTH JOHNSTONE 


Lady Trent Professor of Chemical Engineering, 
University of Nottingham 


O the question: ‘Is there any need for fresh 

thinking about chemical engineering education?” 
some sort of answer is provided by the results of a 
survey carried out recently among the members of the 
Association of British Chemical Manufacturers. This 
body, which includes all the major British chemical 
manufacturing companies, was asked for its views on 
the present and future demand for chemical engineers. 
As a result a short questionnaire was circulated to 
members of the Association. Most of the questions 
related to supply and demand, but one question 
asked was: “Are you satisfied with the present 
supply of chemical engineers as regards quality?’’. Of 
the companies that replied to this question 44 per cent 
of the large firms, 45 per cent of medium-sized firms 
and 17 per cent of smaller firms were either dis- 
satisfied or dubious. In the words of the published 
survey: “‘Criticism was mostly directed towards non- 
technical aspects such as an ability to write effective 
reporta, cost consciousness, and the capability of 
fitting harmoniously into a working team”. 

There does, therefore, appear to be a certain degree 
of uneasiness among employers of chemical engineers 
regarding the quality of the graduates they are now 
getting. Let me emphasize at once that there is no 
evidence that chemical engineering graduates are in 
any way less well prepared than other engineering 
graduates. It just happens that corresponding inquiries 
do not appear to have been made in other branches 
of engineering, at least not on a national scale. 

The question as to what chemical engineers actually 
do is one which many chemical engineers would 
confidently answer in the light of their own experi- 
ence; and their opinions would differ as their 
experience differed. I have felt that there was a need 
for more objective and widely based data. I therefore 
sent to every graduate and corporate member of the 
Institution of Chemical Engineers in Great Britain a 
list of twenty-four sciences and techniques, and I 
asked each member to indicate which of these he 


* Substance of the Inaugural Lecture delivered at the University 
of Nottingham on January 12. 


himself had used during the past working week. 
More than 70 per cent of the members responded to 
the inquiry. 

This survey of mine, and the conclusions which I 
drew from it, have been presented and discussed 
elsewhere*?. I need only say here that according to 
my interpretation some academic subjects ought to 
have rather more, and others rather less, emphasis 
than is customary in present courses. In particular, 
it appeared that many young chemical engineers are 
meeting administrative and economic problems quite 
early in their careers. One of the conclusions I drew 
was that a university course in chemical engineering 
ought to give a grounding in subjects such as report 
writing, economics and management. Incidentally, 
my survey was quite independent of the inquiry of 
the Association of British Chemical Manufacturers, 
and my results were published several months before 
its results. So the agreement between the two 1s 
rather remarkable. 


Academic Attitudes 


At first sight the conclusion to be drawn from these 
two surveys seems straightforward. We have on one 
hand an uneasiness among employers over the training 
of chemical engineers, with a suggestion that certain 
social abilities are lacking. On the other hand, 
chemical engineers themselves find that quite early 
in their careers they are using a lot more social science 
of one kind or another than they were taught at 
college. Teach more of the relevant social sciences, 
one would say, and there is a good chance that 
industry will be better pleased with the graduates. 
That mdeed is my own belief, but not everybody 
agrees with it. There is an academic tradition that 
frowns on the whole concept of a university course 
based on utilitarian requirements. 

The key word in this situation seems to be the word 
‘vocational’, One is told quite seriously that a uni- 
versity engineering education ought not to be 
vocational. Now, anyone who says this must surely 
be using the term ‘vocational’ in a very special sense. 
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According to the dictionary it simply means per- 
taining to an occupation, business or profession. 
How, then, can an engineering education not be 
vocational? Or for'that matter an education in 
science, or law, or theology? It appears that for some 
reason the word ‘vocational’ is not quite respectable; 
to inquire into the reason might be to look for trouble. 
Personally, I see nothing discreditable to a man in 
having è vocation, and nothing unworthy of a uni- 
versity in training him for it. 

A more sophisticated critio of the vocational 
approach is the teacher who says, “Really, it does not 
matter much what subjects are in the curriculum so 
long as they are such as to train the mind”. The 
theory is that there are certain studies which may not 
be useful ın themselves, but which develop the mental 
powers so that the student is better able to master 
other subjects which are useful. If this were true 
then these mind-training disciplines might merit 
inclusion in an engineering course even theugh they 
had little direct application. This theory, that certain 
favoured studies act as general mental gymnastics, is 
an ancient and respéctable theory which has domina- 
ted Western education since the tıme of Plato. It is 
called the ‘doctrine of formal training’. 

Personally, I have always been suspicions of this 
doctrine for one simple reason: it is so extremely 
convenient for the teacher. Within wide limits he can 
teach any subject that interests him, regardless of its 
utility and secure in the belief that he is doing his 
students some good. The present theory asserts that 
the teaching of subject A results in a so-called 
‘transfer of training’ to subject B even though the 
two subjocts may have nothing incommon. Is there 
any evidence that this does happen ? 

In recent years educational scientists have done a 
fair amount of research in schools on the alleged 
‘transfer of training’ from one subject to another. The 
evidence is not yet conclusive and there is still some 
controversy into which I shall not presume to enter. 
What I will say is that the evidence in favour of 
transfer of training seems to me to be far too incon- 
clusive for any reliance to be placed on it. Some 
authorities say flatly that there is no transfer of 
training at all between subjects except where there are 
elements in common’. If you teach a boy neatness in 
arithmetic he is not necessarily neat in his English 
composition, and if you train a man to think seien- 
tifically about chemistry he does not necessarily have 
a scientific attitude to psychology or politics. 

A decision not to rely on transfer of training has 
important bearings on the engineering curriculum. 
We can no longer afford to teach only physical science 
at the university and expect the young engineer to 
pick up social science as he goes along by applying his 
scientific training to human problems. In nine cases 
out of ten that just does not happen, and what you 
get instead of science are rationalized prejudices. If 
there is a science of human behaviour, and if the 
engineer as manager is expected to apply it. then he 
must be taught to think acientifically about social 
problems just as about physical problems: and that 
surely ia a job for tho university. 

What kind of an activity is engineering? I do not 
suppose it would have occurred to me to ask a question 
like this had it not been for a leading article which 
appeared in Nature’. The writer made full and flatter- 
ing reference to my survey?, and he accepted the con- 
clusions I drew. He then went on to draw a further 
conolusion of his own. namely, that engineering 
ought not to be taught in a university at all. My 
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survey bad shown that chemical engineers in their 
work use only a moderate amount of pure science, 
but they do require a considerable knowledge of 
engineering and social science. The Nature editorial 
argued that this knowledge could best be acquired 
either in industry itself or in colleges and institutes 
of technology closely associated with industry. It 
therefore concluded that all types of engineering 
education ought to be transferred to such colleges, 
leaving the universities free to devote themselves to 
pure science. 

This rather startling proposition has naturally 
provoked some criticiam', but personally I am grateful 
to Nature for having been bold enough to state it. I 
do not agree with the argument in Nature; but it has 
made me think more carefully about the kind of 
activity that engineering is, its relation to other 
activities, and the ways in which a university can 
contribute to it. 


Engineering and Technology 


In discussions about technical education the words 
‘science’, ‘technology’ and ‘engineeri are often 
used loosely and inconsistently. In the Ozford ` 
Dictionary ‘science’ is defined as “a branch of study 
whicb is concerned either with a connected body of 
demonstrated truths or with observed facta system- 
atically classified ...in modern use often restricted 
to those branches of study that relate to the pheno- 
mene of the material universe’. ‘Technology’ is 
defined as “the scientific study of the practical or 
industrial arts’. An ‘engineer’ is described as ‘‘one 
who contrives, designs or invents ... a contriver or 
maker of ‘engines’... one who manages an ‘engine’ or 
engines’, and ‘engineering’ is defined as “the work 
done by, or the profession of, an engineer”, 

According to these definitions technology is really a 
branch of science, since the practical or industrial arts 
are part. of the phenomena of the material universe. 
To distinguish between them the term ‘pure science’ 
is generally used to denote those branches of science 
that are not technological. So we may recognize 
three separate but related kinds of activity: ‘pure 
science’, which is the study and investigation of 
natural phenomena; ‘technology’, the study and 
investigation of industrial processes; and ‘engineer- 
ing’, the design, construction and management of 
plant and machinery. It is customary for tech- 
nologies to be classified according to particular 
industries and products. Thus we have fuel tech- 
nology, petroleum technology, explosives technology, 
and so on. Engineering, on the other hand, is sub- 
divided according to the basic principles and 
techniques applied into mechanical, electrical, civil, 
etc. Each branch of engineering finds application in a 
wide variety of industries and impinges on a wide 
range of technologies. It is true that we speak of both 
chemical] technology and chemical engineering, but 
this is accidental and arises from the dual meaning of 
the word ‘chemical’. It can be either a noun denoting 
a product as in ‘chemical technology’ or an adjective 
describing an operation or process as in ‘chemical 
engineering’. Thus we find chemical engineers 
employed in many other industries besides the 
chemical industry. 

In real life the three activities tend to shade into 
one another; a pure scientist is often something of a 
technologist as well, and an engineer is always 
concerned with both technology and pure science. 
Nevertheless, although the separate functions may be 
combined in practice, it is a mistake to confuse them 
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in theory. The man who is studying a natural or an 
industrial process is engaged in a different kind of 
activity from that of the man who is designing, build- 
ing or operating a plant, even though the same 
individual may do botb jobs. Imagine one of those 
triangular diagrams such as physical chemists use, 
with pure science located at one corner, technology at 
another, and engineering at the third. It surely makes 
sense to think in terms of the three components of the 
system, even though they are not often found in a 
pure state. 

We have already seen that with the term ‘voca- 
tional’ academic people sometimes use a common word 
in a rather special sense. In the same way they are 
inclined to speak of engineering as a ‘technology’. This 
to me is an unfamiliar and confusing use of words. In 
asserting that engineering is a technology one is not 
saying anything real, one is re-defining the terms. 
Now, a scholar or scientist may sometimes need to 
re-define a common word more precisely if its diction- 
ary meaning is vague or diffuse; but I cannot see 
that he is ever justified in making it less precise by 
ignoring a distinction that is implicit in common 
usage. The distinction between engineering and 
technology ie a useful one, and we should not allow it 
to become blurred. 

Al this is not just verbal hair-splitting, since vague 
and shifting meanings can lead to wrong conclusions: 
and I think that that is what has happened in the 
Nature editorial which started this whole argument. 
The author used the terms ‘technology’ and ‘engineer- 
ing’ interchangeably as though they amounted to the 
same thing, and he arrived at a conclusion which may 
be valid for technology but is not valid for engineer- 
ing. When you set out to study a particular industry, 
there are usually some stages that can only be 
observed on a large scale: for example, the operation 
of a coke oven battery or a motor-car assembly line. 
These would be difficult to simulate in a university 
laboratory, and so there is something to be said for 
studying them either in situ or in specially equipped 
technical institutes. But this is an argument for 
keeping technology out of the universities, not 
engineering. To a large extent this is already done. 

Engineers are interested in methods, techniques and 
operations generally rather than in applications of 
them to a specific industry. The techniques them- 
selvea do not necessarily have to be practised on a 
large scale. Engineers also need a good deal of pure 
science and, to a growing extent, some knowledge of 
subjects covered by university social science depart- 
ments. All these are at least as important as a know- 
ledge of technology. if not more so. Therefore. even if 
pure science and technology were to be completely 
segregated in different institutions, the engineer 
would still have to deride whether to go to the 
univeraity where the pure science was or to the 
college where the technology was. My guess is that 
there would continue to be science-based engincering 
schools in the universities and technology-based 
schools in the colleges of technology. and that each 
would make an individual and valuable contribution 


to industry. 
Engineering and Science 


The failure to discriminate between engineering 
and technology has the further result of obscuring the 
real relation between engineering and science. This 
can lead to other erroneous conclusions which do no 
good to the engineering profession. “‘Engineering is a 
technology, technology is a branch of science, and 
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therefore engineering is a branch of science’’—so runs 
the common argument. I have already tried to show 
that this 1g wrong. Engineers use science extensively, 
and modern engineering could not exist without 
science. Nevertheless, if we stick to the dictionary 
meanings of these words. engineering and science are 
activities of different kinds. <A scientist as such is 
mainly concerned with knowledge; he increases 
knowledge by research and disseminates knowledge 
by discussion and publication. An engineer as such 
is not mainly concerned with knowledge; he is oon- 
cerned with large-scale physical achievement. Not 
only must he know how to build a plant. he is expected 
to do it, and that calls for much more than knowledge. 
An engineer is no more and no less of a scientist than 
a medical practitioner or a modern soldier. All three 
of them make use of science, yet their aims lie outside 
science and they have to submit to disciplines and 
pressures to which science aa such is a stranger. 

Once again I am not splitting hairs for the fun of it. 
The fact is that if you think of an engineer as simply 
an applied scientist, it is difficult to avoid thinking of 
him as in some respects a second-rate scientist. This 
is inevitable because the methods of applied science 
are usually less rigorous and exact than those of pure 
science, whereas rigour and exactitude are the hall- 
marks of good science. The result is a somewhat 
depressed academic and public image of the engineer 
which is bad for the profession and possibly also for 
the nation. For example, last year Sir Charles Snow 
published a study of certain high-level politico- 
scientifio rivalries during the Second World War’. A 
significant feature of that story was that although 
engineering decisions of the gravest import were 
being taken, there does not appear to bave been an 
engineer in sight. All we read about are “‘the scientists 
who were designing the hardware and the administra- 
tors who had to get it made”. 

The point which neels to be made is this, that 
basically an engineer ir not trying to do science; he is 
doing engineering. which is something different. The 
science he uses is a means to that end, and its quality 
as science is irrelevant so long as it works. A scientist 
is judged by his publications, but an engineer is 
judged by his large-scale achievements. He can be a 
great engineer without having published a word. 
Does anyone remember what Brunel wrote? What we 
do remember is that he built the Great Western 
Railway and the Great Eastern steamship. In short, 
engineers are not second-class citizens in the empire 
of science: they are masters of an empire of their 
own, of which science is only a part. 

As usual, however, categories which are logically 
distinet tend to shade into one another in practice. 
So we have the research engineer or engineering 
scientist, a man who qualifies as an engineer and then 
devotes himself to scientific research into engineering 
prohlems. Such people are indispensable, and engin- . 
eering could not do without them. In particular, 
the universities could not do without them; their 
researches not only advance engineering science but 
also inspire and invigorate undergraduate teaching. 
The last thing I would do is to question the importance 
of research. On the other hand one must recognize 
that most of the engineers employed in industry are 
not required to do research. 

I was talking recently to a senior officer in one of the 
large firms employing chemical engineers. He told me 
that he finds diffculty in persuading young chemical 
engineering graduates to accept posts in plant 
operation and management. They all want to do 
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something more scientific, like research and develop- 
ment or plant design. Consequently, although the 
firm would prefer its plants to be managed by 
chemical engineers, relatively few of them are. This is 
another result of the ‘applied science’ concept of 
engineering, the idea that the best sort of engineer 
is he who most closely resembles a scientist. At the 
universities it can lead to the training of all engineers 


as potential research men. The more intelligent are ' 


then directed towards a research career, while the 
less intelligent go out into production management. 
This seems to me to be entirely wrong; if there is one 
place where first-class brains are needed to-day it is in 
the control and management of British industry. 

Finally, read a well-informed outside opinion of 
the engineer’s function: ‘The wealth of a nation, and 
all which that implies, depends in fact on the 
efficient organization of its resources both natural and 
industrial as well as human. In this organization the 
engineer bears the chief responsibility”. Again: “One 
of the problems of engineering education is that it 
covers such a wide field. It includes science to manual 
skill and everything in between”. Notice the stress on 
activities other than soience, and especially on 
organization. This, and much more to the same effect, 
was said by the Duke of Edinburgh in his Graham 
Clark lecture to the Institutions of Civil, Mechanical 
and Electrical Engineers last year’. 

So the question: ‘What is engineering ?”’ was not 
quite so academic as it sounded. It has, of course, an 
academic side, in that one cannot hope to plan a 
proper engineering course without having olear and 
distinct ideas of what engineering is. But clearness of 
thought is still more necessary in discussions about the 
training and utilization of scientists and engineers in 
the national interest. Nothing useful is likely to come 
out of such discussions unless the key words are used 
in definite and generally accepted senses, and unless 
the distinctions between them are made to correspond 
to real differences in the activities described. 


Mental Equipment 


The next question is, what mental equipment does 
an engineer need to succeed in his profession? I 
should have thought that the necessary accomplish- 
ments fall into three broad classes: knowledge, skill, 
and judgment. By knowledge I mean simply the 
ability to recall from memory a sufficient body of 
facts, relations, theories and procedures. Skill is the 
ability to perform particular operations quickly and 
well. It depends essentially on the formation of 
manual or mental habits. Judgment is more difficult 
to define; it includes an ability to recognize what 
information is relevant to a problem, what skills are 
needed for its solution, what the long-term conse- 
quencea wil] be, and how much effort the problem 
justifies. 

In what might be called the classical British system 
of engineering education, the student got his scien- 
tific knowledge at the university or college. Skills 
were imparted by means of apprentice training in 
industry, and judgment was supposed to be gradually 
acquired in the course of professional experience. To 
some extent this system appears to be breaking down. 
The demand for engineering graduates is such that 
they are often able to step straight into well-paid 
jobs without any period of apprenticeship. This 
applies particularly to chemical engineers; but the 
change has been recognized by all the major engineer- 
ing institutions. I believe that not one of them now 
insists on a formal apprenticeship as a condition of 
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corporate membership. Furthermore, young engineers 
to-day are quickly reaching positions of responsibility 
for which, by older standards, their judgment would 
not have been thought sufficiently mature. This 
makes ii all the more desirable that universities and 
colleges should furnish the engineering student not 
only with book knowledge but also with a foundation 
of professional] skill and judgment. 

What can the university do towards laying this 
necessary foundation? Its major task must obviously 
be to impart the scientific and technical knowledge 
that an engineer needs, and that he is not likely to 
learn by experience alone. On the general subject of 
teaching there is one idea I might mention. A useful 
method of approach to a new problem, or a new 
subject, is the method of successive approximation. 
First, got a rough solution to the problem, or a general 
idea of the subject, then go back over it and fill in 
the detail or refine the calculation so far as is neces- 
sary. I should have thought that one could sometimes 
teach in this way rather than by covering each 
subject only once. 

The skills acquired by an engineer are either manual 
or mental. Manual skills include the use of tools and 
drawing instruments, and the most important mental 
skill is probably skill in mathematics. Now, any skill 
depends on the formation of habits, habits result from 
repetition, and repetition takes time. So the formation 
of a habit takes much longer than the memorizing of 
& fact. Figuratively speaking, a small increment of 
skill is equivalent in time to a much larger increment 
of knowledge. Evidently the skills to be imparted 
during an engineering course need to be very carefully 
chosen if the best use is to be made of the limited time 
available. 

There are two main reasons why professional 
engineers acquire akills; either they need to use them 
in the course of their own work, or they will be in 
charge of other workers who use them. Mathematics 
is the chief example of a skill which the engineer uses 
himself. On the other hand he rarely uses tools in the 
course of his work except in an emergency; the 
advantage of being skilled with tools is that he can 
ensure that others use them correctly. Engineering 
drawing falls somewhere in between these two. The 
increasing pressure on students’ time that 
to-day the major emphasis should be on skills that an 
engineer will use himself. Take engineering drawing 
as an example. A professional engineer is not often 
called on to produce a full-sized working drawing; 
on the other hand he is constantly making freehand 
dimensioned sketches. I should have thought, there- 
fore, that freehand engineering drawing could well 
form the major part of his training in this subject. 

The third accomplishment I mentioned was judg-. 
ment. Most people think that judgment cannot be 
taught, but must be gradually acquired through 
experience. Yot I feel sure that when a young man’ 
works in personal contact with older and more 
experienced engineers, something is communicated 
besides mere skill: some distillation of the older men’s 
experience is absorbed by the younger. It is a very 
persona] thing and depends far more on the quality 
of the individual than on the particular subjeots 
taught. For this reason I feel that new students 
ought to be brought in contact with mature and 
experienced engineers as early as possible in their 
course. In this way they can begin at once to absorb 
the elements of profeasional judgment. 

There seems to me to be another way in which the 
students’ judgment might be developed. In any real 
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engineering problem the first difficulty is usually to 
select from a mass of irrelevant detail the particiwar 
facts that bear on the problem. In most examina- 
tion questions only the relevant data are given so 
that what is often the difficult part, the recognition of 
what is relevant, is already done. It might be more 
realistic and a better test of judgment if students 
were presented with a wide selection of data much of 
it irrelevant. and left to sort it out for themselves. 

If I have said more about the auxiliary problems of 
developing skill and judgment than about the main 
task of communicating knowledge, it is, first, because 
the former problems are less often considered by 
university teachers, and secondly, because I feel 
myself better qualified to discuss them. 


Cultural Development 


The final question I have had to think about is one 
which has been publicly discussed a good deal lately: 
How far should purely cultural studies be included in 
an engineering course? A report by the American 
Society for Engineering Education published in 1955 
suggests that about 20 per cent of total curriculum 
time should be allowed for “humanistic and social 
studies’’®, The subject was dealt with at length in 
Sir Eric Ashby’s Ballard-Matthews Lectures’ and in a 
British Association report entitled The Complete 
Scientist but better known as the Linstead Report?*. 
Both of these last are concerned with broadening the 
education of scientists, technologists and engineers. 

The Linstead Report was drawn up by a committee 
of scientists and teachers, and it treats both scientific 
and engineering education as though they were 
culturally equivalent. This is yet another example of 
what happens when you ignore the distinctions I 
have been trying to point out. The basis of an honours 
course in pure science is the intensive study of one 
or two subjects. Such a study must necessarily be 
narrow in order to attain the requisite depth and 
there is therefore a real danger that the pure scientist 
may become culturally isolated from other workers. 
In engineering, however, the boot is on the other foot. 
An engineer must have a working knowledge of a 
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number of sciences and techniques; the danger is 
not that his education will be too narrow, but that it 
may become too broad and shallow. 

The fact is that social sciences which might be 
considered as cultural subjecte for the pure scientist 
are vocational for the engineer in the sense that he 
needs to apply them in his work. This includes such 
studies as economics, communication of ideas and 
management—subjecte which can all be presented to 
students in a spirit which is humanist as well as 
utilitarian. In faot, an engineering course can be as 
broad as is practicable in any university course witha 
substantial content of what are called liberal studies, 
without going outside its own vocational] field. Sir 
Eric Ashby was strongly opposed to the liberalizing 
of technical courses by what he oalled ‘‘sticking a few 
bits of the humanities on the outside of the fabric of 
science and technology’’*. The liberalizing process 
should take place from within, through the treatment 
of technical subjects in a humanist manner. So far as 
engineering is concerned, I am sure this is right. 

After all, the formal lectures and course work are 
only one of several agencies by which university 
studenta are influenced and educated. There are also 
the personal contacts with professors and tutors, the 
social and cultural activities of the university, and by 
no means least, the company and conversation of 
other intelligent young people. 
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RADIOACTIVITY IN MAN, BEAST AND FOOD 


By Dr. A. T. KREBS. 
Director, Radioblology Division, U.S. Army Medical Research Laboratory, Fort Knox 


HE complexity of the questions concerning the 

radioactivity of living beings. especially man, 
briefly presented in a previous report', has been 
demonstrated anew in recent work on the radium 
content of soft human tissues; in the detailed investi- 
gation of the total «-activity of men. other animals 
and foodstuffs; and in the examination of still-living 
radium-poisoning and radium-treatment victims 
from the early ‘twenties and ’thirties. The results of 
recent research question the present concepts and 
ideas on radiation protection guides, on dangers 
from low-level radiation sources, and on possible 
hazards from fall-out and other man-made radia- 
tions. 

Recent work cast doubts for the first time on the 
distribution of naturally incorporated radium in 
the body, maintaining that‘only about one-fourth of 
the total radium content of the body is deposited 
in the skeleton and approximately three-quarters in the 
soft tissues of man. Heretofore, 75 per cent was 


believed to be cumulated in the skeleton and only 
about 25 per cent in the soft tissues. Thus, such work 
also brings into question the role of the naturally 
incorporated radium as to possible genetic and . 
somatic effects. 

The new findings confirm the fact that in addition 
to radium-226 other a-emitting elements play a 
significant part in the total radioactivity of man, 
animal and food, leading to much higher radiation 
doses and higher daily-intake activities than previ- 
ously assumed. 

Finally, they show the surprising result that 
individuals who have incorporated radium and 
thorium into their bodies in the early ‘twenties and 
‘thirties are still alive, 30-40 years after the incor- 
poration, carrying to-day still up to 40 microcuries 
of radium in the body. - 

In order to judge the implications which the recent 
studies will have on low-level radiation problems some 
details may illustrate the situation. 
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the quantity (Rf/g). The ratio will assume its 
maximum value when (Rf/g) is a constant over the 
region of integration. Assigning the value unity to 
this constant leads immediately to equation (8). 

I am indebted to Dr. Robert Price for stimulating 
discussion of this material. 

This work was supported by the Office of Naval 
Research under Contract Nonr 2216(05). 


Painwe RUDNIOK 


University of California, San Diego, 
Marine Physical Laboratory 
of the Scripps Institution of Oceanography, 
San Diego 52, California. 
Neyman, J., and Pearson, B. B., Phil. Trans. Roy. Soc., A, 231, 
289 (1088). s 
* For tion and bibliography, see Peterson, W. W., Birdsall, T. G., 
vant For, On Trans, Inst, Radio Eng., PGIT-4, 171 (Sept. 
1964), also Middleton, D., An Introduction to Com 
giceaiion Theory, Chap. 19 (McGraw-Hill, New York, 1960). 
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Spherical Probable Error 


Tae problem of determining an estimate which 
may reflect light on the accuracy of & weapon system 
directed against an attacking aircraft has long been 
recognized. Although efficient methods are well 
known to mathematicians, the personnel assigned to 
the execution may not know, and therefore may not 
utilize, the raw data to form an efficient estimate. 
Particularly, its importance is to be realized when 
the data are not complete. This leads me to suggest 
a new conception, namely, ‘spherical probable error’. 
This is the three-dimensional analogue of the prob- 
able error of a single variate. Just as the probable 
error measures the half-width of the mean-centred 
interval which includes 50 per cent of the normal 
probability mass, the spherical probable error 
measures the radius of the mean-centred sphere 
which includes 50 per cent of a trivariate normal 
probability mass. The spherical probable error is 
defined, as: 

S = co 


where c = 1:20645 and o is the common unknown 
standard deviation of the three orthogonal rectangular 
normal variates with means equal to zero. First 
two moments of S are given for two cages, namely, 
when the number of the largest unmeasured observa- 
tions is: (1) not known, (2) known. Rince the spherical 
probable error is related too, the problem of estimating 
S reduces to that of estimating o only. The unbiased 
estimate of o for the above two cases is given by: 
A 1 3 

o= g Lo 

3; 21 
where o; is the maximum likelihood estimate of the 
standard deviation of the +-th variate as given by 
Singht. The estimate given in section (2.2) of ref. 1 
corresponds to the case (1) and that in section (2.1) 
to case (2). The asymptotic variance of S under 
the assumption that c's are uncorrelated is given by: 
o? 


* 8 
asy. var (S) = y — var (cı) 








where: 7 
var (a) = — [x ea 
B(- ee) will be given. by equations (15) and 


(9) of ref. 1 for case (1) and (2) respectively. It is 
important and interesting to note that when points 
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of truncation are equidistantly distributed about 
the mean point of impact, the o¢ will simply be 
given by s, the sample standard deviation, and 


d* log L 2n , 
E| — x 
( ee ee by x) for both the cases, n being 


the size of sample measured. 

Theoretical details, other methods for estimating 8 
and tebles for facilitating quick solution of S will be 
submitted for publication later. 


NAUNIHAL SINGH 


Defence Science Laboratory, 
Metcalfe House, 
Delhi 6. 


1 Singh, Naunihal, J. Roy. Stat. Soc., 22, B, No. 2, 807 (1980). 


MISCELLANEOUS 


A Device for giving a Histogram of 
Time-Intervals 


In human and animal behaviour studies it is 
often necessary to measure a large number of time- 
intervals—for example, stimulus-response times— 
and to find the mean and variance of the distmbution 
of intervals for the various conditions of the experi- 
ment. At present this is either extremely laborious 
or it involves elaborate and expensive punch tape 
and computer techniques. The device to be described 
is designed to give the statistical distribution of time- 
intervals in a very simple manner. The distribution 
is built up during the experiment, and the mean and 
variance may be determined without the use of 
arithmetic. A photographic record of the distribution 
may be obtained without the use of a camera. 

The histogram is built up by dropping ball-bearings 
into a row of equally spaced holes in a transparent 
strip of ‘Perspex’. At the beginning of each interval 
to be included, a ball is made to travel at constant 
speed across the holes, which thus indicate time- 
intervals. At the end of each interval a ball is dropped 
into the hole lying immediately below it. The mech- 
anical problem to be solved is how to accelerate a 
ball very rapidly from rest, to carry it at constant 
speed, and finally to drop it exactly when required. 

It seemed important to try to limit the moving 
parte requiring acceleration to the ball iteelf, and 
this has been accomplished (Fig. 1). An endless belt, 
driven at constant speed, lies above the row of holes, 
and a long narrow electromagnet lies immediately 
above the belt. At the start of an interval to be 
included in the distribution, a ball is projected on to 
the under-side of the belt with a solenoid actuator; 
it sticks to the underside of the belt, being held by 
the magnet above it, and it runs along with the belt 
until the magnet current is cut, at the end of the 
time-interval. This system is found to work extremely 
well. It is possible to avoid any slip of the ball on 
the belt during the period of acceleration by pro- 
jecting the ball at such an angle that its horizontal 
velocity equals the velocity of the belt. This angle 
may be adjusted for the various belt speeds used to 
give suitable time-scales for the histogram. For 
situations where the variance is small in relation to 
the time-interval, a fixed known delay may be 
introduced, and a suitable belt-speed used so that 
the display shows the whole of the variance with 
adequate spread. 

A photographic record may be made at any time, 
by placing sensitive paper behind the display and 
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exposing with a flash of light, when a shadowgraph 
of the columns of balls may be obtained. 

Where a histogram is required for several con- 
ditions, one motor and gear box (the most expensive 
parts) may be used to drive a series of belts each 
producing a histogram under the required conditions. 
Alternatively, a series of the ‘Perspex’ strips with 
holes may be placed one at a time, in suitable order, 
under a single belt and magnet. 

The method is not limited to recording time- 
intervals. With modifications, it may be used to 
record the number of events occurring in time, An 
example would be the number of vehicles passing a 
check point against time of day. For this purpose, 
either the hopper of balls or the ‘Perspex’ display is 
made to move at a constant (generally slow) speed. 
Whenever an event occurs to be included, a ball is 
released, and thus a histogram is built up against a 
linear time-base which may be in terms of minutes, 
hours or even days. 
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The method is not limited to time-intervals. For 
example, in psycho-physical experiments involving 
judgments of length, or intensity of light or sound, 
positions of a wedge or angles of rotation of a shaft 
can be represented by dropping a ball into a slot, the 
supply of balls being shifted across the display either 
mechanically or with M motors to link the wedge or 
shaft to the recording device. It can be used for any 
such purpose where the serial order of judgments is 
not required. Sumilarly, it might be used for in- 
dustrial process control, to give the distribution of 
sizes or weights of machined parts. 

The device is in the prototype stage, but the 
essential principle has been tested and found to work 
satisfactorily. It should be possible to find the mean 
of a distribution by balancing the display, and the 
variance by finding its moment of inertia. 

The arrangement is described in patent application 
No. 28308/61 filed on August 3, 1961. 

We wish to thank the Behaviour Sciences Com- 
mittee of the Department of Scientific and Industrial 
Research for support. 

R. L. Gepcory 
T. M. B. EmOoART 
Psychological Laboratory, 
Downing Street, Cambridge. 
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“Productivity in Letterpress Printing” 


I wave read with interest the review in Nature 
of December 23, 1961 (p. 1143), of the report on 
Productivity in Letterpress Printing. 

The report covered letterpress printing only and 
was perhaps of greatest value in helping the Printing, 
P ing and Alied Trades Research Association to 
realize the kind of problem that faces an industry still 
very largely on a conventional craft basis. A previous 
director of the Association did comment that it is 
easier to develop new processes than to improve old 
ones. It is also usually psychologically easier to make 
people use entirely new methods than to modify old 
techniques. 

This report is five years old, and printing is to-day 
passing through a period of almost breakneck change. 
Chemically based printing (lithography) has made 
extremely rapid technical advance in the past few 
years with, as a result, vast improvementa in quality 
and output. The application of 
photography, and in particular 
colour photography, to printing is 
rapidly dominating a large portion 
of the industry. There is great in- 
terest in electrostatic techniques 
(xerography and other processes) 
and these may become of increasing 
mportance in the future. No 
doubt similar changes are occurring 
in other industries; but printing is 
perhaps exceptional in that, al- 
though the Research Association 
was founded before the War, 
science left the industry almost un- 
touched until after it. The greatest 
change has occurred during the past 
five years, This is requiring a new 
approach to training and, of course, 
considerable mental adaptation of 
those in the industry. It is pro- 
bably true to say that at the 
moment technical change is suff- 
ciently rapid to make operational 
and similar studies of leas urgency, 
as scientific and technical improvements can bring 
quicker resulta. Unfortunately, many of the scientific 
problems are quite complex, and the problems are so 
many that it becomes necessary to concentrate on 
those which are most rewarding either in net result 
or in ease of solution. 

The advances in speed and the improvement in 
colour illustration are probably obvious to everyone. 
Unfortunately, these have not greatly benefited 
small editions without illustrations which would be 
typical of much scientific printing. New typesetting 
methods so far devised offer no economies over 
conventional machine setting as has been practised 
for more than sixty years. A number of new ideas 
is being experimented with involving the use of 
computers, which may ultimately substitute some 
better method than the conventional letter-by-letter 
keyboard operation with time-co i hand- 
work and checking by readers. The latter will 
probably never be entirely eliminated as the 
reader has to correct not only errors made by the 
printer but also to detect slips by the author! 

H. JOHN JARROLD 
(President) 
British Federation of Master Printers, 
11 Bedford Row, London, W.0.1. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


- — February 12 


URIVERSITY COLL Lonpow (in the e Ph a Theatre, 
Gower Strest, London, W. 0.1), at 5 p.m—Dr. B. L. F, * “Solon- 


tifle Researoh in Space. 5: The Ionosphere and Solar —S tie 
osp Magne 


pein: sone: YOR THH PHILOSOPHY OF SONOR (in the Joint 
Staff Common Room, University Ooll Gower Street, London, 
W.O. — 6.80 p. m,--Prof, O O. Frisch, F. 8.: “Observation and the 


Tuesday, February 13 


UNIVERSITY OF LONDON (at the London School of Hygiene and 

ical Medicine, Keppel Street, Gower Street, London, W.C.1), at 

5. . . Dr. Barbara H. Billing: ‘Bile Pigment Metabolism”, * 

(Tenth of thirteen lectures on ‘The Scientific Basis of Medicine” 
organized by the British Postgraduate Medical Federation.) 


UNIVERSITY OF LONDON (in the Lecture Theatre, Royal 
School of Mines Prince, Consort Road, London, 8.W.7), at 5.80 p,m. 
Prof. R. A. L. Black. ‘Recent Advances in Mining cence in South 
Africa. 8' The Approach to Heat, Humidity and other Problems of 
Deep-Level Mining on the Witwatorsrand”’, 


URNIvVHRSITY OF LONDON (at the Institute of Archeology, 31-84 

Gordon Square, London, W.0,1), at 5.45 p.o.—Mr. James Mellaart 
tanbul)’ “Excavations at Catal Huyuk: The First Neolithic Wall 
aintings’’, 


SOCIETY OF CHEMICAL INDUSTRY, PLASTIO8 AND PolLyure GROUP 
at 14 — Squares, mone: B.W. 1), at 8.30 p.m—Mr. B. W. 
“Tho New Elastomers 


— OF ‘A GuICUT AURA ENGINEERS (at 6 Square, 
London, W.C.1), at 6.45 p.m.— Prof. W. Blhaon: (Maghtonty for the 
Improvement of Grassland”, 


ROYAL INSTITUTA OF Onmmisray, LONDON Srorion (joint meoting 
min the SIR JOHN Cass COLLRGR CHEMICAL Socraty, at the Sır John 


— dead Street, London, B.C.8), at 7 p.m.-—Prof. R. 8, 
Rooke RI y otal-motal Bonds in Inorganic Ot * 

ROYAL INSTITUTE OF CHEMISTRY (at the North-West Kent College 
of Techno , Miskin Road, Dartford), at 7.80 p.m—aAIr. B. B. 
Wagg: “De oy’. 


Wednesday, February 14 


IngTiTvra oF Hum (at the Institution of Civil Engineers, Great 
George Street, London, 8. W.1), at 9. Pan aaa on *“Fueland 
Energy for Various Steelmaking Proceases’’ 


UNIVERSITY OF LONDON (at the Postgraduate Melica, 5 of 


London, Ducane Road, London, W. 12), at 2 p.m.—Dr, O. O. Lloyd: 
—— Tumours of the Skin”. 

AL SOcrery oy ÀRTS (at John Adam Street, Adel Tondon; 

Wo: 0.2), 8 at 6 p.m.— Mr. Mark Clowes: ‘Modern Printing fques’’, 


SOcrmry OF, EXVIRONMANTAL BNGINHERS (in the Mechanical Eng- 


meenng De nt, Imperial ie - o — and Technology, 
London, B. W.7), at 6 pP.m.—. Guignard: “Human 
Response to cal and a E iIe Siress”. 


SOOTY OF CHEMICAL INDUSTRY, FOOD GROUP— NUTRITION PANEL 
(at 14 Belgrave Square, London, 8.W.1), at 6.15 p.m.—Meeting on 
“Foods Low in Gluten”. Prof, A. O. Frazer, ‘Clinical Aspects”; Mr. 
a Mor and Mr. R. D. Ray: “Manufactare and Meahnologal Prob- 

ms”, 

LesTiru?Ts OF WOOD SOIRKOR (at Carpenters Hall, Throgmorton 
Avenue, London, B.O. 2), at 6.80 p.m.—Dr, D. 8. Belford . “X-ray 
Speotropgraphio Analysis’ 


BRITISH — Socrety, SoclAL PSYOHOLOGY SECTION 
m the De — of Psychology ‘Birkbeck College, Malet Street 
Saaai, O.1), at m.—Seotion Annual Meeting, Dr. He 
Tajfel: “Prejudice in oniigren ` 


Thursday, February 15 


UNIVERSITY OF LONDON (at the Imperial College of Selence and ~ 


gee AAS Prince Consort Road, London, 8.W.7}, at 1.80 p m.— 
‘Dickinaon : 


“Auden”, 


INSTITUTION OF aoa AND METALLURGY (at the Geological Socks 
Burlington House, P — —7—— — 1). at 6 p.m—Dr. H. W. 
t Prot I D ibty of Lead in Molten 
Silicates”; Mr. E. bougies and Me D ; Sol R. Balley: “Performante 
of a Shaken Hehicoid as a Gravity Concentrator”; I, B.M. Chaston: 
“Gravity Concentration of Fine Cassitarite’’. 


—— MATHEMATIOAL Sootaty (at the Royal Astronomical 
is easton oa Piosadily, London, W.1), at 6 pm. — 


Prof. È. B 


Tromra —— Fue. (at the Institution of Mechanical Englneers, 
1 Bird Westmuins — 8.W.1), at 5.30 p.m.—~Sir 
rg: enon F.R.B.: Macfarlane Memorial Lecture, 


— COLLEGE, LONDON (in the — Theatre Gower 
Street, London, W. 0.1), at 5.80 pm—Dr. A. Onin. Real 
Power of falsotion. 8° Adaptation, Selection da Evolution”, * 

UNIVWRAITY — Tonnon AG Van Vi s Coll — London, W.0.32), 
at 6.80 p.m— Prof. E “The Magnetic 
Properties of Rare Earth 


Approximation of Certam Subharmonie . 


Compounds 
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Sc by the Site Postgraduate Medical Federation.) 


Soctery OF OARMICAL INDUSTRY, ROAD AND BUILDING MATRRIALS 
GROUP (at 14 Belgrave Sqnare London, §.W.1), at 6 p. Ar. K. A. 
Lammiman, Mr. T. J. Lea and Mr. D, J. Way: "Field and Laboratory 
Studies on the Durability of Road Bitumen”. 


CHawIcAL Soorery (in the Large 
Imperial College of Science and Teshno , Sou 
don, 8 W. 7}, at 7.80 Bh a ta H. id: 
Alkaloids” (Centenary Lecture). 

RoOvaL Soorkry oF TROPICAL MUDIOLNE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W 1), at 7.30 — M., J. Col- 
bourne: “Prospects for Malaria Rradication, with special reference 
to the Western Pamfo”. 


UNIVERSITY OF FONDON (at Wye Caoga near Ashford, Kent), 
at 8.15 p.m.—Mr, J. 8. Fulton: “The Mid-Century University”. : 


Lecture Theatre, 
Kensington, Lon- 
**Calabash-curare 


Friday, February 16 


ABSOCIATION OF APPLIED BIOLOGISTS (in the Lecture — the 
British Museum (Natural Fis , Cromwell Road, London, 8.W.7), 
at 10.40 a.m.—General Meeting fo owed bye Symposium on ‘'Diapause 
in Relation to Insect Peat Control”. 


Brirish P8YGROLOGIGAL Sorry, OCCUPATIONAL PSYCHOLOGY 

RECTION {in the Department of Psycholo Birkbeck College, Malet 

t, London, W. 0. 1), at I p. m Boetii Annual Meeting. Miss 

S Ivia Shimmm: “Hxtra-mural Factors Influencing Behaviour at 
ork” (Chairman's Address), 


UNIVERSITY OF LONDON (at the Pos 
London, Ducane Road, Lon on, W.12), a 
“Hormones and Cancer’’, 


INSTITUTION OF Hayat Ox (at the Royal Institution of Naval 
Architects, 10 Up — Street, London, 8.W.1), at 5.30 p: m.— 
Meeting on “The Navigation of Light Aircraft”. 

— INSTITUTION (at 21 Albemarle Street, London, Wb. at 


a.—Dr. J. M. Tanner: “The Growth and Development of 
on. dran”. 


duate Medical School of 
4p.m.—Dr. J. A. Strong. 


Friday, February |6—Saturday, February 24 


IXTWRNATIONAL INVENTIONS AND COMMERCIAL DEVELOPMENT 
EXHIBITION (at the Central Hall, Weatminster, London, 8.W.1). 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned: 

ASSISTANT LECTURERS It THE DHPARTHERT OF CHEMISTRY (Phys- 
isal abe Inorganic)-—The Registrar, The University, Leicester 

(February 1 

GRADE B LEOTURER (with an honours degree) ky MATHEMATI 
The Director of —— The Polytechnic, 800 Regent Strect, 
London, W.1 (February 17). 

SENIOR LECTURER (with a good honours degres, appropriate — 
ing and/or — experiance, and capable of teaching ino 
chemistry to Final Dip. Tech. and Part IT G.B.LO. standard) Ix 


r 


ISORGANIO CHEMISTRY —Tho Principal, Rutherford Coll of Tech- 
nology, Northumberland Road, Newcastle upon o 1 (Fe —— )- 
ASSISTANT LACTURER (preferably with a special interest in 
—The Secre Birkbeck Co 


and versity of Lo In GEOGRAPHY 
{University of gaaon, Hant Street, London, ca (February 19). 
ASSISTANT BRITISH AROHMOLOGY, HISTORY OF 
— — Barioa ahi —— Registrar, The Um- 
vers) , elcester epruary 
LECTURER IN MATHEMATICS in St, Salvator’s College, St. Andrews 
—The ———— The University, College Gate, 8t, Andrews (Febru- 


24 

iz * ka — nham (February S ee Regis- 

ar, e Univermty, No m (February 

RESEARCH ASSIETANT ( with — experience in 
electronics, microwave or Sere dactat techniques) AT THE NUF- 
YIELD RADIO ASTRONOMY LABORATORIES, Jodrell for work 
mainly concerned with the development of low-noise recetvers to be 
oaod main the 25g. — , The Unrversity, 

ester obru 

RESEARCH ASSISTANT (With a — or equivalent in physics and 
preferably some experience of infra-red ques) IN ABTRONOMY 
in the Department of Physics of the Faculty of Saence, to — ate 
im the imfra-red lunar and planetary research p the 
——— and to ee eae on ume e ——— e Registrar, 

e versity, Manches ebruary 
— OF A as a a Registrar, The University, 

ottingham (Feb 26 

CHAIR OF e ear ibs — eee Collage of N orth 
Staffordshire, Keele, Staff, (Feb 

LROTURER (mathematioan. phys tet on e eer) IK TWXTILE 
ENGINEERING In the Department of Textile ustries—The Regis- 
trar, The University, Leeds 2 (February 28). 

RESRARCH ASSISTANT ee eit honours degree n Agena Ne ii 

, and ra experiente 8 

— ———— Co TPUT a a the Secretary of 
versity Court, The University, Glasgow (February 28). 


ReAMAROH 8 — with a honours degree in botan 
or agricultural * bots * eot of factors influencing growt 
aoa development i —— Th e ———— School of Agriculture, 

Cambridge (february 28). 
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SANIOR RBSEARCH STUDHNT IN HITHER ENGINEERING OR CHBMIOAL 
ENGINBERING OR METALLURGY—The Registrar, Univermty College, 
— Park, Swansea (February 28). 

LROTURER (with registrable veterimary qualifications and — 
graduate — IN ANIMAL Hwauru in the Faculty of Agriculture 
—The Re University of Ghana, P.O. Box 25, Legon, Ghana; 
or the ree rege Registrar (London), University of Ghana, 16 Gordon 
Square, London, W.0.1 (Mareh I). 

CAL ASSISTANT (with either archmological or natural history 
—— orexperience) WITH THB AREA MUSHUM AND ART GALLERY 

ERVICR FOR THE Mipiarps—The Secretary, Area Museum and 
— eon Service for the Midlands, Council House, Birmingham 1 

i ISTANT I ER eee ee OF ZOOLOGY AND THE GATTY 

ania DADORATONT, St. Balvator’s College (candidates with a 
edlalist interest in entomol 


The 


EPARTHENT OF AGRI- 
CULTURAL CHEMISTRY at the Waite Agnocultural Researoh Institute 
(Univeralty of Adelaide)—The Secretary, Assoolation of Universities 
of the British Commonwealth (Branch eae — House, 
Pall Mall, London, S. W. (Australa, March 1 

ERHSHAROH FELLOWS IN THE — — OF 


ASSISTANT 
experience —— in electron physics or in the “eather applies: 
tions of dhe electron microscope) IN THR ELECTRON MICROSCOPE 
SHoTION of the Cavendish Labora The Secretary of the Appoint- 
ments Committee of the Faculty ef Physics and Chemistry, Chemical 


Laboratory, The University, Lensfeld Road, Cambridge arch 17). 
SENIOR DEMONSTRATOR IN BOTANY (Plant Physiology) at the 
University of Melbourne—The Secretary, Association of Universities 


of the British Commonwealth —— Office), Marlborough House, 
Pall Mall, London, 8.W.1 (March 80), 

DIRECTOR (with ve td high academic and research distinction in 
the applied blolo solences, and oonsiderable sadmtnistrative 
experience) OF THE HOLOGIOAL AND PARASITOLOGIOAL RESHAROH 
Umit, National Research Council of Ghana—The Director of Reormtt- 
ment, Ghana High Commussion, 248 Tettenham Court Road, London, 
W.1, or the Executive Seoretary, gv ations! Research Council, P O. 
Box N.82, Accra, Ghana (March ` 

A.R.C. RBSRAROH ASSISTANT ot a good degree in botany or 
porate) for work on the developmental physiology of of carnations 

f. O. Y. 8. Heath, F.E.8., University o a eer Horticultural 
Laboratories, Shinfield Grange, Shinfield, Berks, 

ASSISTANT LECTURER (Demonstrator) IN ANATOMY, to under- 
take and research—-The Sesretary, University College, Gower 
Street, London, W.0.1. 

ASSISTANT LROTURERS (with a A oy honours de in chemistry 
with postgraduate experience of emio or research) 
IN PHYSIOAL AND 1 ORGARIO AND ANALYTICAL ConMisrey—The 
Secretary, Sur John Cass college. Jewry Street, London, #.C.3. 

(wth a degree electrical e ering or Corporate 
Member of the Institution of Electrical Engineers) IN ————— 
BNGINEBRING, to teach at the —— — ae — Be 
Nigeria—The Recrultment Attaché Pigi an 
9 Northumberland Avenue, London, W. oe 2, partie f. G/0.8 8204/1. 

RHSEAROH ASSISTANT (with s B.80. m anatomy or biology) IN 
THE ANATOMY DEPARTMENT, for work mainly concerned with 
of skin and transplantation of — Dean, Guy's tte 
Medical Schoo], London Bridge, 8. R. 

BOIENOR LECTURERS {with a ead honours or special — in 

mathematics or physis — diploma or oertificate in ed 
and/or significant te rience) TO THAOH MATHHMATI 
PHYSICS up to G. R. oor wanted Level) at the Federal oo 
Science — mapo tment Attaché, Nigeria 
——— Ate 9 No ——— Avenue, London, W.O. 2, quoting 

SOLNTIFI 


O OFFICERS and SBNIOR ÑOIANTOIO OFFIORRS (with a 
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SCIENTIFIC AND TECHNOLOGICAL RESEARCH IN UNIVERSITY 
AND SIMILAR INSTITUTIONS 


OINTED reference was made by Sir Howard 
Florey in his presidential address to the Royal 
Society on November 380 to the postponement of 
certain scientific activities which to a large extent 
depend on Government aid, and to the need for the 
creation of new senior scientific posts, such as pro- 
fessorships in universities. The Government was 
quickly pressed on such pointe in Parliament. In the 
House of Commons on December 6, the Chancellor of 
the Exchequer was asked whether he was aware of 
the growing anxiety in the universities as to the 
inadequacy of the funds available for research and 
what steps he was taking to remedy this position. In 
reply, Sir Edward Boyle, Financial Secretary to the 
Treasury, said that he was aware of the importance 
attached to research in the universities, and that their 
requirements for this purpose would be taken into 
account by the University Grants Committee in the 
recommendations for recurrent grants to universities 
whioh they would shortly be making to him. Sir 
Edward also pointed out that the grants made by 
the Research Councils to the universities for research 
‘purposes in 1961-62, amounting to £8-2 million, 
showed substantial increases over the figures for 
1959-60 (4-5 million) and 1960-61 (£5-999 million). 
On the game day, the Parliamentary Secretary for 


Science was pressed specifically regarding the with- 


holding of a grant to the Natural Philosophy Depart- 
ment of the University of Glasgow for the installation 
of its new linear accelerator by the Department of 
Scientific and Industrial Research. In reply, Mr. 
Denzil Freeth said that the Department was unable 
to accede to this request for £600,000, having regard 
to other requests for major items of research equip- 
ment, and that on the recommendation of the 
Minister’s scientific advisers, preference was given to 
projects which emanated simultaneously from the 
University of Oxford. No less significant, in the 
debate on space research in the House of Lords on 
the following day, its claims were not preesed without 
regard to the claims of other fields of research, par- 
ticularly to the needs of university research in general. 
In particular, in a closely argued speech, the Warl of 
Halsbury urged that expenditure by Britain on space 
research should bear some reasonable proportion to 
expenditure on science as a whole, and he suggested 
that it is desirable to provide the universities with 
some sort of general fund on which they could draw 
ab high speed for instruments which are urgently 
needed. Lord Shackleton also expressed the desire 
for much more support for scientific research in the 
universities. 

Lord Halsbury, however, referred specifically to 
the possibility of a cut in the budget for the Council 


for European Nuclear Research, and to the postpone- 
ment of two university research reactors, three radio- 
telescopes and. a synchrocyclotron, as well as to the 
help in research we should be giving to the younger 
nations of the Commonwealth, particularly in tropical 
medicine and agriculture. He mentioned also natural 
product chemistry and potato research, and his 
reference to the universities in this connexion drew 
from the Minister for Science the assurance that any 
university professors, particularly in the field of 
chemistry, who put forward any such research pro- 
jects to any of the Research Councils could count on 
a fair hearing on the merite of the proposal, and 
should not entertain the idea that money would not 
be forthcoming. 

Strong pleas for a greater research effort in relation 
to the under-developed countries, in sociology and 
education, were forthcoming from other speakers, 
though throughout the debate it was fully recognized 
that space research might provide a technological 
stimulus in other fields, particularly in instrumenta- 
tion. Lord Halsbury, however, rather deprecated 
such fringe benefits as reasons for going into space 
research, and suggested that the main benefit and 
justification for British participation is in the field 
of satellite communications. Lord Fleck expressed 
the opinion that the British contribution should be 
made in the field of instruments, and strongly sup- 
ported the view expressed by the Advisory Council 
on Scientific Policy in its report for 1958~59—a view 
which Lord Hailsham afterwards reaffirmed. Lord 
Hailsham agreed with Lord Fleck that-the more 
valuable scientific imformation from the rocket 
experiments contemplated is likely to come from 
satellites carrying instruments rather than from 
satellites carrying human beings. Identifiable Govern- 
ment expenditure on the British acientific space 
research programme now amounts to about £550,000 
and would increase perhaps tenfold over about ten 
years to a level depending on whether the European 
Space Research Organization came into being on the 
scale now being studied by the preparatory oom- 
mission. 

Lord Hailsham asserted that British participation - 
in space research must be on a co-operative basis, 
including e world and a European basis, as well as 
an Anglo-American basis. He firmly rejected the ~ 
idea of participation for reasons of national prestige 
rather than scientific achievement, and although in 
this debate he did not himself refer to the question 
of university research in general, his austere mood of 
scientific integrity had sufficient imagination in it to 
offer some assurance that there will be no frittering 
away of resources. His interposition in reply to 


610 


Lord Halsbury may encourage some heads of univer- 
sity departments to come forward with projects in 
spite of the present mood of depression to which Sir 
John Cockcroft, for example, gave expression in 
Manchester on December 2. Speaking at the Man- 
chester College of Science and Technology, of which 
he is president, Sir John put the present expenditure 
of the College on research equipment as not more 
than £200 per research worker from departmental 
funds, supplemented by another £300 collected with 
great effort from the, Department of Scientific and 
Industrial Research or from industrial organizations, 
the Atomic Energy Authority and other bodies. He 
estimated grants for technological research in univer- 
sities from the Department of Scientific and Indus- 
trial Research as not more than £500,000 a year in 
all, although at least twice as much could be spent 
with advantage now and much more when the 
research schools were doubled in size. 

The present disquiet among leaders of scientific 
research in the universities of Britain is not entirely 
to be attributed to recent Government economy 
measures, now happily partly rescinded by the 
announcement on December 20 that grants have been 
offered for radio telescopes at Cambridge and Man- 
chester and for a reactor for the Scottish universities. 
It is obvious from what Lord Hailsham said in the 
House of Lords that there is a climate of opinion 
which makes heads of departments reluctant to 
apply for funds; indeed, there could well be, as he 
suggested, a very large latent demand for research 
funds in the universities of which we know little. 
The inadequacy of research budgets at present and 
the existence of major development projects fully 
approved by independent experta but without 
resources to proceed is bound to discourage applica- 
tions. ` Sir Bernard Lovell accepts as reasonable an 
estimate of about £10 million to £20 million for the 
actual expenditure on research in the universities, 
but points out that during the past quarter of a 
century the proportion of university income ex- 
pended on research has decreased. 

Nor are the leaders of research in the universities 

iming excessive increases. Sm Bernard Lovell 
suggests that a further £5-10 million would meet 
the immediate needs of the university science depart- 
mente. Sir Nevill Mott considers that a further 
£5 million is needed for physics equipment, while 
Sir Hans Krebs is disturbed about the situation in 
biochemistry and like flelds and the cost of new 
instruments and equipment. Meanwhile, there is 
some concern that the funds available for scientific 
research in the universities are inadequate to ensure 
that the services of really first-class men will be 
retained. Once a school of research fails to hold 
real leaders, the effect on students at pdstgraduate- 
and undergraduate-level is not long delayed, and 
Britain undoubtedly can il afford any decline in the 
standard of the research achools, which in the past 
thirty years have made so many outstanding con- 
tributions. 

Nor is it solely m pure science that there is reason 
for disquiet. Technological research, as Sir John 
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Cockcroft noted, provides a further example. Dr. 
S. C. Curran, principal of the Royal College of Science 
and Technology, Glasgow, is equally disturbed. In 
an address to the Royal Society of Edinburgh on 
“The Technological University”, which has recently 
been issued as a separate pamphlet, he is concerned 
that without adequate support for research, funda- 
mental research will pass from the universities and 
colleges of technology to the balanced teams of the 
Government research institutions. Dr. Curran was 
urging that, in’ technological institutions, the tech- 
nological as well as the scientific departments should 
be adequately equipped for research and enjoy the 
academic autonomy which would ensure they could 
attract outstanding men. 

Dr. Curran spoke with inside ——— of research 
under the Atomic Energy Authority, but his point 
about academy autonomy is of particular importance 
at the moment. In the first place, the adoption of 
the start-stop policy by the Department of Scientific 
and Industrial Research, in deflance of the whole 
trend of the Plowden Report, constitutes a direct 
threat to university autonomy which the Minister 
for Science, in view of his own repeated declarations, 
should make it his business to remove not merely in 
a time of economy but once and for all. On financial 
grounds, it has been condemned as inefficient by 
Lord. Plowden and his colleagues, and from the point 
of view of science it is repudiated universally. In 
the second place, the importance of full autonomy 
for the colleges of technology and of their awards 
carrying the status of a university degree was 
strongly urged in addresses to the Parliamentary and 
Scientific Committee last June, and, in evidence sub- 
mitted to the Rebbins Committee on Higher Educa- 
tion, the Committee of Principals of Colleges of 
Advanced Technology has since recommended that 
the colleges should become independent corporate 
institutions with powers to grant degrees. A Fabian 
Study Group, in a pamphlet, The Structure of Higher 
Education *, also prepared for the Robbins Committee, 
likewise presses the importance of autonomy for these 
colleges and other colleges of technology near them 
in standard. 

Somethmg more positive appears to be required 
than the sasurance Lord Hailsham interjected into 
the debate on space research. The whole situation 
of scientific and technological research in the univer- 
sities and colleges of technology calla for his close 
study. He is already better placed than any other 
Minister to obtain a general conspectus of the 
resources being made available for such-purposes by 
the Research Councils, the University Grants Com- 
mittee and by other State Departments. He should 
be able to make effective representations to the' 
Chancellor of the Exchequer if need be, and to stimu- 
late the grants which may be necessary from the 
Research Councils or other bodies to remove im- 
balance. Here, however,-the Research Councils are 
themselves affected by serious cuts in their estimates, 
The Nature Conservancy, for example, the resources 


* Fabian Tract No. 334: The Struoturo yd — Education. Pp. 20. 
(London: The Fabian Boolety, 1961.) 2s 
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Radium Content of Soft Tissues 


While much systematic work has been done to 
determine the amount of radium-226 in the human 
skeleton under different environmental and geo- 
graphical conditions, the measurement of the radinm 
content of soft tissues has been neglected. In 1957, 
during the Congreasional Hearings on ‘The Nature of 
Fallout and Its Effect on Man”, the Sub-Committee 
for Radiation, discussing the doses delivered by 
radium-226 to soft tissues. especially testicular tissue, 
could only tentatively include some figures by Muth 
et al.*. Final conclusions had to be postponed until 
more detailed information became available. 

Such data were published in 1960 by Math, 
Rajewsky, Hantke, and Aurand’, and by Hursh, 
Lovaas and Biltz'. However, instead of simplifying 
the situation and allowing final conclusions, the 
published data indicate a much more complex problem 
than anticipated. The data given by Muth, Rajewsky, 
Hantke and Aurand® differ by factors of up to 50 
from the figures reported by Hursh, Lovaas and Bitz‘. 
Thus, for example, liver tissue of European people 
contains at least 11 times and may be 23 times more 
radium-226 than liver tissues from American indi- 
viduals, and muscle tissue shows a 50 times higher 
activity in European than in American people. The 


_ reasons for these differences are not known. Several 


factors may enter into the picture: technical details, 
geographical conditions, environmental factors, living 
circumstances, as wel] as dictary habite. The dis- 
similarity in the reported values is so much the more 
striking since Rajewsky e al.’ reported 1957 values 
for the total radium content of the human body in 
agreement with the values given by Hursh and Gates‘ 
as well as Stehney and Lucas’, 

The ces of the findings by Muth, Rajew- 
sky, Hantke, and Aurand and by Hursh, Lovaas and 
Biltz are far-reaching. in so far as the natural levels 
of radiation and the Nature-given conditions form, 
according to Turner, Radley and  Mayneord’, the 
only sure basis on which the dangers from low-level 
radiation exposures can be estimated and discussed. 
Amounte and distribution of the naturally incor- 
porated radium-226 influence greatly the dose-pattern 
to the different parte of the body and any significant 
new information about the two factors must lead to 
a re-orientation of existing concepts. Thus, when 
Muth e alt, from their measurements of tissue-activ- 
ity, conclude that the skeleton of man contains only 
about one-fourth of the total radium content of the 
bady, while Hursh ¢ al.‘ arrive at a figure of about 
78 per cent for the radium content of the skeleton— 
leaving about 75 per cent of the total radinm content 
for soft tissue in the case of the meagurements of 
Muth. Rajewsky et al., and-only about 22 per cent of 
the radium content for all soft tissues according to 
Hursh e al.—serious implications must arise in the 
judgment of possible genetic effects as well as 
somatic effecte, such as increase in production of bone 
tumours and leukemia over the generations. 


a-Actlvity of Man, Beast and Food | 


The role of the a-activity in the total radiation 
burden to the body from naturally incorporated 
radioactive substances has been discussed in detail 
by me and by Hursh. While I emphasized from 
the beginning a possible contribution of «-emit- 
ting members of the uranium and thorium families 
to the total radioactivity of the human’, Hursh 
concluded from theoretical considerations and cal- 
culations that it was sufficient to measure radium-226 
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Table 1, ALPHA-ACTIVITY OF MAN, ANIMAL, FOOD awD Som 
(refs. 11 and 12) 
Materlal Average a-activity 
n 
Adnit 
Cornwall region § x 1022 0. ſIam. bone ash 
‘London area 17 x ii © /gm. bone ash 
Stiliborn children 45 x 10-1 o/gm, bone ash 
Animal 
Cow 
Bone 8 x 16-1! o./em. bone ash 
Marrow bone 1 x 10-0 o.fgm. ash 
Spleen 1-8 x 107?* o./gm. ash 
Sheep 
Bone (2-8) x 10- ¢./gm. ash 
Horse 
D6 8-8 x 10" o/gm. ash 
Food 
Brazil nuta 1,400 x 10’ o /160 gm, 
Cereal 60 x 10-7 4/100 gm. 
Flour 14 x 10! ¢,/100 zm, 
Fish 2 x 10" o./100 gm. 
Fruita O1 x 10°! 9,/106 gm. 
Vegetables O1 x I0 4/100 gm 
Miik (cow) OS x loej ash 
Total a L3 x 10°? 4/0 BOL 
Av. radium O22 x 10-* 4/056 1, 
Soff 
Chalk 8 x 10-7* o Jgm. 
Fosil A 
Buperphosphate 10- o./gm. 


alone, and that other radioactive elements besides 
carbon-14, potassium-40, radium-226, radon-222 and 
bismuth-214 (RaC) would not make important 
contributions to the total-body activity, either on 
account of short half-life, negligible absorption by 
the body, low solubility or a combination of these 
factors, excluding especially the occurrence of 
thorium-228 in amounts comparable to the stored 
radium-226 (ref. 10). 

The dilemma found an interesting solution when 


Mayneord et al. started some years ago systematic . 


work on the «-activity of living and dead materials. 
Using modern scintillation techniques and ingenious 
devices, Mayneord, Radley and Turner", and Turner 
Radley and Mayneord!? found surprisingly high 
e-activities, especially in food, attributable to mem- 
bers of the uranium and thorium families, 

Bones of people from the Cumberland region in 
Great Britain showed «a-activities of up to 9 x 10-1 
c./gm. bone ash with an average value of 5-0 x 10-1" 
c./gm. of bone ash. People from the London area 
showed an average content of 1-7 x 10-0. a-activity/ 
gm. bone ash. The a-activity found in stillborn 
children was high in comparison with the radium 
content reported by Hursh and Gates for stillborn 
children: in the average 4:5 x 10- ọ. a-activity/gm. 
bone ash in comparison to an average radium con- 
tent of 0:36 x 10- o./gm. ash of infant carcasses. 

Table ] presente, in addition to the a-activities 
found in human beings, some figures for animals, 
different foodstuffs and soils according to Mayneord 
et al.!11.14, 

Special disturbance arose from the observation that 
Brazil nuts, consumed in England in great quantities, 
show about 14,000 times higher «-activity than fruits 
and vegetables (Table 1). 

In evaluating their findings Mayneord et al. con- 
elnded: (1) Solid food is the decisive factor in the 
daily intake of naturally occurring radioactive 
materials; its contribution st that of milk 
and of water, hitherto believed to be the main 
sources of body activity. (2) The daily intake of 
active materials can come close to the whole-body 
activity; adults may incorporate more than 10° c. a 
day. (3) Two persons on apparently norma! diets 
may differ in total daily radioactivity intake by factors 
of hundreds, thus explaining the variations found 
in the human skeleton studies. 


— 
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Examination of Still-Living Radium 
Poisoning and Radium Treatment Cases 
from the Early "Twenties and "Thirtles 


The third observation deals with the late effects 
of high amounts of radium and thorium, incorporated 
up to forty years ago by the luminous dial painters 
(radium poisoning cases), by patiente therapeutically 
(orally and intravenously) treated with radium, and 
by people drinking radium water as tonic and elixir 
(radium drink cures). 

Recognizing the importance of these cases, especi- 
ally for the understanding of the mechanisms in 
which biological changes are produced by incorporated 
radioactive elementa and for the establishment of 
reliable radiation protection guides, a systematic 
effort was made by different institutions in recent 
years! to find and locate still living persons of these 
groups. To-day, more than five hundred cases have 
been contacted and are being examined at the 
Massachusetts Institute of Technology Radioactivity 
Center, Argonne National Laboratory, Naval Medical 
Center, and other institutions. R. D. Evans and his 
group'*, W. B. Looney et al, Brues, Finkel, Miller, 
Marinelli and team, together with other investigators 
and groups, have collected in the examination of 
these cases valuable, in their consequences far- 
reaching, data. These ‘radium-victims’ must have 
been exposed for long periods of their life to high 
doses from not yet excreted radioactive materials, 
not to forget the origmally incorporated amounts, 
which according to R. D. Evans and Norris et al. 
must have been several hundred times the safe dose. 

R. E. Rowland™ has recently reported some 
interesting findings in nineteen casea which carried 
radium from a mimimum of ten years to a Maximum 
of forty years with body burdens from 20 uc. down 
to about 1 uc. Rowland describes in details the two 
distribution patterns found in these cases: the so-called 
‘diffuse’ distribution and the ‘hot spot’ distribution 
and gives interesting micro-radiographs and auto- 
radiographs of hot spots. Among others he demon- 
strated the femur of a woman who, at the age of 
thirty-two, received 4] weekly injections of 10 uo. 
radium-226 and died twenty-four years later with a 
terminal burden of 3-6 uc. The ‘minimum life-time 
doses’ (terminal dose-rates, multiplied by the number 
of days the activity was carried) m these peoples 
can be tremendous, as shown in Table 2, which 
gives selected values from Rowland’s data. 

As to the effect of these doses on the individual, 
Rowland mentions that these cases, with a few excep- 
tions, were discovered to be radium cases as a result 

Table 2, PERTINENT DATA FROM RADIUM PATIENTS 
According to E. E. Rowland (ref. 16) 
° Terminal Terminal dose-rate Minimum life-time 


Years Y toa lOu lacuna dose toa 10u lacuna 
Patient. radium burden Hotspot Diffuse Hotapot Diffuse 
carried (uc.) Yads/day rads/day (rads) (rads) 
EI 11 ? 15 0-95 60,000 8,800 4 
KS 16 19? — 1-1 — 6.400 
IL 14 8? - 7-2 O22 87.000 2,100 
FR 27 7 24 0-25 240.000 2.500 
108 28 8-8 30 0-24 810,000 2,500 
B 24 8-6 18 (12 110,000 1,100 
Q 26 1-2 9-5 0 064 000 610 
M 28—80 1-2 48 0 034 49,000 350 7 
112 28 1-2 1-1 0-06 9,200 500 
I 26 8 10 0-048 95,000 460 
118 $6 10°5 88 0 40 480,000 5,200 
LS 41 8 18 0:43 190.000 6,400 
802 82 3'8 16 0:48 190,000 6.000 
HG 32 8 74 0°31 88.000 8,600 
RB 32 27 12 0-30 150.000 3.700 
313 §3 13 22 0-12 24.060 1,300 
17 1 1:2 3°7 0 037 2,000 420 
08473 86 1:2 2-6 O14 84,000 1,800 
39 1 4:8 0-08 68,000 4,100 


NATURE 


February 17, 1962 vor 193 


of their symptoms. Four out of the 19 cases—Q, I, 
118 and 03473—~were without what may be concluded 
to be radiation-induced tumours. More information 
about the effects of high doses from incorporated 
radium on the individual will become available from 
& present investigation at Argonne National Labora- 
tory of some 180 former dial painters'*. Of course, 
there are problems in interpreting the findings in the 
different cases. Snyder’, for example, pointed out 
that we do not know whether the malignancies found 
in these cases after so many years are attributable 
to the high dose-rates the bone received in the early 
time after incorporation or whether they should be 
attributed to the continuous irradiation of the bone 
in excess of a certain level throughout the entire 
history of the case. The long survival times of 
persons with high radium burdens are surprismg and 
require more detailed observation and study. 

The foregoing accounts on the present situation ofre- 
search in the field of total-body radioactivity show 
some of the problems encountered in the endeavour to 
determine qualitatively and quantitatively the kind of 
radioisotopes incorporated daily by living systems. their 
amounts and their distribution in the intact organism. 

The situation is quite complex, and additive 
information appears as mentioned by Stehney!* to 
increase the difficulty to come to conclusions, except 
the one: that only uncertain generalizations can be 
made from the analysis on subjects of unknown origin. 

However, the problems arising in connexion with 
the present increase in radiation sources, with the 
possibility of repeated and extended exposures of 
great populations, made it mandatory to find base- 
lines on which the dangers from man-made environ- 
mental contamination and other low-level radiation 
sources, including some of the space radiations, can 
be estimated and evaluated. 

The study of the Nature-given radioactivity in 
living systems and its dependence on external and 
internal factors is one way to approach this problem. 

1 Krebs, A., Science, 119, 429 (1954). 
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OBITUARIES 


Mr. S. A. Moseley 


THe death occurred on December 5, 1961, of 
Sydney Alexander Moseley, an author and journalist, 
who played an enthusiastic part in promoting the 
initial development of the Baird television system in 
Great Britain. 

He was born in London in 1888, and joined the 
staff of the Datly Express in 1910. Later, he edited 
various newspapers in Egypt, and became the Cairo 
correspondent of the New York Times and the Paris 
Daily Mail. In 1914, after a period in the University 
of London Officers’ Trai Corps, he became the 
official correspondent to the Mediterranean Expedi- 
tionary Force. After the First World War, Moseley 
became a newspaper writer on radio both in Britain 
and in the United States. He was a founder and life 
member of the Overseas Preas Club of Amerioa, and 
founder and first president of the Broadcast Critics’ 
Cirole. 

It was as a journalist that Moseley first became 
interested in Baird’s early experiments in television 
and his endeavours to raise money to support these. 
After witnessing a laboratory demonstration of the 
transmission of a visual image, he foresaw in this the 
beginnings of television; and he devoted time and 
energy to publicizing Baird’s work in the Press. 
Later, he joined the Baird Television Company, and 
co-operated enthusiastically with the inventor in his 
struggles to obtain recognition and adequate support. 

Sydney Moseley was the announcer on the occasion 
of the first experimental television broadcast made 
by the B.B.C. in September 1929, when a letter was 
read from the President of the Board of Trade, Sir 
William Graham, and speeches given by Sir Ambrose 
Fleming and Prof. E. N. da C. Andrade, followed 
by some entertamment. Moseley was also instru- 
mental in arranging with the B.B.C. and the Post- 
master-General for the Derby to be televised in May 
1931, and a year later a large-screen demonstration 
of the finish of the Derby was given in a London 
cinema fifteen miles from the race-course at Epsom. 

Many of his experiences and impressions during 
this pioneer work in television are described by 
Moseley in some half-dozen books, of which Tele- 
vision Today and Tomorrow (1930) and Broadcasting 
in My Time (1935) may be mentioned. He also wrote 
an interesting biography, John Baird, with the sub- 
title The Romance and Tragedy of the Pioneer of 
Television. 

In addition to music, opera, swimming, tennis and 
golf, Moseley counted among his recreations ‘losing 
money made by writing by speculation on the Stock 
Exchange”. R. L. Surre-Rosz 


Prof. August Žáček 


Dr. AvavsrT ŽAČEK, late professor of experimental 
physics at the Charles University of Prague, died on 
October 26, 1961, at the age of seventy-five. He 
became director of the Department of Physics of that 
University in 1922 and acted in that capacity until 
1940, when the University was taken over by the 
Germans during the occupation of Czechoslovakia 
and he was deprived of his post. He was re-instated 
to his former position at the end of the War, but, for 


obscure reasons, was forced to retire prematurely 
after the new régime had been established in Czecho- 
slovakia in 1948. From then on he was not able to 
make use of the laboratory and library facilities of 
the University and other scientific organizations, and 
lived in poverty and isolation, though still keenly 
interested in physics and trying to continue working. 

His main field of research was alternating current, 
especially of high frequency, where his greatest 
achievement was the invention of the ‘magnetron’, a 
device for generating very short electromagnetic 
waves, consisting of a cylindrical diode placed in a 
magnetic field parallel to its axis. This device is now 
generally used for the determination in teaching 
laboratories of the specific charge of the electron, and 
it was, in greatly improved form, extensively used 
during the Second World War as a generator for 
radar waves. He also carried out important work on 
piezo-electric quartz oscillators. During 1921-22 he 
worked with Siegbahn in Sweden on X-ray spectra, 
— on the L-series of the newly ———— 
hafnium 


He was an excellent and devoted teacher — & 
very wide experience in teaching experimental physics 
to students of physics, chemistry, medicine and 

pharmacy, and he published a number of text-books 
in the Czech language based on his lecture courses. 

Žáček was a person’ of great charm and wit, with a 
wide and liberal outlook and the courage to express 
his opinions freely. The few of his personal friends 
who are still alive will remember him lovingly and 
deplore the cruel fate which cut short the working 
life of a distinguished scholar. R. H. FÖRTH 


Mr. Cedric Dover 


Somn men’s lives mirror the intellectual movements 
of their generation. Cedric Dover, who died in London 
of a heart attack on December 9, 1961, was a writer of 
many talents. But all of them reflected the move- 
ment by which coloured people have asserted their 
political and cultural dignity. 

Born in Calcutta of Eurasian parents, Dover was 
employed in the Zoological Survey of India and was 
then sent by Dr. N. Annandale to study zoology at 
Edinburgh. But after two years he returned to a 
series of appointments with the Malayan and Indian 
Governments as entomologist, ostreoculturist and 
lecturer at the Indian Forest College. At the same 
time he studied contemporary attempts to develop 
a scientific study of minority problems and cultivated 
support for Co among the Eurasian community. 

In 1934 Dover put entomology on one side to con- 
centrate on criticizing the current biological approach 
to problems of racial mixture. This he did in a 
scintillating and polished book, Half-Caste (1937), 
which embodied the results of his wide travels and a 
review of racial thought against a world perspective. 
It played an influential part in the subsequent 
re-evaluation of the nature and -consequences of 
miscegenation. 

After demobilization from the Royal Army Medical 
Corps, Dover spent two years lecturing in the United 
States before returning to live in London. Though 
his mind often returned to biological problems, 
especially to sub-speciation and the taxonomy of 
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human variation, his chief interests now lay in the 
cultural field. He published a series of papers on the 
racial philosophies of Herder, Ibn Khaldun. Halevi 
and Antar, and other works, notably his poems Brown 
Phoenix (1950) and American Negro Art (1960). In 
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Atomic Energy Commission (Australla), Lucas 
Heights Research Establishment : Mr. K. F. Alder 


Mr. Kerra FREDERIOR ALDER bas been appointed 
director of the Lucas Heighta Research Establish- 
ment of the Atomic Energy Commission. He succeeds 
Dr. G. C. J. Dalton, who died in July (Nature, 191, 
1142; 1961). Mr. Alder, who was previously deputy 
director, had been acting director for some time. 
Mr. Alder is a metallurgist with a distinguished 
career. An increasingly important part of the Com- 
mission’s programme is research into the properties 
of materials which might be used in the development 
of an advanced form of nuclear power reactor. Mr. 
Aldor has played a leading part in this work, and 
some of the results which are now beginning to 
emerge are attracting considerable interest in other 
countries. Mr. Alder was born m Melbourne in 192] 
and graduated at the University there in 1942. He 
went to the Ammunition Factory at Footscray, 
Victoria, as metallurgist, and then lectured in metal- 
lurgy at the Newcastle (New South Wales) Technical 
College. In 1949 he worked on weapons research for 
the British Government; this work involved beryl- 
lium and plutonium—metals of importance also in 
nuclear reactors for the generation of electricity. He 
returned to Australia, and during 1981-53 lectured 
at Newcastle University College and then at the 
University of Melbourne. Shortly after the Com- 
mission was formed, Mr. Alder joined the staff, and 
worked with the Australian research teem at the 
Harwell Research Establishment of the United 
Kingdom Atomic Energy Authority. As head of the 
Metallurgy Section, he played an important part in 
the general organization of the staff, equipment 
and buildings for Lucas Heights. 


Econometrics and Social Statistics at Birmingham : 
Prof. A. A. Walters 


Mr. A. A. WALTERS, formerly lecturer in econo- 
roetrics in the University of Birmingham, hes been 
elected professor of econometrics and social statistics 
in that University. Prof. Walters’s main teaching 
interests have been concerned with applied econo- 
metrics. One important development at Birmingham 
has been the integrated teaching of mathematics, 
economics and statistics. Prof. Walters has 
introduced courses in applied econometrics which 
have played a central part in this approach. For 
future teaching development there are two main 
proposals: the first is to extend the integrated method 
of teaching in econometric techniques to business 
studies; the second is the broadening of degree 
courses in engineering by the inclusion of special 
courses in mathematical economics and management 
econometrics for engineers. In theoretical research, 
Prof. Walters has been concerned, with interpreting 
economic theory when the basic variables are stochas- 
tic in character. In empirical research, Prof. Walters 
has concentrated on the statistical verification of 
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these historical writings, as in his sociology and 
politics, Cedric Dover was continuously a leader of 
new trains of thought. His scientific training, 
sparkling prose and wide-ranging sympathy enabled 
him to do this with distinction. MICHAEL Banton 


d VIEWS 


economic theory, and particularly on the use of 
engineering data for testing hypotheses. He is at 
present engaged on three pieces of empirical research: 
on investment relations; on the measurement of cost 
and production functions; and on economic develop- 
ment. Collaboration on research with departments 
in applied science is likely to be even closer, as new 
ways are discovered for using technological data in 
the social sciences. The Department of Econometrics 
and Social Statistics will continue its work on develop- 
ment problems, production functions, stochastic 
processes, and problems of measuring social phene- 
mena. 


U.S. National Bureau of Standards : 
Mr. B. L. Page 


Mr. Bensamin L. PAcm has retired from the post 
of chief of the Length Section at the National Bureau 
of Standards, U.S. Department of Commerce, after 
forty-three years at the Bureau. Mr. Page is well 
known for the very precise length measurements of 
line standards he has made. Mr. Page has been in 
charge of the laboratory that has custody of a 
platinum~—iridium meter bar known as ‘Protot 
Meter No. 27’, which was the national standard of 
length for seventy years. He was responsible for 
comparing it with the various secondary line stan- 
dards of length and long-gauge blocks which are 
measured in terms of the wave-length of light. In 
1960 the meter bar was replaced as the national - 
standard of length by a wave-length of krypton-86 
light. Mr. Page, together with other members of the 
Bureau staff, participated in the measurement of the 
meter bar in terms of the wave-length of krypton 
light, the first such direct determination ever per- 
formed. 


Mr. T. R. Young 


THEODORE R. Youna has been appointed to succeed 
Mr. Page. Mr. Young will direct a programme which 
makes accurate and rapid length measurements of 
the standards which Federal and State agencies, 
manufacturers and scientists send to the Bureau for 
calibration. The Bureau compares various standards 
of length (including line standards and precision gauge 
blocks) in order to ensure unity of results of line, 
end and wave-length standards. Mr. Young joined 
the staff of the National Bureau of Standards as a 
physicist in the Optical Instruments Section in 1949. 
He developed large-aperture interferometera and 
applied them to testing large lens systems and the 
homogeneity of glass. In 1954 he was assigned to the 
superprecision gauge block programme in the Engin- 
sering Metrology Section. This project, originally 
sponsored in part by a group of private industrial 
manufacturers, has as its goal the development of 
stable gauge blocks and to measure their lengths 
accurately to one part in ten million. Mr. Young 
became chief of this project in 1959. ' 
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Zoology at Durham : Prof. D. Barker 


Proy. David BARKER has been appointed to the 
chair of zoology in the Durham Division of the 
University of Durham, succeeding Prof. J. B. Cragg, 
who resigned in order to take up a senior post with 
the Nature Conservancy (Nature, 190, 488; 1961). 
Prof. Barker went up to Magdalen College, Oxford, 
in 1941, and, after being awarded ea Jenner Exhibition, 
graduated in zoology with first-class honours in 1943. 
In 1946 he was appointed to a Senior Demyship at 
Magdalen College and obtained a Leverhulme Research 
Scholarship at the Royal College of Surgeons. In 
1948 he graduated D.Phil. with a thesis entitled 
“The Recovery of Proprioceptor Function after 
Nerve-injury”. In this year he was awarded the 
Rolleston Memorial Prize. He was appointed to the 
chair of zoology in the University of Hong Kong in 
1950. At Hong Kong Prof. Barker, as head of’ the 
Department of Biology (which has since divided into 
two Departments), was confronted with many 
responsibilities, the organization of courses from the 
most elementary up to the special honours level in 
zoology and extra-mural work. It is also remarkable 
that he found time to organize and direct a most 
successful Fisheries Research Unit equipped with its 
own laboratory and research vessel. Prof. Barker’s 
main interests lie in the field of proprioception; he 
has recently organized an international symposium 
on muscle receptors in connexion with the golden 
jubilee of the Univeraity of Hong Kong. He has a 
great interest in field work as is shown by his leader- 
ship of expeditions to North Borneo and (1950) to 
Tunisia, in the latter case to investigate the remark- 
able hot-spring crustacean Thermosbaena mirabilis. 
Prof. Barker is a man of wide and extremely varied 
talents and great energy and will undoubtedly make 
his mark in his new post. 


Humber Laboratory, Hull : 
Dr. G. H. O. Burgess 


Dr. G. H. O. Burcess has been appointed officer- 
m-charge of the Humber Laboratory, Hull, in 
succession to Dr. C. L. Cutting, who has now been 
appointed director of research, British Food Manu- 
facturing Industries’ Research Association at Leather- 
head (Nature, 193, 219; 1962). The Humber 
Laboratory was established in 1950 by the Depart- 
ment of Scientific and Industrial Research to deal 
specifically with the problems of the Humber-based 
fish industry. Dr. Burgess, who is thirty-five, having 
obtained an honours B.Sc. at the University of 
Reading, worked between 1951-54 on a problem 
connected with fish at the University of Hull, under 
a contract placed by the Department of Scientific 
and Industriel Research, and was awarded the degree 
of Ph.D. of the University of London. He joined the 
Humber Laboratory, Hull, in 1954. In 1959 he was 
transferred to Torry Research Station, Aberdeen, to 
take on overall responsibility for obtaining informa- 
tion about the fish industry. 


The Royal Society 


In the House of Commons on January 25, Mr. H. 
Brooke, Chief Secretary to the Treasury, said that 
his officials had been approached by the Royal Society 
about the possibility of accommodation for the 
Society in Carlton House Terrace and that the 
Society had been informed that it would be difficult 
to go beyond the offer of additional accommodation 
in Burlington Gardens which the Government had 
already made to the learned societies. When Mr. A. 
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Albu urged that the Royal Society was badly in need 
of more space than it had in its present premises and 
asked if the Government would go further and 
provide @ real scientific centre, Mr. Brooke added 
that the learned societies, including the Royal 
Society, already occupied nearly 68,000 sq. ft. of 
Government accommodation rent free and were 
shortly to be provided in Burlington Gardens with 
further accommodation which would increase the 
total to nearly 89,000 sq. ft. and that he did not think 
the Government could be criticized for parsimony 
here. 


Publication of Industrial Research in the United 
States 


Tam National Science Foundation has carried out 
& study to show the publication policies and practices 
of 174 companies performing relatively large amounts 
of basic research during the period 1957-59 (NSF 
61-62. Pp. vi+43. Washington, D.C.: Government 
Printing Office, 1961. 25 cents). The report reveals 
that companics with liberal policies concerning pub- 
lication feel that publication of basic research findi 
increases the prestige of their companies, facilitates 
their recruitment of scientiste and engineers, and 
improves staff morale. On the other hand, a number 
of companies stated that premature release of basic 
research information may be disadvantageous to the 
interests of their companies. When competitive 
considerations are involved, basic research findings 
may be delayed or withheld from publication. Nearly 
all the companies indicated that there was a clearance 
procedure for the publication of basic research papers 
prepared by their scientists and engineers. Many 
companies encouraged the publication of papers 
written by their scientific staff by providing services 
to assist the author in preparation of his paper. The 
annual volume of basic research papers originating 
from the 174 companies increased appreciably during 
1957-59. The total of 3,310 basic research papers 
prepared in 1959 was 23 per cent higher than the 
2,700 for 1958, and 45 per cent higher than the 2,290 
reported for 1957. Companies with large expenditure 
for basio research accounted for a major share of the ` 
basic research papers reported by the 174 companies. 
The eight companies which expended ë million 
dollars or more for basic research accounted for 1,450 
papers in 1959, or 44 per cent of the total. On the 
other hand, 39 companies with funds for carrying 
out basic research, ranging between 50,000 and 99,000 
dollars, reported 150 papers, or 5 per cent of the 
total. 


French Study Centre for Small and Medium-sized 
Firms 


A “Centre of Technical, Economic and Social 
Studies and Projects for Small and Medium-sized 
Firms” has been set up in France. The Centre will 
provide firms with a number of technical, economic 
and financial services to help them to prepare long- 
term expansion programmes and give the technical 
data they need for carrying out these plans. The 
Centre provides three types of services—technical, 
financial and economic. Technical services cover all 
technical problems concerning the firm, such as 
selection, wage-rates, output and production capacity 
of plant and equipment. Financial services mclude 
the financial structure of the firm, its financial 
problems and credit transactions, whether short, 
medium or long-term. It compiles dossiers to be 
submitted to banking and credit eatablishments. In 
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its economic services the Centre will certify that the 
firm is economically sound and give the managing 
director the data on which to base his development 
plans (supplies and outleta, market research, oto.). It 
studies problems of specialization, conversion and 
decentralization so that the firm may achieve 
optimum, production conditions. It helps to set up 
common services and new organs of expansion (sub- 
contracting exchanges, export groups, market re- 
search services in France and abroad). The Centre 
will work in close liaison with trade associations, 
Government agencies, productivity centres, and 
banking credit establishments (European Produc- 
tivity, 39; Autumn 1961). 


Research In the British Wool Textile Industry 


In) moving the approval of the Wool Textile 
Industry (Scientific Research Levy (Amendment) 
Order) in the House of Commons on January 23, the 
Parliamentary Secretary to the Board of Trade, Mr. 
N. Macpherson, explained that the purpose of the 
Order, made under the Industrial Organization and 
Development Act, 1947, was to increase by one-third 
the rates of the levy payable by the wool textile 
industry for scientific research. The levy had yielded 
an average of £184,000 a year, most of which went to 
the Wool Industries Association, which 
also received a grant from the Department of Scientific 
and Industrial Research, and it was the policy of that 
Department that industry should carry a gradually 
increasing percentage cost of research. Work was 
also carried out for the Wool Textile Research 
Council by universities and technical colleges and it 
was considered likely that reserves held by the Board 
of Trade for the Research Council would be en- 
croached on before the levy at the increased rate 
could be collected. The increase in the lovy had been 
requested by the largest organization of employers 
in the industry and was warmly supported by the 
trade unions. Under the levy the maximum grant of 
£70,000, payable on an industrial contribution of 
£170,000, would rise to £83,500 on an industrial con- 
tribution of £208,000. 

The Order, which was agreed, found general sup- 
port in the House, but some eomparisons were made 
between expenditure on research and development in 
the wool textile industry, which Mr. D. Ginsberg, 
and also Mr. H. Rhodes, put at about £335,000 a 
year, compared with £3-3 million a year by the man- 
made fibres industry, and he thought that entry into 
the Common Market would make the need for 
expenditure on research even more vital. Further, 
Mr. Rhodes quoted expenditure of £4,451,000 on 
research by the rayon industry, only 7 per cent of 
which was conducted by the research association 
compared with 84 per cent in the wool and worsted 
trades. ‘Tributes were freely paid to the work of the 
Wool Industries Research Association, but both Mr. 
Rhodes and Mr. G. R. Mitchison also referred to the 
importance of the wise selection of projects and to 
the need for effective co-operation between different 
research associations. Mr. Mitchison, in particular, 
questioned whether either the President of the Board 
of Trade or the Minister for Science was able to 
ensure effective co-ordination, and thought that the 
Minister for Science should be responsible for stimu- 
lating the application of new scientific and technical 
knowledge in small firms. Mr. Macpherson in his 
reply suggested that the availability of information 
was primarily a matter for the Research Association 
itself. 
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Metallurgy of Steel 


A PEYSIOAL METALLURGY SECTION has been set up 
in the British Iron and Steel Research Association’s 
Metallurgy Division to apply the latest metallographic 
techniques to the study of the behaviour and pro- 
perties of steels. Mr. R. Phillips, formerly of the Aeon 
Laboratories, has been appointed head of the Bection, 
which is equipped with the Siemens Elmiskop I 
100 kV. electron microscope, and the basic A.E.I. 
micro-probe analyser complete with scanning attach- 
ment, together with a wide range of optical metallo- 
graphic equipment. The prime purpose of the 
Section will be to carry out its own research pro- 
gramme on the development of improved steels, but 
ita facilities will be available to member companies 
who require metallographic studies to be made. 


International Commission on Zoological Nomen- 
clature 


Notion is given of the possible use by the Inter- 
national Commission on Zoological Nomenclature of 
its plenary powers in connexion with the following 
cases, full details of which can be found in the Bulletin 
of Zoological Nomenclature, 19, Part 1, published on 
February 2, 1962: (1) validation of Scolytus Geoffroy, 
1762 (Insecta, Coleoptera). Z.N.(S8.) 81; (2) suppression 
of eight dubious specific names of birds. Z.N.(8.) 
1033); (3) designation of a type-species for Ammo- 
disous Reuss, 1862 (Foraminifera). Z.N.(S.) 1087; 
(4) validation of two species named Ammonites 
laevigaia by J. de C. Sowerby, 1827 (Cephalopoda). 
Z.N.(8.) 1203; (5) validation of Biomphalaria Pres- 
ton, 1910 (Gastropoda). Z.N.(8.) 1392; (6) preserva- 
tion of Argyrodes Simon, Dtpoenura Simon, Robertus 
O. Pickard-Cambridge, and Theonoe Simon (Araneae). 
Z.N.(S) 1481; (7) validation of Corixa affinis Leach, 
1817 (Insecta, Hemiptera). Z.N.(8.) 1482; (8) 
designation of a type-species for Dromia Weber, 
1795 (Crustacea, Decapoda). Z.N.(8.) 1488; (9) 
validation of Parthenope Fabricius, 1798, and Lam- 
brus Leach, 1815 (Crustacea, Decapoda). Z.N.(S.) 
1487; (10) validation of Corystes Latreille [1802- 
1803] (Crustacea, Decapoda). Z.N.(8.) 1486. Any 
zoologist who wishes to comment on any of the above 
cases should do so in writing, and in duplicate, as 
soon as possible, and in any case before August 2, 
1962. Each comment should bear the reference 
number of the case in question. Comment received 
early enough will be published in the Bulletin of 
Zoological Nomenclature. Those received too late for 
publication will, if received before August 2, 1962, 
be brought to the attention of the Commission at 
the time of commencement of voting. All com- 
munications on the above subject should be addressed 
to the Secretary, International Commission on Zoo- 
logical Nomenclature, o/o British Museum (Natural 
History), Cromwell Road, London, 8.W.7. 


NATO Lectures on Tides and Storm Surges 


A course of North Atlantic Treaty Organization 
lectures entitled “Tides and Storm Surges’, arranged 
by the Tidal Institute and Observatory, University 
of Liverpool, is to be held in the University during 
March 26-30. The lectures to be delivered will 
include: gravity wavee—theory and hypothesis (Dr. 
B. Saint-Guily, Paris); the nature of the problem in 
oceans and seas (Prof. W. Hansen, Hamburg); the 
nature of the problem in coastal waters and estuaries 
(Dr. J. R. Rossiter, Liverpool); the analytical prob- 
lem—recent developments in the analytical treatment 
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of the two-dimensional problem (Dr. H. A. Lauwerier, 
Amsterdam); the analogue approach-——-the mathe- 
matical formulation of tidal problems in analogue 
computation (Dr. J. C. Schonfeld, The Hague); the 
numerical approach—a review of computing theory 
(Dr. H. O. Kreiss, Sweden); the numerical approach 
—review of computing practice (Prof. W. Hansen); 
the numerical approach—review of operators (M. B. 
Abbott, Denmark); alternative approaches—the 
method of characteristics (Dr. J. ©. Schonfeld); 
alternative approaches—characteristics and com- 
puters (M. B. Abbott). Further information can be 
obtained from Dr. J. R. Rossiter, Tidal Institute and 
Observatory, The Observatory, Birkenhead, Cheshire. 


Institution of Electrical Engineers 


Sm JOHN Hacrrme has been elected to honorary 
membership of the Institution of Electrical Engineers 
for his many contributions to the development of 
electricity supply in Great Britain and throughout 
the world, and for his long service to the Institution. 

The fortieth award of the Faraday Medal has been 
made to Sir Basil Schonland for the outstanding part 
he has played in the development of electrical science 
and engineering, in particular in the field of nuclear 
power. 


The Night Sky In March 


NEw moon occurs on Mar. 6d. 10h. 31m. v.t. and 
full moon on Mar. 21d. O7h. 56m. The following 
conjunctions with the Moon take place: Mar. 3d. 
22h., Saturn 1° §.; Mar. 4d. 13h., Mercury 0-7° §.; 
Mar. 5d. 02h., Mars 0:5° 8.; Mar. 6d. O3h., Jupiter 
0-1° 8.; Mar. 12d. 05h., Aldebaran 0:6° 8.; Mar. 18d. 
17h., Regulus 0:6° §.; Mar. 3ld. llh., Saturn 1° 8. 
In addition to these conjunctions with the Moon, 
Mars is m conjunction with Jupiter on Mar. 6d. 
14h., Mars being 0-4° RB., Mercury with Jupiter on 
Mar. 13d. 04h., Mercury being 1° 8., and Meroury 
with Mars on Mar. 18d. 17h., Mercury being 1° 8. 
Mercury is too close to the Sun for observation. 
Venus is an evening star, setting about an hour after 
the Sun. Mars, Jupiter and Saturn are all morning 
stars, but are too close to the Sun for observation. 
Occultations of stars brighter than magnitude 6 are 
as follows, observations being made at Greenwich: 
Mar. lld. 22h. 51-4m., y Tau. (D); Mar. 18d. 16h. 
02-2m., a Leo. (R). There is also an occultation of 
Mercury, visible at Greenwich, Mar. 4d. 13h. 1837m, 
(D), Mar. 4d. 14h. 19-4m, (R). D and R refer to 
disappearance and reappearance, respectively. ‘The 
vernal equinox occurs on Mar, 21d. 02h. 


Announcements 


TEE Linnean Gold Medals for 1962, awarded by — 
Linnean Society of London, are to be presented at the 
anniversary meeting of the Society on May 24 to 
Dr. N. L. Bor, formerly assistant director of the 
Royal Botanic Gardens, Kew, and to Prof. G. 
Gaylord Simpson, Museum of Comparative Zoology, 
Harvard College, Cambridge, Mass. 


Dr. B. N. Brockxovussz, Atomic Energy of Canada, 
Ltd., has been awarded the Oliver E. Buckley Prize 
for Solid-State Physics for his work in the field of 
phonon-spectra and spin-wave spectra of solids by 
scattering of neutrons. 


Discovery is offering two prizes, each of £100, for 
esanys on the subject “What is Science For?” One 
prize will be awarded to a scientist, and one to a 
non-scientist. Entry forms and further information 
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can be obtained from Essay Competition, 
Mercury House, 103-119 Waterloo Road, London, 
8.E.1. 


A FUND is to be established as a memorial to Dr. 
Gertrude L. Elles of Newnham College, Cambridge. 
It has been suggested that the fund should be used 
to provide grants for students of geology or geography 
for travel or field work, or to defray the expenses of 
publishing — work. Subscriptions should be 
sent to Mrs. H. Quiggin, 8 Grantchester Road, 
Cambridge. 


Tue managing trustees of the Drummond Trust 
are offering a senior Drummond Fellowship, tenable 
for two years and valued at £1,100 a year, for 
research in nutrition. Further information can be 
obtained from the Honorary Secretary, Drummond 
Trust, University College, Gower Street, London, 
W.C.1. 


AN informal discussion on “Inhibition of Gaseous 
Free Radical Chain Reactions” is to be held in the 
University of Cambridge during April 12-13. Further 
information can be obtained from Dr. B. G. Gowen- 
lock, Department of Chemistry, 

Birmingham, Birmingham 15. 

A METING on “The Basic Science of Electrical 
Ceramics”, arranged by the basic science section of 
the British Ceramic Society, is to be held in London 
during April 4-5. Further information can be 
obtained from Dr. J. P. Roberts, Houldsworth School 
of Applied Science, The University, Leeds 2. 


Tus fifteenth Laboratory Animals Centre congress 
will be held at the Royal Veterinary College, London, 
during April 9-10. Further information can be 
obtained from the Laboratory Animals Centre, 
Medical Research Council Laboratories, Carshalton, 
Surrey. 

A sympostum on “Enzyme Mechanisms in Active 
Transport Systems”, arranged by the British Bio- 
physical Society, is to be held at the Middlesex 
Hospital Medical School on March 10. Further 
information can be obtained from Dr. R. D. Keynes, 
Agricultural Research Council, Institute of Animal 
Physiology, Babraham, Cambridge. 


A. OONFERENOEH, arranged by the Scottish branch 
of Aslib, is to be held in Perth during March 16-17. 
The lectures to be given will include: ‘‘Writing the 
Literature of Science” (Mr. A. Clow); “Preparing 
Scientific Material for the Press” (Mr. Beck); ‘“Pub- 
lishing Scientific and Technical Material” (Mr. D. 
Ainslie Thin); ‘‘Bookbinding Standards and Develop- 
ments” (Mr. D. Moncur); “Foreign Publications: 
Availability and Translation” (Dr. D. J. Urquhart). 
Further information can be obtained from Mr. H. 
Greenshields, 27 Sweyn Road, Thurso, Caithness. 


Errata. The illustration to the article ‘“Preserva- 
tion of Cells in Tissue Culture” in Nature of February 
10, p. 549, has been reversed. In its present form the 
caption should read “... Top left, glycerol, seventh 
day; top right, glycerol, fourth day; bottom left, 
dimethyl sulphoxide, seventh day; bottom right, 
dimethyl sulphoxide, fourth day”. 


The Editor has been informed by Dr. A. D. 
Bangham that in his article entitled ‘Phospho- 
lipids and Sulpholipids’? (Nature, 192, 807; 1961) 
the third line from the end of the second paragraph 
should read “. . . the trimannosides alone being 
almost as effective as BOG. >» and not “... the 
dimannosides .. .” as printed. 


University of 
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POLICY FOR HIGHER EDUCATION IN BRITAIN 


MONG the evidence submitted by the Committee 
of Vice-Chancellors and Principals of the 
Universities of the United Kingdom to the Robbins 
Committee was the declaration that the power to 
grant degrees should be restricted to teaching bodies *. 
The heads of universities would greatly regret any 
suggestion that degree-granting powers, should be 
given to institutions which were merely examining 
bodies. Even though an individual teacher may not 
himself examine the students he has taught, the 
general body of teachers should be in effective control 
of the curricula and examinations on which degrees 
are awarded. 

The Committee recommends that colleges of 
advanced technology should be granted charters 
enabling them to bestow specified degrees and to 
enjoy systems of self-government appropriate to 
this status. With training colleges, however, the 
Committee recognizes that the obligation to pursue 
research is in general not recognized as an essential 
part of the duties of the staff, though there are 
important exceptions, and some teachers, often in 
difficult and disco ing circumstances, do pursue 
their personal studies to high levels. The training in 
such colleges is inevitably directed towards one 
profession. If a wider role were contemplated for 
such colleges or for a selected number of them, it is 
essential that the ‘student should be given the right 
to defer his choice of profession, and, in such circum- 
stances, the colleges would presumably move to a 
situation more akin to that obtaining in the univer- 
sities where the professional courses for teachers are in 
most cases limited to a concluding year. The Com- 
mittee welcomes the willingness which many univer- 
sities have expressed to make wider and more flexible 
use of the powers, which many of them already 
possess, to recognize the new three-year training 
college courses as exempting students from some 
part of the requirements for a first degree. 

Of degree courses, experiments which are taking 
place in relation to the master’s degree are to be 
commended, and the Committee believes that the 
master’s degree could in many cases be based on the 
successful completion of a further course of organ- 
ized study which does not necessarily involve re- 
searoh. 

The addition of a fourth year to the basic degree 
course would be an unfortunate . If a four-year 
course became normal, universities would be unable to 
admit as many entrants, and a smaller output of 
university graduates involved could not be contem- 
plated either in the immediate or in the more distant 
future. The existing practice whereby a standard 
three-year course can, in appropriate circumstances, 
be followed by a one-year postgraduate course of 
instruction, is the obvious solution and ought to be 
further developed. 

Wastage-rates, according to the Committee, could 
not reasonably be expected to be leas than 10 per 
cent. A figure less than this would be capable of the 
interpretation that selectors were playing for 
academic safety. There is, however, a number of 


* Committes of Vice-Chancellorsa and Prine of the Universities 
of the Unlted Kingdom. Momorsogury of Rridenoe to the Committee 
on Higher Education. Pp. 1 (London: Committee of Viee-Chan- 
cellors and Principals of the Uiiversitios of the United Kingdom, 1961.) 


factors likely to operate in the future which would 
make any prognosis about wastage-rates more than 
usually difficult. Change and experiment introduce 
some hazards; the multi-subject honours degree 
which so many students believe would suit them is 
not necessarily of an easier standard than the single- 
subject degree. Even more important will be the 
growing number of students coming into the uni- 
versity from backgrounds which have hitherto had 
no cognizance of universities at all. 

In relation to women candidates, the present 
position is not satisfactory. The difficulties which 
arise however, are, not directly attributable to the 
universities. In the main, the girls’ schools are less 
well equipped to bring candidates to the level of 
university entrance than are boys’ schools. especially 
in science and mathematics. The universities would 
welcome more women, particularly in science, and 
would regret a situation in which the science side 
became predominantly male and the arts side pre- 
dominantly female. The employment position is such 
that many occupations would welcome more women 
graduates. 

It is difficult to say whether the present allocation 
of time in universities between teaching and research 
is satisfactory; few teachers can divide their time 
simply between these two. A large number of 
teachers is inevitably involved in administration 
one way or another. These and other sabbatical 
activities present the university teacher with a 
problem as to how he should allocate his time. The 
ideal would be the allocation of one-half the time to 
teaching and the other to research, including under 
both headings the administrative work pertinent to 
them and bearing in mind the fact that the propor- 
tions are not equally spread throughout the year, for 
students are present only during term and much 
research work is done in vacations. 

The Committee's concern is to ensure that the balance 
between teaching and research is not imperilled 
by the expansion to 175.000 places. This concern 
is more urgent because of the increasing impression 
among the staffs of the universities that the Govern- 
ment directs too small a proportion of its research 
expenditure into the universities. Britain will be the 
loser if the potential of the universities is not fully 
exploited because of the failure to provide sufficient 
resources. 

The Committee welcomes the increasing activity 
of the private foundations with the help of which 
some of the most interesting experiments in teaching 
and research over the past few years have taken 
place. They have, quite properly, refused to support 
the merely routine activities. Their policy of under- 
writing the project which has a considerable element 
of risk has permitted the universities to be more 
adventurous than would normally have been the 
case. But this policy will be abortive unless the 
universities are put into a position to take up those 
projects which prove to be successful after- the 
exploratory period is over. Similarly, the Committee 
of Vice-Chancellors and Principals welcomes the 
continued interest in, and support of, university 
activities by the more progressive industrial firms, 
and particularly those industrial donors who have 
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included the arte and social sciences in their bene- 
factions. 

The universities in Britain have maintained a high 
degree of independence in mattera of academic 
planning and general policy. They choose their own 
students and staff and themselves determine the 

content of their teaching. Finance and aspects of 
policy inseparable from finance are rightly the 
subject of discussion between the universities and 
the Government. While greater availability of 
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resources at an earlier period would have better 
enabled the universities to cope with the difficulties 
that lie immediately ahead, and, in consequence, 
university initiatives have been restrained, the 
balance between university freedom and Government 
control is, broadly speaking, maintained in a satis- 
factory position. 

The Committee also makes recommendations for 
strengthening the University Grants Committee by 
the appointment of a full-time deputy chairman. 


DEPTH AND TECTONICS AS FACTORS IN REGIONAL 
METAMORPHISM : 


HE Geological Society of London held the third 

of its recently instituted series of symposia at 
the Royal Institution on November 22, with Prof. 
§. E. Hollingworth, president of the Society, in the 
chair. 

Prof. H. H. Read opened the symposium with 
“Some Introductory and Cautionary Remarks” in 
which he pointed out that the pressures concerned. in 
regional metamorphism may not be related to true 
crustal depth and that it was not always safe to argue 
that large vertical movements had occurred where 
minerals known to form at high pressure were 
exposed at the surface. This topic was taken up later 
in the discussion when several speakers argued that 
tectonic pressures might well exceed load pressure 
during regional metamorphism and that the experi- 
mental evidence concerning the pressure at which 
minerals such as kyanite crystallized was not in 
conflict with field evidence which suggested that the 
mineral could develop rather high in the crust. 

Prof. Read and Dr. G. A. Chinner both directed 
attention to the importance of andalusite as a product 
of regional metamorphism. Prof. Read suggested 
that metamorphism of Buchan type characterized 
by andalusite schists might well prove to be more 
widespread than the Barrovian sequence. Dr. Chinner 
discussed the application of synthetic data to pelitic 
rocks, arguing that the Al,SiO, polymorphs are ideal 
as their phase relationships are independent of the 
bulk composition of a rock: He suggested that the 
triple pomt at which kyanite, sillimanite and andalus- 
ite coexist hes in the vicinity of 10-1] kilobars and 
500-600° C., and that is probably the most reliable 
pressure-temperature indicator available. Dr. Chin- 
ner gave a summary of some of the features of the 
andalusite-sillimanite sequence (Buchan or Abukuma 
type regional metamorphism), which is often found 
around metamorphic nodes or ‘highs’ which develop 
in & broad sequence of low-grade rock of greenschist 
or lower amphibolite facies. Gneissic granite or 
migmatite may occur in the centre of such rocks, 
examples of which are known from the Abukuma 
_ Plateau in Japan, the Cooma and Albury regions of 
New South Wales and northern Michigan. among 
other localities. Dr. Chinner suggested that such 
rocks formed where recrystallization along geothermal 
gradients of between 15° C. and 50° C. per km. had 
been followed by an abrupt rise in temperature 
associated with the intrusion of granite or the uprise 
of ‘juvenile’ water. Dr. Chinner illustrated his 
argument with maps of the distribution of kyanite 
and andalusite in the classic ground in north-east 
Scotland, where Barrovian and Buchan metamor- 


phism are developed in neighbouring areas. Dr. 
Chinner suggested that certain sillimanite rocks in 
this region had formed after the Icydnite and andalus- 
ite and that these marked an isobaric rise in tempera- 
ture which led to the development of migmatite. 
Dr. Chinner also pointed out that stress-developed 
pressure might have exceeded depth-load pres- 
sure where kyanite-sillimanite sequences had devel- 
oped 

Dr. R. A. Howie directed attention to the evidence 
for directed pressure which Read and Pitcher had 
provided in their account of the main Donegal 
granite, around which kyanite-bearing rocks were 
developed, and also commented on the possible 
difficulties in using the andalusite—kyanite—sillimanite 
triple point, since the fields of stability of the three 
polymorphs were not separated by lines so much as 
by bands of indifference. 

Dr. Howie referred to the way in which 
certain changes in the composition of common meta- 
morphic minerals threw light on conditions of 
metamorphism and mentioned his own work on the 
Al,O, content of orthopyroxenes, which, it will þe ` 
recalled, he had found to be unusually high in certain 
granulite facies rocks. 

Prof. K. C. Dunham mentioned a striking example 
of metamorphic inversion caused by shearing stress 
in which rocks of the albite-epidote amphibolite 
metamorphic facies overlay green-schist facies rocks 
which in turn passed downwards into unmetamor- 
phosed rocks. It seemed probable that the highest 
grade rocks of this sequence have formed at very — 
shallow depths. 

Dr. J. Haller provided a fascinating account of - 
metamorphic and migmatitic rocks from eastern 
Greenland. These are exposed on large unweathered 
surfaces where it is possible to observe and photo- 
graph structures which elsewhere can only be recog- 
nized after prolonged geological mapping. As a 
result of this, Dr. Haller has been able to examine a 
strip 1,400 km. long within the East Greenland 
Caledonian fold belt. After describing the general 
structure and the time-sequence of events which 
occurred in this orogeny, Dr. Haller went on to discuss 
the large-scale migmatitio structures. He showed that 
migmatites had developed both in the sedimentary ~ 
cover and in the underlying pre-Caledonian crystalline 
basement. Dr. Haller distinguished a number of 
syntectonic migmatite masses which he classified as 
regional doming and locally upwelled masses. The 
regional bodies are circular to oval masses more than. 
20 km. in diameter, while the smaller masses measure 
up to a few kilometres across. Among these, Dr. 
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Haller had recognized migmatite domes, tongue- 
shaped migmatite bodies, sheets, mushroom-shaped 
masses and migmatite complexes formed where 
migmatites of several types coalesce. 

Dr. Haller referred to the intimate connexion 
between migmatization and regional metamorphism 
and showed that, just as in the Scottish Caledonides, 
the metamorphic zones cut across the fold structure 
and that the thermal changes outlasted the deforma- 
tion of the superstructure. 

Prof. B. C. King gave an account of the pattern of 
metamorphism in central and western Uganda, where 
in general there is & progressive increase in meta- 
morphism on descending the stratigraphical succes- 
sion. 

There is also, Prof. King showed, a broad correla- 
tion between grade of metamorphism and degree of 
deformation. A third factor is the proximity of 
granite. The occurrence of such mmerals as cordier- 
ite and andalusite and the facts outlined above 
suggest that the regional metamorphism may well 
be of Buchan type, though Prof. King did not specific- 
ally state this. 

Prof. King provided an especially interesting 
account of the reactivation of basement rocks during 
later cycles. He suggested that the fundamental 
control of metamorphism was a rise in the geothermal 
gradient in the central parts of what was originally a 
basin of deformation and latterly an orogenic belt. 

Dr. N. Rast discussed the relationship between 
deformation and regional metamorphism in the 
Dalradian rocks of Scotland. He showed that two 
peaks of regional metamorphism could be identified, 
the earlier of which accompanied the second of the 
three main phases of deformation, while the later 
occurred between the second and third folding 
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phases. Dr. Rast suggested that chemical equilibrium 
may be more readily reached when tectonic move- 
ment accompanied metamorphism and that under 
static conditions, at least in the lower grades of meta- 
morphism, a very limited migration of material occurs. 
He directed attention to the episodic nature of the 
Dalradian metamorphism and to recent work pointing 
to comparable polymetamorphism in the Alps and 


nees. 

Prof. J. Sutton discussed rather similar relation- 
ships near the margin of migmatite complexes of 
Caledonian and Pre-Cambrian age in north-west 
Scotland. One feature is the patchy development of 
metamorphic change in the outermost parte of the 
areas affected. A close relationship between the 
onset of metamorphism and the local intensity of 
deformation is observed in both regions which rein- 
forces one of the points made by Dr. Rast. Both the 
Laxfordian and the Caledonian complexes are bounded 
by rather sharp transition zones only a few kilometres 
in width beyond which the pre-existing rocks retain 
their old minerals and structures. Within the com- 
plexes a striking feature is the way in which deforma- 
tion gradually obliterates the discordance between 
originally cross-cutting structures. Dr. R. W. 
Rutland described some features of the Caledonian 
chain in Norway a feature of which is the development 
of nappes of high-grade crystalline rocks. Dr. J. M. 
Hancock suggested that examination of the post- 
orogenic sediments such as the old Red Sandstone 
might throw light on the controversial question of 
the depth of cover during regional metamorphism. 
As a large number of Fellows of the Society took 
part in the discussion, a number of contributions 
have necessarily been omitted from this summary. 

J. Surron 


INDIAN SEMINAR ON AERONAUTICAL SCIENCES 


SEMINAR in aeronautical sciences was organ- 
ized by the National Aeronautical Laboratory, 
Bangalore, under the auspices of the Council of 
Scientific and Industrial Research (India) and was 
held during November 27~December 2. The seminar 
was inaugurated by the Governor of Mysore and 
presided over by Prof. M. 8. Thacker, director-general 
of the Council of Scientific and Industria] Research. 
More than 250 delegates, including twenty delegates 
from foreign countries, namely, Australia, France, 
Holland, Japan, the United Kingdom and the United 
States, attended the seminar. The delegates were 
welcomed by Dr. P. Nilakantan, director of the 
National Aeronautical Laboratory. The technical 
sessions of the seminar covered several fields of 
aeronautical interest. 

Indian activity in the field of aviation is mainly 
concentrated at Bangalore, where Hindustan Air- 
craft, Ltd., has factories employing 18,000 people. 
This firm has produced under licence & large number 
of British-designed aircraft and aero-engines, and the 
first flight took place recently of the H/’-24, a super- 
sonic fighter of the firm’s own design. 

. There is also an excellent Aeronautical Engineering 
Department, under Prof. Satish Dhawan, at the 
Indian Institute of Science, Bangalore. This Insti- 
tute, the director of which is Dr. Bhagavantam, the 
scientific adviser to the Ministry of Defence, 
is very interesting to a visitor, as demonstrating the 


value of an entirely postgraduate teaching and 
research institution specializing in the basic physical 
and chemical sciences and their applications. 

The numerous defence laboratories in Bangalore 
include the Aeronautical Development Establishment 
under Dr. Mediratta. To all this previously existing 
aeronautical activity has now been added the impor- 
tant and rapidly developing National Aeronautical 
Laboratory under the Council for Scientific and 
Industrial Research. The seminar therefore gave a 
valuable opportunity to visitors to inspect much of the 
most important Indian activity in the aeronautical 
sciences, as well as to hear lectures on those subjects. 

The session on aviation meteorology was presided 
over by Dr. P. R. Krishna Rao, director-general of 
observatories, India. The main topic discussed was 
wind structure at high altitudes, particularly in and 
around India, and its influence on air navigation. 
The session on aircraft structure and materials was 
presided over by Dr. V. M. Ghatage. deputy general 
manager, Hindustan Aircraft, Ltd., and was devoted 
to creep, fatigue and thermal effects. Prof. S. Dhawan, 
and also Prof. R. Kawamura of the University of 
Tokyo, presided over the seasions on aerodynamics, 
and papers on formation and stability of shock waves, 
hypersonic aerodynamics and approximation in tran- 
sonic flows were presented. The highlights of the 
session were Major surveys on aerodynamic noise by 
Prof. M. J. Lighthill, director, Royal Aircraft Estab- 
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lishment (U.K.) and Mr. Arthur A. Regier, National 
Aeronautics and Space Administration (U.S.A.). 
Prof. Lighthill, and also Prof. P. L. Bhatnagar, of 
the Indian Institute of Science, presided over the 
sessions on fluid mechanics, and interesting papers 
were presented on flow in bent pipes, transition, the 
nature of turbulence, boundary layer problema in 
hypersonic flows and models for plasma oscillations. 
Dr. Frank L. Wattendorf, director, Advisory Group 
for Aeronautical Research and Development (NATO), 
presided over the session on wind-tunnel design and 
testing, aircraft propulsion and flight research. Papers 
were presented on wind-tunnel design problems, par- 
ticularly at high subsonic and transonic speeds. 
Particular interest was shown in a report by Mr. 
F. W. Hooton, of the Aeronautical Research Labora- 
tories, Australia, on the formation of a flight research 
group in his laboratories. Prof. S. V. C. Aiya, of the 
Indian Institute of Science, presided over the session 
on aviation electronics, 'and interesting papers were 
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presented, of which Mr. W. A. Johnson’s paper on 
recent researches done at the Royal Aircraft Estab- 
lishment in the field of aviation electronics, and that 
of Mr. L. R. Lucassen, National Aero- and Astro- 
nautical Research Institute, Holland, on an in- 
stationary method for measuring tenne radiation 
patterns of the Fokker-27 in flight, evoked consider- 
able interest. 

On the last night, a banquet was arranged at the 
Century Club, Bangalore. Dr. P. Nilakantan proposed 
a toast to “The Delegates”, and Prof. Lighthill, 
replying to the toast, proposed a toast to “The 
National Aeronautical Laboratory”. Several of the 
foreign delegates spoke expressing their personal 
sentiments, congratulating the National Aeronautical 
Laboratory on holding the seminar. The final session 
terminated with a vote of thanks by Dr. Y. V. G. 
Acharya to all delegates and the staff of the National 
Aeronautical Laboratory for their valuable co- 
operation in making the seminar a success. 


UNITY IN THE ELECTRICAL INDUSTRY 


HE title chosen by Mr. G. 8. C. Lucas for his 

presidential address, delivered before the In- 
stitution of Electrical Engineers on October 5, was 
“Unity in the Electrical Industry”. 

After a brief reference to the forty-five years which 
he had himself spent in the industry, Mr. Lucas pro- 
ceeded to review from several different points of view 
the changing pattern of the industry over the past 
half-century, to demonstrate a certain unity and 
continuity in its development, and +o derive from 
these some inferences as to the pattern for the future. 

Its man-power being the industry’s most important 
asset, Mr. Lucas began his review by a survey of the 
growth and deployment of the scientific and technical 
personnel of the electrical industry over the period 
1925-60. From the membership records of the 
Institution of Electrical Engineers it was possible to 
estimate fairly accurately the number of profession- 
ally qualified electrical engineers active in the United 
Kingdom at any given time. A similar estimate could 
be made of those qualifled by education and training 
but who at the time had not achieved full professional 
status. i 

Data from which the numbers of technicians can 
be estimated are less readily available. The educa- 
tional qualifications of technicians are normally 
derived from, National and Higher National Certificate 
courses or from City and Guilds courses, but a sub- 
stantial fraction of Higher National Certificate 
holders have qualified for corporate membership of 
the Institution of Electrical Engineers and thus fall 
in the professional group. In computing the numbers 
of technicians it has been assumed that 45 per cent 
of all who sat for the Higher National Certificate 
finally qualified for Graduate membership of the 
Institution. An appropriate correction has been 
applied for deaths and retirements, and it is further 
assumed that 20 per cent have gone abroad. The 
progressive totals derived from these computations 
together with the figures for professional electrical 
engineers are given in Table 1. 

Mr. Lucas directed particular attention to the rapid 
rise in the number of technicians, a factor not always 
taken into account in assessing our man-power 
resources. In a paper entitled “Recruitment of Pro- 


Table 1 
1980 1940 1950 1955 1960 
Professional man-power 8,800 14,250 24,000 80,000 38,000 
Technictan man-povwer: 
National Oe cate 1,960 8,060 22,600 86,500 609 775 
City and Guilds 2,860 9,150 20,000 20 25,000 
4,820 18,110 42,600 59,700 94,775 | 


feszional Electrical Engineers’, read before the 
Institution in 1958 he had emphasized the increasing 
importance of the technician to the electrical industry, 
pointing out that technicians hold poste of responsi- 
bility at all levels between that of the craftaman and 
that of the professional electrical engineer. He had 
expressed the opinion that new fields of activity for 
technicians were opening up with the development of 
design methods based on computers and analysers 
and of new methods of presentation of design 
information applicable to the electronic control of 
machine tools. The time had come when technician 
qualifications should be recognized as something 
honourable and worth while in their own right. It 
was to be hoped, he said, that before long the existing 
confusion resulting from the use of the National 
Certificate route as a channel for professional as well 
as for technician qualifications would come to an end. 

Proceeding to a comparison of British electrical 
engineering man-power with Russian and American, 
Mr. Lucas gave a table of totals and of numbers per 
ten. thousand of population for the United Kingdom 
from 1930 together with the corresponding data for 
the U.S.S.R. and the United States, in so far as these 
were available. From this analysis Mr. Lucas con-. 
cluded that, in proportion to our population, we have’ 
in Great Britain a good body of well-educated elec- 
trical engineers and electrical technicians. He went 
on to say, however, that the differences in total 
man-power do not alone explain the failure of Great: 
Britain, in many instances, to exploit quickly and 
effectively scientific discoveries and inventions which 
have originated here. The trouble, he believed, lay 
not so much in the smaller total forces of technical 
personnel which we could deploy as in their dispersal. 
Our technical resources were being dissipated in 
repetition of the development of the same apparatus 
and devices by separate research, development and 
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design teams in different establishments. The possi- 
bilities of such duplication were evidenced by the 
numbers of separate companies designing and manu- 
facturing particular lmes of electrical equipment. 
The point was illustrated by data from the return of 
trade associations for 1959. In that year in Great 
Britain the numbers of separate companies engaged 
in certain classes of electrical and allied manufactures 
were as follows: 


Power transformers 19 
Steam turbinos 11 
Domestic applances 87 
Switchgear 60 
Control gear 84 
Small switch and fuse gear $2 
Domestic radio and television sets 60 
Sermi-conduotor devices 26 


Fortunately there had been in recent years a trend 
towards the creation of larger industrial units and 
this was a trend which must be encouraged if we 
were to use our technical man-power efficiently. 

Turning from the human to the technological side 
of electrical engineering, Mr. Lucas directed attention 
to the fact that a major division had developed 
forming two branches known, respectively, as those 
of ‘electronics’ and ‘power’. 

Starting with the Fleming diode of 1904, the elec- 
tronics industry now comprised radio and television 
and radar, electronic automatic control, computing 
and electronic switching. Side by side in the power 
field there had been developments, not perhaps so 
spectacular, but none the less, very great. Sub- 
stantial advances had resulted from improvements in 
materials. In power generation, steam turbine 
generating unit ratings had increased five hundred 
fold from the early years of the century. At that 
time a unit rated at 1 megavolt-ampere (MVA) 
would have a steam temperature of 580° F. at a 
pressure of 200 Ib./sq. in. To-day units of 550 MYA 
rating were being designed and built to utilize steam 
at 1,050° F. and a pressure of 2,350 Ib./sq. in. Power 
transformers had increased from 15 MVA at 33 kV. 
to 570 MVA. at 400 kV., the upper limit of sıze now 
being determined by transport limitations. Recti- 
fication from alternating to direct current for such 
purposes as industrial electrolysis, electric traction. or 
for heavy industrial drives had been developed, 
utilizing mercury are rectifiers or semi-conductor 
rectifiers. It was, however, probable that the develop- 
ment of the controlled semi-conductor rectifier might 
lead to the elimination of the mercury are rectifier. 
In the specialized field of electric power supply for 
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aircraft, generating equipment for a modern airliner 
represented a capacity of 300 kVA. Nuclear power 
stations were in operation, designs well established, 
and the output ratings of successive stations increas- 
ing in steady progression. There were, however, under 
consideration the possibilities of electricity generation 
by direct methods of energy conversion by fuel cells, 
thermoelectric devices, magneto-hydrodynamics or 
from nuclear fusion. 

Although it had been argued that these two 
branches of the electrical industry were separate and 
distinct with little in common, it was becoming daily 
more clear that not only did their interests largely 
overlap but they were becoming interdependent in a 
very marked degree. Electronic devices for sensing, 
measuring and controlling, often in association with 
elaborate computing equipment, had become essential 
elements in the applications of electric power. These 
assemblies of electronic circuits and the power units 
which they controlled had, in fact, become the 
‘building bricks’ of industrial development. 

These considerations brought into sharp relief the 
characteristics of a type of engineer whose activities, 
although not unfamilar to the industry in the past, 
were taking on a greatly increased significance. This 
was the application engineer. Such an engineer would 
require to have a knowledge of the new developments 
both in power and electronics, a full understanding 
of the principles of automatic control, and facility in 
the use of the tools of his trade, the digital and 
analogue computers by means of which his stability 
equations would be solved. The appheation engineer 
would not, of course, have the detailed knowledge of 
machines or electronic devices required by the 
designer but rather a good broad working knowledge. 
He must, in addition, have specialist knowledge of 
some branch of the particular industry which he serves, 
as, for example, the steel industry, mining, chemical 
and oil, paper and printing, aircraft and marine. 

The increasmg interrelation of the two main 
branches of the industry was associated with and 
indeed in large measure originated from modern 
developments in nuclear and in solid-state physics. 
There were in these facts important implications 
relating to the education and training of electrical 
engineers. They appeared to call for common basic 
curricula in our colleges and universities for ‘power’ 
and ‘electronics’ engineers. In addition, schemes of 
practical training in industry should be subject to 
re-examination. J. GREG 


THE NATURE CONSERVANCY 


HE report of the Nature Conservancy for the 

year ended September 30, 1961, is commendable 
both for the speed with which it has been produced 
and for the encouraging progress it records *. 

During the year there has been. significant progress 
towards making conservation effective as a balanced 
and co-ordinated whole; there has also been an 
increasing sum of research results and a growing 
impact of research on management and land use. 

Scientific management of the Island of Rhum, for 
example, is now yielding a substantial amount of 
meat (int he form of venison) for human consumption. 


. ember, of the Nature Conservancy for the year ended 80th 
Beptem 1961. Pp. vit+114+ 14 plates. (London; H.ALS8.0., 1961.) 


At the same time, the vegetation of the Island which 
was previously deteriorating rapidly is now recovering 
and improving in composition; a considerable 
acreage has been released for afforestation, and a 
successful research programme on deer population 
has been reconciled with precise control of numbers. 
The Conservancy has been able to contribute scientific 
information about red deer (Cervus elaphus) to 
assist the Red Deer Commission in starting suc- 
cessful deali with the Highland deer problem 
as a whole. scientific basis has also been found 
for & new approach to the management of grouse 
moors. 

Enco progress has been made with the 
working out of methods of managing water catch- 
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ments. The Conservancy has extensive responsibili- 
ties extending over many thousands of acres of head- 
waters of rivers and streams (moluding those of the 
Tees, the Aberdeenshire Dee and the Tay), and is 
the only scientific organization combining experience 
both of watershed management and of experimental 
studies of the problems involved in the conservation 
of water in the more remote gathering grounds. The 
Conservancy also has considerable material on 
climatology (including the only available series of 
evapo-transpiration studies in different regions), on 
experimental modifications of drainage and burning 
patterns, and experiments in the establishment of 
protection forests. They have, therefore, a substantial 
contribution to make towards a solution of the 
national problems of water conservation that now 
have to be faced. 

Despite the imposition of a serious cut in their 
estimates, which necessitated considerable reduction 
in planned activity, the Conservancy has been 
successful in acquiring the necessary land and is 

construction of a new experimental station 
at Monks’ Wood, Huntingdonshire. This station 
will greatly increase the Conservancy's effective 
contribution in applied ecology, particularly with 
regard to the management of natural and semi- 
natural woodlands, the scientific implications of the 
use of toxic chemicals on the land, and the develop- 
ment of techniques for control of vegetation, animal 
populations, water-levels and other factors involved 
in practical conservation. Monks’ Wood will also 
be the centre of the Conservancy’s growing educa- 
tional effort, particularly with the training of post- 
graduate students and others who have completed 
their formal education. 

During the year there has been a notable increase 
from approximately 139,000 acres to approximately 
179,000 acres in the total area, included within the 
National Nature Reserves. By far the greater part 
of this increase was in Scotland. Progress in oom- 
pleting present negotiations in England and Wales 
was somewhat diappointing, but several other impor- 
tant reserves will shortly be ready for declaration. 
Significant progress was also mado in the development 
of forest nature reserves and in the planning of a 
national network of wildfowl refuges, in agreement 
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with the Wildfowlers’ Association of Great Britain 
and Ireland. 

Although such advances have undoubtedly 
strengthened the development of policies on national 
conservation, they do not directly contribute towards 
the great tasks of education and information, which 
have to be tackled on a much wider front. Here, 
again, there is a record of encouraging progress. 
There has been a spectacular growth in the numbers 
and influence of the Naturalistes’ Trusts which, with 
the sustained support and encouragement of the 
Conservancy, the Counoil for Nature and the Society 
for the Promotion of Nature Reserves, cover most of 
England and South Wales. In consequence, the 
Conservancy’s regional officers now have the keen 
interest, active support and in some cases informed 
criticism of local naturalists and others interested in 
the countryside, working as a team. 

In the long term, the quality of education in the 
life and earth sciences is decisive for the future of 
conservation. Here an enco mg start has been 
made in bringing together interested parties through 
a Study Group on Education and Field Biology, in 
assessing available experience, detecting gaps in 
research, information and practical provision, and 
preparing to secure for biology and the earth sciences 
adequate treatment in the coming transformation 
of the educational system. The successful start of 
the diploma course in conservation at University 
College, London, is likely to be followed by similar 
conservation courses in various of the Common- 
wealth. This will help alleviate the shortage of 
trained men and women not only for conservation 
duties but also for teaching at various levels. 

Internationally, the year has seen encouraging 
advances. After thorough preparation, the Arusha 
Conference on the Conservation of Nature and Natural 
Resources in Modern African States met with signal 
success in September 1961. It was followed by the 
launching of the World Wild-life Fund. Two of the 
welcome features of this activity have been the 
conspicuous rise in the status of conservation, for 
example, among the United Nations Special Agencies, 
and the enhancement in the prestige and effectiveness 
of the International Union for Conservation of Nature 
and Natural Resources. 


EMPLOYMENT OF MARRIED WOMEN IN BRITAIN 


N a recent survey the Institute of Personnel 
Management reveals some Important facts as to 

why more and more women go out to work, the 
difference employment has made to their lives, and 
their husbands’ reactions to their jobs and their 
absence fram home. 

With the increasing marriage-rate and the lowering 
of the average age of marriage, in addition to full 
employment, it is likely that this tendency towards 
greater employment of married women will continue. 
The Institute therefore decided to look at the question 
of ‘working wives’ from the employers’ point of view, 
and, in a further survey by Dr. Viola Klein, an 
analysis has been made of the attitudes of some 
employers to this section of their labour force*. 


* Institute of As ase 
Employing Married 
Management, a y 78. ama EP 
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The investigation is particularly concerned with 
how satisfactory firms believe married women to be 
from the point of view of labour turnover and 
absenteeism. It seeks also to discover to what extent 
Managements will provide these women with skilled 
work and opportunities for promotion, and what 
special provisions they are willing to make to cater 
for the particular needs of married women. ; 

Although considerable numbers of married women, 
with and without young children, are at present 
employed by industry in Britain either on a full- or 
part-time basis, within the next twelve years there 
will be a widespread shortage of women workers. 
Whether this gap can be filled by recruiting more 
married women will only partly depend on the attitude 
of employers. Much will depend on the readiness of 
married women to come forward in sufficiently large 
numbers. This, in turn, will be influenced by the 
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incentives offered to them, as well as by public 
opinion and by the availability of services, both 
public and private, which would make it easier 
for married women to go out to work while suc- 
cessfully dealing with their domestic responsibilities. 
Authorities, too, will have their part to play, * 
helping to provide such services, by amending th 
existing factory legislation, and in various — 
ways. 

The onus of carrying out adjustments necessary 
for absorbing into the labour market employees 
whose major responsibilities lie outside their field of 
employment cannot be put on employers alone. 
Nevertheless, their attitudes towards married women 
workers and the experiences they have gamed with 
them under present conditions of employment will 
be of great importance in formulating future policies. 
The survey indicates that married women workers 
are considered to have disadvantages and that many 
employers will not willingly engage them if alterna- 
tive labour is available. Other employers, while 
prepared to accept married women for unskilled jobs, 
will not readily provide them with skilled work or 
offer them opportunities for promotion. 

In the majority of firms employing more than 500 
workers, Managements maintain that the attendance 
record of married women is mferior to that of men, 
yet this is not true of firms employing less than that 
number. If this were correct, it might well mean 
that something can be learned about working con- 
ditions conducive to improving the attendance record 
of married women employees. The survey confirms 
that the majority of married women in employment 
are over the age of thirty-five, and that this holds 
true for part-time workers to an even larger 
extent than for full-time employees. The reluctance 
of many firms to provide married women with skilled 
work or opportunities for promotion suggesta that 


PUBLIC HEALTH 


HE World Health Organization recently con- 

vened a meeting of experta to discuss the im- 
provement of housing and the promotion of urban 
and rural development. The report of the Com- 
mittee* identifies housing as a complex process 
involving many different disciplines, and should be 
of interest not only to public health officers and 
sanitary engineers, but also to town and country 
planners, architects, building engineers, sociologists 
and many others whose services are needed in the 
task of improving living conditions. 

After a brief general review of the subject, which 
includes a discussion of housing standards, the 
relationship between housing and health, and world 
housing conditions, the report examines the criteria 
for a healthful residential environment, including : 
design and layout of individual dwellings; water 
supply and sewage disposal systems; domestic 
facilities; physiological requirements affected by such 
environmental factors as temperature humidity, 
ventilation and illumination; protection from fire 
and other hazards; community planning. 


* World Health Organization. T Report Series. No. 226: 
muatitee on the Public oe Aspects of Ho — First 
(Geneva: World Health Organisation; ndon; 
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prejudice against this kind of labour is preventing its 
effective utilization. 

From the community’s point of view, women are 
of great importance both as workers and as wives 
and mothers, and it would seem necessary to provide 
them with facilities to perform both these functions 
simultaneously and effectively so that neither their 
homes nor their jobs suffer unduly from this duality 
of jobs. Some firms are prepared to do this, but the 
majority, while giving consideration to all employees 
with domestic or personal difficulties, are not prepared 
to single out married women for special consideration. 
Those firms which make gpecial provisions for 
married women are often forced to do this in order 
to attract and retain this class of labour in areas 
where it is in short supply. If firms are to meet 
their demands on labour in the future it would seem 
that more and more will have to revise their egali- 
tarian policies and be prepared to make concessions. 

Some firms are not prepared to offer married 
women such favourable conditions of service as their 
other employees. For example, if there is redundancy 
the tendency is for married women to become dis- 
missed first; they may be excluded from the super- 
annuation scheme or, if they are included, entry 1s 
limited to those who can fulfil particular criteria not 
applied to other employees. Part-time married women 
workers, although generally employed, are not 
popular, mainly because of their irregularity of 
attendance and high labour turnover. Firms find 
them useful, however, for evening or seasonal work 
and on clerical jobs. 

The general conclusion is that it will need a 
longer period of full employment and industrial 
expansion before employers can be persuaded to 
regard married women as a substantial and useful 
part of their normal personnel, for whom suitable 
working conditions will have to be created. 


AND HOUSING 


Over the years, the housing shortage in cities has 
sometimes led to a neglect of the countryside. Often 
rural housing may be so defective that the population 
is induced to move to the towns m search of habita- 
tions which, although often overcrowded and in slum 
areas, are preferable to the sub-standard rural 
dwelling formerly occupied. The report notes the 
problems peculiar to rural housing and suggests some 
of the ways in which they can be overcome. Another 
topic dealt with is housing for the elderly and the 
handicapped, and, in particular, the services and 
facilities needed to meet the physiological and 
psychological requirements of these special groups. 

The Committee also examined the obligations of 
public health agencies in the provision of safe and 
sanitary housing, and their legal functions in protec- 
tion of the residential environment. The part that 
public health workers can play as community de- 
velopers is underlined, and the training of these and 
other technical personnel in the fleld of housing and 
community planning is discussed. Finally, the report 
enumerates some of the areas in which research is 
needed and makes suggestions for future action, such 
as the formation of national committees for housing 
and health and for the establishment of housing 
programmes within the central health agencies. 
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THE NATIONAL INSTITUTE OF ANIMAL HEALTH, JAPAN 


HE number of publications which nowadays 
deal with the health of our domesticated and 
other animals is considerable, but it is not so con- 
siderable that a welcome will not be given to a new 
quarterly journal of animal health published in 
Japan”, ` 
The scientific research of all kinds now being done 
in Japan is of high quality, and workers in all coun- 
tries will be glad to see this new record of research 
on animal health. The new journal is controlled by 
an editorial board of twelve distinguished Japanese 
research workers, and the articles in the first two 
numbers are all in English. 

The first number contains papers by K. Tanaka 
and 8. Sato and their collaborators on their electro- 
phoretic studies of tetanus antitoxic horse serum, a 
paper by Y. Akiyama, O. Asahi and T. Hosoda on 
the experimental infection of rodents, dogs and cats 
with Listeria monocytogenes through a branch of the 
trigeminal nerve; two papers by J. Obara and H. 
Nakajima on iron metabolism in equine and infectious 
anemia; a paper by §. Kitaoka and A. Yajima 
which compares the efficacy of the topical application 
of pesticides used against Boophilus microplus with 
their application by spraying, and a study of emission 
spectographic analysis of trace elements in plant 
materials by T. Hayakawa and a note by K. Shimba- 
yashi on the presence of hydroxyproline in CAlorella 


juices 
Institutes Animal Health Quarierly, VoL 1, No. 1 
(spring, — .64. (Tokyo: National Institute of Animal Health, 
odaira-machi, itatama- Gnn, 1981 ) 


U.S. SCHOOL STUDENT 


URING the summers of 1960 and 1961, the Joint 

Board on Science Education of the Washington 
Academy of Science and other co-operating groups 
conducted an interesting experiment in science moti- 
- vation and experience for secondary school students. 
This involved the placing of gifted students in scienti- 
fic laboratories of the Washington area for an eight- 
week period of training in researgh methods. The 
students received no financial compensation except 
for a contribution towards their expenses. 

The experiment had a modest beginning with 15 
students in 1960 when it was financed wholly by 
local scientific societies. It was expanded to 36 
students in 1961, and was financed largely from funds 
supplied by the National Science Foundation with 
ancillary support by local societies. It is expected 
that the programme will be continued in the summer 
of 1962 on an even larger scale. Leo Schubert, 
chairman of the Department of Chemistry, Washing- 
ton University, served as director of the programme, 
which was centred on his own university. The 
programme was advertised at virtually no cost, and 
there were 170 qualified applicants Teprosenung 63 
schools in the area. 

The university provided facilities for a series of 
orientation lectures at the beginning of the programme 
and a series of meetings at the end, when the students 
reported in seminars what they had accomplished 
during the summer. The unique feature of the 
experiment was that co-operation was obtained from 


In the second number, J. Sasahara and his col- 
leagues publish Part 1 of their work on hog cholera 
vaccine. This describes the serial passage of a virulent 
strain of hog cholera virus through laboratory 
animals; §. Shibata and his colleagues discuss the 
stability of Brucella agglutinin serum; H. Yugi and 
his colleagues discuss the sensitization of cattle red 
cells with tuberculin; 8. Kitaokea publishes Parte 4, 
5 and 6 of his physiological and ecological work on 
some ticks, and T. Hayakawa and T. Takayama 
discuss the effect of the administration of copper 
and cobalt on the whole-blood copper-level and 
chronic diarrhea of cattle. 

The emphasis, therefore, in these two issues is on 
the biophysical and biochemical aspects of the 
diseases investigated, and this, like research work 
now in p in other countries, indicates the 
marked and valuable trend of modern veterinary 
research towards a deeper understanding of the exact 
relation between normal physiology and the bio- 
chemical and biophysical disturbances which the 
veterinarian has to diagnose and try to cure. 

All animal pathologists will look forward to future 
issues of this new journal. It is well printed and 
attractively produced and it should do much to help 
the world-wide effort not only to reduce the suffering 
caused by disease in animals other than man but 
also, by relating the knowledge thus gained to 
human disease, to reduce the suffering caused to 
mean. 
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RESEARCH PROGRAMME 


research organizations in the area. In this way, the 
science educational potential of the local research 
organizations was utilized ; the area has more soientiste 
per unit of the population than any other geographical 
area in the United States. In the laboratories the 
students were able to engage in genuine research 
under competent scientists. They were apprentices 
and had a great deal to learn; no effort was made to 
treat them as geniuses who had already mastered so ` 
much science. It was deemed important to expose 
them to research and to productive scientists to assist 
in motivating them towards science as a way of life. 

A preliminary effort has been made to evaluate the 
success of the programme and appears as a report ina 
recent issue of the Journal of the Washington Academy 
of Sctences (11, No. 7; November 1961); an ultimate 
evaluation will require years and can be established 
only in terms of what happens to the students. 
Without exception, all the students believed the 
programme to be excellent. They not only learned 
new skills, but also were much impressed with the 
discipline of science and the way in which knowledge 
leads to more knowledge. Of the supervisors, only 
three felt that their charges were anything less than 
excellent, and even these commended the programme. 
The only negative criticiam was that the programme 
was not sufficiently large. 

A limited number of copies of a report on the 
programme are available and may be obtained direct 
from Leo Schubert. 
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PREDICTING THE LIFE-TIMES OF ARTIFICIAL SATELLITES IN 
THEORY AND PRACTICE 


By D. G. KING-HELE 


Royal Aircraft Establishment, Farnborough 


S a result of the action of atmospheric drag, the 
orbit of a close Earth satellite, with perigee 
height less than 1,000 km., steadily contracts: its 
orbital period and eccentricity both decrease, and 
finally the satellite plunges into the lower atmosphere. 
The remaming life-time L of a satellite at any time ¢ 
is predictable from the current orbital period T, 1te 


‘rate of change T, and the current eccentricity 6; 


approximate formule for L in terms of e, T and T 
were discussed in several papers!~? in 1857-58. From 
some recent work®-!°, accurate formuls for L are now 
available for all eccentricities e between 0 and 1, 
under the assumptions that (i) the air density p 
varies exponentially with height y, at heights near 
that of perigee, so that p œ exp(—y/H), where H is 
constant, (u) the air density shows no fluctuations 
with time, and (ihi) the mass-to-area ratio of the 
satellite remains constant. If we also assume (iv) 
that the atmosphere is spherically symmetrical, L 
may be expressed as: 


L=---> Q(e) (1) 


where Q(e), which is plotted against e in Fug. 1, 38 
found to be given by the following equations in 
various ranges of values of 6. For 0-2 <.e6 < lI, 








ref. 10 gives: 

-U +tePrj3+e_ ona V(l =e) 
Oe) = Soise fi Tr aaa Va” 
in V2 + V(1 — e) Hi _ H(5le — 4e? — 5) 

VII +e) (4/2 + 1) 40rpe(1 + e) 


i oya is e) | [1 + 0(0-008)) (2) 
Pp 


where rp 18 the distance of perigee from the Earth’s 
centre, and 0-008 represents the maximum error, 
attained only when e = 0-2. For 0-025 < e < 0-2, 
refs. 8-10 give: 


Te , 5e? H 
Qo) = 14 + Tst gee (1+ at dae * 


G44) 6 


where a is the semi-major axis. For 0 < e < 0-026, 
ref. 9 gives: 


I,(ae/H 
Q(e) = CHA -24 a 0(0-004) } + 2e (4) 


where I, is the Bessel function of the first kind and 
imaginary argument, of order n. The expression (4) 
tends to infinity as e — 0, and for a circular orbit it 
is found best?’ to write (1) as: 


3HT 6510 —a H 
L= — ef ye ee 9(0-01) } x ~266 
sot (temp (9 )+ 0 Jem 


where a and H are in km. If assumptions (i)—(1v) 
are satisfied, these formule give L with an error of 
less than 1 per cent. Most of the satellites so far 





launched have had initial eccentricities between 0-025 
and 0-2: for this range of e, Fig. 1 shows that 
Q(e) ~ 1-2, and the simple formula L ~ —0-9 eT/F 
gives L with a maximum error of less than 6 per cent, 
if H/a lies between 0:008 and 0-008, as ıt usually does. 

In practice, the upper atmosphere does not con- 
form exactly to the assumptions, and each violation 
of the assumptions can cause errors in L if care is 
not taken in applying the formula. 

The most serious error arises because, at heights 
above 300 km., the atmospheric density varies greatly 
during the ll-year sunspot cycle and from day to 
night}!, So, for a satellite having a perigee height 
above 300 km. (and hence, usually, a life of 10 years 
or more), T will suffer oscillatory variations with 
periods of 11 years and, for the day-to-night variation, 
generally between 2 months and 2 years. The best 
estimates of hfe-time from equation (1) will therefore 


be obtained by taking a value of T averaged over a 
day-to-night cycle, at a time when the Sun’s activity 
is typical of that expected during the remaining life- 
time of the satellite. Since the average solar activity 
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durmg the next 100 years cannot be predicted 
exactly, life-times of this order will not usually be 
predictable with an accuracy of better than 6 per 
cent. (The error may, of course, be far larger if the 
satellite suffers a collision or is swept up as space 
litter.) For satellites with perigee at heights below 
300 km., where the variations in density are smaller, 


the errors in L due to fluctuations in 7 are smaller, 
although it may still be worth performing the 
averaging processes suggested above. If the mass 
and effective cross-sectional area of a satellite are 


known, the averaged. T can be most easily obtained 


from the formulm*-! for T in terms of the air density 
at perigee pp, using a value of pp averaged over the 
life-time. . 

Further oscillations in T result first from the 
oblateness of the atmosphere, which to a first 
approximation shares the ellipticity of the Earth 
beneath!!, and secondly from the effect of the odd 
harmonics m the -Earth’s gravitational potential, 
which make perigee distance vary with latitude’ by 
up to 7 km. For a satellite with perigee height 
greater than 300 km., these oscillations are much 
smaller than the day-to-night effects, and can 
usually be ignored; but they assume more promin- 
ence for satellites with perigees below 300 km., and 
if the perigee makes many revolutions about the 


Earth, it is worth averaging T over one such revolu- 
tion. The effect of atmospheric oblateness is most 
important, however, when the perigee makes only 
1/10 to 1/4 of a revolution durmg the satellite’s life, 
as may happen if the inclination of the orbit to the 
equator is near 63°. In these conditions the value 
of L for e > 0-025 given by (1) should be multiplied’ 
by a factor: 


0-0067 
e 





(l — e) A amt if 
0-0017 F 
exp} eta zA anti } 


where A = cos 2w, œ 18 the current value of the 


argument of perigee and A is the mean value of A 
during the remaining life-time. This factor can diffor 
significantly from 1: for example, if œ = 465°, 
A = 2/n, H/rp = 0-008, e = 0-1, + = 65°, the factor 
is 0-92. i 

A third possible error resulte from the fact that 
the density does not vary with height in an exactly 
exponential manner: the value of H increases from 
about 40 km. at a height of 200 km. to 100 km. 
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midday) or 60 km. (midnight) at a height of 800 km.™. 
If the value of H appropriate to a height near that 
of the satellite’s perigee is taken, however, the error 
due to variations in H should be small, since even a 
change of 25 per cent in H has little effect, as Fig. 1 
shows. The reason for this insensitivity to H is that 


T itself depends both on the air density and on H, 


and thus the observed value of T incorporates a 
value of H. 

A. fourth error may arise from in the 
effective mass-to-area ratio of the satellite. An un- 
controlled satellite rotates about its axis of maximum 
moment of inertia, and the direction of this axis in 
space slowly varies, so that the effective cross- 
sectional area of a slender cylindrical satellite could 
depart from its mean value by as much as 15 per cent. 
For the majority of satellites the direction of the 


axis is not known, but if T is averaged in one of the 
ways already suggested, the mass-to-area ratio is 
averaged too, and the possibility of incurring such a 
large error 18 very remote; for more nearly spherical 
satellites the maximum possible error is smaller. 
Disk-like satellites, however, are subject to large 
changes in effective area, and their Iife-times are 
difficult to predict. (So far, the only disk-lke satel- 
lites have been metal fragments resulting from 
explosions m orbit.) 

It has been tacitly assumed here that the perigee 
height is not greatly altered by unmentioned forces, 
an assumption which is true for about 95 per cent of 
the satellites so far launched. But oscillations with 
an, amplitude of 50 km. or more can be caused either 
by lunar perturbations (for a satellite with a highly 
eccentric orbit, for example, Explorer 6) or by solar 
radiation pressure (for satellites with a very small 
mass-to-area ratio, such as Echo 1). If such oscilla- 


tions make T change by a large factor, so that its 
mean value becomes questionable, equation (1) 
cannot be applied. ` 
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METALLIC COSMIC DUST WITH AMORPHOUS ATTACHMENTS 
By Dr. D. W. PARKIN, W. HUNTER and A. E. BROWNLOW 


Department of Physics and Mathematics, College of 
Technology, Liverpool 


TMOSPHERIC dust collections were carried out 

on St. Agnes, Isles of Scilly, during the summer 

of 1961, lasting from the end of May to the middle of 
September. The main purpose of the expedition was 
to measure the day-by-day concentration of metallic 
iron dust in the air at ground-level and to relate 


any such changes to a possible dust contribution 


from the meteor showers occurring durmg the 
period. 

Briefly, the method adopted was to allow the wind- 
borne dust to impinge on the greased fibres of a 
nylon mesh which was made to face the wind. The 
volume of the wind passing through the mesh was 
measured by an anemometer. After a two-day 
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exposure, the mesh was washed in clean petrol and 
the dust stored, together with a little petrol, in a glass 
bottle. Back in the laboratory the magnetic fraction 
of the dust was concentrated into the apex of a small 
octant of filter paper which was then attached to the 
arm of a magnetic torsion balance. The initial twist 
of the suspension wire (to free the octant from the 
field of a powerful magnet) was a measure of thé total 
amount of magnetic material in the apex. The octant 
was then soaked in hot copper sulphate solution in 
order to replace any metallic iron by copper. After 
washing out the copper sulphate, by prolonged 
soaking in hot water, the final twist of the suspension 
was always found to be less than the initial twist, and 


this difference was taken to be a measure of the. 


amount of metallic iron collected on the mesh durmg 
that particular two-day interval. Full details of 
these techniques, together with methods'of calibra- 
tion, are described elgewhere!. 

Two meshes, A and B, were exposed simultaneously 
so that one would be a check on the other. It would 
appear that during May 28—June 18 the concentration 
of iron is at a low value of about 15 pgm./10%m.', 
but then it rises to an average value of about 40 
ugm./10%m.3, which is maintained until June 29. Here 
there is an abrupt rise to more than 200 ugm./10%m.!; 
the concentration then decays to nearly zero by 
July 15. There is a similar peak of 140 ugm./10'm.> 

_ occurring on July 22, falling to zero by August 9. A 
low concentration is maintamed until the end of 
August, when another peak of 120 pgm./10%.* 
occurs on September 1, which again decays to a low 
value by September 15. On this date exposures 
ceased 


It seems probable that these thres main peaks 
could be associated with the Arietids, the 8-Taurids 
and the Perseids, if the dust is allowed a delay of 
about three weeks in falling from the upper atmos- 
phere to ground-level. Such a result may give credence 
to Bowen’s rainfall hypothesis? in which a 30-day 
delay time is demanded for the very finest dust 
component from a meteor shower to reach the tropo- 
pause, where it may nucleate more than average 
rainfall. 

After the copper sulphate treatment the dust 
samples of series A were washed out of the filter paper 
into a pool of bromoform and examined microscop- 
ically. For the whole exposure period, about 80 thin 
wafers of magnetic metal were found, which, by X-ray 
diffraction, were shown to be either pure nickel or very 
nickel-rich iron alloy in a fine-grained polycrystalline 
state. For example, on June 25, a wafer of pure 
nickel 230 x 70 x 5p was found. This was quite 
silvery on one side but had a golden coloration on 
the other. Again on June 29 an enormous wafer 
470' x 140 x 10 of 30 per cent nickel-iron alloy 
. was found. This had no staining. There seems to be 
evidence that these large particles arrive at ground- 
level at an earlier date than the smaller ones, and 
this seems to suggest that the associated meteor 
stream contains a range of particle sizes, and, accord- 
ing to their mass, become separated during free fall 
through the atmosphere. These nickel-rich wafers 
were found to be present during the whole collecting 
period; but there is a definite paucity of the largest 
of them from about July 16 to August 9 and there is a 
paucity of the smaller wafers from about July 22 to 
August 22. 

Full details of these particles, together with their 
arrival times and an account of the variation of the 
wron concentration, will be made available at a later 
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date. The main purpose of this article is to direct 
attention to the attachments which were sometimes 
found adhering to the metal particles. On many of 
the wafers from series A, golden-yellow or red to 
black-red stamings were seen to coat the wafers 
either in patches or completely. But on none of these 
particles were the attachments of appreciable volume. 
The dust samples from series B were treated differently 
from those of series A. The magnetic fraction from 
the B samples was first microscopically examined 
under benzene and then later transferred to the filter 
paper for measurements on the torsion balance. This 
change in procedure showed up an entirely new kind 
of particle, the first of which was discovered in bottle 
13B, dated June 21. Particles of this type are 
extremely rare, only the three described here being 
found for the whole exposure period. 

Fig. 1 (top), shows particle 13B in the dry state. 
It appears a frothy cream colour with transparent 
nodular excrescences sprouting from the surface here 
and there. In the dry state it gives no indication of 
the metal flake completely embedded within it. The 
metal flake, of thickness l5, becomes immediately 
evident when the particle is immersed in oil. Fig. 1 
(middle and bottom) shows the particle in reflected 
and transmitted light respectively. Using mixtures of 
aniseed oil and medicinal liquid paraffin, the refractive 
index of the material, which is amorphous, was found 
to be 1:547. Under these conditions the material is a 
pale yellow-green colour. The thickness of the whole 
particle is about 50u, and it readily floats in bromo- 
form. By X-ray diffraction the metal was found to be 
pure nickel. After X-ray exposure the particle had to 
be removed from ite glue support by soaking in cold 
water and on transferring it back to a pool of bromo- 
form the particle immediately disintegrated. It is 
not clear just what happened, as attention was 
focused on trying to get the particle free of bromo- 
form. When this was achieved only a very light 
‘dusting’ of the original material was seen to cover the 
metal. It seemed clear that either the water or 
irradiation with X-rays had affected the original 
material, as the particle was quite unaffected by 
previous washings in bromoform. It seems strange 
that cold water could have been the cause, as the 
meshes would be exposed to moisture, and, further- 
more, it is part of the collecting procedure to rinse an 
exposed mesh in water to free it of salt from sea 
spray. 

Thinking that the material might be organio, itis 
particle was then placed on a glass slide and gently 
warmed to about 300° C. over a small Bunsen flame. 
The remaining material was seen to char, and in an 
immersion oil the metal was covered with a deep 
red stain, reminiscent of the stains seen on the 
wafers in series A. This charred material had a 
density of 1-786 (obtained by a flotation method) and 
a refractive index of 1-629. | 

Another very similar particle of dimensions 190 x 
90 x 30u was found on July 16. In this particle the 
embedded metal wafer (thickness about 7u) out- 
cropped in a small region, and here it was stained a 
deep red. The green-yellow material had a refractive 
index of 1:540, and by breaking off a small portion ita 
density was found to be 2-2. This small portion was 
placed on a glass slide and moved along a Kofler heat 
stage; charring commenced at around 290° C., red 
and black beads sprouting from the material, which 
now seemed to be in a collapsed state. 

This particle was important in showing that the 
amorphous material is unlikely to have grown around 
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Fig. 1. Particle 13B. Top,inthedrystate; middle, in immersion, 
oll, viewed in reflected light; bottom, in immersion oil, viewed in 
transmitted light 


the metal either: (1) during its descent through the 
atmosphere; (2) the short period when the metal 
would be retained on the mesh; or (3) for the time 
when the particle would be under petrol in the storing 
bottle. The reason for this opinion is that, on detailed 
examination, a small piece of metal was seen to be 
detached from the main portion yet completely 
embedded in the amorphous material. Accepting the 
extra-terrestrial nature of the metal component, it 
seems to us most unlikely that two pieces approached 
each other closely enough for the amorphous material 
to have grown around them both at a later stage. 
An even better example of this kind was a particle 
picked up on August 22. Here two metal wafers of 
comparable size had come together to form a shape 
resembling the Greek letter 4. The particle had an 


cences were particularly impressive between the 
acute angle formed by the metal wafers. On this 
particle it was observed that hot water had a definite 
effect; the material appeared to shrink as if some 
component had dissolved out. The metal portions 
seemed much cleaner and more easily seen. The 
surrounding water was allowed to evaporate, and, on 
immersing the particle in aniseed oil (in order to 
re-determine the refractive index), the slightest touch 
with a glass fibre was sufficient to collapse the struc- 
ture. The refractive index of the amorphous material 
was now noticeably lower, being less than 1-537 with 
some parts slightly below 1:52. The density of the 
material in this state was found to be about 2-0. 
Prior cold-water treatment had no marked effect on 
the particle; but the change occurring after soaking in 
hot water seems to explain the reason why these kinds 
of particles were not seen when conducting a similar 
examination on the A series. Hot water could detach 
the metal from the amorphous material. 

Finally, we describe another rarely occurring 
particle typical of another class. Captured on July 30 
this particle was decidedly thicker in proportion than 
the wafers described above, and more characteristic 
of the bare metallic iron flakes that we have found on 
previous occasions’. Its dimensions are 160 x 90 x 20u 
with striations parallel to the long dimension. It 
was only lightly ‘dusted’ over with amorphous 
material, which was a mixture of the red and yellow 
varieties. The impression gained was that this 
particle had already suffered partial charring. An 
orange-coloured portion was broken off, and this had a 
density of 2-3 and a refractive index (which was 
difficult to judge) of around 1-70. The remaining 
flake was gently heated and it was quite certain that 
this heating carried the original ‘charring process’ a 
stage further. In cold copper sulphate solution the 
metal was reduced immediately to copper (suggesting 
a low nickel content) and the now black amorphous 
material was unaffected when the copper particle was 
placed in turn into beads of dilute nitric acid, dilute 
and concentrated hydrochloric acid. On mixing these 
two acids the copper dissolved away leaving a brown 
translucent envelope of the charred material. At this 
stage a piece of the charred material from 13B was 
placed in the acid alongside the envelope for compari- 
son; there was good agreement in appearance. The 
acid was left to evaporate. From these tests it would 
seem that the blackening is unlikely to be the forma- 
tion of an oxide layer; but, in order to test for the 
presence of carbon, the oxidizing part of a small flame 
was played over the dried-out material. Both pieces 
quickly lost their black colour, leaving a white 
powder. On further heating (to the softening point of 
glass), the powder seemed to attack the slide; bubbles 
in the glass appeared just beneath the powder. The 
powder gradually disappeared. 

It is possible, then, that this amorphous material 
might be partly organic and that, on impinging on the 
upper atmosphere at high speed, it could be reduced 
by complete or partial charring to give the red stain- 
ing visible on some of the metal particles. It is 
fascinating to think, in cases like 13B, which shows 
no charring, that we may have cosmic dust in its 
original state. We have no clear knowledge of just 
what kind of material this might be; but (bearing in 
mind Whipple’s cometary model? of “oils and ices”) 
we might expect that some form of low volatile or 














y small wafers were seen in the 
se as in A; but this may be due to the 
differences in examining techniques. The series B 
has yet.to be examined under bromoform, which may 
yat out many of the confusing shiny mica flakes 
ng from the granite rocks’ of the island) and 
ay make the small nickel wafers more readily 
















particles may be similar to other particles 
ve been found on previous occasions. For 
e, an iron fragment, caught during aircraft 
pling at 10,000 ft. on August 20, 1958, showed 
t we described‘ as “covered with small grey 
cent balls which appeared to sprout from the 
eo”. Again, during examination of some 
antarctic melt-water, we found! a very nickel-rich 
flake of metal embedded in an amorphous material 
< which had a refractive index of 1-549, In transmitted 
light it was a pale yellow-green and in reflected 
light it appeared a frothy white or cream, but no 
nodular excrescences were seen. This latter particle 
has been examined for elements heavier than sodium 
-= tby the electron probe technique; but no elements, 
with the possible exception of some silicon, could be 
ooo confirmed with certainty. 
Jn work of this nature it will be realized that an 
observer can so easily be mistaken in the true origin 
of these small dust fragments. It is impossible to 
-remove contamination. However, we have examined 
~<- -possible sources of contamination and have failed 
te find any particles exactly resembling those de- 
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; ! ecting devices 
odwork from the weather. Althoug 
> varnish manufacturers that i 


-that we had 

to protect the wo 
we are assured by ! 
would be impossible for pure nickel flakes to con 
taminate the varnish, we examined the settled dust- 
at the bottom of the same tin of varnish which was- 
used on our devices. About one dozen filings « 
metallic iron were found, but not a single one of them | 
remotely resembled the red-stained nickel wafers: 
described here, and their blackened tattered appe 


ance differentiated them from the smooth, silvery 
and more lumpy character of the bare metallic iron 
flakes which, as in previous years, we find arriving 
more frequently in late August. Indeed, it is the 
grouping of these particles with respect to date which 
lends support for believing in their extra-terrestrial 
origin. There is not yet sufficient evidence to be 
certain whether meteor streams can be distinguished 
from each other by chemical means; but the i 
Perseids do seem to give rise to more bare-iron flakes -== 
than the daylight streams. 

We would like to express our appreciation to the- 
Department of Scientific and Industrial Research for 
financial support; and also we must thank the — 
Meteorological Office for loan of the anemometers. = =- 
We are grateful to Dr. J. Cast of our Chemistry. _ 
Department for kind advice on simple tests. Be 
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CHEMICAL EQUILIBRIA IN VOLCANIC SYSTEMS 
BY MEANS OF COMPUTERS 


By EMERSON F. HEALD and Pror. JOHN J. NAUGHTON 


E recent years there has been increased recognition 
donori of the importance of chemical equilibrium in con- 
trolling the nature of the mineral constituents and 
volatile substances associated with natural rocks. 
‘There is now considerable evidence pointing to the 
attainment of chemical equilibrium in volanie gas 
-gystems. The pioneering work along these lines was 
carried on by A. J. Ellis!, who showed that the 
composition of volcanic gas calculated on the assump- 
‘of chemical equilibrium was roughly the same as 
at found from analyses of gases collected at various 
‘oles. and volcanoes throughout the world. 
. B. Krauskopf?, in calculating the composition of a 
agmatic gas phase assumed to exist at 600° C. and 
000 atm., introduced the complicating factor of the 
degree of oxidation of the gas. He also took into 
account reactions of the gas with minerals in the 
“magma. Several Japanese workers, including 8. 
<-  Matsuo*, Y. Shimazu’, and S. Oana (private com- 
— . -° —3manieation), have made thermodynamic studies of 
~~... the nature of volcanic gas, and have arrived at various 
theories regarding its origin and equilibrium tem- 

~ perature. 
- Equilibrium calculations such as those mentioned 
> require a considerable amount of tedious labour, 
cially if the system considered contains many 
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components. Workers in other fields of high-tem- 
perature gas equilibria have used high-speed digital 
computers to ease the burden of computation. As a 
result, several iterative methods for finding the. = 
equilibrium composition of a complex mixture of > 
gases have been devised. The method used in the _ = 
present investigation was developed by W. B. White,  — 2 
S. M. Johnson and G. B. Dantzig®. Also a generaliz- 
ation of this method to include polyphase, multi- 
component systems has been developed by F. P. 
Boynton’. l 
The purpose of the present article is to illustrate the 
application of high-speed computers to the calculation _ 
of the equilibrium composition of volcanic gases, and. 
to indicate how computers might be used to solve | 
other geochemical problems. Such calculations are — 
quickly and easily carried out. They will greatly 
increase the value of the analyses of volcanic rocks 
and gases by indicating possible relationships between _ 
the measured concentrations of components and the — 
original magmatic conditions. = | 
In this work the computations were done with an =~ 
IBM Corporation model 650 computer. The ‘For = 
Transit’ automatic coding system developed by IBM > 
was used to programme the machine. The thermo- 
dynamie quantities required were the standard molal 















































™ WITH, ANALYSES OF ——— Gas SAMPLES 


oe Mole fractions — — 
See ot “Calculated Experimental ‘cateulated 
0-972 0-072 0-973 -973 
0-0012 00013 0-00030 0-00026 
09-0190 0-0190 0-0226 0-0226 
TA 5 x 10-4 Trace (?) 2 x 10-7 
0- 0-0066 0-0041 0-0042 
0.00930 0-009030 0-0001 6 0-00016 
1,028° K, 800° K., 1,000° K. 700° K 
KET. 
l Experimental Caleulated 
H,O 9-973 _ 0-973 
H, BR 10 3D x 10% 
CO, 606230 0-0230. 
ČO  .... None. 22 x 10-7 
HS o O ESS R 10+ 3*1 x Li 
SÒ, 00048 - 0-0043 
Temp. l 900°. K, — 800°. K.. 


i Collected at the summit. of Pau Puai, N ovember 30, 1959, between 
third and fourth phases of the eruption. 

+ Collected at the summit of Puu Pusi, January 20. 1960, one 
Ps mated. end of the eraption, 


Gibbs) free energies of the various gases which rhighi 
be present. These were obtained from tabulated 





unction, and heat of formation at 25° C. (ref. 7). The 
© systems selected for study were based on analyses of 
gases collected by us at Puu Puai, the cinder cone 
built by the 1959 eruption of Kilauea volcano on 
B the island of Hawaii. 
—— The following steps were involved: 
(1) A. determination was made. of the material 
a balance conditions for the system under study. The 
relative numbers of gm.-atoms of each of the m 
elements present were obtained from the expormsentel 
analysis by adding the numbers of gm.-atoms of the 
element in each compound in the sample, that is, the 
number of gm.-atoms per mole multiplied by the 
number of moles of compound. 
- (2) A- calculation was made of the molecular com- 
osition. satisfying the material balance condition 
and giving a minimum value to the total free energy, 
hat is, the equilibrium composition. The procedure 
followed is outlined here; for a more complete descrip- 
tion the reader is referred to the paper by White et al.°. 
_ A set of mole numbers was postulated, satisfying 
the material balance condition for the system, Using 
hese mole numbers, the total free energy of the 
ystem at temperature T and pressure P was calcu- 
ated. The required: symmetric set of m + 1 linear 
imultaneous equations was set up and solved by 
systematic elimination of the unknowns. The solu- 
ions to these equations were the Lagrangian multi- 
liers used for the minimization of the free energy, 
iding the material balance condition constant. 
ese multipliers were then used to compute new 
lues of the mole numbers which gave a value for the 
al free energy. closer to the minimum. With 
recautions to prevent. the occurrence of negative 
10le numbers and passing of the minimum point, this 
edure was. ‘repeated until no further significant 
hanges oceurred in the mole numbers. It was then 
umed that the equilibrium composition had been 
tained. 
A unique feature of this method was that com- 
ounds suspected to be present in very small amounts, 
33 than 10-5 mole per cent, could be omitted from 
his computation. The significance of their contri- 
tion to the gas was then estimated by means of a 
second. programme utilizing the final values of the 
2 — multipliers. This procedure saved consider- 
6. time. and served as a convenient check on the 
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large amount and. omitted from 
lation would have shown up at this 


‘rium might be. ‘frozen’ into the sample. T 
_ seem to be the case in these Tesulte.. 


ralues of the free-energy function, heat-content _ 
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In a short time it was possible to ma 
study of the variation in composition of a sat 
temperature and/or pressure. Compariso: 
analysed sample used for defining the mate 
condition generally showed. agreement at 
temperature, usually I n 
time of collection of the sample.. ‘Som a ty 
of these comparisons are shown. jhi 

The fact that the appa equilibri aI 
was less than the observed | . mpersture i is 
especially since the opposite is be 
by S. Oana — com unication fy 
expect that if the. es were e : fron 
igh-tempera 
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gel) may have resulted in a tendency for i 
s-establishment of equilibrium at the lower tempera- 
ure of the collection tube. A more comprehensive 
iscussion of this problem is planned in a further 
iper. describing the methods of collection and 
ysis. 
Tt was found that a convenient representation of the 
ition in composition with temperature or pressure 
be made by plotting the negative logarithm of 
ial pressure of each gas, —log pi, against T 
typical plot showing variation with tempera- 
; shown in Fig. 1. 
At fixed values of T and P, it was also possible to 
alculate the variation in composition of the gases 
vith the negative logarithm of the oxygen partial 
pressure, — log poa This was done by determining the 
equilibrium composition for systems in which 















































different values were assumed for the material 

< balance condition defining oxygen, holding the corre- 

-sponding conditions for the other elements constant. 

© Plots were made of the values of — log p; versus 

= log po, obtained in this way. A typical plot of this 
ype is shown in Fig. 2. 

- Phe function — log po, defines the oxidation con- 

dition of the complex mixture of gases. For each 

exidation-reduction couple, that is, carbon dioxide 

and carbon monoxide, or sulphur dioxide and hydro- 

gen sulphide, there is a region on the diagram where 

~one gas dominates, an intermediate region where the 






















confined to a homog 
the gases were assumed to be ideal. Non-ideali 
the gases could also be taken into account, since 3 
a slight refinement of the computer programm qs e 
required. Furthermore, since Boynton? has shown _ ce 
that it is easily possible to extend the calculations to. <. 
polyphase systems, the condensed phases of the > 
magma could be considered together with the gas < 
phase. The chief obstacle to doing this is the Jack of ©. 
the required thermodynamic data, particularly free- > = 
energy functions for molten silicates, and activity > 
coefficients for complex mixtures. i 
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O VARIATION OF SHEAR RELAXATION TIMES IN LIQUIDS WITH 
— TEMPERATURE AND FREQUENCY 


By D. O. MILES and A. S. HAMAMOTO 


Lockheed Research Laboratories, Palo Alto, California 


CA GREAT deal of theoretical work has been, and 

COGEN is being, done to discover the nature of the 
-oo liquid state’. The most promising approaches appear 
to be quantum mechanical. In general, experimental 
-confirmation of such theories is difficult because the 

-Oes theories. treat simple molecules the thermodynamic 
properties of which relax at frequencies above the 
experimental range. At present, theories treating 
Coo eomplicated molecules the properties of which relax 
- owithin the experimental range are mostly qualitative. 



























2 A possible exception is a model recently developed 
for liquid helium’, which appears applicable to 








e-complicated classical liquids at any tempera- 


scent theory is particularly interesting. Using 
rical and statistical methods alone, J. D. 
v+ began from the two things about liquids of 
we are certain, the lack of long-range order 
and an average intermolecular spacing not much 
- greater than in the solid. Among other things, the 

- theory predicts the existence of close-packed, short- 

.  — Nved structures in liquids which Bernal calls pseudo- 
o puelei. The work reported in this article is an 
‘attempt to obtain some experimental evidence for the 
existence of such structures. The approach is to 
relate an experimentally measured parameter, the 
distribution of shear relaxation times’, to the pro- 
ieted pseudonuclei. The experimental method 
‘to obtain the shear data is described else- 


res? 























Two Mechanisms for the Origin of the Distribution 
of Relaxation Times 


Suppose a liquid is characterized by a certain 
distribution of shear relaxation times. We postulate 
the distribution to arise, in part at least, in both of 
the following mechanisms: 

(1) Due to the absence of long-range order in the 
liquid structure, and the fact that short-range order 
is incomplete, no two molecules will have exactly the = 
game environment. Their activation energies will. 
then in general be different. Thus, the time in which 
the molecules move to relax an externally applied 
shear stress will also be different, giving rise to a 
distribution of such times. Such a mechanism is 
set forth by Herzfeld and Litovitz*. 

(2) As predicted by Bernal*-‘, the internal structure 
of liquids is characterized not only by lack of long- 
range order but also by the existence of short-lived, 
close-packed pseudonuclei (for example, 4-20 mole- 
cules may briefly come together in a tetrahedral 
packing). Three mechanisms act to break up such — 
structures: (a) thermal motion; (b) a fundamental 
geometrical limitation resulting from the fact that 
the angles do not fit exactly and the addition of each 
molecule must further distort the internal bonds to- 
compensate for the misfit; (c) the presence of a foreign’ 
molecule of different geometrical or electrical charac- _ 
teristics may act to further distort the structure and 
cause break-up’. J — 








———~ EXPERIMENTAL. 
~ ~ = SINGLE RELAXATION 
THEORY 


Normalized shear rigidity 





0-1 1 10 
Normalized frequency 


ovo. ig. 1, Relaxation of the shear rigidity of hexachlorobipheny] at 
several temperatures and an ambient pressure of 1 atm. Curves 
oo Rave all been normalized to the same amplitude and frequency so 
oo that the departure from single — theory (dashed .curve) at 
each temperature may be seen, Due to the low-frequency cut-off 

of the amplifier used, the 5° C. and 7° C. curves are not complete 


The breaking up of the pseudonuclei, whether 
cuusſsed by one or a combination of (a), (b) and (c), will 
' oo take a certain time which must vary statistically from 
structure to structure at a given temperature depend- 
ing on size, shape and presence of foreign molecules. 
_.. If an external shear stress is applied in a time com- 
= -parable to the break-up time, the relaxation of the 
stress will be partially accomplished by pseudo- 
>o nuclei break-up. Hence, the observed time which 
©- the liquid requires to relax the stress will show a 
distribution from this source. 
_ Temperature-Dependence of the Distribution 
At high temperatures, where thermal motion 
_— predominates, the size which the pseudonuclei attain 
is so small that the average relaxation time should be 
but little longer than that for mechanism 1. At low 
temperatures approaching the freezing-point, many 
of the pseudonuelei should attain their maximum 
size (limited by geometrical mismatch). The break- 
down of such large pseudonuclei in relaxing a stress 
should require times considerably longer than for 
mechanism J. The width of the distribution should 
then be temperature-dependent, with a. broader 
distribution at lower temperatures due to the increased 
difference in the contributions of 1 and 2. 
~ Note that, if our assumption that the diatribution 
3 a combination of 1 and 2 is false and only mechan- 
3m 1 contributes, the opposite temperature-depend- 
nee is predicted. This is because, at high tempera- 
ures, the degree of short-range order decreases, and 
io amount of environmental similarity enjoyed by 
o molecules will also decrease. The activation 
ergies will be correspondingly dissimilar and the 
relaxation times will therefore be further apart. If 
1echanism 1 only is effective, then the distribution of 
elaxation times should be broader at high tempera- 
ures. 
Further, if both 1 and 2 contribute, but 1 produces 
a larger effect than 2, the same temperature-depend- 
“nce would obtain. Were such a temperature- 
-dependence observed, we could scarcely determine 
hich of the last two possibilities prevailed. 



























We find oxperiinantally that th 
shear relaxation times ‘becomes a 
temperature (Fig. 1). This correlate 
findings of other investigators that the dist: 
dielectric relaxation times becomes broade 
temperatures™!®, Mechanism 2 is therefo x 
and Bernal’s prediction of the existence of 
nuclei structures in liquids i is seen to be i in T 
with experiment. : 

Because mechanisms 1 ‘and 2 are cor 
cesses in determining the temperatu 
of the distribution, the experimental 
indicates that mechanism 2 produces: the 

The shear rigidity curves in Fig. 1 wer 
hexachlorobipheny! and normalized at each temp 
ture to the same value of the high -frequency modu 
and the same frequency to facilitate comparison: of 
distributions. However, the effect is so large tha Ab 
can be detected without normalization as is seen in —— 
Fig. 3 of reference 6. 7 rer teen 


















Discussion 


Because the theories. are not in quantitative. form ane 
as yet, it is impossible to determine if the mechanisms _ — 
l and 2 account for all the distribution of shear = _ 
relaxation times. There may be contributions from — 
other sources as well. E n 

It is interesting to inquire as to why mechanism 2 — 
predominates in determining the temperature- -depen- | 
dence of the distribution. The following is offered 
as a possible explanation. The structural properties —_ 
in liquids are temperature-dependent, as pointed out 
by Frenkel". This is true for pseudonuclei as well aa 
for short-range order. However, we submit that the — 
pseudonuclei are more sénsitive because the inter- 
molecular forces holding them together are already. 
weakened by geometrical mismatch. Thus, a 10°C. — 
increase in temperature may decrease. the short- 
range order by 20 per cent in a certain liquid but o 
may reduce the average size of the pseudonuclei by = 
50 per cent. It therefore seems reasonable that | 
mechanism 2 should predominate. i 

We wish to thank Prof. J. D. Bernal for kindly 
response to inquiries concerning his theory. Er EGS 

Special acknowledgment is also due Dr. T: A. — 
Litovitz and Mr. G. McDuffie, for suggesting that a 
study be made of the effects of adding impurity 
molecules, in the hopes of confirming the existence of 
pseudonuclei. Although this work (soon to be pul 
lished in collaboration with Dr. Litovitz) supporte 
the Herzfeld—Litovitz mechanism rather than Bernal 
pseudonuclei theory, we would most likely not hav 
noted the relationship of temperature dependence HO oo 
pseudonuclei except for the concurrent. study: on 
mixtures. 
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NCHIN 1 has reported on the reaction of 
matic compounds with a chlorinated coal and 
chloride, and, failing to notice the evolution 
en chloride, he could not confirm chemical 
» therefore doubted our results?" and 
hat alkylation may not have occurred © 
eaction of coal with benzyl chloride. But 
ons carried out in these laboratories not 
ed evolution of hydrogen chloride during 
tion of coal with benzyl chloride but also 
hat chlorinated coal may have reacted with 
aromatic compounds. — 
- Beven coals of different ranks (mostly cut at specific 
Aa - gravity 1:32-1-4) were treated with benzyl chloride 
and anhydrous stannic chloride (Table 1) under 
suitable conditions. Stannie chloride was used 
-instead of aluminium chloride, as in this case the resin 
` formed by the self-polymerization of benzyl chloride 
during the side-reaction is completely soluble in 
_ benzenet, The dry coal (25 gm.) was stirred with 
oo 70 mi petroleum ether, 35 ml. I. benzyl chloride and 
10 gm. stannic chloride for 6 hr. in a continuous 
stream of nitrogen at steam-bath temperature. In 
all cases hydrogen chloride was evolved during the 
= reaction (Table 1) which was estimated by titration 
= after absorption in a standard solution of sodium 
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hydrolysed by hy ‘drochloric acid and after. fil 


‘dried product was. then: extracted with benzene: jn 







P.O.; Dhanbad District, Eine india 












reaction of — chloride and stannic chloride — 
also estimated; this was lower than that obt: 
in the presence of coal. The reaction products 
















washed with distilled water till free of. acid. The 














Soxhlet apparatus until it was free of resin. -To 
ensure complete removal of traces of stannic chloride, 
the product was further treated with 5 per cent .— 
sodium hydroxide solution, filtered, washed with. . 
dilute hydrochloric acid followed by distilled water- 
until free of acid and then dried at 105° C. in an 
electric oven. The products generally showed a. 
decrease in ash content (Table 1). 

The most significant changes were in the carboniza- 
tion assay at 600° C. (Table 2). In all cases there 
was considerable increase in the yield of tar, as was 
noted previously*. Coals treated with stannic 
chloride alone did not show any significant change. 
The most striking effects of alkylation shown by 
non-coking coals. were a considerable production of 
material soluble in chloroform, accompanied by a 
remarkable improvement in the coking properties. 
In the case of coking coals, there is a decrease in the 
amount of the produet which is soluble in chloroform, 
and there is a very slight deterioration in the coking 












es hydroxide. The hydrogen chloride evolved during properties. The elementary analysis of the treated 
Table 1 
Hydro- 
chloric 
acid 
evolved Found 
ce ae (gm? addition 
Wt. 100 gm. of 
-Description of Original coals (per cent dry ash-free) Treated coals (per cent dry ash-free) in ofdry (empirical — 
earner the samples Ash* N 8 Cl 0O <Ash* © HW OUN Ss E $ Q crease coal) formula}. 000% 
ae: Vignes (South Arcot) 10-6 a £70 8 O8 Trace 263 87 738 520 O05 OF O8 195 252 3882 CH, 
2. eee oian float . as . 
Ls 66 7750 623 17 03 #010 152 59 82:30 58 12 G1 08 O8 60°6 40-9 Ce Hass 
32 B10 55 22 O08 O10 109 34 813 56 15 O28 15 99 508 B98 CHa 
33 814 54 283 O85 GOB 104 30 S10 GS 17 03 16 O9 46-8 41-0 C,H, 
S4 850 D4 28 O8 Trace G1 48 83:5 GS 26 06 20 6-0 35 388 Clea 
XW) oat at 139 73 S82 pZ 20 Of Trace 87 7R 85D 60 21 GT 1:3 44 o-0 402 CyHoane 
Kot cleans.at 1-4. 65 G17 43 13 0: 7 Trace 20 59 893 +4 12 Gë LO 3-0 300 «6388 | Cay 
F,CH,Cl+ Snl) — — — _ _ — — — Siac! pipt Tastee. GOR e — 29-5 — 
* Dry basis. 
Table 2 
Original coal (per cent dry ash- free) Alkylated coal (per cent dry ash-free) 
Chloroform Fas Type Chloroform As Type 
extract* Coke Far Liquor se e per of extract* Coke Tar Liquor (e.e. per of 
5 (per cent) oem.)  eoke (per cent) 109gm) coke 
ignite (South Arcot) Trace 535 10-1 108 pe A i23 BGT 2 65 15,572 œ 
B, Jambaa Fischers Float J 
T p. gr. 2-5 872 25 72 13,881 B 27-0 P3 23 39 14,761 Po 
k 3B ‘Poni Tent at . . ave eis 
1:32 sp. gr. 2-6 87-0 12-26. T8 13,127 CD. 37-6 BIR 20-4 83 13,782 =F. 
ithe Fion Float — 2°8 G7 9 134 9-2 13,47 CIL 31-0 GOS i7 ain 
2 2° T? i ye 18,475 "1D 31: í 2 U8 14,927 GIG, 
Grit TE * — a 
: 110 TUO 12-9 ie 15,532 +E, 4-2 73-5 12-0 5-2 15,609 FIG 
16-6 88-1 32 2ed 10,871 +G, 3-6 80-4 8&7 2-9 17,171 y * 
1-0 92-3 2-6 2-4 7,765 C 324 87-0 3-7 3T 13,133 





* Coal rapidity heated to 410° C. in the absenee of air, cooled and extracted with chloroform. |. 

























Details of sample 


F - Chlorinated 3 Jambad Bowlah 

-fvat at — 
Chiorinsted 5 Z mbad Bowlah float 
treated with AICI, in carbon 











4. Chlorinated Jambad Bowlah: float ear ae 
a treated with AICI in n Mitros. eee E 








„addition of aniline refluxed for — 


. Chlorinated J ambad Bowlah float’ | 
-o treated with aniline and AICI, — 
- in nitrobenzene ` S4 





Ypa eB BO 


nén-coking coals corresponda to the Special reaction: 
In the case of coking coals the reaction seems to 
follow a different course. 

-< We also chlorinated a low-rank. coal, as described 
__ by Pinchin’, and treated it with toluene, aniline and 
-o anhydrous aluminium chloride (Table 3) under suit- 
able conditions. The dry chlorinated coal (7 gm.) was 
stirred with 100 ml. carbon. tetrachloride (nitro- 
benzene was used as solvent in the case of aniline), 
~ lgm. of anhydrous aluminium chloride and 10 gm. 
of the aromatic compound and the mixture refluxed 
for about 7 hr. After cooling, the product was hydro- 
=  — lysed with hydrochlorie acid, filtered, washed with 
distilled water until free of acid and then dried at 
100 O. in vacuo. In another set of experiments the 
_dry chlorinated coal. suspended in carbon tetra- 
_ chloride or nitrobenzene was treated with aluminium 
chloride only. 

The results in Table 3 show changes in elementary 






















evolution of hydrogen chloride on treatment of the 
chlorinated coal with aluminium chloride alone and 
with toluene—the evolution being more with toluene. 
The results also show that while the coal in nitro- 


-ECENT investigations!? into the — 
\. content of milk have shown that the level of 
ntamination is not only determined by total 
mulative deposits of strontium-90 in soil, but also 
lepends largely on the rate of fall-out, indicating 


n of recently deposited fall-out by the grass mat. 
The two contributing factors can be written in an 
quation of the following type: 


C = tDp + yD, (1) 


Scher C is the concentration of strontium-90 i in milk, 
Dp the rate of — and D; the cumulative total 





Coal and products (per cent, dry ash-free)} 
C -H N 8 -D+ 


tetrachloride — i OEN ARE 44 1°5 
8. Chlorinated Jambad. Bowlah float. © i a E, OS 
treated with toluene and. ACh o E os 

in carbon tetrachloride are Viv ene 47 17 


520 TLL 43 £6 


ed — not hydrolysed 


- benzene liberates ediisidesable hydvoper: chloride on 


analysis corresponding to the expected reaction and” 


STRONTIUM-90 IN UNPROCESSED LIQUID MILK IN THE - 
"NETHERLANDS: UPTAKE FROM SOIL AND 
DIRECT ABSORPTION BY GRASS 


By F. C. M. -MATTERN and L. STRACKEE 


National Institute of Public Health, Utrecht. 


hat an important amount results from direct absorp- 


liquid milk, which have been carried out in the 
Netherlands since the beginning of 1959, seem 






-acid X 
“aat Aia M 
— dey 
basis) coal) 





(errors) 
09 160 88 +l — 


O7 Id ap 69 65 — 





0-4 14-6. 5-0 g 25 i 35 : CHN or 


O06 112 33 Be Nil OHM { 







` treatment with aluminium chloride, this is markedly — 
suppressed on addition of aniline. © With: dower ooo 
concentrations of anilme some hydrogen chloride is | 
still evolved, but this is completely suppressed with 
increase in concentration. The reaction products 
gave confirmatory tests for aniline hydrochloride. | 
These results would suggest: that chlorinated coal 
reacts with both toluene and aniline, and Pinchin may 
have failed to obtain a confirmatory test for reaction 
as most of his aromatic compounds were amines, all -o 
capable of forming hydrochlorides: ge 
We thank Mr. P. B. Dutta, Mr. S. S; Chowdhury 
and the other staff of the Analytical Section for much _ es: 
of the analysis, Mr. 8. K: Rai for some of the experi- | 
mental. work and the Director of this Institute tor — 
permission to publish this communication: ee 
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in soil. v and y are proportionality factors: F 4 
field experiments with artificially contaminated soils 
Burton et al.* have concluded that, under th 
existing field conditions in England and Wales 
1958 only about 20 per cent of the strontium-90° 
the milk was due to uptake from the soil. From the 
calculation, æ has been estimated as 1-0 pue. stro 
tium-90/gm. ealcium per me./km.?/annum and. y-as 
0-23 uue. strontium-90/gm. calcium per. me. fem 
cumulative total in the soil. 

Measurements of radiostrontium in unprocessed 





methods. i 


ratio of strontium-89 to strontium-90 in the 
ing the period in which the cattle was 
in open pastures are plotted in Fig. 1, 
with the same ratio in rain-water collected 
at Bilthoven (Province of Utrecht). The 
the difference between these two ratios is 
milk strontium-90 of recent origin is diluted 
ing with ‘old’ strontium-90 accumulated in 
cannot be explained by any apparent delay 
assage from recent fall-out into milk, owing 
ybvious fact that strontium-89 decays as fast 
ut as during the passage from the grass mat 
ik. Such a delay can only be detected by a 
ce in time between the deviation from ex- 
tial change of the strontium-89/strontium-90 
in rain-water and a subsequent deviation in 
From the graphs (Fig. 1) an average delay- 
time of six weeks was deduced. Although there is 
-~ reagon for believing that this delay-time is much 
shorter‘, this will not greatly influence our results. 
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1959 


igs i. Ratio strontium-89/strontiam-90 in unprocessed liquid 
>o i miik and in rain-water collected at Bilthoven 






tio in the milk was therefore compared with 
the rain which had fallen six weeks previously 
d for decay of the strontium-89 during 
“From the two values (Table 1, columns 2 
) the absolute contribution of strontium-90 due 
cent fall-out and that due to uptake of ‘old’ 
ium-90 from soil can be calculated immediately 
olumns 6 and 5). As might be expected, the latter 
o3 gontribution is fairly constant in spite of large 
= variations in the total strontium-90 content of the 
milk (column 4). | 
Comparing the average value of both contributions 
leads to the conclusion that, during the summer 
onths, roughly 70 per cent of the contamination in 
due to absorption of recent fall-out. The 
it v of equation (1) is obtained by dividing the 
direct. contribution by the average rate of 
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fall-out in the period January 1-October 1, 1959 — 


(ref. 5). The constant y is obtained by dividing the — 


average soil contribution by the total accumulated | 
strontium-90 in soil up to the beginning of 1959. | 


This quantity was estimated from measurements of > ae 


strontium-90 in rain-water®, on the assumption that 
65 per cent of the strontium-90 deposited remains in 
the upper layer of the soil. These results, sum- 
marized in Table 2, agree quite well with the values 
given by Burton et al.3, Small deviations may well 
be due to differences in the calcium status of the 
soil in the Netherlands and the United Kingdom, and 
by different feeding habits of the cattle. 


Table 2. SUMMARY OF StTRONTIUM-00 FALL-OUT DATA FOR EQUATION 
{1) AND CALCULATED PROPORTIONALITY FACTORS IN THE EQUATION 


O = Dp + yD: 
1959 1960 
(me. Sr-90/km..*) 


p 13°2 18-0 
Average rate of fall-out January 1-October 1 
(me, Sr-90/km.*/month) 0-50 O14 
Average soil contribution (pe. Sr-90/gm. Ca) 2°6 3-6 
Average direct contribution (pe. Sr-90/gm. Ca) 53 15 


x = 11 pe. Sr-90/em. Ca per me./km.*/month. 
y = 0-20 pe, Sr-90/gm. Ca per me./km.* (cumulative total in soil). 


Total cumulative deposition until January 1 
* #; 


In order to check the validity of equation (1), we 
then applied the results of this calculation to the 
conditions in 1960. The milk-sampling programme 
was extended during 1960. In addition to the stations 
already mentioned, milk was also obtained from 


dairies in the provinces of Friesland, Groningen, =: 
Drenthe, North Holland and Zealand. Furthermore, 
cæsium-137 was determined by means of y-spectro- = 
The quantity of milk sampled represented 
roughly 4-5 per cent of the total amount produced — 


scopy. 


in the Netherlands. | | 

The average concentrations of strontium-90 and 
eesium-137 for all stations in a given period are 
summarized in Table 3. The observed mean con- 


Table 8. AVERAGE STRONTIUM-00 AND OÆSIUM-137 IN UNPROCESSED 
Liquiy MILK IN THE NETHERLANDS DURING 1961 . 
Ratio Sr-90/Ca-137 
pe./em, Cay 


men 


Period Cs-137 


(1960) 
31/1-27/2 
28/2~-26/8 
27 {8-24/4 


Average 
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February 17, 1962 
tion of airontiumi: 0-in milk during the period 
hich the cattle were grazing on pasture is 5-4 
ntium units (uue. strontium-90/gm. calcium). 
rom equation (1) and the data in Table 2 we obtain 
-value of 5-1 s.u., in reasonable agreement with the 
observed one. The estimated relative contribution 
of recent strontium-90 in the milk by direct absorp- 
tion is about 30 per cent, a reduction by roughly a 
half with respect to the value calculated for the 
preceding year. This reduction is reflected in the 
sudden increase in the ratio strontium-90/gm. ealcium 
to cesium-137/gm. potassium that is observed in the 
period when the cattle return from the byres to 
pasture (end of April). : During the first months of 
1960, when cattle were fed on hay and winter fodder, 
ainly harvested in 1959—~a year that was charac- 
rized by a high rate of fall-out—a mean ratio of 
18 was found in agreement with results obtained by 
Kulp et al.6. These authors concluded that in the 






P 











the United States, this ratio had a constant value of 
0:17 + 0-02, As there is practically no uptake from 
_. oesium-137 incorporated in soil’, it can be expected 
that the concentration of this nuclide in milk will be 
- proportional to the quantity recently deposited on 
grass and thus to directly absorbed strontium-90. A 
decrease in the relative contribution of recently 
-deposited and absorbed strontium-90 with respect to 
the total concentration will therefore result in an 
-increase in the strontium-90/gm. calcium to casiam- 
< 137/gm. potassium ratio. From the reduction of 
directly absorbed strontium-90, the ratio to be ex- 
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factors in these equations will not be e 


—tium-90 in soil. 


years 1956-59, under largely varying conditions in 























twice the value of that prior = the. enc 
is in accordance with the observed avera, y 
0-35. From the fact that the calculated. and 
values in 1960 are in close agreement, in spit 
large difference in rainfall in these two years, a 
be concluded that the proportionality factors x anc 
calculated from results for 1959 have at. le 
limited applicability over a period of some” 
using formule of type (I) for assessing 
consequences of strontium-90 in world-wi 
it must be borne in mind that proport 


in time; especially the factor y, which is dete 
by the availability of ealeium in soil, will dim 
the application of lime to agricultural soil an 
further be influenced by gradual fixation of stro 
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CRYSTALLIZATION OF A BASIC PROTEIN (LYSOZYME) FROM | 
KIDNEYS OF TUMOUR-BEARING RATS 
(JENSEN SARCOMA) 



















: NE of the effects prodiced by the growth of 
y tumours in man and experimental animals seems 
to ‘be an alteration of the composition of the blood- 
serum protein. This phenomenon has been described 
ry several authors'-*. An increase of an acid-soluble 
trogen fraction, which is not precipitated by weak 
i¢ protein precipitants, has been found to be 
istently present in patients with cancer and other 
omic diseases. Winzler* was able to isolate and 
tify a mucoprotein from this fraction. 

tilizing a similar procedure, work has been done 
era and on supernatants of homogenates of organs 
om normal and Jensen sarcoma-bearing rats 
ague~Dawley strain), after deproteinization with 
ar cent. acetic acid in 95 per cent ethanol. No 
istically significant differences were found in the 
trogen concentration of normal and tumour-bearing 
gan-extracts, except for the kidneys. The kidney 
tracts from tumour-bearing animals contained a 
ter amount of nitrogen’ than those extracts from 
rmal animals. 





ous tissue extracts, abnormally high coloured 


The strongly coloured reaction obtaine 


Furthermore, on determination of | 3 
yptophan, using the Udenfriend method on the of 1 per cent acetic acid in 95 per cent ethanol is 


i then added to the homogenate. 
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reactions were —— on 1 Fe ensen sarcoma ra 
extracts. — 

‘The colour reaction was ‘not Aue to free a pt 
nor other indole components present in the ¢ 
but to an undialysable compound. of prote 


D- -dimethylaminobenzaldehyde ‘was utilized as 
analytical tool to purify and isolate the protein 
the extract. 
The protein has been. oba nad in crystalline 
and has been identified as a lysozyme. 'F 
cedure by which it was obtained. will be dese 
here. Its biochemical activity is that of a lyso 
it lyses suspensions of cells of Micrococcus lysodek 
Cappuccino? in our Institute has shown in ind 
dent studies that there is an’ increase in lysozy rrvit 
activity in both spleen and kidney of all the Spa i 
mental tumour-bearing animals tested. vs 
The kidney tissue from tumour-bearing animals. is 
homogenized with 2-33 ml. 1/15 M pH 7-3 phosphate 
buffer per each gm. of wet weight. An equal volume 


The mixture is 
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re-homogenized and left for 24 hr. at 4° C. It is 
then spun down. To the supernatant (AES), 6 
volumes of absolute ethanol are added. The 
flocculent precipitate which forms on standing for 
24 hr. at 4° C. is collected by centrifugation. The 
supernatant is discarded and the precipitate dis- 
solved in a minimum amount of water; any insoluble 
material is spun down and discarded. The super- 
natant is dialysed against distilled water at 4° O, for 
- 72 hr.; any insoluble material is eliminated by cen- 
trifugation. Six volumes of absolute ethanol are 
added to the non-dialysable fraction, and the precipi- 
tate collected is dissolved in a small amount of water. 
A few drops of absolute ethanol are added to the 
water solution with stirring until it becomes opal- 
escent. Any suspended particles are spun down and 

i ; the clear yellow supernatant is stored at 
4° ©. Usually within two or three days spherulites 
appear on the wall of the container, and from these 
centres the protein crystallizes (Fig. 1). From the 
mother liquor a different form of crystals may be 
obtained by further addition of ethanol. These 
crystals are of protein nature and behave as one 
component in the electrophoretic and ultracentrifuge 
fields? 


During the isolation and purification of this protein, 
we used the starch-gel electrophoresis technique as 
described by Smithies’® for checking the purity of 
the fractions. The protein is basically charged and 
moves to the cathode from pH 4:0 to pH 9-9. It 
can be seen from Fig. 2 that there is a cathodic band 
of protein corresponding to the isolated lysozyme 
(strip 8) only in the kidney of tumour-bearing rats 
(strip 4). In other organs the concentration of lyso- 
zyme is too low to be detected by this method. 

Various biological tests were run in order to 
clarify the biochemical role of this protein. Negative 
results were obtained from the tests for: toxohormone 
activity (no depression of liver catalase), hypertensive 
activity, and hemopoietic activity. A very strong 
lysozyme-like activity was demonstrated on the crude 
extract and on the crystalline material (We would 
like to thank Dr. Cappuccino for running the lysozyme 
determinations.) By column chromatography of the 
AES extract on ‘1RC-50 (X £64)’ it was shown that 
the lysozyme activity is associated with a protein 
fraction, rich in tryptophan. 

On basie and acid hydrolysis of this crystalline 
protein, the following amino-acids have been identi- 
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Fig. 


1. Lysozyme crystals obtained from kidneys of Sprague- 
Dawley rats A aara with Jensen sarcoma ( x e. 75) 
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We scblack tain. —— — 140 V.,12 16 hr 
o § c on, èp m.amp., . 
4° C, rior = à 


pernatant 
2, Jensen sarcoma rat liver homogenate supernatant; 3, Normal 
tant; 4, J rat kidney 
homogenate supernatant; 5, Jensen sarcoma rat blood; 6, Normal 


tarch-gel 


ensen sarcoma 


tant; 7, Normal rat kidney homo- 
lysozyme from Jensen sarcoma 
rat kidney 


rat kidney 
genate supernatant; 8, 


fied by paper and ion exchange chromatography™: 
leucine, phenylalanine, valine, alanine, glycine, 
glutamic acid, aspartic acid, lysine, arginine, histidine, 
cysteine and methionine. A quantitative determina- 
tion of the amino-acid composition of this protein 
will be described elsewhere. 

The isolation of this basic protein, which we have 
previously described’, was obtained using as analytical 
tools tryptophan, nitrogen determination, electro- 
phoresis on starch gel and on moving boundaries. 
The fact that we did not find such a protein in kidney 
extracts of normal Sprague-Dawley rats is due to 
the lack of sufficient sensitivity of these methods for 
detecting the minute amounts of such a protein present. 

By the enzymatic method, lysozyme activity can 
be found also in organ extracts of normal animals as it 
has been described by many authors. However, the 
increase of lysozyme activity found in the kidney 
extracts of tumour-bearing Sprague—Dawley rats can 
be about 20-70 times greater than the values found 
in the normal rats. 

Obviously these findings pose more questions than 
they answer. In so far as the actual experimental 
evidence shows, we can say that: 

(1) Lysozyme increases in the kidneys of Jensen 
sarcoma-bearing Sprague-Dawley rats very rapidly. 

(2) The increase is statistically proportional to the 
mass of the tumour. 

(3) The surgical removal of the tumour is followed 
by a rapid decrease of the lysozyme activity in the 
kidneys toward normal levels". 

(4) Spontaneous regression of the tumour is 
accompanied by lowering of lysozyme content in the 
kidney. 

We are not in a position to give an explanation for 
this increase of lysozyme activity in the kidney of 
tumour-bearing rats and its biochemical significance. 
We do know that lysozyme activity seems to be 
under the influence of the pituitary—thyroid system™. 
Stressing conditions or other indirect effects of the 
tumour growth could be responsible for such an 
increase, as well as concomitant infections accom- 
panying the tumour transplant. On the other hand, 
it could be a sign of increased activity of the natural 
defences of the organism against the tumours. As a 
matter of fact, our knowledge of the functions of 
lysozyme in mammalian tissue is very limited. 
However, we feel that this finding is not only impor- 
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tant as a new observation but it will also be useful 
in directing attention to the whole problem of the 
biochemical significance of lysozyme in mammalian 
tissues. 

This investigation was supported in part by 
research grant OY-3192 from the National Cancer 
Institute, Public Health Service, Bethesda, Md. 
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INHIBITION OF A STREPTOCOCCAL BACTERIOPHAGE BY 
SURAMIN 


By B, REITER and J. D. ORAM 
Bacterlology Department, National Institute for Research in Dairying, Shinfleld, Reading 


LTHOUGH suramin has been used for many 
years in the treatment of human trypano- 
somiasis, its mode of action is still not fully under- 
stood. Recently, Lominski, Cameron and Wyllie! 
have demonstrated that strains of Streptococcus 
faecalss, which normally grow singly or as diplococci, 
can be induced to form long thread-like chains. In 
a normal culture, chains are apparently broken up 
at an early stage by an enzyme, which has been found 
to break up suramin-induced chains freed of suramin 
by centrifugation and washing. These workers sug- 
gested that the cell-separating system is identical 
with, or part of, a lytic system which can be 
inhibited by suramin. 

We have confirmed these findings with a strain of 
Streptococcus lactis’. We then considered whether 
there was some analogy between the cell-separating 
system and the lysis of cells by bacteriophage and 
consequently studied the effect of suramin on phage 
multiplication. As it is now established that the tail 
enzyme of colipbage T, and the enzyme contained in 
T, phage lysates are true lysozymes*-*, we have 
attempted, so far without success, to isolate the 
lysozyme or phage lysin from lysates of Streptococcus 
lactis in order to determine whether suramin inhibits 
the enzyme involved in the adsorption and penetra- 
tion of phage and lysis of the phage-infected cell. 
In the meantime, however, we have studied the effect 
of suramin on the lysis of Micrococcus lysodetcticus 
by orystalline egg lysozyme, — the system as 
being analogous to the phage host system, as 7’, 
phage lysin acted both on H. cols B and Micrococcus 
lysodetcticus according to Weidel and Katz’. We 
found that suramim inhibits both the lysia of Strepto- 
cocous lactis by preventing the initial step of phage 
adsorption and the lysis of Micrococcus lysodetotious 
by lysozyme. 

‘Dextrose Lab-lemco’ broth (DLB) with and with- 
out suramin (kindly supplied by Imperial Chemical 
Industries, Lid.) up to 1 per cent was inoculated 
with a 24-hr. culture of Streptococcus lactis ML, 
(N.C.D.0., 763) to give about 2 x 10’ cells/ml, 
moubated at 30° C., and its growth measured in a 
Hilger ‘Biochem.’ (filter 58). Both cultures reached 
0:80 optical density (O.D.) unitas in 7-8 hr., the 
suramin culture never lagging behind the control by 
more than 010 O.D. units. Thus, even this high 
concentration of suramin showed comparatively little 


toxic effect. Suramin was also found not to be 
virucidal, since a suspension of the lytic phage mla 
specific to Streptococcus lactis ML., showed no loss of 
viability after exposure in DLB containing up to 
l per cent suramin. Streptococcus lactis ML, was 
afterwards infected with phage at multiplicities of 
10- to 10 in DLB with and without 0-5 to 1 per cent 
suramin. The control without suramin lysed at a 
multiplicity of 10 in 2 hr., while suramin inhibited 
lysis completely up to a multiplicity of 1 and par- 
tially inhibited lysis at a multiplicity of more than 1. 
Phage adsorption experiments’ both m.DLB and 
0-1 M sodium chloride afterwards showed that 
suramin prevented the adsorption at 0° C. and 
30° O. (Fig. 1). It was also found that suramin had. 
to be present throughout the adsorption process. A 
high-titre phage suspension of mi, in a medium 
containing | cent suramin was adsorbed at the 
normal rate by Streptococcus lactis ML, when the 
suramin had been diluted out; similarly, cells of 
Streptococcus lactis ML, exposed to suramin showed 
the same rate of phage adsorption after the cells were 
freed from suramin by centrifugation and washing. 
As viable cells of Streptococcus lactis ML, were not 
lysed by egg-white lysozyme, we investigated the 
effect of suramin on lysozyme using Mtorecocous 
lysodeicticus. A 48-hr. culture of Micrococcus lyso- 
deicticus (N.O.T.C. 2665) grown in DLB at 37° C. 
with aeration was centrifuged and washed twice with 
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distilled water. Sufficient cells were suspended in 
Q:1 M sodium chloride or 0:1 M phosphate buffer 
pH 6-2, to give 0-70 O.D. units, and suramm and 
lysozyme (Armour Laboratories) were then added 
in the appropriate concentrations. Fig. 2 shows the 
inhibiting effect of suramin at varying concentrations 
with 5 pgm./ml. lysozyme. The observed inhibition 
occurred over a pH range 5-8, provided that sufficient 
concentration of electrolytes was present. Table 1 
shows that with diminishing ionic strength, even at 
the optimum pH 6-2, suramin not only failed to 
prevent lysis but actually enhanced it, particularly 
in distilled water. The reason for the latter results 
is not clear. It seemed possible that the suramin 
preparation contained sufficient free salts to permit 
lysis but not to allow inhibition. Recrystallization 
of the suramin, however, failed to influence the 
results, and lysis occurred under the same experi- 
mental conditions. The inhibition of lysozyme by 
suramin was initially investigated only at a near 
optimal temperature of 37° C., but the phage adsorp- 
tion experiments had shown that suramin inhibited 
attachment both at 0° C. and 30° C. Although the 
initial step of phage adsorption at 0° C. is regarded 
to be non-enzymatic, we investigated the ability of 
lysozyme at least to attach itself to Micrococcus 
lysodercticus at 0° C. Cells and lysozyme were mixed 
together in phosphate buffer, pH 6-2, and left 
standing for 6 min., the cells were then centrifuged 
and the supernatant decanted. It was found that 
the cells could not be re-suspended in phosphate 
buffer because they were strongly agglutinated. 
Clearly, the lysozyme acted on the cells at 0° C. in 
the same way as, for example, an excess concentration 
of lysozyme fails to lyse Micrococcus lysodetcticus but 
only agglutinates the cells. Next we investigated the 
initial rate of enzyme activation at the reduced 
temperatures of 14° C. and 0° C. without centrifuga- 
tion, using only 1 ugm./ml. lysozyme, thus slowing 
down the reaction further. The cell suspension, 
which gave an initial reading of 0-70 O.D. umts, was 
reduced to 28 O.D. (60 per cent) at 14° C. and to 
49 O.D. (30 per cent) at 0° C. in 10 min. It seams, 
therefore, that lysozyme at this concentration has 
still an appreciable rate of activity at 0° C., indicating 
a relatively low energy of activation. 

Amos and Vollmayer?11 found that pentamidine 
was very toxic against E. coli K.12 and failed to 
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Table 1, EFEROT OF CONCENTRATION OF PHOSPHATE BUFFER, pH 6-2, 
ON THE LYRIS OF "e lysod BY 5 MGM. fw. LYSOEYMJ 


Molarity of o stlramimn 0-2 per cent suramin 
phosphate: buffer D. units x 100 Ay 20 min. 
0 48 2 
o 001 84 2 
6 005 12 8 
0-01 5 5 
005 2 48 
0] 2 66 


Initial reading 70 


prevent adsorption or synthesis of 7, phage. The 
toxicity was mainly due to inhibition of trans- 
aminases. Streptococcus lactis ML, contains also 
transaminases (unpublished results) but they can- 
not play the same part in the metabolism of this 
organism as for E. colt K.12 grown in an inorganic 
salt medium. This may explain the low toxicity 
against Streptococcus lactis ML, which has complex 
nutritional requirements both for water-soluble 
vitamins and amino-acids*, So far, we have no proof 
that suramin inhibits phage lysin durmg the initial 
stage of phage adsorption at 0° C., but the activity 
of the enzyme at 0° C. l Micrococcus lyso- 
deiciicus makes it feasible that lysin or phage lyso- 
zyme may take part in the initial step of adsorption 
at 0° O. and become activated further at higher tem- 
peratures. It can be reasonably expected that the 
phage lysin behaves as the egg lysozyme because of 
the marked similarity between lysozymes of different 

origin’*, Walls and Wormall"® that there 
are two types of enzyme inhibition by suramin. 
Group A (urease, invertase, peroxidase and catalase) 
is not inhibited at or above pH 7 but only on the 
acid side of their isoelectric points, because, it was 
suggested, of the protection of the active centre of 
the enzyme by a bridge structure formed as a result 
of the interaction of the sulphonic acid groups of 
suramin with basic groups of the enzyme. Group B 
(lecitinase, carboxylase, succinic dehydrogenase and 
choline dehydrogenase) is inhibited over a wider range 
of pH because suramin combines directly with the 
active centre of the enzymes of group B. Clearly, 
lysozyme belongs to the latter group of enzymes. From 
time to time reports have appeared that aromatic 
diamidines inhibit anımal viruses at least in vitroi-17. 
It is known that both pH and electrolytes have a 
pronounced effect on animal virus—host cell com- 
binations*4, and it would be of some interest to 
investigate the effect of suramin to see whether it 
provided yet another parallel between bacterial and 
animal viruses. 

While this article was being prepared, Lominski 

and Gray?* have reported the inhibition of egg-white 
lysozyme by suramin. This is confirmed by our work 
reported here and fuller details will appear elsewhere. 
1 Lominski, L, Cameron, J., and Wyte, G., Natures, 181, 1477 (1958). 
* Reiter, B., and Oram, J. D, J. Dairy Rss., 28, 68 (1961). 

* Koch, G., and Weldel, W., Z. Naturforsch., 116, 845 (1956). 

t Brown, D. 0., and Kosloff, L. M., J. Biol. Chem, , 225, 1 (1957). 

* Koch, G., and Dreyer, W. J., Virology, 8, 201 (1968). 

t Wedel, W., and Katz, W., Z. Naturforsch., 16b, 156 (1961). 

Y Adam, AL H., Methods in Medical Res., 2, 1 (1950), 

* Puck, T. T., Garen, A., and Cline, J., J. Ezp. Med., 98, 65 (1967). 

’ Garen, A., and Pack, T. T., J. Rup. Med., 94, 177 (1961). 
te Amos, H., and Volimayer, B., J. Bact., 78, 172 (1957). 
11 Amos, H., and Volimayer, E., J. Bact., 7%, 178 (1957). 
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GLUCOSE, LACTIC ACID AND BICARBONATE IN 
RABBIT BLASTOCYST FLUID 


By Dr. C. LUTWAK-MANN 


Agricultural Research Council Unit of Reproductive Physiology and Brochemistry, 
Molteno Institute, University of Cambridge 


HE presence of glucose, lactate and bicarbonate 

in rabbit blastocysts was reported some time 
agol-3, Since there is considerable biological interest 
in each of these constituents of early embryonic 
fiuid, and they can be assayed quickly and accurately 
even in limited amounts of material, it seemed desir- 
able to survey their behaviour under conditions 
prevailing in normally developing blastocysts, as well 
as in embryos in which ohanges have been induced 
experimentally. 

The characteristic marked shifts in the level of 
glucose, lactate and bicarbonate m blastocyst fluid 
which take place during the period preceding and 
following implantation, conourrently with the rapid 
growth of the embryos, are illustrated in Fig. 1, 
which also contains values on the uterine secretion, 
maternal blood and peritoneal fluid. It can be seen 
that each of the substances examined behaves 
differently. Bicarbonate is highest in blastocysts 
aged 5-64 days, when it exceeds bicarbonate-levels 
in the uterine secretion, as well as in blood plasma 
and peritoneal fluid. Subsequent to implantation 
there is a decline, and at 8-94 days of gestation the 
concentration of bioarbonate in the blastocysts 
roughly equals that of maternal plasma. In contrast, 
glucose and lactate both show a rise, parallel with 
increasing embryonic age and weight. Glucose con- 
centration in unimplanted blastocysts does not exceed 
20 mgm./100 ml., a value close to that of the uterine 
secretion. However, from the time of —— 
onward there is a continuous increase, reac 
maximum. of 80 mgm./100 ml., which is still leas than 
that of maternal blood glucose. Relatively little 
lactate is present in free-lying blastocysts, which in 
this respect resemble the uterine secretion. Im- 
plantation (day 7-74) is marked 
by a steep rise to 120 mgm./100 
ml.; this is followed by a post- 
implantation decline to about 80 
mgm./100 ml, a value greatly 
exceeding lactate-levels of either 
peripheral blood or peritoneal 
fluid. 

Changes in the normal embry- 
onic pattern of distribution of 
glucose, lactate and bicarbonate 
have been investigated following 
the action of exogenous agents 
which predominantly act on the 
spade aan as well as under 

rimental conditions which 
primarily alter the uterine en- 
vironment and thereby secondar- 
ily affect the blastocysts, such as, 
for example, ovariectomy*. Suit- LL A © 
ably timed parenteral admmistra- 
tion of certain embryotoxic drugs 
(for example, 6-mercaptopurine) 
not only selectively damages the 
embryonic disk, but, in addition, 
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hinders blastocyst nidation. Implantation can also be 
prevented by ovariectomy, but in this case the struc- 
ture of the surviving blastocysts remains largely unim- 
paired. Blastocyst expansion is not arrested, in 
either case, by the failure of implantation. However, 
the interference with embryo nidation is clearly 
reflected in the composition of the blastocyst fluid, 
in that ıt becomes ‘retarded’ in relation to the 
chronological age of the embryos, the effect being 
more pronounced in respect of lactic acid than either 
bicarbonate or glucose. 

To follow up and extend earlier work on blasto- 
cyst—maternal relationships} *:?, an investigation was 
made of glucose distribution at 45 min., 3 hr. and 
6 hr. after an intravenous injection of hypertonic 
glucose solution into pregnant rabbits (Fig. 2). There 
was no perceptible change in glucose-levels in the 
6-day blastocysts throughout the post-injection 
period; this has been noted before', and is presumably 
in line with findings which indicate that in the uterine 
seoretion the concentration of glucose is not enhanced 
by parenteral administration of this sugar. At 7 days 
the glucose-level was moderately increased 45 min. 
after glucose injection, but returned to pre-injeotion 
values at 3 hr. and 6 hr., respectively. The picture 
was, however, different in the older blastocysts. First 
of all, in the great majority of rabbits injections of 
hypertonic glucose at 8-9 days of pregnancy caused 
an appreciable rise in the volume of blastocyst fluid, 
the amount per individual implant being nearly 
doubled in some animals. Glucose concentration at 
45 min., while still far behind the maternal blood 
glucose-level, showed a substantial increase, especially 
evident in 8-day blastocysts. But at 3 hr. and 6 hr. 
after injeotion, probably owing to slow clearance 
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Table 1. Byreor OF INSULIN ON THE LEVEL OF GLUCOSE (XGX. IIOO ML.) IN BLAgrocysT FLUID, MATERNAL BLOOD, AND PHRITONRAL FLUID 
Tatas rabbits were > imjeoted — — — with 40 LU. insulin an autopsied 75 min, and 2 hr, later; groups of experimental animals are 

Age ee in numbered I-IV; *, denotes inciptent hypoglycemic 
— after Blastocyst Peritoneal 
ae insulin fluid Blood fluid 
mating) injection 
I I mm IV I It Iu IV I sae I Ly 
7 75 min, 70 B 84 8 70 74 48 40 ‘os: 207, =e. 44 
2% hr. 45 27% — — 58 g4 — — 56 BAF — — 
8 75 min. 74 118 — —— 57 83 — — 95 113 — — — 
24 hr, 88 41 72 82 56 $4 42 50 79 47 78 70 
9 75 min, 106 98 —* — 62 60 — 104 100 — — 
2$ hr. 52” AS — — 24* 46 — — 31* 72 — — 


from the blastooolio space, more glucose was found 
in- the blastocyst fluid than in maternal blood. 
It would be important to investigate whether such 
‘retention’ of glucose (or other substances) in their 
internal mileu could in any way influence the 
blastocysts. 

When pregnant rabbits were treated with stilb- 
cstrol prior to glucose injections, the volume of 
blastocyst fluid was reduced, and the rise in glucose 
concentration referred to above was completely 
obliterated (Fig. 2). Pre-treatment of rabbits with 
cestradiol benzoate did not produce such an effect. 
No major variations were detected in bicarbonate, or 
lactate, in blastocysts from rabbits injected with 
glucose. Similarly, no changes were recorded in 
either glucose-, lactic acid-, or bicarbonate-levels, 
irrespective of blastocyst age, after intravenous 
injections of sodium lactate. 

Prolonged hyperglycemia produced in rabbits, for 
example, by treatment with cortisone acetate, or the 
sulphonamide drug dichlorphenamide (‘Daranide’, 
Merck), resulted in elevated glucose contents in the 
implanted, but not in the free-lying, blastocyste. 
Protracted administration of dichlorphenamide 
caused, in addition, a long-lasting inhibition of 
endometrial carbonic anhydrase; however, this did 
not specifically affect the level of bicarbonate in the 
blastocysts, except when their development was 
arrested owing to the general, not inconsiderable, 
toxicity of this dmg. Attempts to Induce diabetes 
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in pregnant rabbits with (bovine) growth hormone 
have as yet been unsuccessful; the hormone treat- 
ment had no obvious effect on glucose, lactate, or 
bicarbonate in the blastocyste. 

In rabbits made hypoglycsmic by large dosee of 
insulin, and examined at intervals of 75 min. and 
2% hr., the followmg observations were made (Table 
1). In 7-day old blastocysts the glucose-level tended 
to be near or below that of maternal blood. In 
contrast, in blastocysta aged 8 and 9 days there was 
consistently more glucose in the blastocyst fluid 
than in blood, m experiments of short and long 
duration alike, the blastocyst values corresponding 
on the whole to those of the peritoneal fluid. The 
bicarbonate content was not altered; however, in 
several animals treated with insulin, high lactate 
values were recorded on day 7, but not in the older 
blastocysts. 

Among the numerous drugs the effect of which on 
rabbit blastocysts has been investigated, one more 
deserves mention, namely, salicylate, because of the 
ease with which it was found to penetrate, subsequent 
to subcutaneous administration, both into unim- 
planted and implanted blastocysts. Moreover, it 
persisted in blastocyst fluid for several hours after 
practically all salicylate had disappeared from peri- 
pheral blood and peritoneal fluid. Histological 
examination of blastocysts from rabbite treated with 
salicylate did not reveal any deleterious changes, so 
long as the amounts injected did not exceed half- 
lethal’ doses. The levels of glucose, lactate and 
bicarbonate in the embryos also remained normal. 

Further investigations are needed on the chemical 
nature of the blastocyst fluid to elucidate the mech- 
anisms responsible for the creation and maintenance 
of the embryonic micro-environment, especially con- 
cerning the maternal versus the embryonic, contri- 
bution. A promising approach to this fundamental 
problem in the physiology of the mammalian embryo 
has been opened up by ‘the successfully accomplished 
cultivation of blastocysts in vtiro’. This permite a 
combined biochemical—histological examination of 
the embryos and presents an opportunity of studying 
metabolic processes underlying specific stages of 
differentiation. It remains, of course, to be seen how 
closely the sequence of events in vitro corresponds to 
the natural development of blastocysts; also, to 
what extent it can be influenced by variations in the 
composition of the incubation medium. 
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PREPARATION OF A NUCLEAR FRACTION FROM BACILLUS 
MEGATHERIUM AND ITS ROLE IN BIOSYNTHESIS 
OF RIBONUCLEIC ACID 


By G. N. GODSON and Pror. J. A. V. BUTLER, F.R.S. 
Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London, S.W.3 


Q-called ‘chromatin bodies’ have been observed 

in a variety of bacteria by cytological and electron 
microscopic techniques. In only one instance, 
however, has a discrete nuclear body been isolated by 
& biochemical technique. Spiegelman, Aronson and 
Fitzjames! reported that when the cytoplasmic 
membrane of protoplasts of Bactlus jum iB 
dissolved by lipase, between 70-75 per cent of the 
total deoxyribonucleic acid (DNA) can be centrifuged 
out of the lysate in the form of discrete bodies. These 
‘nuclear bodies’ numbered approximately one per 
protoplast. This preparation is diffoult and takes 
several hours. Consequently, it is of little use for 
metabolic studies. The p of this article is to 
report a new method of isolating the nuclear material 
from B. megathertum and to describe some preliminary 
experiments with this fraction. 

The usual method of disrupting protoplasts is to 
reduce drastically the osmotic pressure of the stabiliz- 
ing medium. When such a lysate is centrifuged at a 
fairly low centrifugal force (c. 10,0009), a membrane 
fraction and a cytoplasmic fraction separate. Under 
these conditions, 40-60 per cent of the total DNA 
sediments with the membrane fraction: the re- 
mainder can be sedimented out of the cytoplaamic 
fraction only with great difficulty. These two frac- 
tions of DNA are identical in composition and metab- 
olic behaviour and are derived from the same origin’. 
An attempt was made to find a method of lysing 
protoplasts which would satisfy the folowing criteria: 
(a) the lysis should be carried out under conditions 
which do not break up the nuclear bodies; (b) lysis 
should be rapid so that short-time metabolic studies 
can be performed. <A preliminary examination of the 
effect of surface-active agents on protoplasts of B. 
megatherium was made by Balton! and Gilby and 
Few*. The use of detergents has been developed to 
give a procedure for isolating nuclear material. 
Several detergents were investigated, but the neutral 
detergent, ‘Lubrol W (ref. 6), was found to be the 
most useful. When protoplasts of B. megathertum 
strain KM, prepared by lysozyme treatment of whole 
cells, are suspended in 0:6 M phosphate-salta— 
glucose medium‘, at approximately 5 mgm. dry 
wt./ml. and exposed to 0-01 per cent ‘Lubrol’ at 
0° C., complete lysis occurs within 5 min. Under the 
phase-contrast microscope (x 1,000), the lysate can 
be seen to contain spherical bodies; but whether these 
represent nuclear bodies or fragments of cytoplasmic 
membrane is, at the moment, uncertain. When the 
lysate is centrifuged at 15,000g for 5 min., a pellet 
sedimenta which contains all the cytoplasmic mem- 
brane together with 90-97 per cent of the total 
DNA. The membrane material can be separated 
from the nuclear material by homogenizing the 
pellet in a Potter homogenizer for a short period at 
0° ©. This reduces the viscosity and breaks up the 
lumps of membrane material. The homogenate is 


then layered on 0:9 Af sucrose and centrifuged at 
44,000g for 30-40 min. in a Spinco S.W. 20 rotor. 
The membrane material collecte on the bottom of 
the tube and the DNA-containing material remains 
layered on the top. The distribution of RNA, DNA 
and protein between the cytoplasmic fraction, the 
cytoplasmic membrane and the nuclear material is 
shown in Table 1. Similar figures for the fractions 
obtained by osmotic lysis are also given for com- 
parison’, 


Table 1. DistRisution oy RNA, DNA AND PROTRIN AFTER Lysis 
OF PROTOPLASTS WirrH ‘LUBROL W' AND BY Sate — 
— t) — t) igen nt) 
er oon r oen a 
Luror — 166 Pe ea 
—— frae fraction 4-5 86 78 
90 3-4 12 
Membrane fraction 5 1 12 
Osmotio lysis 

Protoplast 180 100 190 
fraction 85 60 70 
ermbrane fraction 85 40 80 


The nuclear fraction is & viscous gel in which 
separate nuclear bodies, which would have been 
destroyed by the homogenization, are not visible. 
The ratios of the amounts of RNA : DNA : protein 
of the nuclear material is approximately 1:7 : 10. 
This ratio has been the same in a large number of 
different experiments, even when the details of the 
procedure have been changed somewhat. The 
fractions produced by lysis of protoplasts with ‘Lubrol’ 
are, therefore, a cytoplasmic fraction contaming over 
95 per cent of the total RNA and almost no DNA, - 
e nuclear material which Contains more than 90 per 
cent of the total DNA together with a little RNA and 
a cytoplasmic membrane stripped clean of attached 
material. 
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When protoplaste are incubated with uridine 
labelled with tritium in a phosphate-salts—glucose 
medium, incorporation into the RNA of both the 
nuclear material and the cytoplasmic fraction takes 
place. Fig. 1 shows the distribution of the radio- 
activity after incubations for various periods. It 
can be seen that the specific activity of the small 
amount of RNA in the nuclear material rises much 
more rapidly than that in the cytoplasmic fraction. 
This experiment suggests that the RNA in the nuclear 
material is the first to be synthesized. Efforts to 
‘chase’ the labelled RNA from the nuclear material 
into the cytoplasmic fraction by adding a large 
amount of unlabelled uridine, uridine + adenosine 
triphosphate or uridine triphosphate were unsuc- 
cessful. This is probably due to the presence of a 
large pool of labelled precursors in the protoplast. 
If, however, the protoplasts were labelled for a short 
period (5 min.), centrifuged out of the meoubation 
mixture, re-suspended in a buffer medium containing 
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no glucose, starved by shaking at 30° C. for 30 min. 
and then ‘chased’ by adding uridine + adenosine 
triphosphate or uridine triphosphate, the specific 
activity of the nuclear RNA rapidly falls and the 
specific activity of the cytoplasmic RNA slowly rises. 
This is illustrated in Fig. 2. It must be remembered 
that there is about twenty times more RNA in the 
cytoplasmic fraction than in the nuclear material. 
A large drop in activity of the nuclear RNA would, 
therefore, result in only a small increase in the activity 
of the cytoplasmic RNA. 

It must be mentioned that Ezekiel’, using osmotic- 
ally lysed protoplasta of B. megatherium, found the 
first synthesized RNA in a fraction of the lysate 
which contained membranes, poly-B-OH-butyric acid 
and approximately 70 per cent of the cell DNA. 

Preliminary experiments have shown that the 
nuclear material, when isolated as described here 
and incubated in viro with the four ribonucleotide 
triphosphates plus labelled uridine, is capable of 
synthesizing labelled RNA. 

These experiments offer clear evidence of the 
isolation of a nuclear material containing practically 
all the DNA, which is the site of a rapid RNA 
synthesis and is apparently the main site of RNA 
synthesis in the cel]. These observations supplement 
the findings of Caro and Forro’, who exammed the 
site of RNA synthesis in W. cols, using an autoradio- 
graphic technique. A more detailed study is bemg 
made of the RNA associated with the nuclear material. 

We thank Mr. R. A. Goodgall for his skilled assist- 
ance and Dr. G. D. Hunter for discussions and 
information about his earlier attempts to prepare and 
characterize a nuclear fraction. 
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to the Chester Beatty Research Institute (Institute of 
Cancer Research : Royal Cancer Hospital) from the 
Medical Research Council, the British Empire Cancer 
Campaign, the Anna Fuller Fund, and the National 
Cancer Institute of the National Institutes of Health, 
U.8. Public Health Service. 
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SUSCEPTIBILITY OF PINTO BEAN LEAVES TO TOBACCO MOSAIC 
VIRUS AND ITS RELATIONSHIP TO LEAF RIBONUCLEASE 
CONTENT 


By Pror. V. SANTILLI, C. M. NEPOKROEFF and N. C. GAGLIARDI 
Department of Biology, University of Buffalo, Buffalo 14, New York 


HE mechanism by which virus particles establish 
infection’ once they have entered the cell is a 
fundamental and still unsettled question. If the 
present assumption is true, the initial stage in this 
process is the loss of protein by the virus followed by 
the combination of the liberated mbonucleic acid 


(RNA) with some infection site’. One would then 
expect leaf susceptibility to depend partly on the 
quantity of leaf ribonuclease (RNase) present at 
the time of inoculation, since this enzyme in low 
concentration is known to inactivate infectious 
tobacco mosaic virus RNA tn vitro rapidly’. It has 
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been suggested? that the low infectivity of tobacco 
mosaic virus RNA, as compared with whole virus, 
may be due to its susceptibility to leaf RNase. 

In order to determine whether leaf RNase truly 
provided a barrier to the establishment of infection 
we have compared the numbers of local lesions 
produced by tobacco mosaic virus with the leaf 
RNase activity on the primary leaves of bean 
(Phaseolus vulgarts L. var. Pinto) at different levels 
of susceptibility. These levels were obtained by 
using leaves of different ages and by artificially 
increasing susceptibility by pre-inoculation darkening 
of half-leaves or by pre-Inoculation heating of plants 
at 37° C. Methods of growing, inoculating and 
incubating plants were similar to those described 
earliort. Leaf RNase was assayed by a considerably 
modified’ version of the agar plate method of Martin- 
Esteve et al.8. Enzyme concentration was expressed 
as the equivalent ugm. of pancreatic RNase producing 
the same amount of yeast RNA hydrolysis. 

The results of four different experiments with 
leaves of different ages show an over-all decrease in 
both leaf RNase activity and susceptibility in going 
from the youngest to the oldest leaves (Table 1). 
However, leaf RNase activity drops off sharply from 
the youngest to the next youngest age-group whereas 
susceptibility may drop off sharply, moderately, 
remain relatively constant or rise significantly in the 
same time period. From the second to the third 
age-group leaf RNase drops off slightly or not at all 
whereas susceptibility decreases greatly in all cases. 
In short, although the over-all time-period presented 
shows a positive correlation between leaf RNase 
activity and tibility, examination of portions 
of the time-period demonstrates a lack of corre- 
spondence in the manner of decrease. This suggests 
either that there is no relationship between the level 
of leaf RNase activity and susceptibility or that if 
there is one it is indirect. A similar positive correla- 
tion has been reported’ between leaf RNase activity 
and susceptibility to pod mottle virus with two age- 
groups of pinto bean in one experiment. 


Table 1. CHANGES IN LEAF RIBONUCLEASE ACTIVITY AND BUBORPTI- 
BILITY TO TOBACCO Mosaic VIRUS IN PRIMARY LBAVES OF PINTO 
BEANS WITH INCREASING AGE 


No. of ‘Leaf area 
leaves inoculated Leaf R 


Date of Leaf-age Lesionst N 
Exp. (days) (perdem.") usedt (dem.") (ugm./dom.* 
April 17 9 &60* * 50 4:10 0-86 * * 
16 28 7:07 0°41 
24 11%* 10 8-58 0 35* 
May 1 10 250 21 1-07 O-72** 
16 860 17 $ 55 G°29 
28 56** 1°28 0-24 
May 18 9 890 * * 67 4°61 0-5 ** 
14 80 20 3-84 0 22 
19 gtt 24 4°99 0-18 
July 8 7 &70* 18 Li4 0 95** 
9 820 18 3-88 0-45 
14 Lil** 18 $48 0-30 * 


*, ** Bignificantly different at the 5 and 1 per cent level, respec- 
tivel , from the next age gto 
ulated on the leaf area inoculated. 

Number of leaves used for both leaf RNase and virus assay. The 
former based on tissue removed from half-leavea, the latter on the 
inosulation of the opposite half-leaves with 0-6 ggm./mL tobacco 
mosaic virus ın 0-05 Af KH,PO, buffer at pH 7-0. 

§ Expressed as equivalent weight of pancreatic RNase. The average 
of eight or nine determinations. 


In contrast to c ooourring with age of the 
leaf, pre-inoculation darkening of half-leaves in- 
creased leaf RNase activity and susceptibility sharply 
over untreated opposite half-leaf controls (Table 2). 
No significant differences were found between 24 and 
48 hr. of dark treatment. It seems clear that for the 
periods of treatment used there is a positive correla- 
tion between leaf RNase activity and susceptibility. 
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Table 2. EFFROT OF PRE-INOOULATION DARKBKING OF PrIVtO BEAN 
HALF-LEAVBS ON THEIR LEAF RIBONUCLEASE ACTIVITY AND SUB- 
OEPTIBILITY TO TOBACCO MOSAICO VIRUST 


Control (per cent)t 


un 
No. of La 
lesiona$ actlvityii 


24 188 * 200** 196** 180** 
48 204** 161** 200* 198 ** 

*, ** Significantly different at the 5 and 1 per cent level, respec- 
tively, from the control. 

lants tested 12 days from time of planting. Inoculated with 

0-05 gsgm./ml. tobacco mosaic virus mn 6-05 M KH,PO, bufer at 
pit 70. Bach value represents sixteen — half-leaf comparisons. 

e number of lesions and leaf RNase activity were expressed on the 
basis of leaf surface area at the time of inoonlation. 

¢ Lesions/dem,? of sample half-leaf divided by lesions/dem.? of 
opposite control half-leaf and equivalent concentration of pan- 
creatic RNase/dem.* of sample half-leaf divided by the same for the 
4) ite control half-leaf, 

f Moan number of lesions/dem.* for control: June 19, 24 br., 
160, 48 hr., 170; June 21, 24 hbr., 880, ag A 
i| The mean t concentration of pancreatice RNase for the 
control in agn t based on an homogangie of 45:4 om.* of Jeaf 
tissue: June 19, 24 br, 0-18, 48 hr., 6-20; June 21, 2 hr., 0 20, 
48 hr., 0 20. Hach control or sample value based on ten determinations, 


RNase 


lesionss activity]| 


Heat—dark treatment, unlike our other findings, 
showed & negative correlation between susceptibility 
and leaf RNase activity, the former increasing and 
the latter decreasing with increasing time of treat- 
ment (Table 3). In two experiments using 17-day-old 
leaves (Table 3, May 24) and 11-day-old leaves 
(Table 3, June 1), the older leaves showed a greater 
increase in susceptibility and decrease in leaf RNase 
activity than the younger leaves. In both cases, 
however, leaf RNase activity tended to drop off more 
rapidly than susceptibility early in the treatment, 
whereas susceptibility seemed to imcrease most 
rapidly late in the treatment. The magnitude of the 
change in susceptibility with maximal periods of 
treatment was much greater than that for leaf 
RNase in the corresponding periods. 


Table 8. KFFECT OF VARYING PHRIODS OF PRE-INOOULATION HERAT 
DARK TREATMHNT AT 87° O. ON THE LHAF RIBONVOLBABE ACTIVITY 
AND SUSCEPTIBILITY OF PINTO BEAN LRAVES TO TOBACCO MORAIO 


VRUS t 
Control (per conni 

Hours of May 24 exp. une 1 exp 
heat—dark No. of Leaf RNase No. of Leaf RNase 
treatment lesions§ activity {J Jesions§ activitys 

12 318 * 80* — — 

18 * = 195** 60 * 

19 — — 152* 44 ** 

20 881* 45** — — 

24 478* 27 4 239 * * ggr» 

48 904 * 24* * — — 


“, ** Significantly different at the 5 and 1 per cent level, respec 
tivel , from the control i 

ł yes inoculated with 0-5 ugm.fmi. tobacco mosaic virus in 
0-05 M KH,PO, buffer at pH 7-0. e number of lesions and leaf 
RNase activity were reaged on the basis of leaf surface area at the 
time of in tion. May 24 and June 1 leaves were tested 17 and 
11 days, ectively, from the time of planting, 

Lesions/dom.* of sixteen sample -leavea divided by leafons/ 
dom. of sixteen control haif-leaves and the equivalent oonoentration 
of pancreatic RNase/dem.* of sixteen sample half-lJeaves divided by 
the same for sixteen contro! half-leavea. 
= t THe men number of leslons/dcm.*? for the controls: May 24, 87; 

une i, : 
I The mean equivalent concentration of pancreatic RNase for the 
controls in dem.?; May 24, 0:14, June 1, 025. The area of 
tissue used for each sample is the same as that for the control, Each 


control or sample value on 7-10 determinations. 


Similar over-all results were obtained im all three 
types of experiments when leaf RNase activity was 
expressed on the basis of unit weight of protein in 
the leaf extract rather than unit area of leaf surface. 
Similar results were also obtained when infectious 
tobacco mosaic virus RNA was used instead of the 
intact virus. 

If it were not for the negative correlation obtained 
between susceptibility and activity of leaf RNase 
activity in the heat-—dark treatment it would be 
reasonable to say that pmto bean leaves demonstrate 
an over-all positive correlation between these two 
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leaf qualities. Furthermore, we could conclude on 
the basis of the rate of change of these two qualities 
in ageing leaves that leaf RNase probably does not 
affect the virus directly since the changes in its con- 
centration seem to precede that of susceptibility. 
This would suggest that products of the enzyme’s 
catalytic activity may be beneficial to the establish- 
ment of virus infection. If this is correct, the 
anomalous results with heat—dark treatment might 
be explained by the fact that the increased rate of 
enzyme activity at the high temperature of treatment 
may have more than compensated for the decrease in 
enzyme content. If this is true, one might expect 
to find a direct positive correlation between the 
quantity of free nucleotides and susceptibility. Quite 
apart from these conjectures, it seems clear that even 
increasing leaf RNase to abnormally high levels does 
not inhibit the infectivity of tobacco mosaic virus or 
even the virus RNA. On the contrary, infectivity 
was found to increase under such conditions. We 
conclude that the evidence seems to be more strongly 
in favour of leaf RNase indirectly enhancing the 
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establishment of virus infection than in playing no 
part in the process and we can say with much greater 
assurance than an increase in leaf RNase content does 
not increase the resistance of leaves to tobacco 
mosaic virus or its RNA. In agreement with Pirie’, 
we think that other reasons must be sought to explain 
the low infectivity of tobacco mosaic virus RNA. 
This work was supported in part by grants from 
the National Science Foundation (49568) and the 
National Institute of Allergy and Infectious Diseases, 
U.S. Public Health Service (#2187). 
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METABOLISM OF POLYPHENOLS IN THE TEA LEAF 


By |. S. BHATIA and Md. R. ULLAH 
Tocklal Experimental Station, Indlan Tea Association, Assam 


EA shoot is known to contain a number of poly- 

phenols of the catechinic type?4.. The present 
communication deals with the changes in the poly- 
phenolic pattern during the development and growth 
of the tea shoot. The qualitative changes were 
evaluated from visual examinations of two-way 
chromatograms after development of colours with 
suitable reagents*. Quantitative estimations were 
carried out by a comparative method developed by 
us for estimating the relative amounts of individual 
polyphenols in green and processed tea leaft. Poly- 
phenols are separated by two-way chromatography 
of a methanolic-hydrochloric acid extract of the 
material and located under ultra-violet light. The 
spots are cut, eluted with water and estimated from 
optical density measurements at 275 my. 

The polyphenolic make-up of tea seeds and of the 
various organs which developed from it after germina- 
tion has been examined. Chromatograms of seeds, 
roots and cotyledons all contamed spot 1 (Fig. 1). 
Before any chlorophyll-bearing organs were in evid- 
ence, extracts of colourless epicotyl on examination 
showed, the presence of (—)-epigallocatechin (EGO), 
(—)-epigallocatechin gallate (EGOG), {—-)-epicatechin 
gallate (ECG), (+)-catechin (O), (—)-epicatechin 
(EC), (+)-gallocatechin (GC), gallocatechin gallate 
(GCG), theogallin (TG) and some uncharacterized 
spots (spots 1, 6, 12, 13 and 14), a large diffused 
patch (spot 2) and a streak along the lengthwise 
run of the solvent (butanol~acetic acid~water). The 
precursors of all these compounds are presumably 
present in the seeds. Chromatograms of yellow- 
green cataphylls formed at a subsequent stage of 
germination contained all these spots except that the 
spot 2 was reduced in intensity. Spots 1 and 2 were 
absent from the chromatograms of foliage leaves, but 
the other phenolic spots characteristic of mature tea 
leaves were there. 


The ratio EGCG/ECG increases with development 
of new organs of the seedling: being 1-7 for epicotyl, 
2-3 for cataphylls and 6-33-11-72 for the foliage leaf. 
Spot 6 is present during the early stages of the 
development of the seedlings, but as they grow it 
keeps on diminishing until on the chromatograms of 
mature leaves it cannot be detected and only TG 
is present. 

Spots 1 and 2 resemble the catechins in their colour 
reactions, characteristic fluorescence under ultra- 
violet light and their absorption spectra in the ultra- 
violet. In view of their low Rr values, insolubility 
in ethyl acetate and their presence only in the earlier 
stages of germmation and complete disappearance 
later on, it is likely that they are some sort of con- 
densed polyphenolic compounds which probably 


~» Bautanol : acetic acid : water .:4:1:5 
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Tablett, OONGENTRATION (au. PER OENT ON DRY WT.) OF ( —)-EPI- 
a GALLATH aoe) OATROUIN GALLATE 


AND (—)-EPT 
(ECG) AND THEIR RATIOS IN SHooTs FROM TRA BUSHES 
Code Tockial leaf Borbhetta lea 
No. (mother bush; age 48 yr.) (clone; age 7 yr.) 
Laca moe See Baoa moe Soy 
10.51.5 5 897 1 517 8-58 5 761 1-708 8 38 
19.5.41 4 054 1 078 3°77 3 642 1-088 8-51 
19.45.909 4 298 1 380 3 28 8 910 1 277 8-06 
Sun Shade 
3,141 4 185 0 670 6 25 5 385 0 ‘828 6 50 
8.109 406 1030 4°28 4 280 0'948 4 51 
3.215 & 953 0 904 4 38 4:126 0'931 4°43 
Without Manure With manure (N or K) 
10,290.18 3'14 1°56 20 2 87 1 87 2-1 (N) 
2 98 1°52 1 9 (K) 
20.28.1 4 66 0 90 51 4 48 0°87 5 1 Bh 
4 70 0°04 50(K 
Placked Rested 
19.2.1868 5 301 1 122 4 72 2 949 0 851 4-52 
19.28.16 4:382 1 310 3 $5 3 408 0 859 8 54 
198301 6 O80 0 832 6 47 5 624 Q 888 6 38 


serve as precursors of the catechins. _ Because of 
similarity in absorption spectra, fluorescence under 
ultra-violet light, chromatographic behaviour and 
partition coefficients, spot 6 and TG seem to be 
structurally related. 

The ratio EGCG/ECG for plucked shoots from 
mature bushes appears to be characteristic only of 
the bush and stays practically constant throughout 
the plucking season (May—November). When cut- 
tings were taken from the mother bushes growmg in 
our experimental plots, and plants raised from these 
cuttings were transplanted at Borbhetta Experi- 
mental Farm situated several miles away, the ratios 
observed in the mother bushes at Tocklai were 
repeated in the clones at Borbhetta. Similarly, when 
from the same clone a section of tea was allowed to 
grow under full sun and another under partial shade 
or to a section manure was applied and another 
section. was left untreated, these ratios were not 
appreciably affected. Pluckable shoots of bushes 
which were plucked regularly st an interval of two 
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weeks exhibit the same ratio as the comparable shoots 
from bushes allowed to grow freely. Representative 
data on these aspects are recorded in Table 1. : 

Among the clones tested, so far, this ratio has been 
shown to vary between 1-76 and 6-6, indicating a wide 
range of compositions for the cultivated varieties in 
respect of these gallic acid esters. The ratios for the 
basic types of the tea plants were found to be: for 
Camellia sinensis var. mnenss (China type) 3-2; 
and for O. sinensts var. assamica (Assam type) 10-3. 
Placked shoots of C. trrawadtensts, a related species . 
gave a ratio of 1-45. 

The relatave constancy of this ratio under diverse 
cultural and environmental conditions, and ita sole 
dependence on the nature and origin of the leaf 
suggests that this ratio is genetically controlled. 

The large differences observed in the rates and 
extent of enzymatic oxidations of EGCG and ECG 
during the fermentation of tea leaves*:* presumably 
lead to differences in the chemical composition and 
liquor characters of resulting teas. Quantitative 
estimations of individual polyphenols and their 
pattern of distribution as determined from their 
ratios is likely to influence the future approach to 
the problem of tea manufacture. The constancy of 
the ratio EGCG/ECG further opens up the possibility 
of distinguishing clones and cultivated varieties of 
tea plant on the basis of differences in their poly- 
phenolic make-up. 

We wish to thank Mr. H. Ferguson, director, 
Tocklai Experimental Station, for permission to 
publish these results. 
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STRUCTURAL MODIFICATIONS AND SPECIES DIFFERENCES IN 
CYTOCHROME c AS REVEALED BY REACTION WITH 
D-LACTIC CYTOCHROME c REDUCTASE AND 
OTHER ENZYMES 


By Dr. CARLO GREGOLIN* and Da. THOMAS P. SINGER 
Edsel B. Ford Institute for Medical Research, Henry Ford Hospital, Detrolt 


INCE the introduction of mild extraction pro- 

cedures? and purification by chromatography 
on cation exchangers? for the isolation of cytochrome 
c, it bas become apparent that preparations isolated 
by earlier procedures, which generally used extrac- 
tion with strong acids; contain variable amounts of 
modified cytochrome c. The presence of modified 
cytochrome c has been detected by chromatography 
on ‘Amberlite CG@-50’ and similar cation exchange 
resins®»*, by increased auto-oxidizability®:* and sus- 
ceptibility to digestion by proteolytic enzymes*%’, 
and by increased sedimentation and dimmished 
diffusion constants’. Despite such differences the 
acid-modified protein is indistinguishable from its 
native form in ita absorption spectrum and iron 
content", 


+ E oa on leave of absence from the University of Padua, 
Padua, Italy. 


Tt has been further observed that, besides exposure 
to strong acids, numerous experimental conditions 
and manipulations which were at one time considered 
innocuous to cytochrome c cause detectable or even 
extensive modification thereof, depending on the 
tissue of origin. Thus treatment with dilute acetic 
acid or contact with acidically buffered resins’, 
treatment with neutralized trichloroacetic acid®, low 
ionic strength’, and, in certain circumstances, even 
freeze-drying’ may cause varying degrees of modifica- 
tion. Except for Nozaki’s report! that exposure to 
trichloroacetic acid (the reagent utilized in the 
widely used Keilin—Hartree isolation method’) causes 
dimerization of cytochrome c, there is no detailed 
information on the nature of the modification 
brought about by the treatments mentioned; but it 
is generally assumed that they affect the tertiary 
structure of the protein. 
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Thus it ‘would now appear that cytochrome o is 
a more labile molecule than was believed at one time 


and that considerable care is required for ite isolation ` 


and preservation in the native state. It is surprising, 
therefore, that only a very few systematic attempte 
have been made to compare the behaviour of native 
and unmodified cytochrome c preparations with 
enzymes which use this protein as a reactant. The 
reports that have appeared seem contradictory and 
are limited to a few of the numerous enzyme systems 
in the assay of which cytochrome c is generally used. 
Margoliash’ demonstrated that cytochrome c modified 
by trichloroacetic acid, when separated by chroma- 
tography from the unmodified part, has a low activity 
in the succinoxidase and cytochrome oxidase tests. 
In the same paper it is shown, however, that when 
these tests are applied to the usual Keilm—Hartree 
preparation of cytochrome c°, which contains appre- 
ciable amounts of the modified cytochrome’, the same 
activity is obtained per mole of total cytochrome c¢ 
as with the separated, unmodified fraction. On the 
other hand, in several papers from Okunuki’s labora- 
tory?) it is stated that yeast and mammalian 
cytochrome c samples modified by trichloroacetic 
acid treatment or by boiling, when separated chroma- 
tographically, have the same activities as the native 
forms with 1{-+ lactic dehydrogenase from yeast, or 
with heart muscle preparations (presumably cyto- 
chrome oxidase and succinoxidase testa). From the 
information published it is not possible to determine 
whether these discrepancies were due to different 
assay conditions, since detailed kinetic comparisons 
(Kar and Vmax.) between native and modified oyto- 
chrome c apparently have not been made, or whether 
they reflect different modifications of the cytochrome 
c molecule, since there is no assurance that only one 
form of cytochrome c modified by trichloroacetic acid 
may exist. Thus while it has been a common experi- 
ence in many laboratories that certain batches of 
cytochrome ¢, particularly from commercial sources, 
are unsuitable for work on è given enzyme, this fact 
is scarcely emphasized in the biochemical literature, 
and, in fact, it would appear from the reporte quoted 
that even preparations which are known to contain 
denatured cytochrome c are satisfactory for work on 
several enzymes. 

A olosely related problem is the apparent lack of 
species specificity of oxido-reduction enzymes with 
regard to cytochrome c. Except for the ‘c-type’ 
cytochromes!* of certain bacteria, which are not 
oxidized by mammalian cytochrome oxidases but 
which also ‘differ chemically from mammalian cyto- 
chrome c, we are not aware of any reports of major 
differences in the activity of a cytochrome-requiring 
enzyme depending on the source of the cytochrome o. 
In fact, Nozaki e al. have stated that bovine, 
horse, pig heart and yeast cytochrome c have identical 
activities in heart muscle preparations and in the 


L(+ )lactic dehydrogenase of yeast. Minakami’™ has - 


found nearly the same activity for yeast and mam- 
malian heart cytochrome c in the rat liver succmoxid- 
age system. Nunnikhoven™ has found a somewhat 
lower activity for yeast than for horse heart cyto- 
chrome co with cytochrome oxidase from horse heart 
but ascribes this difference to’ the presence of 
denatured protein in the yeast preparation. God- 
dard! has reported that wheat germ and heart muscle 
cytochrome co have about the same catalytic activi- 
ties with cytochrome oxidase from either source 
and with the TPNH cytochrome reductase of yeast. 
A few years ago, K. G. Paulis expressed the view that 
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differences in the activities of cytochrome c prepara- 
tions of various origins reflect the different ways in 
which they are prepared. ‘These findings and the 
basic similarity of the peptide sequence in the active 
centre of cytochrome c isolated from various species?’ 
might explain the indiscriminate use in many labora- 
tories of the readily available horse heart and beef 
heart cytochrome c preparations with enzymes 
isolated from the most varied biological sources, 
including vertebrates, invertebrates, plants and 
micro-organisms. 

The purpose of this article is to emphasize the 
markedly different behaviour of the p(— lactic 
cytochrome reductase of yeast with cytochrome c 
preparations from various species and with various 
commercial preparations of horse heart cytochrome c, 
including those isolated by ion-exchange procedures. 
Significant differences in reactivity with different 
cytochrome c preparations are also shown to occur 
with three other typical cytochrome c-requiring 
enzymes. This article summarizes the results of teste 
run over a considerable period of time with a large 
number of commercial samples of cytochrome c 
which were made available through the co-operation 
of the manufacturers, and with samples of i 
cytochrome c kindly supplied by Dr. B. Hagihara 
and Prof. K. Okunula of the University of Osaka. 

p-Lactic cytochrome reductase, one of the three 
well-defined lactic dehydrogenases of yeast!*, is pre- 
sent in the respiratory particles (‘mitochondria’) of 
aerobic cells. It is a metalloflavoprotem with a rather 
restricted specificity: D-lactate and p-a-hydroxy- 
butyrate are the only substrate oxidized and phenazine 
methosulphate and cytochrome c are the only known 
electron acceptors for the enzyme**!", Although the 
enzyme has been isolated in essentially homogeneous 
form*, a partially purified preparation, as described 
below, suffices for work on cytochrome c. Cruder 
preparations are not recommended for this p 
because of the presence of cytochrome oxidase, which 
is removed only in the DEAE cellulose step. 

Yeast particles are prepared either on a small scale 
with a VirTis ‘45’ blender as previously described* 
or, more conveniently, on a larger scale with a large 
overhead blender?! designed to fit an 8-litre stainless 
steel beaker. With the latter apparatus 480 gm. 
baker’s yeast are suspended in 1 per cent (w/v) cold 
sodium chloride to a volume of 1-2 litre, mixed with 
1 litre Ballotini beads, and homogenized for 15 min. 
with external cooling. The glass beads are decanted 
and washed with 64 mM phosphate buffer, pH 7:5, 
and the cell suspension and wash are united and 
diluted to 4 litre with the same buffer. Following 
4 min. centrifuging at 1,300g at 0°, the supernatant 
liquid is passed through a refrigerated Sharples 
centrifuge at 50,000 r.p.m. at a very slow flow-rate. 
The particles thus collected are desiccated with cold 
acetone to yield 15-20 gm. dry powder. 40 gm. 
acetone powder are suspended in 1:5 litre 0-1 M 
phosphate buffer, pH 6-5, and centrifuged for 15 
min. at 30,000g in the batch rotor of the Spinco 
model L ultracentrifuge. The supernatant solution is 
discarded and the precipitate is stirred for 15 min. 
with 1 litre of 10 mM sodium phosphate, pH 6:5, 
containing 4 per cent (v/v) “Triton X-100’ (Rehm 
and Haas Co., Philadelphia). The suspension is 
clarified by 30 min. centrifuging in the No. 21 rotor 
of the Spinco ultracentrifuge at 59,000g. The enzyme 
is thereby left in the supernatant extract in a pseudo- 
soluble dispersion. Sufficient calcium phosphate gel 
is added to absorb all the activity (usually about 
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0-5 mgm. per mgm. protein); the gel is washed with 
I litre 50 mM phosphate, pH 6-5, and is then eluted 
with 400 ml. 0:2 M phosphate, pH 6-5, containing 
0-2 per cent (v/v) ‘Triton X-100’. The salt concentra- 
tion in the eluate is lowered by p through 
‘Sephadex G-25’ equilibrated with 3 mM phosphate, 
pH 6:5, and the enzyme is then lyophilized to yield 
about 400-500 mgm. powder. Im order to obtain 
the enzyme in soluble form, the powder is dissolved 
in cold glass-distilled water to a concentration of 
20 mgm. per ml. and digested for 45 min. at 30° with 
0-04 mgm. Naja naja venom (Ross Allen’s Reptile 
Institute, Silver Springs, Florida) and 0:005 mgm. 
crystalline bacterial proteinase (Nagase and Co.,Ltd., 
Osaka, Japan) per mgm. protein. The solution is 
chilled to 0°, clarified by brief centrifuging at 144,000g 
and passed through a 2 x 15 om. column of DEAE 
cellulose, equilibrated with 6 mM phosphate, pH 6-5. 
After washing with about 100 ml. of this same buffer 
the enzyme is eluted with 0:1 M phosphate, pH 6, 
containing 0:2 M sodium chloride and is then pre- 
cipitated with solid ammonium sulphate at 0:8 
saturation. The precipitate (about 50 mgm. protein), 
redissolved in a minimum volume of 0-1 M phosphate, 
pH 6:5, may be preserved in the frozen state for 
several weeks without loss of activity. In the cyto- 
chrome reductase assay described’*, with a fixed 
concentration of cytochrome c of 0-66 mgm. per ml., 
the specific activity is 24 umoles lactate oxidized 
per min. per mgm. protein (biuret basis). In the 
phenazine methosulphate assay, at Vmax. this 
corresponds to a specific activity of 220. 

The experiments to be presented were performed 
with a recording spectrophotometer thermostated at 
30°, and mitial rates were caloulated from the optical 
density change occurring during the first few seconds 
after addition of the enzyme. 

Fig. 1 compares the behaviour of four crystalline 
cytochrome c preparations from various species with 
that of a chromatographically pure commercial 
preparation from horse heart, which served as the 
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standard in these investigations, in the pD-lactic 
cytochrome reductase test. It may be seen that at 
actual concentrations the horse heart cytochrome 
gave the highest activities, although at Vmax. the 
activities of the crystalline beef heart and of the 
amorphous horse heart samples were equal. Thus 
the K m values of the cytochromes from these sources 
differed to a major extent. ‘Tuna heart and yeast 
cytochromes c were less active even at infinite con- 
centration than the beef or horse heart cytochromes 
and their Ks values were between those of the beef 
and horse heart samples. Pigeon breast muscle 
cytochrome c gave the lowest K s value and the lowest 
activity at Vmax. 

In connexion with the lower activity of yeast than 
of several mammalian cytochromes c with an enzyme 
from yeast, it must be pointed out that the physio- 
logical acceptor of bD-lactic cytochrome reductase 
is not known?***, It has been demonstrated that this 
enzyme, although localized in yeast ‘mitochondria’, 
cannot react with the bound cytochrome c of respira- 
tory chain preparations from yeast, but it can interact 
with the cytochrome oxidase of such particles pro- 
vided that soluble cytochrome c is added as a 
mediator®, Further, the reductase reacts nine times 
faster with phenazine methosulphate than with any 
cytochrome c preparation tested!5+19, 

Fig. 2 compares the behaviour of eight commercial 
preparations from horse heart and demonstrates that 
different lots of cytochrome c may yield widely 
different activities and Michaelis constante with this 
enzyme. Sample 1 was the standard ‘preparation 
which had been purified by chromatography from a 
Keilin—Hartree preparation. Sample 5 was a crystal- 
lized preparation, also purified by chromatography, 
and was stated to be 91 per cent pure from absorption 
data. Samples 6, 7 and 8 were Keilin—Hartree 
preparations, stated to be 60-70 per cent pure from 
absorption data. Samples 2 and 3 were stated to 
“correspond to 100 per cent cytochrome co” on the 
basis of iron content (stated as 0-34 per cent) and 
were, presumably, Keilin—Hartree preparations. 

That the differences observed are not limited to 
cytochrome samples isolated by different manu- 
facturers by possibly divergent procedures is manifest 
from comparison of samples 2 and 3 (Fig. 2) and from 
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the data reproduced in Fig. 3. It may be seen in the 
latter figure that of eight samples of Sigma cytochrome 
c, type L, three behaved identically in this test and 
gave the highest activity of any commercial sample 
tested; one of these three was the standard prepara- 
tion used in this work. The other five samples gave 
major differences in Vmax. value although the Km 
was the same for each sample except one. 

The differences observed could not be ascribed to 
the ‘presence of low-molecular-weight impurities or 
of salts which are inhibitory to the reductase when 
cytochrome c is used as acceptor™, since extensive 
dialysis or desaltng on ‘Sephadex’ columns did not 
change the results. We are inclined to conclude that 
the behaviour of commercial samples indicates the 
presence of varying amounts and possibly different 
kinds of modified cytochrome c. The treatment with 
trichloroacetic acid, which is presumably a common 
step in all these preparations, may be one of the causes 
of such modifications. Some support for this interpre- 
tation came from an attempt to purify sample 4 (Fig. 
2), a preparation stated to be of the Keilin—Hartree 
type. Column chromatography by Margoliash’s 
method’ indicated the presence of more than 80 per 
cent of denatured cytochrome. This is a much 
higher content of modified cytochrome o than was 
observed by Margoliash‘ in carefully isolated Keilin— 
Hartree preparations. 

It may be noted that p-lactate and its reductase 
could reduce all the cytochrome content of even 
poorly active samples to the same extent as hydro- 
sulphite, provided that sufficient time was allowed. 
This fact is readily explained by the slow non-enzy- 
matic reduction of modified cytochrome c by the 
small amount of enzymatically active, unmodified 
(or less modified) cytochrome present in the prepara- 
tion. Thus the content of ‘enzymatically’ reducible 
cytochrome c in a preparation is a less-reliable criterion 
of purity than kinetic tests, as represented in Figs. 
1-3. 

In view of these findings it was of interest to 
ascertairi whether the p-lactic cytochrome reductase 
of yeast is unique in ita sensitivity to structural 
modifications and species differences in cytochrome c, 
As documented in Figs. 4-6, the differences in cyto- 
chrome c preparations may be readily detected also 
with other enzymes, although the divergent behaviour 
is not as marked in these cases as with p-lactic 
cytochrome reductase. Fig. 4 shows that with the 
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t-lactico dehydrogenase of yeast (cytochrome 6,) 
significantly different measured activities and Vmax. 
values have been obtained with different preparations 
of horse heart cytochrome c, although the same K as 
value was noted in each case. With yeast cytochrome 
c a much lower Kw value and a significantly lower 
Vmax. was obtained. Curiously, the lowest activity 
was obtained with lot No. 1208706, the standard 
preparation, which gave the best activity in the 
D-lactic cytochrome reductase test. The differences 
noted are in disagreement with the report" that 
various Mammalian cytochromes c, both native and 
acid modified, and yeast cytochrome c behave identi- 
cally in this teat. 

With reduced diphosphopyridine nucleotide cyto- 
chrome ¢ reductase from pig heart in assays con- 
ducted at low cytochrome concentrations major 
differences were detected between cytochromes c 
from different species and between the chromato- 
graphically purified standard horse heart preparation 
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and one presumably containing modified cytochrome 
c from the same source (Fig. 5). At high cytochrome 
concentrations these differences tended to disappear, 
since all samples gave essentially the same V max, value. 

Another enzyme system examined was the respira- 
tory chain of rat liver mitochondria, the cytochrome c 
content of which had been depleted by repeated wash- 
ing with 0-25 M sucrose (Fig. 6). In this system a 
smali but significant difference was noted in the 
activation elicited by yeast and horse heart oyto- 
chrome c, respectively, but two samples of horse 
_heart cytochrome c, the best and one of the poorest 
in terms of the p-lactic cytochrome reductase test, 
bebaved identically. 

The experiments described suggest that different 
batches of cytochrome c derived from the same source, 
even when procured from the same manufacturer, do 
not necessarily represent the same molecular entity. 
While certain enzyme systems, such as the succin- 
oxidase of rat liver, appear to be insensitive to such 
modifications as may be incurred in the course of 
isolation, others, such as the D-lactic cytochrome 
reductase of yeast, are very sensitive to the presence 
of modified cytochrome c ina sample. In fact, of the 
four enzymes tested, the p-lactic reductase most 
readily differentiated modified and apparently un- 
‘ modified cytochrome ce — 

It may be mentioned that, so far as the authors 
are aware, manufacturers at present control cyto- 
chrome ¢ preparations only by procedures (absorption 
spectra, Fe content) which fail to distinguish native 
from even grossly modified cytochrome ec. One 
reason for this practice may be the fact that it is 
difficult to select an enzyme assay which would serve 
as & generally accepted criterion for the quality of a 
given batch of cytochrome c. A sample of cytochrome 
suitable for studies with one enzyme may be quite 
unsuitable for studies with another. For example, 
comparison of Figs. 2 and 3 with Fig. 4 illustrates 
the interesting fact that batches of cytochrome c 
which are essentially useless for work with the 
D-lactic cytochrome reductase and are known to 
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contain modified cytochrome are more active with 
L-lactic dehydrogenase from yeast than the prepara- 
tions which are best in the reductase assay. There 
may be a rather simple explanation for the contrastmg 
behaviour of cytochrome samples in these two assays. 
Since both lactic dehydrogenases show markedly 
different kinetic patterns with cytochrome samples 
from different species, their activity appears to depend 
on the precise configuration of the cytochrome 
used as acceptor. It is possible that the higher 
activity of modified than that of presumably un- 
modified horse heart cytochrome c with tu-lactic 
dehydrogenase might indicate that the former provides 
a closer structural fit with the enzyme than the latter. 
In general, when dealing with interactions between 
cytochrome c and a dehydrogenase in a soluble system 
there is no a priori reason for believing that a native 
cytochrome sample from a given species would be 
more active than a somewhat modified sample. 

As regards the cytochrome o preparations from 
various species, in view of the unusual care with which 
the particular samples were prepared, the differences 
observed are more apt to reflect the sensitivity of the 
enzymes used to configurational differences in the 
cytochromes from diverse species than to differences 
in degree of modification in the course of isolation. 
Consequently, the routine use of conveniently obtain- 
able beef or horse heart cytochrome c with enzymes 
from other organs and species may not be an alto- 
gether sound practice. 

This work was aided by grante from the National 
Heart Institute (H-1995), the American Heart 
Association, Inc., and by contract No. Nonr 1656(00) 
between the Office of Naval Research and this Insti- 
tute. 

We wish to thank Dr. O. Arrigoni for his collabora- 
tion in the experiments involving cytochrome by. 
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LETTERS TO THE EDITOR 


COSMOLOGY 


Fundamental Length, Fine Structure 
Constant and Cosmological Number 


Tue masses of heavy fermions', the excitation 
energies of the free proton’ and the magnetic moments 
of proton and neutron? can be correlated with the aid 
of the equation: 


E = a(l + 1) + a(¢ + 1))}mec? (1) 
with a = 75-27. 
In the extreme relativistic region one can expect 
that the condition: 
(Meru) = Me*Mra* = f(e) (2) 


is fulfilled, where f(l,s) is a bilinear function of the 
internal angular momenta / and s, and r m is the radius 
of the particle with mass M. Since E = Mc one 
obtains from (1) and (2): 


E = (Ub + 1) + a(8 + 1)]K8/Mr m? (3) 
Thus: 
Mru’ = h*/amec* = 1-804 x 10-5 (4) 
must be a constant for all particles, and : 
rap = h/(amedf)*/%e (5) 


In fast, at a rotation the circumference contracts by 
the same factor as the mass increases. The radius of 
rotation remains unaltered. The value rar in equation 
(5) 18 thus the radius of the effective cross-section and 
varies as M-1/%, 

In order to understand the numerical relation 
between the masses of the heavy fermions and the 
mass of the electron one can extrapolate equation (5) 
to the mass M = me of the electron iteelf. Then one 
obtains: 


ro = Ajma” = 4451 x 10- om. (8) 


Ths value is larger than the classical electron 
radius. Born and Schroedinger’, however, emphasized 
long ago that the magnetic field must play an impor- 
tant part in the self-energy of the electron. Their 
calculation can be improved by taking into account 
the electrostatic energy between all points within 
a sphere of radium r. of the electron, namely, Ve = 
(3/5)e*/re. Furthermore, all three spin components 
contribute to the self-energy and in this case there is 
no Thomas factor involved. Thus: 


(8/4)ut/r® + (3/5)e%/re = me? (7) 
with u = eh/2mec. Equation (7) is solved by: 
re = 4-345 x 10-1 om. (8) 


One may ask how ıs it possible that the size of the 
electron is smaller than its Compton wave-length. 
_ The answer can be found by taking into account the 
motion due to spin. If one takes a representative 
point at the distance r, from the centre of an extended 
particle, it must rotate about the z-axis as an effect 
of the z-component of the spin. At the same time 
there is also a rotation through the z-axis about the 
c-axis and the y-axis, but the time average of these 
two components is zero. This can be visualized by 
realizing that the rotation about the z-axis can 


change into one about the y-axis and then in turn 
about the negative z-axis owing to the influence of 
the z-component of the spin. In order to determine the 
totel path of the representative point during one 
revolution, one can describe the contribution of the 
rotation through the z-axis by letting the centre 
rotate about the representative point at a distance ro, 
finishing one revolution at the same time as the 
representative point does in ite rotation about the 
z-axis. The total path-length is l, = 2n21/*r,. which 
has to be related to the Compton wave-length. Then 
one obtains: 

ro = AJr me = 4:344 x 10-12% em. (9) 


which is almost identical with the value re of equa- 
tion (8). 

Equation (9) provides a theoretical value for the 
constant a in equation (6). 

If the value of (9) is inserted into equation (7), one 
obtains a transcendental theoretical expression for the 
reciprocal fine structure constant: 


ħcjet = Q293r% + (1:2)21/3m = 136-88 (10) 


It deviates by less than 0-13 per cent from the 
empirical value 137-04. 

The value of r, in equation (6), though extrapolated 
from the extreme relativistic region, 1s lese than 2-4 
per cent larger than the value obtamed in equations 
(8) and (8) for the electron. The velocity c, however, 
which occurs in equation (9) and implicitly in equation 
(7) is only an upper limit, and the average velocity 
within the electron taken as an extended particle 
may be somewhat smaller, namely, v = ere/r,. Then 
the true radius may indeed be as large as indicated by 
equation (6), which is valid for all other particles. 
For this reason it appears that r, of equation (6) is 
the best value to be taken as a fundamental length. 

The fundamental length can be a relativistic 
invariant if it refers to a direction perpendicular to 
all usual Lorentz frames, thus rf it is parallel to the 
direction of the radius of curvature of the physical 

. Then ıt can describe the thickness of the 
surface layer of the four-dimensional sphere which 
forms the universe. 

In this case the amplitudes of oscillations of the 
radius of curvature may be identical with amplitudes 
of wave mechanical eigenfunctions. The fundamental 
length then gives the maximum amplitudes the eigen- 
functions of a particle can assume. 

A world eigenfunction can be constructed by super- 
posmg the eigenfunctions of all N particles of the 
universe. In order to comprise N particles, this 
function must be normalized to fWtdV = N. 
This type of normalization appears to be required, 
for example, in the force constants of molecules‘. 

For the sake of self-consistency, the radius £ of the 
universe must be as large as the maximum amplitude 
the world eigenfunction can assume, namely: 

R = N, (11) 
This equation has the form of one of Eddington’s 
relations, but the numerical values and their theor- 
etical foundations are different. 

According to equation (1), the rest energy of heavy 
fermions is due to the kinetic energy of mternal 
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angular moments. For this reason one can assume 
equipartition of energy between the rest energies of 
the nucleons and their average energy of translation, 
because higher energies of translation would be used 
up by the formation of nucleons, for example, of 
neutron pairs, and lower energies would not have been 
able to form them. 

The virial theorem can be applied to the universe if 
it ıs a system of N particles of nuclear mass mp and in 
a steady state, and one obtains for the extreme relati- 
vistic region, neglecting the contribution of electrons: 


GN%mp3/R = Nmge? (12) 

with È ~ R. 
Putting R = R, one obtains from (11), (12) and 
(6), at least as to the order of magnitude, N = 


(r,c?/Gmp)? = 1-29 x 10*!, and therefore for the mass of 
the universe: 


M = Nm, = 215 x 10% gm. (13) 


This value is in remarkable agreement with Hubble’s 
estimate?! M = 1-8 x 10* gm. - The mass of visible 
matter is M > 10% gm 

The volume of the universe is V = 2x*R*. From 
(12) and (6) one obtains R = 16 x 10% cm. and thus 
for the average density p: 


p = Nmp/V = 27x103 (14) 


which is compatible with the empirical rough 
estimate’ p ~ 10- gm./om.-. 

If one puts R = (n/2)R, then the number N 
increases by a factor r*/4 and the density p deer 
by a factor 7/2. t 

The concept of an expanding universe is compatible 
with a steady state in the classical sense, if the 
universe is finite and pulsates. Recent investigations 
of red shifts indicate that deceleration occurs’. 
Moreover, red shifts refer to different times of photon 
emission and Hubble’s relation can thus mean that 
the speed of expansion has been decelerating for more 
than 10° years. 

For r < r, position space can be four-dimensional. 
By rotational motions the value r, of the thickness of 
the surface layer can become impressed on the normal 
three-dimensional space without destroying the con- 
tinuity of the position space. The energy due to the 
three new degrees of freedom of rotation must appear 
as rest energy of particles. The two terms in equation 
{1} can thus refer to rotations ocourrmg in dual 


aS 
planes, involving l.e = Q. 
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Transfinite Numbers and Cosmology 


Tas steady-state cosmological theory of Bondi, 
Gold, and Hoyle implies that the number of atoms in 
the universe is infinite to an order equal to that of the 
power of the continuum. In contrast, I hope to show 
that for physical spaces of the kind that are normally 
considered in cosmology the number of atoms cannot 
bo greater than a simple denumerable infinity. The 
question of the order of infinity of the number of 
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galaxies or particles in the universe has previously 
been raised by G. J. Whitrow}. 

The ‘‘perfect cosmological principle”? of steady-state 
theory requires that the space-density of atoms (neglect- 
ing local variations) is uniform throughout the space- 
and (cosmic) time-extent of the universe. Further, 
each unit of space gives rise to new atoms, by a process 
of spontaneous creation, at a rate that is uniform. 
Since a constant number of atoms (again, neglecting 
local irregularities) is associated with each unit 
volume of space, we may express the number of 
atoms dN formed in time dt as being proportional to 
the total number of existing atoms, N, rather than to 
the total volume of space. Wo then find an exponen- 
tial increase equation for the number of atoms N at 
time t: 

N = NH (1) 


where k is a creation-rate constant and N, the number 
of atoms at some time? = 0. Since the universe has 
existed for an infinite time, according to the steady- 
state theory, the set, t, of units of time is an infinite 
set, with cardinal number aleph-zero, &,. The number 
of past time units, then, is simply denumerable (is in 
1-1 correspondence with the infinite set of natural 
numbers). The number N, would also be at least as 
large as Ñ, since the universe would presumably 
always have contained an infmite number of atoms. 
It saffices for our purpose, however, to write from (1) 
and t= Nos 


N > e&o (2) 


Now, the set of points in a finite or infinite straight 
line, or equivalently, the set of real numbers, has the 
cardinal number (‘‘the power of the continuum”)? 


C = 2% (3) 


We therefore conclude from (2) and (3) that the card- 
inal number of atoms in the universe, by the tenets of 
steady-state theory, is at least as great as C. 

We next consider a method by which we may 
count the atoms m the universe. It will be convenient 
to associate with each atom the average amount of 
space which may be assigned to it (from considera- 
tions of the average density of atoms), and to call 
each atom with its assigned space an ‘‘atom-space”’. 
We imagine concentric shells around a central point, 
each shell being one atom-space thick. The radius of 
this set of shells may extend indefinitely, so that the 
set has cardinal number N,. Further, the geometry of 
the space of the shells need not be Enchdean. We set 
up a numbering scheme for the atom-spaces of each 
shell, in terms, say, of two surface parameters, ai, bz, 
where i and j take mfinite values if the shell is of 
infinite extent. (We need not consider the shells of 
finite extent.) Then, in the customary manner‘, we 
go through diagonals of the infinite matrix di; = a:b, 
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We thereby find an infinite series of numbers dx which 
denote the atom-spaces in a shell. A second matrix 
is similarly constructed from the numbers dr and r;, 
where the latter are numbers for the successive 
infinite concentric shells. We go through the diagonals 
of this infinite matrix in the same way as for the 
matrix d, and obtain the numbers N = 1, 2, 8,.... 
for the elements of the various shells, that is, for the 
atom-spaces of the universe. The numbers of the 
atom- are, then, the set of natural numbers, 
and therefore the cardinal number of the set of atom- 
spaces is N, rather than O, which is|the minimum 
cardinal number predicted by steady-state theory. 

Alternatively, we may show that an assumption of 
O atom-spaces in the universe leads to contradiction. 
Among the various cosmological models, some are 
formed in Euclidean space; those which are not may 
be embedded, however, in a Euclidean space of 
higher dimensions‘, say of n dimensions. The set of 
mathematical points ın such an n-dimensional space 
has the cardinal number C, even for n = N, (ref. 6). If 
there are at least O atom-spaces in the universe, we 
may set up a 1-1 correspondence between the set of 
atom-spaces and the set of mathematical points. 
This, however, is impossible: any two neighbouring 
points of the set of mathematical points C are as close 
- together as desired, but the centres of any two atom- 
spaces must be separated by a finite mterval, since 
we assume atoms to be of finite extension. 

The equation’ for the space of steady-state theory, 
and the equations generally for expanding, de Sriter 
type — models", give an expansion of the 
form R(t) = 6, where R(t) (the expansion factor) is a 
measure of the (expanding) distance between particles 
as time increases, and b is a constant. The physical 
interpretation of distance co-ordinates, r = r,R(t), 18 
not clearly presaribed, but it might be argued that the 
presence of an exponential term Indicates an expan- 
sion of the space of steady-state theory which ‘keeps 
up’ with the exponential increase in number of atom- 
spaces. Then, for? = XN, the e+ term would give 
distances of order O unita, corresponding to the set of 
atom-spaces of cardinal number O. It may readily 
be seen, however, that itis not possible for a line to 
contain a set of finite length-units such that the 
cardinal number of the set is greater than N,. For, 
suppose the line to contain such a set. By the defini- 
tion of length measurement the units must le next 
to each other, with no over-lapping. But then it is 
possible to enumerate the untts serially, and such an 
enumeration gives at most an infinite, denumerable 
set with cardinal number &,. This restriction on the 
length of a line leads, indeed, to the result that if the 
equation R = eè is to be seriously considered we 
have a limitation on #. From the equation we write 
t= (l/b)logR. Then in the limit R = Ñ, Az = 
AR/bR = 0. (In contrast, if R could reach O we 
would have At = 1/6, at that limit, since for the con- 
tinuum there is a 1~1 correspondence between the set 
of points that would come with a finite interval AR 
and the set of the infinite line®.) 

Our results suggest, then, that it is contradictory 
for a theory to predict that the number of atoms (of 
finite size) in the universe be greater than No. 
Although the Bondi~Gold—Hoyle theory violates this 
restriction, it may be noted that the form of steady- 
state theory proposed by W. D. MacMillan’ does 
not do go. 

Dr. G. J. Whitrow, of the Imperial College, London, 
very kindly read a first draft of this paper, and I am 
grateful to him for helpful criticisms and suggestions. 
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GEOPHYSICS 


Whistlers and Solar Activity 


INVESTIGATING the International Geophysical Year 
data for 4 years from July 1, 1957, observed at 
Toyokawa (geomag. co-ords.: + 24:5°, 203°5°) and 
at Wakkanai (geomag. co-ords.: + 35-3°, 206-0°), 
I noticed a remarkable tendency of the frequency 
increase of occurrence of whistlers, year by year, in 
accordance with the decrease of sunspot number as 
shown in Fig. 1, where (1) shows the total number 
of occurrence of whistlers at Wakkanai during 5 
winter months, November—March; (2) sum of 
monthly mean sunspot number during that period; 
(2’) the mean. of sunspot number in one year; (3) the 
maximum number of occurrence of whistlers per 
month at Wakkanai in winter; (4) the same with 
(1) at Toyokawa; (5) the same with (3) at Toyo- 
kawsa. 

To find the correlation between the occurrence of 
whistlers and solar activity, it is considered more 
reasonable to take (2) rather than (2’), and therefore 
I have evaluated the correlation coefficient of (2) with 
(1), (8), (4) and (5), as shown in Table 1. 


Table 1 
Botween Correlation coefficient Stations 
(per cant) 
2) and (1 — 99-4 Wakkanal 
2) and (8 — 98-1 Wakkanai 
2) and (4 — 91-6 Toyokawa 
2) and (6 — 94-2 Toyokawa 





From. these results, it can be concluded that at a 
lower geomagnetic latitude, such as Wakkanai and 
Toyokawa, the occurrence of whistlers in winter 
correlates inversely ‘with solar activity. As the 
maximum occurrence of whistlers has always been 
in winter?* and the minimum in summer during 
these 4 years and the results in summer are too 
small to determine the characteristics, only the winter 
results are used. 

Austin? measured the intensity of atmospherics 
for 2 years (1924-26) and found that it varies in- 
versely with the solar activity. Helliwell‘ reported 
that chorus and hiss occur more frequently on days 
of low background noise than on days of high noise. 
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Fig. 1. Correlation between the occurrence of whistlers and 
solar activity 


Considering the results of Austin and Helliwell 
together with mine, it may be concluded that in 
secular variation the activity of atmospherics and 
the frequency of occurrence of whistlers in a lower 
geomagnetic latitude in winter, that is, the active 
season, correlate inversely with the solar activity and 
accordingly with geomagnetic activity, which cor- 
relates with the occurrence of hiss and chorus. 
Consequently, it seems that the occurrence of 
atmospherics and whistlers depends partly on the 
absorption of very-low-frequency waves in the 
ionosphere due to solar activity. 
ATSUSHI KIMPARA 

Research Institute of Atmospherics, 

Nagoya University, 

Toyokawa, Aichi-ken, 

Japan. 
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Dispersion of Whistlers 


As recommended at the thirteenth General 
Assembly of the International Scientific Radio 
Union! in London, observations of dispersion (D) 
of whistlers at calm and disturbed periods are very 
useful for the examination of geophysical phenomena 
and for their application to space communications, 
though very little has so far been done. Since the 
beginning -of the International — Year 
(July 1957), we have observed D for 4 years at 
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Toyokawa (geomag. co-ords. + 24°5°, 203-5°) and at 
Wakkanai (geomag. co-ords. +35-3°, 206-0°) and 
obtained the following resulta. 

Diurnal variation of D. The monthly average of 
diurnal variation of D can be classified in three types, 
that is, the summer type, the spring—-autumn type 
and the winter type, and its characteristics vary 
slowly m accordance with the solar activity during 
1957-61. It decreases slowly from sunset to sunrise 
and increases again thereafter. Fig. 1 is an example 
in winter. This tendency is very clear in winter, 
fairly clear in spring and autumn and rather indistinot 
in summer and becomes ambiguous in accordance 
with the decay of solar activity. On the average, D at 
18-24 in 3.8.x. (9-15 v.t.) is larger than that at 
0-6 in J.8.T. (15-21 U.T.), and that at 6-12 in 3.8.7. 
(21-3 V.T.) 13 much larger., 

Seasonal variation of D. In our observation at 
Toyokawa, D is minimum in winter (November-— 
December, sometimes from October or to March) and 
maximum in summer (June-July, sometimes from 
May or to August and September), showing the con- 
tradictory results to those of Helliwell?, and at 
Wakkanai minimum in winter and summer and 
maximum in spring and autumn. Therefore, it seems 
that the seasonal variation of D depends on geo- 
magnetic latitude, but the conclusion should be post- 
poned for future study. 

Geomagnettc aciivity and D. QOuteu* investigated 
statistically the correlation of D with geomagnetic 
storms and found that the average D on storm days 
is smaller than those on the days- before and after, 
both in day-time and at night. We mvestigated the 
characteristics of geomagnetic storms individually 
and compared them with the variation of D in every 
phase of storms. Although there are many data of 
storms and D, rather few data have been observed 
simultaneously. Fig. 2 shows an example taken at 
Wakkanai on September 4, 1957. According to the 
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observation at Kalnoka Geomagnetic Observatory, 
the storm began at 13.00 v.t. with sudden commence- 
ment (SSC) and the horizontal component (H) 
increased + 48y, at 14.4 u.T. it entered the main phase 
and at 18.0 v.T. the last phase. D decreased gradually 
from the beginning to the end. On September 7, 
three days afterwards, the diurnal variation of D 
indicates a very small variation, that is, the summer- 
type variation. 

Average resulta show that when the storm begins 
with SSC or SSC* (with small initial impulse), the 
tendency of D to decrease from sunset to sunrise 18 
exaggerated during the storm when compared with 
calm days in the neighbourhood of storm days. It 
seems certain that there is some correlation of geo- 
magnetic storm, specifically the variation of H, with 
the decrease of D observed at a lower geomagnetic 
latitude as Toyokawa and Wakkanai, but this is not 
yet conclusive. 


Table 1 
Correlation ooeffidient of D 
D with sunspot No. (per cent) 
Same month 55 5 
1 month lster 63-0 
2 months later 52-0 


Solar activity and D. Allcock and Morgan‘, and 
Kımpara*’, independently reported that the D 
correlates with the sunspot number with a time-lag 
of 1-2 months. Here I examined D again for 4 years 
from the beginning of the International Geophysical 
Year, and found that the correlation of D with the 
sunspot number also indicates about the same 
tendency as shown in Table 1; the correlation co- 
efficient is + 63-0 per cent for D one month later. 

ATSUSHI RMPARA 
Research Institute of Atmospherics, 
Nagoya University, 
Toyokawa, Aichi-ken, 
Japan. 
1 Thirteenth General Assembly, U.R.5.1., Com. TV, Resolution 4 (1960). 
* Helltwell, R. A., Proc. Inst. Rad. Eng., 47. 200 (1869). 
* Outen, J., and Iwa:, A., Inter. Conf. Cos. Rays Barth Storm, Kyoto, 
Preprint (1061). 
‘ Booey Mek., and Morgan, M. G.. J. Geophys. Res., 63, 578 
"“Kimpara, À., Rep. Iono, Space Res. Japan, 14, 160 (1960). 
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PHYSICS 


Work Function of Uranium Carbide 


Uranium carbide has assumed importance recently 
as a cathode material for use m a thermionic con- 
verter. In this context it combines the advantage 
of stability in an atmosphere of cesium (though 
recent American reporte indicate that this may not 
be the case), which will probably be required for 
the neutralization of space charge, with the posai- 
bility of fission heating in a neutron flux. Uranium 
carbide has been claimed to have good emission pro- 
perties and at least two attempts have been made 
to determine the thermionic constants!*, Work 
functions of 4-57 and 2:94 eV. have been reported; the 
former for bulk uranium carbide!, the latter for the 
powder deposited on a tungsten filament?. In both 
cases high accelerating potentials were used and the 
zero field emission was determined by the extra- 
polation of the linear region of a Schottky plot which 
is found at the highest fields. The application of 
Richardson’s equation then produced the work func- 
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tions detailed here. Criticism of most of the standard 
techniques for the measurement of work function is 
not difficult to produce, especially when patchy 
cathodes are involved*4. The aim of the present 
work, part of which is described in this communica- 
tion, is to use a technique which is subject to fewer 
objections than can be raised against the previous 
measurements of the work function of uranium 
carbide. To this end, the Zisman modification of the 
Kelvim vibrating condenser technique has been 
applied to measure the contact potential difference 
between a clean tungsten reference surface and the 
uranium carbide cathode. 

The primary concern of the group working in the 
University of Southampton on thermionic trans- 
ducers is with anode work functions, and especially 
with the work functions of the thin films evaporating 
from cathodes. The result reported here is a by- 
product of this work. 

The uranium carbide cathodes were prepared on 
tantalum disks 1:6 em. in diameter cut with two 
flanges bent perpendicular to the cathode surface. 
The flanges afford support for the cathode remote 
from the hot emitting surface. To prevent reduction 
of the uranium carbide by the tantalum at cathode 
temperatures in excess of 1,800°C., the tantalum 
surface was carburized by heating on a charcoal 
block. The coating of uranium carbide was then 
deposited on to the tantalum carbide electrophoret- 
ically. After the deposition of the uranium carbide 
the surface of the cathode was protected from oxida- 
tion by a coating of collodion. A simple electron gun 
assembly could be used for heating the cathode, 
though radio frequency heating was usually found to 
be more convenient. The combination of both could 
be made to give a very even temperature distribution 
over the cathode surface. 

A tungsten disk the same size and shape as the 
cathode formed the reference electrode. This was 
mounted on a tungsten spring arrangement so that 
it could vibrate above the cathode at about 16 c.p.s. 
The complete reference system could be moved away 
from the cathode so that the tungsten surface could 
be cleaned without any risk of contaminating the 
uranium carbide with tungsten or the tungsten with 
uranium carbide. The cathode and the reference 
assembly were mounted on a glass frame and sealed 
into a hard-glass envelope. All the inner glass walls 
were coated with a conducting film of colloidal 
graphite which could be earthed outaide the tube. 

The completed tube was sealed via a 25-mm. arm 
to a pumping system of the type first described by 
Venema’. After several days of baking and out- 

ing, the pressure fell to 7 x 10-9 mm. mercury 
with the electrodes hot. The maximum temperature 
at which the cathode was operated was in the region 
2,000° C. (measured with an optical pyrometer). + 
The tungsten surface was aged by heating for con- 
siderable periods just below the evaporation point. 

The contact potential difference was measured at: 
room temperature in the usual manner of backing-off 
the signal by the application of a measured potential 
in series with the tube. A conventional low-frequency 
amplifier was used with an electrometer first stage. 
Screening from 60 c.p.s. pick-up had to be arranged 
carefully, and the final output to the oscilloscope was 
filtered. 

The contact potential difference between the 
tungsten reference and the uranium carbide was found 
to be 0-55 + 0-015 eV. and remained constant for 
approximately 12 hr. During the course of a week 
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the contact potential changed to 0-64 eV., but after 
cleaning the two electrodes returned to 0-55 eV. 
If the work function of tungsten is assumed to be 
4-52 eV.*%%, then the work function of the uranium 
carbide is 3-97 + 0:015 eV. This result cannot be 
compared directly with the two previous measure- 
mente since it represents an arithmetic average over 
the area of any high and low work function patches 
on the cathode and also refers to the temperature 
inside the tube (about 300° K.). The previous measure- 
ments are thermionic work functions true only at 
0° K. If the normal positive temperature coefficient 
of the work function is assumed for uranium carbide 
only the results of Haas and Jensen (2-94 eV.) are 
compatible with the present measurement. 

The properties of uranium carbide are thought to 
vary according to the mode of preparation and sub- 
sequent treatment. Uranium, oxygen, nitrogen and 
uranium oxide are all possible contaminants. During 
the high-temperature treatment of the cathode men- 
tioned previously it is probable that these impurities 
were removed since the oxide is known to decompose 
at temperatures in exceas of 1,800° C. and uranium 
has a vapour pressure of 0-03 mm. mercury at 2,000°C. 
In spite of this the probability that values quoted 
for the work function of uranium carbide in this 
and the previous work are characteristic of a pure 
compound is not high. While variations of the order 
of tenths of an electron volt from cathode to cathode 
would be regarded as normal with a thermionic 
emitter, larger deviations must be expected until 
workers can be more confident in the homogeneity 
of their surfaces. Further, this report is based on 
measurements from a single experimental tube; as 
goon as data are available from other tubes a fuller 
account of this work will be published elsewhere. 

I am pleased to acknowledge the help and advice 
of the Direct Conversion Group of the Atomio Energy 
Research Establishment, Harwell, who also financed 
this work. Thanks are also due to Profs. A. M. Taylor 
and G. W. Hutchinson for the facilities provided. 
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Gamma-Ray Spectrum obtained with a 
Lithium-drifted p-i-n Junction in 
Germanium 

PUrsE-HmIGHT spectra from lithium-drifted p-t-n 
junctions in silicon, irradiated by y-rays, have been 
published!?. The photopeaks in these spectra are 
from about 1/20 to about 1/100 the height of the 
Compton. distribution, rendering useful y-ray spectro- 
scopy difficult. The photoelectric cross-section varies 
as Z*, where Z is the atomic number of the absorbing 
element, the Compton cross-section varying aa Z. 
Thus a high atomic number-absorbing medium will 
produce more useful y-ray spectra. 

This communication reporte on pulse-height spectra 
obtained from lithium-drifted p-t-n junctions m 
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germanium, for which the atomic number is 32 com- 
pared with 14 for silicon. Lithtum-drifted p-t-n 
junctions were prepared in germanium using & tech- 
nique similar to that used by other workers* in 
silicon. Lithium was initially diffused into 6N-cm. 
p-type germanium from the vapour phase at a tem- 
perature of 350° C. for 2 min. The ion-drift process 
was carried out in air at an average temperature of 
70° ČC. and an average reverse bias of 25 V. Fig. 1 
shows the pulse-height spectrum obtained from one 
of these junctions exposed to the 663-keV. y-rays 
from cesium-137. The junction was 1:5 cm.* in area 
and the depletion region or active region had a 
thickness of 1-5 mm. at the operating voltage of 
12 V. The junction was cooled to liquid-air tem- 
perature and the reverse current at this temperature 
was less than 10 amp. The pulses were amplified 
by a standard ‘1430 4.’ Dynatron Ltd. amplifier 
and the pulse-height spectrum obtained with a single 


channel pulse-height analyser and scaler. The 
channel width was 1 V. 
2,000 
Z 1,600 
1 
g 1,000 i 
8 
g 
S 500 
0 
20 80 40 50 60 70 80 
Pulse height (V.) 
Fig. 1. Pulse-height 7 ea from a p-i-n Junction in germanium 
dus to 663 keV. y-rays from cxsium-187 


The photopeak in Fig. 1 exhibita a line width (full 
width at half-maximum. height) of 21 keV. giving a 
resolution for the 663 keV. y-ray of cesium-187 of 
3-2 per cent. It can be seen from Fig. 1 that the 
height of the photopeak is about one-third that of 
the edge of the Compton distribution. The ratio of 
the pulse heights at the photopeak and the point half- 
way up the Compton edge differed from the theoretical 
value by leas than 4 per cent. 

Measurements of the total noise due to the junction 
and to the amplifier and of the noise due to the 
amplifier alone revealed no measurable noise con- 
tribution from the junction. Contributions to the 
width of the photopeak other than amplifier noise 
and the finite channel width of the pulse height 
analyser were smaller than the errors in the measure- 
ments. 

We wish to thank Dr. T. E. Allibone, director of 
the Laboratory, for permission to publish this com- 
munication, and Mr. B. L. Smith and Mr. M. L. 
Whitaker for their valuable assistance in the experi- 
mental work. 


D. V. Freox 
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Associated Electrical Industries, Ltd., 
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Radial Flow in the Cone-Plate 
Viscometer 


OONE-PLATE viscometers are widely used to-day 
to measure the flow properties of both Newtonian and 
non-Newtonian materials. The basic idea which led 
to the cone-plate geometry came from Mooney and 
Ewart, who were trying to eliminate end corrections 
in coaxial cylinder viscometers. In deriving the 
equations governing cone-plate flow, Mooney and 
Ewart assumed that the sample moved in oircular 
lamina only, with no radial component of velocity. 
This assumption has been generally accepted, and 
it still appears in a recent mathematical study of the 
cone-plate viscometer’. However, I have now directly 
observed a radial component of motion in cone-plate 
flow of both Newtonian and non-Newtonian materials. 

One of the instruments used m this work was a 
FerrantiShirley cone-plate viscometer, which has 
been described by MoKennell**. The Ferranti 
instrument has four cones ranging from 2 to 8 om. in 
diameter, each having an angle of about 20’. The 
other viscometer was made in this laboratory, using 
transparent acrylic plastic for the cone and plate. The 
transparent cone 1s 10 om. in diameter, and the cone 
angle is 2°. 

Newtonian materials examined were mineral oils 
ranging from 1 to 10 poises at 25° C. and polyiso- 
butene (U.S. National Bureau of Standards, Oil OB) 
of 219 poises at 25° O. ruments were performed 
by filing the cone-plate gap with oil and then placing 
a drop of the same oil, dyed red (Sudan red 4BA4), at 
the outer edge of the gap. The cone was then rotated. 
In the case of the transparent viscometer, the coloured 
oil was seen to spread around the periphery of the 
cone. Then, with further turning, the coloured 
circular band spread inward towards the centre, main- 
taining a sharp boundary with the clear oil. About 
1,000 cone revolutions were necessary to bring the 
dye boundary half-way to the centre of the cone. 
This experiment clearly demonstrates mass transfer in 
an inward radial direction. Obviously there must also 
be a balancing outward flow, but the path of the 
circulation is not yet known. 

The rate of inward motion of the colour was far 
greater than can be obtained from diffusion (as 
determined by experiment). It also appeared to be 
independent of oil viscosity and of cone angular 
velocity, although these points need to be determined 
more carefully. Since the radial velocity was small 
relative to the cone angular velocity, the energy 
consumed in radial flow is probably very small, and 
the phenomenon does not in fact appear to affect the 
accuracy of viscosity determinations on Newtonian 
oils made with the Ferranti cone-plate viscometer. 

In a further experiment, a drop of coloured oil was 
placed at the cone apex (that is, the circular centre 
of the cone-plate gap). When the cone was rotated, 
there was no radial migration of the colour. This 

that there is an inner volume stagnant to 
radial circulation. 

It should be noted that the usefulness of coloured 
oil as a flow tracer is very limited if the cone and 
plate are opaque, as in the Ferranti viscometer. The 
act of opening the cone-plate gap in order to observe 
the colour causes gross radial flow and distorts the 
result. On opening the gap of the transparent cone- 
plate viscometer, it was seen that the oil waa first 
drawn inward as the plate was lowered. Then, as the 
gap continued to increase, gravity broke the central 
column of oil which then flowed outward again. A 
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ririg of coloured oil survived the flow without 
turbulent mixing, but ite location was not the same 
as before the cone-plate gap was opened. 

The non-Newtonian materials examined so far have 
been lubricating greases, which show complex flow 
properties such as yield values and time-dependent 
shear thinning. Experiments similar to those for the 
oils, using pigmented grease as the flow tracer, have 
demonstrated that there is also a radial component of 
cone-plate flow in greases. However, the phenomenon 
seams more complicated. It has been found that the 
stiffer a grease is, the more likely it is to flow radially 
outward and actually be ejected from the cone-plate 
gap. With a very stiff grease (National Lubricating 
Grease Institute Consistency Grade No. 4), most of 
the sample was extruded from the gap within a 
revolution or two of the cone. Soft greases were 
extruded to a lesser extent, if at all, and in some 


. cases the escape of the sample from the gap seemed to 


depend critically on sone velocity. It is not clear yet 
whether the phenomenon of escape of grease is due to ~ 
the same forces which act on Newtonian fluids or to 
some non-Newtonian characteristic such as normal 
forces. 

These findings are preliminary, and they raise many 
questions. However, if one accepts these phenomena 
as real (that is, not caused by minor deviations from 
symmetry in the instrument), then two conclusions 
may be drawn. The first is that theoretical analysis 
of cone-plate flow needs to be extended to account for 
the radial flow component. The second is that the 
radial component may be an important factor in cone- 
plate viscometry of non-Newtonian materials, even 
though 1t is not very important for Newtonian ones. 


Davin B. Cox 


Research Department, 
Socony Mobil Oil Co., Inc., 
Paulsboro, New Jersey. 
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CRYSTALLOGRAPHY 


Whisker Growth from Quartz 


Tra growth of whiskers from fused quartz has 
recently been reported by Jaccodine and Kline!. 
Whiskers have also been observed on single crystals 
of quartz prepared by the hydrothermal process’. 
X-ray examination has now revealed the nature of 
these growths. 

Two whiskers, about 174 and 35u respectively in 
diameter, obtained from the furnace process, were 
each found to be single crystals of high-cristobalite, 
with the whisker growth axis along [111]. The cubic 
lattice constant a = 6:99 + 0:02 Å., as compared 
with the literature value? of 7-0459 A. Precession 
photographs, with the whisker growth axis along the 
spindle axis, contained only sharp Bragg reflexions; 
more than a single reciprocal layer appeared for any 
given orientation. Reflexions obtained on the rota- 
tion photographs taken about [111] were drawn out 
along the row lines through an angle of about 4°, 
indicating a lack of long-range order normal to this 
axis. Both whiskers were isotropic, viewed in polar- 
ized light. 

A. single whisker of about 50u diameter, produced 
in the hydrothermal process, was identified as 
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2 F x Barbieri took the X-ray photographs 
ed in this work. 
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Structure of Graphite | 


Since the original determination by Bernal! of the 
structure of graphite, various alternative structures 
have been proposed from observations of extra lines 
and spots on X-ray diffraction photographs... The 
Bernal structure can be visualized as hexagonal nets 
of carbon atoms stacked in layers so that half the 
atoms in one layer are directly above those in the 
layer below; the other half being above the holes in 
the first layer. Lipson and Stokes? were able to show 
that extra lines on. Debye-Scherrer powder photo- 
_ graphs of graphite filings could be indexed on the 
= basis of a rhombohedral structure, which can be 
_ — Obtained from the EA structure by shearing a 
layer a distance [al/+/3 ina <1100> direction, where 
lal is the lattice parameter of the unit cell in the layer 
planes. This structure was afterwards verified by 
X-ray and electron diffraction work on single erys- 
tals", In all cases where it has been found, the 
rhombohedral modification results from deformation 
of the original hexagonal structure and can be 
eliminated by suitable annealing treatments. A 
second modification of the original hexagonal struc- 
ture was proposed by Lukesh* from his observation 
of satellite spots on c-axis precession photographs of 
le crystals. This. modification results in a large 
thorhombic superlattice cell in which the carbon 
ts are slightly distorted hexagons. 
Reeent observations of deformation and twinning 
graphite single crystals® provide an explanation for 
































ructure. The classical mechanical l twinning relation- 
ps observed in graphite are: K, = (1121); y, = 
16]; K, = (0001); 4, = [1120]. The actual twins 

espond to a misoriented region of the crystal 
parated from the matrix by two tilt boundaries of 
osite sense and with an angle of tilt of 20° 48’. 
axis of tilt lies in the basal plane and in a direc- 
of the type <1100>. Large numbers of single 
tals are found to exhibit twins and in addition the 
as are usually found to occur in pairs. Trans- 
sion Laue photographs of twinned crystals taken 
2 the beam along the c-axis give rise to extra spots 
ch reduce the apparent symmetry from 6-fold to 
ld, in agreement with Lukesh’s observations on 
session photo i ine A section of reciprocal space 
rmal to a [1010] direction of the matrix erystal is 
oe in Fig. 3 for a crystal containing a twin. 





6 diffraction effects observed by Lukesh without the | 
troduction of a second modification to the graphite 
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Fig. 1. A section of reciprocal spa gei 
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that reciprocal: labels points of the twinned: — 
lie close to the reciprocal lattice points of the matrix us 
The distances of the twin-reciprocal lattice points =” 
above or below the 0-level of the matrix in Fig. 1 are > 
equivalent to a mis-orientation of approximately 
065° within the crystal. From. Laue ) photographs the oe 
misorientation of a twinned crystal is never less than = 
about 1°, indicating that the twin spots would readily = 
be found on a 0-level, c-axis precession photograph. = 
Fig. 2 shows a plan view of the O-level of a crystal = = 
containing twins derived from Fig. 1 for molybdenum = = 
Ka radiation. The twin spots are indexed with | 
reference to the reciprocal lattice of the twin and the Case 
calculated structure factors are given in Table 1. E ER 
Comparison of Fig. 2 and Table 1 with the figure —— 
given by Lukesh! shows that only the spots with |F 
>2 appear. The distance between a twin reciprocal ena 
lattice point and its nearest matrix point measured = 
perpendicular to the reciprocal lattice rows which are = > 
parallel to the tilt axis of the twin is found to bè == 
nla*|/17-6, where n = 1, 2, or 3 for the Ist, 2nd or. 
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Table 1 
Twin reciprocal Calculated Experimental observation 

lattice points structure factor by Lukesh (ref. 6) 
{1101} 4-45 observed 
{1121} 0 not observed 
{1231} 2-69 observed 
{1122} 7:28 observed 
{2202} 171 not observed 
{1232} 1-53 not observed 
{1233} 2-56 observed 


3rd row from the rotation axis and |a*| is the length 
of the reciprocal lattice cell edge. These values agree 
within e i tal error with Lukesh’s measured 
values of n|a*|/15. Thus the additional satellite spots 
can be readily explained on the basis of the original 
Bernal hexagonal structure containing twins without 
introducing an orthorhombic superlattice cell. 

Besides the satellite spots associated with matrix 
spots, Lukesh found two or three sets of hexagonal 
spots on his precession photographs which are due to 
diffraction from two or three crystals twisted relative 
to one another about their common c-axis. <A pre- 
ponderance of twists of approximately 2}° leads 
him to infer that this is a twin relationship; and to 
account for coherency across the resulting twin inter- 
face, he proposes that the hexagonal carbon nets are 
slightly distorted. These twists about the c-axis are 
commonly observed, but the angle of twist is found to 
take on any value with no preference for a 24° twist. 
It is then difficult to ascribe these effects as due to a 
twin relationship. It is suggested that these twists 
' be considered as localized twist boundaries with no 
long-range distortion of the hexagonal carbon nets. 

I thank Dr. A. Kelly for his suggestion of this 
explanation for the diffraction effects. 
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Plastic Deformation of Gypsum 


Ir is a well known fact that a mixture of plaster of 
Paris (CaSO,}H,O) and water will hydrate and set 
into a brittle solid, and it is thought that this solid 
derives its strength from the felting together of the 
acicular gypsum (CaSO,2H,0) crystals formed in the 
process. (There is some unpublished evidence to 
suggest that in fact the crystals can intergrow during 
the hydration process.) It is also known that the set 
material formed by this process exhibits plastic flow, 
or creep'-*, but no completely satisfactory explana- 
tion has been advanced. In the present work this 
plastic deformation has been investigated by two 
quite different techniques. 

Beams of set plaster of Paris 10 x 1 x j in. have 
been allowed to creep under a four-point loading 
system, the deflexion of the portion of the beam under 
constant bending moment being observed. The 
experiment was duplicated on four commercial types 
of plaster, each at two water contents, two load levels 
being used at each of four humidities. The results for 
creep up to 50 days can be expressed in an empirical 
equation (compare refs. 1 and 2): 
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2 
creep deflexion = A.exp(B.h). (oa phim 


where A is the relative humidity, Æ is Young’s 
modulus, ¢ is the time for which the beam was loaded, 
A is a constant which depends on the plaster, B is a 
constant which is independent of the plaster (to a 
first approximation), m is either 2 or 3 depending on 
the plaster. 

The effect of changes in humidity is extremely 
marked, a 20 per cent increase in relative humidity 
leading to a ten-fold increase in the magnitude of the 
creep, all other conditions being equal. 

The second approach was to apply a continuously 
increasing deformation to a single crystal of gypsum 
using a simple three-point loading system, the central 
point being driven forward at a controlled rate. In 
this experiment the resulting behaviour of the crystal 
was found to depend on its orientation relative to the 
applied deformation. When this is perpendicular to 
the 010 plane the crystal bends; a typically bent 
crystal being shown in Fig. 1. In this case the 
deformation shown occurred in 60 sec. When the 
deformation applied at the same rate is perpendicular 
to the 100 plane the crystal fractures before any 
detectable bending occurs. Even when the rate is 
reduced by a factor of 400 the crystal still fractures, 
although no doubt plastic flow would be observed at 
low enough rates. 





Fig. 1 


This anisotropy of behaviour may be explained on 
the basis of the sandwich structure of the gypsum 
crystal lattice’, which has alternating layers of salt 
(CaSO,) and erystal water parallel to the 010 plane. 
Each salt layer has two complete sheets of ions and 
each water layer has two complete sheets of water 
molecules. It is therefore feasible to regard the whole 
crystal as being composed of essentially two-dimen- 
sional ionie crystal layers held together by the rela- 
tively weak bonds by which the water molecules in 
the water layers are connected to the two adjacent 
salt layers. These weak bonds explain the perfect 010 
cleavage of gypsum crystals. 

The observations reveal that whenever the stress 
system in a single crystal is such as to develop shear 
stresses in the 010 plane rapid plastic deformation is 
possible. This may be explained by the shear stresses 
producing slip in the crystal water layers, which are 
weak, long before the tensile stresses in the strong salt 
layers reach rupture value. The development of slip 
in these water layers would be made easier by the 








iency may be — asa eror dislocation 
oop which is confined to the 010 plane, that is, to its 
wn particular water layer in which it moves in a 
on-conservative manner. 

The considerable reduction in the ability of the 
-erystal to deform plastically when the shear stresses 
“are not developed in the 010 plane may also be 
explained by the sandwich structure of the lattice. 
Under such conditions the generation of a slip 
avolves the movement. ‘of dislocations, | and the 
reaking of bonds, in salt layers. 
trong ionic bonds must be broken, and this is a more 
ifficult process than the breaking of the weak bonds 
fthe water layer holding any two salt layers together. 
ndeed, the strong ionie bonds of the salt layer makes 
the generation and movement of dislocations in the 
layers difficult. 






















behaviour of polycrystalline bars is greatly influenced 
by the ambient humidity it has not been possible to 
‘demonstrate a similar influence when single crystals 
are deformed plastically or left to creep under the 
influence of statie loads. Thus, it is not immediately 
= possible to link directly the behaviour of single 
-erystals with that of polycrystalline. bars. 

Tho peculiar nature of the polyerystalline material, 
-. where ‘contacts’ between crystals (that is, the grain 
boundaries) have shrunk to dimensions comparable 
P with the transverse dimensions of the crystal, could 
~ = give rise to the strong dependence of the polycrystal- 
line bars on humidity. These ‘contacts’ are regions 
where a high degree of lattice disorder will prevail. 
and could therefore act as source for the type of 
dislocation which we have discussed as being respons- 
< -ible for the plastic behaviour of single crystals., If 
-= the activity of these sources were a function of humid- 
= ity then the strong effect of humidity would be 
explicable. Work aimed at elucidating this is now in 
> progress. 





W. E. CRAKER 
K. K. SCHILLER 
“Research and Development Department, 
British Plaster Board (Holdings), Ltd., 
— East Leake, Nr. Loughborough. 
tL Blakey, C.S LR.O. (Austral.) D.B.R. Rep. Z.T (1959). 
oo * Russell et al, CSIRO, (Austral), DBR. Tech. Paper No. 9 (1960). 
© Bipeltauer, Zement Kalk Gips, 18 (6), 259 (1960). 
A Perederij, Chem. Teeh., 8. 659 (1956). 
+ Wooster, Z, Kristall., 94, 875 (1938). 













Crystal Structure of 
l ,4-Piperazine-y,y ’-Dibutyric Acid 


|, 4- Presse ya -dibutyrie acid, 





{HOOC. (CH) Ñ -= N—(CH,),,.COOH) 
— 
as prepared during investigations in polymer 
hemistry, and gave an infra-red spectrum which was 
neonsistent with both the normal COOH--COOH 
merization and zwitterion form of amino-acids. It 
eared, therefore, that the hydrogen bonding might 
e of an unusual type, and, in view of this possibility, 
he crystal structure has been ——— by X-ray 
nethods. 
The substance crystallizes in space group P2,/a 
with a = 15-55, b = 6:50, c = 6-70 A.; B = 91-54°; 
z = 1-24 gm. cm.®; Dy = 1:27 gm. om.-*; Z= 2. 
The space group indicates that the molecule must be 


That is, the 


Although it has been: shown. that tho — 









Fig. 1. View of the — — down the: t axis wit 
hydrogen bonding indicated by broken lines. Small open circles 
carbon; black circles, nitrogen; . large open olteles., — 









centrosymmetric, thus locating the centre of the xing ee 
at a crystallographic centre of symmetry. = = a 
A trial structure was obtained by the sign- fixing — 
method developed by Grant, Hine and Richards, and = 
this has been refined by electron-density and least- E 
squares syntheses. The final # value (for 995 of the — 
1,033 observed reflexions) is 0-147. — 
A view of the crystal structure down the c- axis is — 
shown in Fig. 1. EE 
The unusual type of structure is confirmed, ‘the RE 
hydrogen bonds being between hydroxyl oxygensand — 
the ring nitrogens in adjacent molecules (Fig. 1). 
The O—-H...N distance, 2-60.+ 0-01 Å., is unusually — 
short; compáre nicotinic acid? (2-06 + 0-02 Ayo es 
I am grateful to Dr. J. P. G. Richards for helpful AES 
discussion, to Prof. A. J. C. Wilson for his interest and =. 
encouragement, and for use of apparatus purchased. 
with a Royal Society grant. Thanks are also due to. 
Dr. B. C. Stace, of British Nylon Spinners, Ltd. 7 — 
Pontypool, for suggesting the problem. : 







| R. Porren E 

Viriamu Jones Laboratory, 

University College, 
Cardiff, Wales. 


* Grant, Hine and Richards, Acta Cryst., 18, 996 (1960). 
* Wright and King, Acta Cryst., 6, $05 (2958). 












RADIATION CHEMISTRY 


Metal lon Redox Systems as Radiation 
Protective Agents = — = 


In investigations of the sensitivity. of enzymes 
ionizing radiations both in the solid state and 
sohition a marked variability has been observed. be. 
tween different batches of one enzyme. This has 
been ascribed to the presence of protective a 
which are impurities even in samples of high enz 
atic activity, and which are often difficult to 
remove. Little has been done to identify suet 
natural agents although various substances, pa 
ticularly sulphydryl compounds, have long be 
recognized as being especially effective as prot 
agents. It was suggested by Howard-Flanders® tha 
these compounds act by donating hydrogen atoms 
to the radicals formed under the action of radiation, 
thus repairing the initial damage. a 

There are, however, other possible mechanisms. ee 
The primary action of the ionizing radiation is- Be — 












u ventually ‘these Shee rust’ neutralize | 
other to a substantial extent. The molecules which 
Jost or gained electrons are often unstable 
ls. which may undergo changes in the interval 
en ionization and the subsequent neutralization. 
ws that any added substance which assists 
rges to neutralize each other will reduce the 
-of the enzyme to undergo chemical changes 
result in loss of enzymatic activity. 
he most obvious way of bringing this ‘about 
seem to be by the addition of substances 
ean either donate or receive electrons, that is, 
onents of redox systems. Sulphydryl com- 
an act in this way, but there are simpler 
ys err s, for example, those involving metal 
iona having more than one stable valency state. We 
) therefore. experimented with the addition of 
such metal. ions to solid trypsin. Suitable quantities 
of ferrous or ferric sulphate were added to a trypsin 
solution which was then freeze-dried, and the solids 
were: exposed in vacuo to 15 MeV. electrons at the 
rate of about 8 rads per pulse, in the linear accelerator 
at the Physics Department of St. Bartholomew's 
ae Medical College. 
Fig. 1 shows the values of the sensitivity (ex- 
es pressed as 1/D,,) obtained in these experiments. It 
ean be seen that small concentrations of ferrous and 
| ferric salts have a marked protective effect. on the 
trypsin of the same order as that of cysteine at similar 
=o eonecentrations. The ferrous ions are somewhat more 
= effective than the ferric ions (it may be noted that 
= l per cent of iron in the trypsin corresponds to about 
= 4 gm. atoms per mol. trypsin). However, we have 
ee present little information about the state of ferrous 
_.. er ferric ions under these conditions, for example, 
the extent to which iron salts of trypsin are formed. 
"The addition of ferric or ferrous sulphates to un- 
|. irradiated trypsin by the same process had no effect 
= — on the specific activity of trypsin, and the ultra- 
violet absorption spectrum of the mixture in solution 
was the sum of the two component spectra. The 
— _ experiments therefore justify the view that these 
-ions modify the radiosensitivity by offering sites 
= which can act as either sources of electrons or positive 
-. holes and so facilitate the neutralization of the 
-o enzyme molecules which have lost or gained electrons. 
.. Experiments with other metal salts are being carried 
out. 
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CHEMISTRY 


Rapid Characterization of Small 
Amounts of Oil by Thin-Layer Silica-gel 
Chromatography 


Most methods for characterizing small amounts of 
oil (for example, 0-1-2-0 mgm.) are based on spectros oo 
scopie techniques. When chemical techniques are 
applicable they are time-consuming. There is a need o 
for a simple method not requiring expensive apparatus 
and I have applied thin-layer silica-gel chromato- 
graphy'. A review of some applications of this type 
of chromatography has recently been published’, and === 
the apparatus for preparing the thin layers of ab- > 
sorbent is commercially available (Camlab (Glass), 
Ltd., Cambridge). 

The test that I have developed makes it possible 
to classify oils into four groups: (1) hydrocarbon’... 
oils; (2) synthetic ester oils; (3) naturally occurring > 
glycerides (including modified products); (4) oils of 
compositions other than groups 1-3. | 

Examples of oils examined are given in Table Lco 
The types of chromatograms given by the various 
groups are described in Table 2. ae 

The procedure adopted is as follows. Small samples 
(0-1-1 mgm.) of the oils under test are spotted by F 
means of a fine capillary tube (melting-point tube) |. 
on to a layer of silica gel (0-3 mm. thick) which ceon- 
tains 15 per cent of calcium sulphate as.a setting 
agent. The layer of silica gel is supported on a glass _ 
plate (20 cm. x 20 em.). The plate is developed by 
the ascending technique, with a mixture of chloro- 
form and benzene (70 : 30 vol.). After an hour, the 
solvent has ascended the plate to a distance of about. 
14 om. The plate is then removed from the tank- 
and the solvent is allowed to evaporate. The 
chromatogram is examined under ultra-violet radia- 
tion (max. 3660 A.) and any zones which fluoresce or 
absorb are marked. The chromatogram is next 
sprayed with concentrated sulphuric acid and heated 
at 120°C. for 15 min. Any coloured zones which. 
appear (Fig. 1) are noted, and the plate is again: 
examined under ultra-violet radiation. - 

Oils in Group 4 give a wide variety of chromato- 
grams, none of which is similar to those given by ; 
groups 1-3. Silicone fluid, for example, does not give. 
any colour reactions with sulphuric acid and is not- 
detectable by ultra-violet irradiation, but it can be 
revealed by spraying with a potassium dichromates 
sulphuric acid mixture. — 
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Table 1. TYPES OF OILS EXAMINED 


Group 1 Group 2 


Mineral oil containing some aromatics 
polyalkylene oxides, 

Mineral oil free from aromatics 
oxides, 

phenothiazine 

Diesel fuel 
jazine, 

phenyl-a-na 

Multigrade motor oil 


tritolylphosphate, no 
Medicinal paraffin — — 


Dioctyl sebacate, dioctyl adipate, 
naphthylamine pend ee i 
Dively! sebacate, »lyalkylene 
chlorinated polyphenyl, 
Dioctyl azelate, 3:7-dioctyl pheno- 
th chlorinated polyphenyl, 
lamine 


Dibctyl. Baier A adipate, 


Group 4 
Polyethylene oxide, M 200 


Group 3 
Olive oil 
Mustard ofl ” ” M 300 


— sperm Alkylmethacrylate polymer 
0 


Silicone fuid 


Tall oil 
Lauryi phosphate 


Table 2. CHROMATOGRAMS OF OW, GROUPS 


Test 1 


Examination* under ultra- Fluorescent zones at Ry 0:7. Small 
violet radiation fluorescent spot on the base line 


Spra with cone. sulphuric 


Purple or grey zone at Ry 0:8-07 
acid. Heating at 120° ©. 


Examination under ultra- Red-pink fluorescence at Rp 0-6- 
violet radiation, after acid- 0-7, occas Y fluorescence 
on. from base-line to 


spraying 


Oil group 
2? 3 


Faint fluorescence extending from Fluorescent zones at the base-line 

the base-line to Rr 0-6. Fairly with several smaller 
intense zones of fluorescence 
within this range 

Zones at Rr 0-5 (approx.) contain- 
ing highly coloured regions 


Fluorescent zones at Rp’s 0-5-0 -6 
values ranging from 0 to 0 


* Some paraffinic oils do not fluoresce under ultra-violet radiation before acid spraying. 


t Many synthetic ester oils can be distinguished if the 
dyes with any aromatic anti-oxidant, containing nitrogen, which may 


Wherever mixtures of oils from different groups 


occur, they will at first be classified as Group 4 oils. 
However, it will be possible to recognize in such 
chromatograms the distinctive features of Groups 1, 
2 and 3 when they are present. For example, a 
glyceride mixed with a mineral oil can be readily 
characterized. 

The chromatograms that are obtained by this 


method depend largely on the affinity of the samples 


for silica gel, and the ease with which they are de- 
sorbed by the eluting solvent. The relatively non- 
polar hydrocarbons will have the highest Rr values, 
and the polar unsaturated glycerides will have the 
lowest Rr values. The colours and ultra-violet 
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Fig. 1. A, Mineral oil containing some aromatics (colour of zone, 
grey); B, mult e motor oil (grey); C, medicinal paraffin (pale 
grey): D, tic ester ofl (dull red); #, synthetic ester oil 
urple); > wn); G, olive oil (dark brown); 
, polyethylene glycol M 300 (nil); synthetic ester oil | 
on polyalkylene oxides (pale green); K, tri-tolyl phosphate (nil) 


is sprayed with p-nitropheny! diazonium fluoborate, which forms azo 


present. 


reactions given by the synthetic ester oils are due 
to the presence of aromatic nitrogen compounds. 

I thank Mr. R. Moore (City of Liverpool College of 
Technology) for his assistance in this work. 


G. B. Crump 


‘Shel’ Research Ltd., 
Thornton Research Centre, 
P.O. Box 1, 
Chester. 
+ Stall, E., Chemiker Z., 82 (10), 323 (1958). 
z 
Woi B- * Coe” M., and Hawrylyshyn, Mary, Anal, Chem., 


Far Ultra-Violet Absorption Spectra of 
Hydrogen-bonded Methanol 

Many examples of changes in ultra-violet absorp- 
tion spectra attributable to hydrogen bonding have 
been reported and summarized by Ito’. However, 
in few of these cases has the change in absorptivity 
been as pronounced as in the infra-red O-H stretching 
vibrations. The reason for this is probably due to the 
fact that the transitions responsible for the ultra- 
violet absorption have not been localized in that 
portion of the molecule most directly affected by the 
hydrogen bond. In this communication attention is 
directed to ultra-violet absorption bands of alcohols 
that vary drastically with concentration and probably 
arise from excitation of lone-pair electrons on an 
oxygen atom acting as a proton acceptor*. 

Fig. 1 shows the absorbance spectra at 30° C. of 
pure methanol, a dilute solution of methanol in 
n-hexane and pure n-hexane. These spectra were 
obtained on a Beckman far ultra-violet DK-2 spectro- 
photometer which was purged with pure nitrogen. 
Stray light in the instrument used was less than 0-05 
per cent at 1740 A. judging from the sharp cut-off 
spectrum of 0-01 cm. of water. Absorption cells of 
0-0069, 0-012, 0-11, 1-00 and 2-00 cm. optical path 
were used. The n-hexane was Phillips 99 per cent 
grade purified by passage through activated silica gel. 
The methanol was Eastman ‘Spectro-grade’ material. 
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EE pig 1, Spectra of n-hexane and methanol. A, Methanol versus 
- $104) B, n-hexane versus Si0,; C, 0-047 M methanol in n-hexane 


‘The materials were purged of oxygen with pure nitro- 

gon. The solutions were prepared and the cells filled 

under nitrogen. Care was taken to minimize volatili- 

zation of methanol from the dilute solutions. 

~~ The infra-red spectrum of methanol at room tem- 

perature clearly indicates that virtually all the 

—. molecules are Fees bonded. The molar absorp- 

tivity at 1950 A. is 0-33 L/mol.-em. At a concen- 

tration of 0-0247 moles/l. the molar absorptivity is 
found to increase more than 100-fold (Table 1). 


-OOo Table 1. ABSORPTIVITY VERSUS CONCENTRATION METHANOL IN 


n- TL EXANE sosi 
Joncentratton 41950 Å. 14000 Å. — 
Concentrat 0 ETTI 
molji. L/mol-em. 1./mol,-cm. 
06-0124 t50 — 
0-0247 382 1-$2 29-0 
0124 26-0 757 84:4 
0247 14-0 449 81-2 
0-405 8°87 0-266 33-4 
990 4°77 0-153 81-4 
1-86 2°86 0:0979 202 
| 24-4 (pure) 0-33 — — 


<It- would be desirable to know the degree of asso- 
tion of the methanol as a function of concentra- 
mi. Mecke has shown that methanol is about 10 
nt associated in carbon tetrachloride at a mole 
m of. 0-003 which corresponds to the 0-0247 
concentration used here’. 
myl alcohol the equilibrium constant for the 
on of two monomer molecules to produce a 
“was found to be 2-7 for n-hexane solvent and 
“0-86 for carbon tetrachloride solvent (Kaye, W., 
unpublished results). It is likely, therefore, that 
.. “appreciably more than 10 per cent of the methanol 

. = molecules are associated at 00247 mol./L. in n-hexane. 
suming that methanol forms a double-bridged 

in dilute solution, the equilibrium constant for 

















In previous work — 


cae 


It seems likely that some of the absorpti 


forming a hydrogen bond. 
The same solutions used for the 


vibration (1-44) was used. The absorptivity results 
are given in Table 1, column 3. The last column in 
Table | gives the ratio of ultra-violet to near infra-red 
absorptivities. The constancy of this ratio confirms 
the hydrogen-bonded source of the absorptions. It 
should be pointed out that-the near infra-red absorp- 
tivities were obtained with a modified base-line 
technique in which the recorded absorbance was equal . 
to the absorbance at the peak of the free OH bond 
at 1-405. less the absorbance at the short-wave | 
shoulder of this band at 1-38. At both wave-lengths, 
1-405 and 1950 Å. the absorptivity of the pure 
solute is only 1 per cent or less that of the 0-0247 
mol/l. solution so the ratio should remain constant 
if the two bands have a common origin. 

Fig. 1 shows that the absorbance of the dilute 
methanol solution increases as the wave-length of 
light decreases. However, not all the absorption can 
be attributed to the non-bonded electrons of the 
oxygen atoms. The contribution of the methyl group 
can be expected to be large below 1750 A. Tt is 
valuable for determining the wave-length at which the 
ratio of absorptivities of the oxygen to CH portions of 
the molecule is a maximum. To a first approximation 
the ratio of absorptivities of the dilute solution to the 
pure methanol provides this information. Fig. 2 
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Fig. 2, Effect of dilution on the absorptivity of methanol i 
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shows that the ratio of absorptivities, — is & 
maximum around 2000 A. 

The absorptivity of the monomeric methanol in 

n-hexane appears to reach a maximum of about 
240-]./mol.-cm. at 1800 A. This is somewhat higher 
than Harrison et al. found for methanol vapour‘. 

Results similar to this have been obtained on 
n-propsanol solutions. Water exhibits an even more 
pronounced change in absorptivity on going from 
liquid to vapour phases. We have confirmed the 
results of Barrett and Mansell and extended the 
absorptivity data to 1750 A. (ref. 5). At 1760 A. liquid 
water at 30° C. has an absorptivity of 3-97 1./mol.-cm. 
Watanabe and Zelkoff report that water vapour at the 
same wave-length has an absorptivity of about 
1,570 Lfmol.-cm. (ref. 6). Of course, some of the 
variation can be caused by factors other than hydro- 
gen bonding, but such a mechanism is probably 
responsible for most of the 400-fold change in absorp- 
tivity with change in state. The above explanation 
accounts for the strong dependence on temperature 
noted by Barrett and Mansell for liquids capable of 
hydrogen bonding. 

WILBUR Kays 
RIHARD POULSON 


Beckman Instruments, Inc., 
Fullerton, 
California. 
! Ito, M., J. Mol. Speci., 4, 125 (1960). 
2? Mulliken, R. 8., J. Chem. Phys., 3, 506 (1035). 
t Meoke, R., Diso. Farad. Soe., 9, 161 (1950), 
‘Harrison, A. J Cederholm, B. J., and Terwilliger, M. A., J. Chem. 
Phys. 30, $55 (1959). 
* Barrett, J., and Mansell, A. L., Nature, 187, 188 (1960). 
* Watanabe, K., and Zolikoff, M., J. Opt. Soo. Amer., 48, 758 (1958). 


Propargyl Fluoride and its Microwave 
Spectrum 


ALTHOUGH propargyl halides have long been 
known, there appears to be no report of propargyl 
fluoride (3-fluoropropyne), FCH,C=CH. This 
substance is of interest from the point of view of its 
chemical reactivity, and of its molecular structure, 
which is very suitable for spectroscopic study. We 
have found that propargyl fluoride can be made by 
the method, applied to certain other fluorides}, of 
treating the p-toluene sulphonate of the correspond- 
ing alcohol with potassium fluoride. Specimens 
boiling at approximately 15° C. (760 mm.) have been 
characterized as essentially pure by examination of 
their spectra. Infra-red bands establish the presence 
of the —O:CH residue, while the CH, and CF 
groupings give rise to bands olosely resembling those 
which we have also found in the spectrum of fluoro- 
acetonitrile, FCH,.CN. The CF stretching mode in 
propargy! fluoride yields a very strong band at 1,045 
om.-14, whereas the co j band in fluoro- 
acetonitrile lies at 1,070 cm.-1. More detailed infra-red 
studies of these molecules are in progress im this 
laboratory. 

Nuclear magnetic resonance spectra of pure liquid 
propargyl fluoride, at 33° C., are consistent with the 
anticipated structure. Coupling to the methylene and 
acetylenic protons respectively splits the fluorine-19 
resonance into a triplet (J = 47:3 0./s.) of doublets 
(J = 6-5 c./s.), with a chemical shift, determined by 
substitution, of + 142 p.p.m. from trifluoroasetic 


acid. The acetylenic proton spectrum consists of & . 


i 
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doublet (J = 6-5 c./s.) of triplets (J = 2:5 o./s.) at 
— 2:8 p.p.m. from the resonance in tetramethyl 
silane as internal reference. The methylene proton 
signal is a doublet (J = 47:3 o./s.) of doublets (J = 
2-5 c./s.) at — 4:9 p.p.m. from the tetramethyl silane 
resonance. The coupling constant of 2:5 c./s. between 
the methylene and the acetylenic protons is close to 
those found? in other propargyl derivatives. The 
coupling between the fluorine and the acetylenic 
proton is believed to be the first of this type to be 
measured; the coupling constant of 6:5 o./s. may be 
compared with that of 21 c./s. for coupling between 
similar nuclei at closer approach in fluoroacetyl- 
ene’, 

The microwave spectrum of propargyl fluoride, 
which is intense, further confirms the identity of the 
molecule and shows the expected strong resemblance 
to the spectrum of fluoroacetonitrile’, with appreciable 
components of the molecular dipole moment in both 
the A- and B-rotational axes. For the principal iso- 
topic species, transitions of the R-branch, arising from 
the A-component of the dipole, have been assigned 
for J = 2— 3 and 38— 4. Lines arising from the 
B-component of the dipole, of the type Jog > Jı (7-1), 
have been measured for J-values from 2 to 5. The 
derived constants, in Mc./s., are: 


2 = 85,037-70 + 0-15 
= 4,608°70 + 0-08 
o -= 4188-60 £ 0-08 


DJ = 0 ‘0 
DJE = on -072 + 0-002 


As in the case of fluoroacetonitrile’, a negative value is 
found for the centrifugal distortion constant, DJK, 
which has similar magnitude in the two substances. A 
negative value of this constant was also found for the 
related molecule, propynal>. 

If the structure of the —CH,CCH group is taken 
to be the same as in methyl acetylene’, the inertial 
constants of propargyl] fluoride are consistent with an 
angle FOO near 111°, and a CF bond-length near the 
value of 1:385 A. found i in methyl fluoride’. Such a 
structure would show a parallel with the findings for 
propargyl chloride". We expect to measure spectra of 
enough isotopically substituted forms of propargyl 
fluoride for a complete structure determination, and 
to evaluate the molecular dipole components from 
Stark effecte. Full results will be given in a later 
detailed publication. 

We are grateful to Dr. P. L. Coe for advice on the 
preparative method, to Dr. J. K. Brown for making 
possible the infra-red measurements, and to Dr. L. F. 
Thomas for the nuclear magnetic resonance spectra. 
One of us (B. E. J.) is indebted to the Department of 
Scientific and Industrial Research for a research 
studentship. 
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Colour of Solutions of Iodine 
in Oleum 


Tum blue colour which appears when iodine reacta 
with oleum has been discussed in terms of the forma- 
tion of the iodine cation, I+ (refs. 1, 2). Recently’, 
evidence purporting to show that iodine cations are 
not formed by oxidation in this medium and that the 
blue colour is due to an ‘inclusion’ compound of 
molecular iodine and ‘polysulphuric’ acid has been 
put forward. We wish to reconsider this con- 
clusion. 

Mokhnach et al.* point out that if iodine is oxidized 
according to the equation (theirs): 


I, + 80, + 2H,80,>21+ + 2H80,- + SO, + H0 (1) 


then (i) sulphur dioxide should be ‘evolved’; (ii) the 
concentration of ‘free’ sulphur trioxide should 
decrease; (ili) the visible absorption spectrum should 
be unaltered when the concentration of sulphur 
trioxide is changed. They find that: (i) sulphur 
dioxide is not evolved; (ii) the concentration of 
sulphur trioxide does not decrease; (ili) the visible 
spectrum changes markedly on going from 7 to 50 
per cent oleum. They conclude that iodine is not 
oxidized. 

When reconsidering these aspects the following 
points should be noted: 

(i) Sulphur dioxide is very soluble in oleum and is 
not evolved on prolonged refluxing‘. It has, however, 
been. detected by means of its characteristic absorption 
band at 280 my, and its concentration estimated 
thereby is titatively m accord with an equation 
of the form of (1) (ref. 2). Also, IC] reacts with oleum 
to give a solution with an identical spectrum in the 
visible region, but with no band in the 280-myz 
region: 

IOL + H,8,0, + 80,-I* + HS8,0,,+ H80,01 (2) 

Dilution of these solutions to give aqueous sul- 
phuric acid results in the complete reformation of ICI, 
but only 80 per cent of the original iodine is recovered, 
the remainder appearing as iodate. This is in accord 
with oxidation to I+. 

(u) Experimental details for the estimation of 
sulphur trioxide are not given. We think that the 
detection of the very small change in the concentra- 
tion of sulphur trioxide required by equation (1), for 
the dilute solutions used?, would be most difficult. 

(iii) The spectral changes given? are identical with 
those found by us!*, and have been quantitatively 
interpreted im terms of the successive formation of 
L,* (Amax. 460) and I+ (Amax. 640, 500, 410) according 
to the equilibria: 


41+ + 3HS,0,- + 2H,S0, = (10)H8,0, + I,* + 
8,0, (3) 


3I,* + 3HS,0,- + 2H,50, = (LO)HS,0, + 41, + 
3H,8,0, (4) 


As soon as sufficient sulphur trioxide has been 
added (50 per cent or more) the spectrum no longer 
changes. 


No positive evidence in favour of the concept that 
the blue species is an inclusion compound between 
iodine arid polysulphuric acid, similar to that formed 
in aqueous solutions of starch and comparable 
polymers, has been given*. We stress that recent 
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evidence suggests that the highest polymer in 50 per 
cent oleum is H,S,0, (ref. 5), and that the spectrum 
attributed by us to the iodine cation has been found 
in 100 per cent H,SO, and HSO,F. Furthermore, we 
would not subscribe to the viow that, if the ‘iodine 
cation’ theory is correct, then the blue colour observed 
in aqueous solutions of iodine and starch might be 
due to these cations. 

It is suggested? that, nevertheless, iodine inclusion 
compounds should act as ‘I+ donors’. Indeed, the ` 
blue solutions in oleum are extremely powerful 
iodinating agents'; but, so far as we are aware, 
inclusion compounds with starch and related 
polymers are not more powerful than unincluded 
iodine. 

Finally, despite their arguments against the postu- 
late that iodine is oxidized®, Mokhnach et al. claim to 
have established by an electrolysis experiment that a 
cationic iodine species is present. We do not think 
that this deduction is justified from the results 
quoted. In their new experiment, the electrodes were 
immersed in the blue solution and it was found that 
the colour decreased in the anode but increased in the 
cathode compartment. We have carried out a similar 
experiment, but confined the blue solution to the 
central compartment of a Hittorf cell, the electrode 
compartments containing pure oleum. No migration 
of the blue colour was observed after the passage of 
1 F. over a period of a week. 

These apparently contradictory results can be 
reconciled, since only in the former experiment can 
direct oxidation or reduction of the iodine-containing 
species occur. We postulate that I+ is oxidized at the 
anode to give trivalent iodine, probably IO+, which 
is transparent at 640 mp. An increase in absorption i in 
the cathode compartment is not predicted, however, 
unless the medium is reduced to the blue species 
which is formed when sulphur reacts with oleum 
(Amax. 590 my, ref. 6) and which does not react with 
iodine cations. 

Our inability to detect migration cannot be taken 
as evidence against the concept that iodine cations are 
present, since conductance measurements’ have shown 
that the current is carried almost exclusively by 
HS,0,- ions. 

To verify this assertion we also examined the 
migration of coloured carbonium ions such as Ph,C+ 
under these conditions and were unable to detect any 
movement. 

Finally, we stress that our magnetic and conduc- 
tance measurements? are quantitatively in agree- 
ment with the concept that the only iodine-containing , 
species in these blue solutions is J+. We cannot see 
how the theory of an ‘inclusion compound’ can 
accommodate these resulte 
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Non-Coincidence of ‘Gas Hold-Up’ and 
Retention of Air in Gas-Liquid 
Chromatography 


In order to determine true relative retentions or 
partition coefficients in gas-liquid chromatography 
the ‘gas hold-up’! of the apparatus must be subtrac- 
ted from all retention data measured from the point 
of injection. It has been recommended! that the time 
or gas volume between the injection point and the 
emergence of the air peak should be ace as the gas 
hold-up. Moreover, when using detectors which do 
not respond to atmospheric gases the use of methane 
has been suggested?. 

The amall, but measurable, solubility of these gases 
in organic solvents and the adsorptive effects of solid 
powders such as are used for supports have prompted 
me to check the validity of these assertions. 

It has in consequence been found that more or less 
serious errors (depending on the column used) are 
introduced by these assumptions. Thus on a column 
(15 ft. x 4 mm.) of 6 per cent squalane on ‘Celite’ 
(60-72 mesh acid-washed) at 20° C. oxygen and nitro- 
gen had small, but statistically significant, different 
retentions which, although insufficient to resolve the 
peaks, imply that at least one of these gases is retained 
sufficiently to introduce serious errors in the retention 
of volatile materials. Methane eluted about I ml. later 
than oxygen on this column. 

The retention of these permanent gases can be due 
to adsorption or solution and therefore varies from 
apparatus to apparatus, but this result shows that for 
precise work the ‘air peak’ is not invariably the correct 
point from which to measure relative retention data. 

A solution to this problem can be derived from the 
lhnearity of log (corrected retention) versus carbon 
number for the n-paraffins. 

Provided all retentions are measured from the true 
gas hold-up point on the chromatogram log (correct 
retention) is a linear fanction of carbon number even 
as low in the series as methane. Consequently this 
hnearity for the rapidly eluted n-parafifins is confirma- 
tion that the true gas hold-up correction has been made. 

At first sight 1t could be argued that the lower 
members of the n- might not display a linear 
relation between the logs of their partition coefficients 
and their carbon numbers. However, by working at 
higher temperatures on the same column these early 
members are not used. Nevertheless, the same gas 
hold-up for the particular column is invariably 
obtained. In consequence the linearity of the above 
relation from methane onwards can be confidently 
assumed. 

In order to ‘linearize’ the log plot I have developed 
a simple calculation procedure which obviates the 
‘trial and error’ approach and which will be published 
shortly. 

In the Rs, ®t system of presenting retention date an 
n-paraffin calibration is part of the existing procedure 
and consequently no extra experimental time is 
required to locate the true gas hold-up point on the 
chromatogram by the above method. 

J. F. MITH 
Natural Rubber Producere’ Research Association, 
48-56 Tewin Road, 
Welwyn Garden City, Herts. 
1 Ambrose, a A., n ET 


Sa A. L M, Kovats, E., 
Rook, H — -, and Stross, F ,» Pure and ' App. Chen. ue 
t Fe , Ardreatsh, A. J., and Ootrupe, D. P., Anal. Chem., 


inland 

33, — (1061). 
*3mith, J. F., Chem. and Indwuat., 1024 (1060). 

t Evans M. B, and Smith, J. F, J. Chromatog , 6, 293 (1961). 


NATURE 


679 


BIOPHYSICS 


Monolayer Film of Rhodopsin at the 
Air/Water Interface 


Many reporte have been made of chemical and 
physical properties of rhodopsin''*. A role of rhodopsin 
in visual excitation has been fully discussed by 
Wald? t. However, most of the work so far has been 
carried out using aqueous solutions of rhodopsm ex- 
tracted with digitonin, resulting im a digitonin com- 
plex. Accordingly, there is a risk of observing reac- 
tions of rhodopsin different from those primarily 
found tn vivo. Recently, electron microscopic findings 
on the ultra-fine structure of visual colls! suggest 
that rhodopsin may be located between the double 
layers of the disk-lhke units of rod outer-segment 
which forms a monolayer. It seems useful to pursue 
the physico-chemical properties of rhodopsin mono- 
layer tn vitro in order to postulate models for the 
molecular function of rhodopsin. Weitzel et al.’ 
reported properties of the monolayer of vitamin A 
and its derivatives spread on aqueous solution. Many 
workers since Devaux’ have investigated the pro- 
perties of protein films spread on water. We have 
succeeded in preparing the monolayer film of rhodop- 
sin—vitamin A, aldehyde combined with protein— 
at the air/water interface, and have measured the 
changes of surface pressure following 1llumination. 
An extracted rhodopsin solution was dropped on 4 
clean aqueous surface with a micropipette as was 
the case with spreading a monolayer of protein. The 
substrate surmounted with rhodopsin consisted of a 
phosphate buffer solution having pH of 6-8. The 
surface pressure exerted on the film was measured 
with a modified method of Sasaki’ under dim red 
light of wave-length longer than 750 mp. To plot 
the film pressure against the area of the spread films, 
a barrier placed at a distance of 40 cm. from the 
other fixed barrier was slid on a trough at a constant 
speed with certain intervals until the distance was 
reduced to about 25 om. Thus the plotting of the 
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film pressure yielded a force-area curve. Besides 
the force-area curve, changes of surface pressure 
were measured at any area. In the meantime the 
barrier was kept unslid so that the rhodopsin film 
might reveal an unstable surface pressure. <A 
rhodopsin solution extracted with diluted ethanol 
reported by Hosoya et al.1° seemed to be the most 
suitable agent in preparing a monolayer film. The 
digitonin extract did not seem to be satisfactory in 
monolayer experiments, because of the surface activity 
of digitonin and higher molecular weight of digitonin 
complex; but it might be observed ın comparison 
with ethanol extract. Fig. 1 shows the force-area 
curve of the monolayer film of rhodopsin extracted 
with diluted ethanol. At a low-pressure region, surface 
pressure increased slowly as the area was diminished. 

Above 2 dynes/cm., pressure increased much more 
rapidly with the diminution of the area. At a low- 
pressure region below 5 dynes/cm., surface pressure 
tended to increase when the area was kept constant 
after the diminution, that is, compression of the sur- 
face film reached 2-3 dynes/om. (P in Fig. 1). On 
the contrary, at a high-pressure region above 5 dynes/ 
cm., surface pressure decreased remarkably under a 
similar condition. Following the exposure to a flash- 
light, the increase in surface pressure mentioned above 
was augmented. After the bleaching of rhodopsin, 
such augmentation .of surface pressure following 
illumination completely disappeared. A monolayer 
film of rhodopsin extracted with diluted ethanol had 
two minimum points of compressibility (~dA/AdF); 
one was at about 5 dynes/cm., the other at 15 dynes/ 
cm. The latter coincides closely with the collapse 
pressure for proteins", while the former has been 
left unclarified. 
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Fig. 2 shows the force-area curve of the monolayer 
film of rhodopsin extracted with 2 per cent digitonin, 
the sample being diluted with water to a 1/10 con- 
centration before use. The gradient of the curve 
was somewhat smaller than that of ethanol extract. 
A marked difference between the ethanol and 
digitonin extracts wes that the surface preasure of 
digitonin extract tended to decrease for all pressure 
region in terms of a constant area. Following the 
exposure to a flashlight, such decrease in surface 
pressure was mitigated. 

Fig. 3 shows difference in pressure-time ourve 
between a monolayer film of rhodopsin extracted 
with ethanol and that extracted with digitonin. 
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BIOCHEMISTRY 


Gas Chromatographic Analysis of Long- . 
Chain Fatty Acids in Gangliosides 


BRAM gangliosides are complex, aggregate, water- 
soluble lipids with an apparent molecular weight of 
about 220,000 in aqueous solution. The constituent 
building plocka have been identified as N-acetyl 
nouraminic acid, N-acetyl galactosamine, galactose, 
glucose, sphingosine and a long-chain fatty acid?-*. 
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The exact structure of the complex unit has, however, 
not been elucidated. It has been possible to separate 
various gangliosides by repeated crystallization’ or 
by chromatography*-* into closely related fractions 
the compositions of which are as yet uncertain. 
Klenk originally identified the fatty acid isolated from 
brain gangliosides as stearic acid. In view of the fact 
that Kishimoto and Radin’ were able to demonstrate 
a considerable variation in the fatty acid moiety of 
cerebrosides, a glycolipid very closely related to the 
gangliosides, it was considered that the original 
findings of stearic acid only in the gangliosides should 
be re-investigated by means of the more advanced 
techniques now available. 

Gangliosides were isolated from the brains of various 
species by extraction with tetrahydrofuran and were 
purified by solvent partition, chromatography and by 
precipitation as the barium salts. The details of the 
isolation procedure will be reported elsewhere. The 
neuraminic acid content of the materials isolated from 
the different species varied from 0-95 to 1:07 umoles/ 
mgm. and the fatty acid content 0:54-0:71 pmoles/ 
mgm. To prepare the methyl esters of fatty acids, 
5 mgm. of dry material were dissolved in two ml. of 
95 : 5 v/v methanol : sulphuric acid and refluxed for 
18 hr. Five ml. of water were then added to the 
mixture and the fatty acid esters were extracted into 
redistilled n-heptane. The heptane fractions were 
combined, washed once with water, dried over sodium 
sulphate and evaporated to a volume of 0-1 ml. ina 
stream of dry nitrogen at room temperature. 

Methyl esters were chromatographed at 200° ©. 
using & column packed with 1 per cent Dow Corning 
‘400 Silicone Rubber’, 99 per cent ‘Ohromosorb W. 
The detector used was an argon ionization detector of 
our own design which had been calibrated for quanti- 
tative accur Chromatography was continued 
until the emergence of the 24-carbon fatty acid ester. 


Table 1. PROENTAGE COMPOSITION OF Farry ACIDS 


Ore Ore Ou Oey Cw f On Ony”* Os * Oy 
Beef 3 82 4 2 2 8 4 
Monkey 2 89 2 
Man 8&3 10 3 
Pig 4 82 ? 2 1 2 8 
Turke 06 2 
Porpo 1 80 14 1 2 1 
Shark 5 72 1 4 5 13 
Alligator 1 7 79 4 2 7 


*Tdentification of each me 


1 ester is on the basis of retention 
time on ons column and is tentative, 


The results of the gas chromatographic analyses, as 
shown in Table 1, are essentially in agreement with 
the findings of Klenk et al.1 in that stearic acid accoun- 
ted for most of the long-chain fatty acids in ganglio- 
‘ sides. The variation from species to species was 
considerably less than anticipated, and a similarity 
of the fatty acid composition of human and monkey 
brain gangliosides was notable. No attempt was made 
to ascertain the presence and amounts of hydroxy 
acids. The lack of occurrence of odd-numbered fatty 
acid was unexpected in view of the finding of an 
appreciable C-23 content in cerebrosides. 

The long-chain base in all cases was identified as a 
mixture of sphingosine and dihydrosphingosine. This 
suggests that there is very little variation in the 
ceramide portion of the molecule. Since gangliosides 
as isolated from brain can be separated into various 
fractions with essentially similar properties, it is 
anticipated that differences in structure and properties 
are due to variations in the polysaccharide moiety of 
the compounds. Furthermore, if the high content of 
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stearyl-sphingosine in the ceramide portion of the 
gangliosides is compared with the heterogeneity of 
the ceramides in cerebrosides, it appears unlikely that 
both compounds are derived from one common 
precursor or that cerebrosides act as precursors in the 
biosynthesis of gangliosides. 
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Sense of the Helix in Poly-L-tyrosine 


~ THs anomalous rotatory dispersion curves for many 
synthetic poly-«-amino-acids in the helical conforma- 
tion have been adequately interpreted by the equa- 
tion proposed by Moffitt}, The constant, bẹ in this 
equation has been used as a measure of helix con- 
tent in polypeptides and proteins’. The sign of b, 
has been taken to signify the sense of the helix? *-*. 
A value of approximately — 630 has been found for 
the helical conformation of poly-t-glutamic acid’, 
poly-y-benzy]-1-glutamate!* and for poly-t-alanine’; 
the latter has been shown to exist as a right-handed 
helrx*, The first reported positive b, value was that 
found for poly-L-tyrosine’, and it was suggested that 
the unusual sign of b, is a consequence of a strong 
chromophoric group near the 8-carbon. Other positive 
b, values have since been reported for poly-f-benzyl- 
L-aspartate®, poly-l-benzyl-t-histidine’® and poly-L- 
tryptophan’*, It was suggested that the positive bẹ 
value of poly-B-benzyl-L-aspartate was due to a 
different sense of twist? than that found for poly-y- 
benzyl-L-glutamate. Proof of this hypothesis followed 
shortly*:11, 

The positive b, value for poly-i-tyroaine has been 
the subject of two recent papers!*13 in which the 
conformations in various solvents are discussed. The 
latter authors'* have stated (unpublished results) that 
the sense of helix was not opposite to that usually 
found (right-handed) despite the positive sign of b,. 
I have also carried out investigations and wish to 
present my evidence which strongly mdicates that 
the sense of helix in poly-L-tyrosine is the same as 
that found for poly-a-u-glutamic acid, despite its 
opposite b, value. 

Poly-L-tyrosine and a series of copolymers of 
t-tyrosine and L-glutamic acid (Faaman, G. D. 
unpublished results), with various mole ratios, were 
prepared with molecular weight estimated to be in 
the 35,000~-85,000 range. (These were estimated 
from the intrinsic viscosities in 0-2 M sodium chloride 
at pH 11-7 in the range 0-35-0-80, using the molecular 
weight calibration of Doty et al.4.) Optical rotatory 
dispersions of these polypeptides were measured in 
dimethylsulphoxide in the spectral range 578~ 
365 mp. The b, values were calculated using ào = 
212. These measurements were carried out on the 
polymers in which both the carboxyl and phenolic 
groups were un-lonized. 
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The results shown in Fig. 1 indicate that the bo 
value changes linearly from -560 found for poly-a- 

L-glutamic acid (Kulkarni, R., Fasman, G. D., and 
Blout, E. R., unpublished resulta) to the value of 
+494 that found for poly-1-tyrosine. As this value 
for poly-a-L-glutamic acid agrees well with that 
associated with the helix!*, one can assume that this 
solvent, dimethylsulphoxide, is a helix-promoting 
medium, and that these polymers are all in the helical 
conformation. Further, the b, value found for sodium 
poly-L-tyrosinate in this same solvent was found to 
be +263, presumably the random coil value in this 
solvent. Therefore, the value of +494 may be 
assumed to be that of the helical structure which was 
shown to exist in other solvents". 


+ 600 
a 
+ 400 
+ 200 
0 
S 
— 200 
— 400 
& 
© 
— 600 
100 80 60 40 20 0 Glu 
10 80 50 70 90 Tyr 
Mole ratio 
Fig. 1. Dependence ur b, (assuming 4 = 212 my) on the com- 
position of copolymers of — acid and L-tyroalne, Measure- 


ments were made in the 
dimethylsulphoxide 


From the linear relationship between the b, values 
and composition it may be concluded that the same 
sense of twist has been maintained throughout the 
series. If poly-i-tyrosine and poly-«-i-glutamic 
acid were helices of the opposite sense of twist, the 
b, of their copolymers should change markedly over 
a relatively narrow range of copolymers, representing 
Į% region of transition from one helix sense to the 
other, as found for copolymers of B-benzyl-L-aspartate 
and y-benzyl-i-glutamate*. However, as seen in 
Fig. 1, this does not occur, but rather a gradual 
change occurs, at any one point being the sum of the 
mole ratio contribution of the two different b, values. 

Thus, in contrast to the interpretation previously 
given for the positive b, for poly-B-benzyl-L-aspartate, 
namely, a helix of the opposite sense of twist4:1!, the 
helical sense of poly-i-tyrosine is the same as ‘that 
found for poly-y-benzyl-u-glutamate. 

The contribution of the chromophoric side-chains 
on the -carbon may be the major factor in determ- 
ining the optical rotatory properties of helical poly- 
peptides. The interpretation of 6, values must con- 
sequently be handled with great caution. 
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Tonomyosin of Arterial Muscle 


INVESTIGATION of the protein composition of cow 
oarotids has shown that their muscular layer contains 
a new protein we have called tonoactomyosin, which 
does not superprecipitate at low ionic strength in pre- 
sence of small amounts of adenosine triphosphate and 
remains soluble under these conditions. When. ultra- 
centrifuged at 0-35 and neutral pH ın presence of 
adenosine triphosphate, it splits into two peaks, a 
quick one assumed so far to be F-actin and a slow 
one sedimenting at about the rate of skeletal myosin. 
Tonoactomyosin appears to be soluble in the muscle 
sarcoplasm and seems thus responsible for the vascu- 
lar tonus!*. A similar component can also be isolated 
from cow pregnant uteri’. 

The slow sedimenting component of tonoacto- 
myosin observed at J 0-35 in the presence of adenosine 
triphosphate can be isolated from cow carotid tono- 
actomyosin dissolved in a phosphate buffer of I 0-35 
and pH 7-1, 0-25 M im sodium chloride (total = 
0-35). The solution is made 0-2 per cent in adenosine 
triphosphate and fractionated ummediately at 2° C. 
with a saturated neutral solution of ammonium 
sulphate. Precipitation starts suddenly at 43-44 per 
cent saturation. The precipitate obtained between 
43 and 47 per cent saturation is spun down, redis- 
solved in water and dialysed against the previous 
buffer of J 0-35 and pH 7-1. The water-clear super- 
natant is brought to 60 per cent saturation in order to 
precipitate all the protein of the solution. The precipi- 
tate isolated by centrifugation, which corresponds to 
20-30 per cent of the initial protein content, redis- 
solves easily in water; it is dialysed against the usual 
buffer of J 0-35 and pH 7:1. 

The fraction 43-47 per cent behaves as tonoacto- 
myosin: 
their high viscosity strongly decreases in presence of 


its turbid solutions tend to form gels and . 
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Fig. 1. Specific viscosities of the two fractions isolated from 
tonoactomyoein by ammonium sulphate fractionation in presence 
of adenosine triphosphate. Experimental conditions: J 0 85, 
pH 7-1, temperature 25° 0, Each symbol refers to a different 
reparation of tonoactomyosin. The fi obtained with 

raction 43-47 per cent without, and with, adenosine triphosphate 

are jomed together by a dotted line. The upper and lower lines 
corresponding to tonoactomyosin are taken from a previons 
pubhcation (ref. 2) ` 


adenosine triphosphate (Fig. 1). As ıts ascending and 
descending electrophoretic mobilities at I 0-35 and 
pH 7-1 are, however, higher than those of tenoacto- 
myosin (— 3-25 and — 3-0 instead of —2-8 and — 2-7 
x 10-§ cm.* V.-! sec.-!}) the proportion of the two 
constituents seems to differ. 

The fraction 47-60 per cent forms water-clear 
solutions the intrinsic viscosity of which, determined 
with an Ostwald viscosimeter at 25° C., is about 2'8 
and is about that of rabbit myosin and is uninfluenced 
by adenosine triphosphate (Fig. 1). It is practically 
homogeneous electrophoretically at I 0-35 and pH 7-1. 
A small quicker peak amountmg to no more than a 
few per cent of the total protein content and migrating 
with mobilities of — 4-9 and — 4:8x10-§ cm.? V.-} 
‘gec.-} is observed irregularly; these figures and the 
salimg-out range suggest that we are dealing with 
tropomyosin. When such a preparation is mixed 
with rabbit skeletal myosin, the main peak moves 
slightly more quickly than myosin at J 0:35 and 
pH 7-1. By ultracentrifuging, a somewhat broad 
peak of the same importance as the quick electro- 
phoretic one is observed sedimenting at the rate 
of 2-3 S of tropomyosin as well as another very 
sharp main peak the sedimentation—concentration 
curve of which extrapolates at zero concentration to 
about 6-25 S. This rate corresponds approximately 
to the slow peak observed when tonoactomyosin is 
dissociated by adenosine triphosphate at J 0-35. 
These electrophoretic and ultracentrifugal reactions 
resemble those of rabbit skeletal myosin. The 
salting-out range is, however, very different: rabbit 
myosin precipitates under our experimental con- 
ditions at 35—45 per cent saturation with or without 
adenosine triphosphate, which is In good agree- 
ment with earlier results‘. The thermostability 
also differs very much: our preparations remain 
soluble after heating for 10 min. at 100° C., while 10 
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min. warming at 60° C. precipitates rabbit myosin 
almost completely. On the other hand, the salting-in 
range does not differ significantly: when the ionic 
strength of our preparations is decreased by dialysis 
against the usual buffer of I 0-35 diluted with water 
or in presence of 0:1 per cent adenosine triphosphate 
directly by dilution with water, precipitation starta 
at between J 0-30 and 0-26 in both cases. 

We have also examined the interaction with rabbit 
F-actin prepared according to Tsao and Bailey! using 
an Ostwald viscosmmeter at 25° O. The fraction 47~60 
per cent and F-actin dissolved in the buffer of 0-35 
at the same concentration of 0-29 per cent have been 
mixed in the proportion 2/1; an increase of viscosity 
18 observed in presence of 1-3 x 10-* M magnesium or 
without magnesium similar to that observed with 
rabbit myosm. If increasing amounts of adenosine 
triphosphate are added to this mixture in the absence 
ofmagnesium, a further increase of viscosity is observed 
folowed by a slow and incomplete decrease; in 
presence of magnesium, the usual immediate drop of 
viscosity occurs (Fig. 2). A similar increase of viscosity 
in presence of 2-4 x 10-* M adenosine triphosphate 
can also be obtained with rabbit skeletal myosin 
purified by ammonium sulphate fractionation; the 
subsequent drop at higher concentration of adenosine 
triphosphate is, however, much quicker and more 
pronounced. In the absence of magnesium, adenosine 
triphosphate can react at low concentration with 
free groups of the myosin partner of actomyosin 
without dissociating the complexes formed. 

The amino-acid composition of the 47-60 per cent 
fraction was determined according to the Stein~Moore 
chromatographio method after 22 hr. hydrolysis in 6 NV 
hydrochloric acid and is compared with those of rabbit 
and cod myosins in Table 1. Although hydrolyses of 
different duration should be desirable in order to 
obtain more accurate data, some conclusions can 
already be drawn. The glutamic acid and amide 
nitrogen contents are much higher; the variations 





Q 2 4 6 
10 M adenosine triphosphate 


. 2. Specific viscosity of fraction 47-60 per cent in presence of 
rabbit F-actin and adenosine triphosphate at I 0°35, pH 7-1 
and 25° 0. (1) Fraction 47-60 per cent, 020 per cent before 
addition of F-actin; (2) fraction 47-60 per cent, 02 per cent 
and F-actin, 0-00 per cent withont esium (@) and with 
magnesium 1:3 x 107 M (O) or 8 x 10 M from the arrow (x) 


684 
Table 1. AMINO-aA0ID COMPOSITION OF FRACTION 47-00 PER CENT 
RABBIT SKELETAL AND COD MYOSINS IN RESIDUES PER 10° au 
Fraction Rabbit myosin Cod myosin 
47-60 per cent Ref. 6 Ref. 7 Ref. 8 
Asp 91 85 67 85 
Thr 87 41 48 86 
fer 33 41 41 45 
Glu 100 185 160 145 
Pro 12°65 22 17 25 
Gly 34 88 25 44 
80 78 78 71 
Oyst/2 g+ 86 12 7-2 
Val 87 42 22 44 
iei E 4 
u 
Leu o5 79 Jus 77 
Be 185 18 19 15 
P 26 27 28 23 
Lys 87 85 81 
ive ¢ E 8 g 
Tryp 3°90 3-9 87 


* Not corrected for loss. 


corresponding to serine, proline, methionine, leucine, 
histidine and arginine appear larger than the experi- 
mental errors. The acidic ionic groups per 10° gm. 
amount to only 129 while the basic ones are of 147; 
assuming that half the histidine groups are charged 
at physiological pH, the net charge at this pH should 
be of + 13 instead of — 20 and — 15 for rabbit and 
cod myosins, respectively. It is unlikely that the 
overestimation of amide nitrogen due to the degrada- 
tion of some ammo-acids could account for such a 
difference. In view of this discrepancy, the similar 
electrophoretic behaviour appears to be due to an 
increased binding of anions by our preparations. The 
numbers of polar groups (apart from cystine, the value 
of which remains to be determined) of 511-5, 481 and 
449 for fraction 47-60 per cent, rabbit myosin’ and 
cod myosin are of the same order. 

The component isolated from cow carotids appears 
from some points of view comparable with the slow 
component observed by ultracentrifugation of uterus 
actomyosin in presence of adenosine triphosphate*:?°, 
It differs, however, from skeletal myosin by its ex- 
tractability at low ionic strength, its salting-out range, 
its amino-acid composition, its net charge at neutral 
pH and its thermostability. The bindings of anions 
and, in absence of magnesium, of adenosine triphos- 
phate also appear to be different. These anomalous 
properties partially explain the behaviour of tonoacto- 
myosin. They imply also a fundamental difference 
towards skeletal myosin. The new term of ‘tono- 
myosin’ we are proposing would allow one to differen- 
tiste these two muscle structural proteins and at the 
game time recall their relationship. 

We thank Dr. R. Crokaert, who helped us with the 
determination of the amino-acid composition, as well 
as Miss Godfroid, Mrs. Jamsin and Miss Lebeau for 
their kind collaboration. 

G. HAMOIR 
L. Lasza* 
Laboratory of General Biology, 
University of Liège. 
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Rapid Method for Determination of 
Decarboxylation of Compounds labelled 
“with Carbon-14 


A BAr and accurate method of determining the 
rate of decarboxylation activity of tissues in different 
types is presented. This method is based on the 
evolution of MCO, from substrate on filter papers 
impregnated with potassium hydroxide. Filter papers 
heving radioactive compounds has been measured 
directly by liquid scintillation counting!~*. 

The reaction vessel for incubation is illustrated in 
Fig. 1. It consists of a ‘Pyrex’ gless centrifuge tube 
(100 x 20 mm.). A small glass tube (10 x 10 mm.) 
was suspended from a rubber stopper and was used 
as the trichloracotic acid (TCA) container. Whatman 
No. 30 filter paper (16 x 20 mm.) was impregnated 
with 40 per cent potassium hydroxide solution and 
was hung from the stopper to collect evolved OO, 
gas. 


T. C. A. 


SYSTEM 


Fig. 1. Vessel used for detarmining rate of decarboxylation of 


componnds labelled with carbon-14 7 


Twenty per cent tissue homogenate in Krebs- 
Ringer-phosphate buffer (pH 7:0) was put in the 
incubation vessel with different levels of ascorbic 
acid 1-“C. In the TCA vessel, 0-15 ml. of 50 per cent 
TCA aqueous solution was placed. Potassium hydrox- 
ide paper having 100) of 40 per cent potassium 
hydroxide was hung from the stopper and the system 
was closed. Incubation with shaking was carried out 
for ] hr. at 37° C. At the termination of incubation, 
reaction was stopped by the addition of TCA to 
the homogenate by tilting the TCA vessel. The system 
was kept at 37° C. for another hour. At the end of the 
experiment, the potassium hydroxide paper was 
placed in a counting vial containing 10 ml. of toluene 
scintillator‘ and counted in a liquid scintillation 
spectrometer at — 8° ©. 

An equal volume of 1-ascorbic acid mixture having 
0-5 po. activity was added to each homogenate preps- 
ration m the reaction vessel before incubation, in 
order to make a comparative study of decarboxylation 
activity of different tissue preparations, when treated 
in the same conditions of incubation. 

Results in Table 1 show the reproducibility of 
duplicates and the order of decarboxylation activity of 
different rat tissues which agrees with those reported 
previously’®. 
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Table 1. REPRODUCIBILITY OF METHOD OF DECARBOXYLATION OF 
ASOORBIO ACID-1-“O BY Rat Tissuy HOMOGHNATEHS 


Sample * (¢.p.m.) 


Timus Average 
1 2 8 4 of R 
Kidney 35,586 . 2,477 2,206 2,423 
88,741 2,456 1,748 2,406 
Rt 1-05 1:01 1-8 1°01 1:06 
Idvor 21,447 1,660 1,618 1,446 
20,986 1,618 1,612 1,313 
Rt 102 1-08 1:00 110 1:08 
Small 
intestine 5,898 585 845 3869 
5,57 582 827 361 
Rİ 1-08 101 1 06 1:02 1:05 


* Duplicate preparations from same tissue from different runs. 
t Ratio of maximuin and minimum counts. 


Table 2. DROARBOXYLATION OF ASCORBIC ACID BY DITFRRAST 
AMOUNTS OF Rat Livan HomoGeratn 

Activity in 

Homogennte Activity in KOH paper Homogenate KOH paper 


volume (c. p.m. volume (o. p. m. 
(mi.) Exp. No.7 Exp. No.8 (mi) Exp. No. il 
060 6,721 8,913 Ot 516 
0°75 0,419 2 581 
1-00 8,899 9,829 716 
1-25 14,457 O4 798 
1-50 12,682 32,881 0-6 868 
200 14,983 


KOH f paper, 1004 40 per cent 
solution; paper sze 16x 24mm,; 
ascorbic acid, 1-*C,, O65 yo.; 
volume of system, 1:6'ml. 


KOK In paper, 254 40 per cent 
solution; paper size, 7 x 20 mm.; 
ascorblo aod, 1-740, 0-05 ua; 
volume of system, 0-61 mL 


In order to estimate the efficiency of the method, 
different levels of rat liver homogenates were incu- 
bated with L-ascorbic acid-1-“C mixtures, and the 
evolved “CO, was collected on paper having 100A of 
40 per cent potassium hydroxide solution. The results 
are presented in Table 2. In experiments 7 and 8, 
L-ascorbic acid-1-4C mixture having 0-5 ue. activity 
was added to each reaction vessel; while in experi- 
ment 11, t-ascorbic acid-1-“C having 0:05 uc. 
activity was added to each system. When the 
activities were plotted against amounts of homogenate 
the results were linear. 

In order to have s preliminary idea about the 
quenching effect of potassium hydroxide, it was 
transferred along in the paper into the scintillation 
solvent. Varying levels of potassium hydroxide 
solution (50, 60, 70, and 80) were absorbed on the 
same type and size of filter paper; L-ascorbic acid-1- 
uC, having activity of 0-01125 pc., was added to each 
potassium hydroxide paper and these were placed 


80 25 ASCORBIC ACID SOLUTION 
resppo ci4 





~J 
im 


Activity (o.p.m.) 
8 


L] 50 60 70 80 
4 KOH (20 per cent) 


Fig. ® Quenching due to potassium hydroxide paper in toluene 
seuntillator 
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individually into 10 ml. of toluene scintillator and 
counted at — 8°C. The resulta are shown in Fig. 2. 

This communication is published with the permis- 
sion of the Director of the University of Tennessee 
Agricultural Experiment Station, Knoxville, Tennes- 
see. The work was completed under Contract No. 
AT-40-1-GHN-242 between the University of Tenn- 
essee College of Agriculture and the Atomic Energy 
Commission. The radioactive materials used in this 
work were obtained from the Oak Ridge National 
Laboratory on allocation from the United States 
Atomic Energy Commission. 


J. CHRIBOGA 
i D. N. Roy 


University of Tennessee— 
Atomic Energy Commission, 
Agricultural Research Laboratory, 

Oak Ridge, 
‘Tennessee. 
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Adenine Glucose Compound from 
Cotton 


TyProaLty, the acid hydrolysis of an adenine 
nucleotide yields adenine, ribose, and phosphorus. 
Recently, a nucleotide-type compound that hydro- 
lyses to adenine, glucose, and phosphorus has been 
found in cotton plants. Unlike the nucleotide sugar 
complexes reported by Ginsburg}, Heath’, and Smith 
et al.*, where the carbohydrate is attached to a purine 
or pyrunidine nucleotide, the compound isolated 
from cotton leaves has glucose as the only sugar 
present. 

The compound and nucleotides were extracted 
from Coka-100 wilt-resistant cotton plant leaves with 
ice-cold perchloric acid. Semi-purification of the 
extract was accomplished by adsorption on, and 
elution from, charcoal (ammoniacal aqueous ethanol, 
1 : 49:5 : 49-5 v/v/v) followed by vacuum concen- 
tration. Undesirable ultra-violet-absorbing materials 
were removed from the.extract by partitioning with 
ethyl ether. The aqueous phase was further concen- 
trated and passed through a column of ‘Dowex 1-X8’ 
anion exchange resin in the formate form. The 
nucleotides were chromatographed from the column 
by gradient elution with a formic acid—sodium 
formate buffer (Fig. 1). Peak A of Fig. 1 contained 
the adenine-glucose—phosphorus compound, which - 
was then isolated from the eluting solution by 
adsorption on and elution from charcoal. As the peak 
contained ultra-violet-absorbing materials other than 
the desired compound, the charcoal eluate was con- 
centrated and subjected to paper chromatography 
using saturated ammonium sulphate/isopropanol/ 
water (79-2 : 2: 19 v/v/v) as a solvent. The adenine- 
containing band was located with ultra-violet light, 
cut out, eluted, and further purified. The second 
purification was accomplished either by paper 
chromatography, n-butanol/50 per cent aqueous 
ethanol (1 : 2 v/v), or by low-voltage paper electro- 
phoresis. These techniques were necessary to purify 
the compound for chemical analysis. 
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. 1. Hlotion of acid-soluble nucleotides of cotton leaves from 

a “Dowex 1’ formate column. The dotted line Indicates the 

concentration of formio fons at any given volume of eluate. 

Peak A contains the adenine-glucose—phosphorusa compound, 
Optical density values read at 260 mz 


The adenine-glucose—phosphorus compound has 
many characteristics simular to adenylic acid. The 
ultra-violet absorption curves obtamed in acid, 
neutral, and basic solutions are the same as adenylic 
acid. The Rr’s on paper chromatograms developed in 
isobutyric acid/0-6 N ammonium hydroxide (10: 6 
v/v), saturated ammonium sulphate/isopropanol/ 
water, and əthanol/M ammonium acetate 75 pH 
{765 : 30 v/v) are similar to adenylic acid. Electro- 
phoretically, on acid-washed Whatman No. 1 at 
7 V./om. using citric acid-sodium citrate buffer pH 
4-1, the compound moves close to adenylic acid. 

Hydrolysis of the purified compound was carried 
out by heating at 100° C. for 1 hr. in N hydro- 
chloric acid. The cooled hydrolysate was passed 
through a 2 x 0:2 cm. column of cation resin, ‘Dowex 
50 H+’, to remove the adenine, evaporated to dryness, 
diluted with a small amount of water, and 
through a similar size anion column of ‘Dowex I’ 
formate. The cation resin was eluted with N ammon- 
ium hydroxide and chromatographed for adenine. 
Both the material eluted from the cation resin and an 
authentic sample of adenine had the same Rr, 0:38, 
when developed on paper in 86 per cent n-butanol. 
The ultra-violet-absorption curves at pH 2, 7, and 11 





Peak A 
Fig. 2 An ascending chromatogram developed three times in 
ethyl a 


Glucose 


cetate pyridine'water (2:1:2 v/v/v upper phase) 
before rendering the sugars visual with anilne phthalate. 
Peak A is the sugar derived by hydrolysis of the ootton leaf 
adenine-glucose-phosphorus compotnd. Authentic carbo- 
hydrate samples are iS on the right and left of 
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were the same for the adenme from the unknown and 
the authentic sample. The fraction of the hydrolysate 
that passed through both columns was chromato- 
graphed in ethyl acetate/pyridine/water (2: 1: 2 
v/v/v upper phase) and then made visible on the dried 
chromatogram with aniline phthalate reagent (Fig. 2). 
Glucose was the only carbohydrate found. . 

Quantitative analysis for adenine, glucose, and 
phosphorus was carried out on the isolated compound. 
Adenine was estimated from optical density values at 
260 mu using the molar extinction coefficient of 
14,300. Glucose was determined on an aliquot of the 
compound as described by Park and Johnson‘. Allen’s 
technique for phosphorus analysis’, adapted for a 
total volume of 5 ml., was used for estimating the 
phosphorus present. The isolated compound had a 
molar ratio of 1:1:1, adenine, glucose, and 
phosphorus. 

Although the compound isolated from cotton 
leaves has adenine, glucose, and phosphorus present 
inal: 1: 1 molar ratio, no mformation 1s available 
concerning the attachment of the glucose to the 
adenine, or the location of the phosphorus group. 
More complete details on the isolation of the com- 
pound will be published in the QOoniributions of the 
Boyce Thompson Institute. 

P. H. PLAISTED 


R. B. Reaaro 
Boyce Thompson Institute for Plant Research, Ino., 
Yonkers, 
New York. 
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Swelling of Sperm Tails accompanying 
Adenosine Triphosphate Hydrolysis 


Spmem tails! and organs of similar construction? 
will hydrolyse adenosine triphosphate (ATP), and 
presumably this property is intimately concerned 
with the movements axhibited by these organs. 
Unless the moving tail is soon to stop work a cycle 
of events must occur and must be ted many 
times. During part of this cycle ATP is hydrolysed 
and this hydrolysis is accompanied by certain 
physical changes about which nothing is known. 
These physical changes must then be reversed. To 
complicate matters still further, different parta of the 
cycle may be taking place at one and the same time 
in different parts of the tail. An outstanding problem 
then is to separate this cycle into its component parts 
and investigate each part individually. 

At a recent symposium, I outlined experiments 
which were aimed at correlating the ATPase activity 
of sperm tails from the freshwater fish Perca fuvtatilis 
with physical changes associated with such activity’. 
These experiments were based on the idea that if the 
flagellar enzyme were reversibly inhibited in sperm 
which had done no swimming, that is, in the fresh 
milt, it might be possible to prepare flagella which 
would differ physically from the same preparation 
after the enzyme had been activated in the presence 
of substrate. 

This reversible inhibition was brought about by the 
addition of ethylenediamine tetraacetic acid (EDTA), 
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and merely by altering the ratio of EDTA to mag- 
nesium activator the: enzyme could be inhibited or 
activated as desired. This effect is shown in Fig. 1. 
When tail preparations were isolated from milt diluted 
with buffered sucrose containing EDTA in inhibitory 
concentrations a reduction in optical density (meas- 
ured at 520 my) was usually obtained on activating 
the enzyme in the presence of substrate. 

This reduction in optical density, which was found 
to follow very closely the activity of the enzyme was 
- considered to result from a swelling of the sperm tails. 
Other explanations of such an effect were possible, 
but in this case did not seem likely. Thus a reduction 
in optical density would also occur if during (but only 
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Fig. 3. ATP hydrolysis by the thres preparations used In Fig. 2. 
J OS ilon were exactly the same as in . 2 but Incubation was 
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7 for 10 min. at 37°. The same symbol refers to the same propara- 
tion in both figures. ©, no EDTA, A, 25 mM EDTA; (2 
5-0 mM EDTA 


during) enzymatic activity,-material was leached out 

of the flagella or the flagella disintegrated. Recent 

work based on the weighing of centrifuge pellets has 

been directed at settling this question. The work is 

unfimshed and, since the supply of material is 

: seasonal, must remain so for some little time. 
Interim resulta, however, seem to be of sufficient 
interest to justify this communication. 

Tail preparations from Perca fluviatilis sperm were 
isolated from fresh milt diluted with pH 7-8 0-05 M 
tris buffer containing 2-5 mM EDTA and 05 M 

` sucrose. In a typical experiment such a preparation 
was suspended in buffered sucrose and incubated at 
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z 


1 2 3 ‘ 5 6 7 8 20° for 15 mm. with magnesium activator and 
Concentration of Mgt+ (mM) substrate. After this time a known volume of the 

Fig. 1. Effect of on the sperm-tail ATPase in the presence incubate ven ged, in a weighed tube, at 
of EDTA. 10 min. incubation at 37° in pH 7-8 0-05 M ing oon- 18,0009 for 10 min., the supernatant removed and 


0-5 Af sucrose and,2 mM ATP. The same preparation the tube drained. Any liquid adhering to the sides 
Was Orves. s . . 
i CAE DA EDTA S PA BUBA; was dried away with filter paper and the tube 
weighed again. The nitrogen content of the pellet 
was then determined. 

The centrifuge head accepted six tubes and in each 
of the three curves shown in Fig. 2 the experimental 
points were obtained from one preparation with one 
loading. Each curve represents a different prepara- 
tion. Fig. 3 shows how, under the same conditions, 
the ATPase activity of the three preparations was 
influenced by the magnesium activator concentra- 
tion. j 

It is obvious that, for a constant nitrogen content, 
an increase in pellet weight paralleled ATP hydrolysis 
and that the EDTA to magnesium ratio influenced, 
in the presence of ATP, the pellet weight in the same 
way as it affected enzymatic activity. This increase 
in weight confirms the view expressed earlier that 
observed changes in optical density were the result 
of swelling. 

———— = The percentage nitrogen in the centrifugal pellet 

2 4 6 8 10 was normally about 1:4 per cent reducing to 1-0 per 

Concentration of My++ (mM) cent on swelling. Assuming a dry weight nitrogen of 

Fig. 2. Bffeot of Big** and EDTA, In the presence of ATP, on the 8 per cent* it turns out that 1 gm. of flagella (dry 

pellot weight expressed as percentage Increase m wrought over weight) holds 4:4 ml. of sucrose solution before 
l Peontamed the same  8Welling and 6-6 ml. after swelling. 

nit n Sonten The pellets —— — from tat] suspensions It seems unlikely that this swelling is an artefact 

(controls contained no ATP). O no EDTA: A. 36 mM EDS. of ATP hydrolysis for sperm tail preparations can be 

O, 5'0 mM EDTA obtained which hydrolyse ATP but do not at the 
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same time take up additional water. It is an 
interesting suggestion that during motility those 
parte of the tail which are splitting ATP are taking 
up water while other parts are extruding it. The 
inhibited and activated preparations described above 
may represent the two extremes of this behaviour. 
When all enzymatic sites are inhibited the flagellar 
volume is at a minimum and when all these sites 
are activated the flagellar volume reaches a 
maximum. 

I acknowledge financial assistance from the 
Medical Research Council. 
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Time of Appearance of Lung Surfactant 
n the Foetal Mouse 


Patri#! first noted the stability of bubbles formed 
in the foam expressed from lungs of mature animals 
and the lack of stability in material from foetal lungs. 
Clements? emphasized the importance of a bubble- 
stabilizing factor, that is, a surfactant, in the pre- 
vention of atelectasis. Lungs from human fostuses 
of less than 1,000 gm. usually lack the surfactant 
characteristic of older footuses?; occasionally, less- 
mature fostuses possess lung stability*. 

A surface-active lipoprotein from lung foams 
containing lecithin as its major component*® may 
correspond to a bubble-stabilizing factor. Little is 
known of its origin or metabolism; it may be secreted 
by the alveolar epithelium which it overlies as a 
film’. Its deficiency in early fostal lungs probably 
reflects immature development of some necessary 
component. 
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We examined the time of appearance of surfactant 
in lung extracts of foatal mice because of a previously 
observed change in alveolar cella of mouse fcetuses 
seen under the electron microscope. Osmophilio 
inclusion bodies absent in younger footuses first 
appeared in the 18-day fœtus”. Total gestation in 
mice is 19 days. 

In the first experiments we pooled lungs of litters 
of Swiss Webster mice of known gestational age. 
From the weights and crown-rump lengths of these 
foatuses, we estimated the fatal age of subsequent 
untimed litters. We weighed the lungs, ground them 
in a mortar with a pestle, and diluted to 25 c.c. with 
0-3 per cent saline, filtered the extract through four 
layers of gauze on to 12-8 cm. x 6 om. trough of a self- 
cycling modified Wilhelmy surface-tension balance. 
We changed the surface area of the trough from 66 
em.* to 8-5 cm.? continuously for 10 min., then ex- 
tended it over a similar period. Reproducible force 
area diagrams were achieved usually after four or five 
cycles. The minimum tension on compression of the 
film was noted; if less than 20 dynes/om. a sur- 
factant was considered present. 

The results shown in Table 1 indicate that lung 
surface activity is a late developmental feature in 
the mouse fetus. With the exception of one large 
pool, all foetuses younger than 18 days of gestation 
failed to achieve the low surface tensions recorded 
by all the term foetuses and new-born mice, even 
though the quantity of lung tissue was greater in 
the pooled specimens of smaller foatuses. Since lungs 
of two new-born mice are required to demonstrate 
surfactant on the balance used, there must be a 
minimum quantity of material required. The surface 
area of large numbers of pooled foetal lungs should 
approximate that of the new-born animals, since 
small foetuses have a glandular lung, those near term 
more alveoli. Failure to demonstrate surfactant in 
as much as 775 mgm. of lung of 21-22 mm. foetuses, 
and ita presence in 60 mgm. of new-born lung, suggest 
that surfactant does not appear until late in gestation. 

It is not known whether osmophilic inclusion bodies 
and surfactant, which appear in foetal mouse lungs 
at about the same time in gestation, are related 
phenomena; it is tempting to speculate that these 


Table 1 
Festal ago Crown-rump length Fotal weight No. of Pooled lung Minimum 8.T, jp 
(days) (mm.) range (mgrn.) footuses weights (mgm.) (dynes/cm.} 

14 11-14 170-850 120 — 21 0°82 

16 18-17 400—480 22 — 27 0°67 
16-19 460-600 $5 400 24 0°67 
16-19 480-720 92 — 16 0-81 
18-19 — — 80 — 24 0°72 

16 19-81 870-925 22 597 26 0-63 
17-22 660-850 85 — 22 0°76 

17 20-22 — — 20 — 21 078 
21-22 900-975 80 776 24 0°74 
22-28 850-050 81 —_ 21 0:80 
21-22 1,000-1,075 6 — 26 0 65 
21-28 976—-1,060 8 — 27 0 63 
21-25 1,000-1,050 25 —— 21 0:78 

18 23-24 1,000-1,100 12 425 24 0°74 
23-25 »1L00 17 480 22, 0-74 

28-25 1,000-1,075 11 850 18 0-81 

19 25-28 1,200-1,250 12 — 18 1 08 
24-27 1,125-1,290 12 410 10 1 26 

25-27 1,850-1,650 12 — 13 1:15 

26-28 1,800-1,500 11 480 14 — 

25-20 —_ — 28 — 17 0:97 

New born 28 — — 30 — 8 1-48 
- 28-31 1,875—-2,000 7 — 15 1-06 
— — — a — 9 1-33 

26 1,600 2 60 16 1°26 


* The extract stability index (3) (9), reflecting the fim forming capacity of the material, is defined as the change of tension/average tenson 
Mymax, — Ymin)/ (Ymar. + ymin.) 8 Values for normal lungs are usually greeter than 1°0, rarely leas than 0-85, 
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structures are associated with maturing secretory 
activity of alveolar cells. 

This work was supported in part by the Boston 
Medical Foundation and grant H5429, National 
Institutes of Health, U.S. Public Health Service. 
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Blockade of Neuromuscular Transmission 
by Zinc 


Tes role of zinc in processes of biological interest 
has commended increasing attention in recent years. 
Its participation as either an incidental or essentially 
specific component in various enzymatic reactions has 
been stressed by Vallee?*. Edman has discussed in 
detail the action of zino in causing relaxation of 
contracted glycerinated muscle fibres*-’, and on the 
basis of his results, he has developed a hypothesis of 
the mecshanochemistry of the contraction—relaxation 
cycle of living muscle in which zine (normally present 
in livmg fibres at about the same concentration as 
calcium) plays a critical part’. 

Work in our laboratory has been concerned with 
effects on the responses of living frog skeletal muscle 
due to zine added to the Ringer’s solution medium’, 
Thus, in concentration as small as 0-01 mM, zine 
causes: (1) a 2—3 times potentiation of the peak twitch 
tension, which is due to a prolongation of the active 
state resulting from a direct action of the zino on the 
surface membrane of the muscle fibres; (2) a variety 
of changes in excitation parameters of the muscle 
fibre membrane, among which is an approximately 
twofold increase in the absolute refractory period. 
The present communication shows that zinc, in 
concentration of 0-5 mM, reversibly blocks trans- 
mission at the neuromuscular junction. 

We have worked on excised sartorius muscles of 
the frog, Rana pipiens. The Ringer’s solution, to 
which we added the zinc as zine chloride, was always 
unbuffered; that is, we omitted the usual phosphate 
buffer to avoid precipitation of the zine in the form 
of relatively insoluble zinc phosphate. The absence 
of the buffer did not obviously affect the responses of 
the muscles. We examined effects of zino on the 
neuromotor mechanisms by recording isotonic con- 
tractions of muscles stimulated either directly or 
indirectly. On each muscle, conventionally mounted 
in a lucite chamber and connected to the recording 
lever, we placed the two stimulating electrodes so that 
the anode was at the pelvic end and the cathode 
was in contact with the point of nerve entry into the 
muscle. From earlier work! we know that application 
of an adequately strong but still relatively low- 
voltage shock through such an electrode system 
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Fig. 1. Bffeota of zino on indirectly and directly stimulsted con- 
tractions of frog sartorius muscle. In each test sequence, a-e, 
the 12 responses were evoked at 30 sec, intervals, first a set of 6 
(5 twitches followed by a tetanus) by mdurect stimulation (Si) 
and then a second set by direct stimulation (Sa). Succcasive 
treatments of the muscle. (a) normal singer ste! solu On: (4) 1 hr. 
in 005 mM xine in Ringer's; (e) 10 m 5 mM zno in 
Ringer Bi (d) 15 min, wash in normal sta sh e) additional 
30 mun. Ringer’s wash. (The relatively sho of the 
S; tetanus ın (a) Js atypical 


results in maximal indirect stimulation of the muscle. 
If, however, the shock is ten or more times stronger, 
maximal direct stimulation occurs. The muscles 


` were exposed to the various test solutions by immer- 


sion while in the chamber. But stimulation was always 
effected with the muscle in the moist air of the cham- 
ber after withdrawal of a test solution. 

Fig. 1 presents results of a typical experiment 
demonstrating effects of zino relevant to the present 
work. Each of the test sequences, a—e, consists of 
records of two sets of & twitches and a tetanus, the 
first set in response to indirect and the second to 
direct stimulation. Following the control sequence a, 
we soaked the muscle for 1 hr. in Ringer’s solution 
containing 0-05 mM zine. As shown in b, this treat- 
ment had no effect on the tetanus, but it did cause a 
potentiation of about 50 per cent in the twitch 
shortening, which is the isotonic counterpart to the 
increase in isometric twitch tension due to zinc 
reported elsewhere®!°, It is particularly noteworthy, 
however, that after the hour in which the tissue was 
exposed to the zinc solution the contractile responses 
were essentially the same whether evoked by indirect 
or direct stimulation. This proves that zine in 0-05 
mM concentration has no discernible effect, inhibitory 
or otherwise, on the function of the neural and 
junctional structures of the muscle, and that the 
twitch potentiation as observed in this experiment is, 
in accordance with previous results®!°, an effect of 
zine acting solely on the muscle fibre. The recordings 
of test sequence c present the results after a short 
exposure of the muscle to 0-5 mM zinc. The responses 
to direct stimulation have not changed, and thus the 
muscle fibres have not been adversely affected by the 
tenfold higher concentration of zino; but the re- 
sponses to indirect stimulation are completely absent 
when we use twitch stimuli, and almost completely 
so for the tetanus stimulus. This blockade to indirect 
stimulation is easily reversed for, as shown in the test 
sequence d, a 15 min. wash in Ringer’s solution 
restores full (and still potentiated) contractions to 
indirect stimulation. The last set of records in part e 
shows that reversal of the twitch potentiation itself 
occurs after 45 min. in the Ringer’s. 

The suppression of muscle responses to indirect 
stimulation as determined in the experiment of Fig. 1 
might be due to blockade by zinc at either motor 
nerve fibres or neuromuscular junctions. Inhibition 
of excitation of the nerve fibres is unlikely since 
previous work®1° proves that zinc in even 1-0 mM 
concentration does not block excitation of muscle 
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fibres. Moreover, we have found in special tests that 
zine in concentrations as high as 1-0 mä acting for 
as long as 1 hr. on only the nerve trunk of sciatic- 
gastrocnemius preparations has no effect on the 
nerve fibres, since the responses of the muscle to 
indirect stimulation are normal. Thus, the complete 
blockade in our sartorius preparations treated with 
0-56 mM zino for only a few minutes could not have 
been due to inability of the nerve fibres to respond. 
We therefore conclude that the absence of muscle 
response to indirect stimulation we have observed 
is due to a specific blockade by zine of transmission 
at the neuromuscular junction. 

In some preliminary riments concerned with 
the mechanism of this blockade, we have found that 
reversal can be effected in a muscle still under the 
influence of 0:6 mM zinc either by stretching it (if it 
originally was at about zero tension) or by treating it 
with 0-01 mM eserine. Both these treatments increase 
the end-plate potential’?-* and thereby are able to 
restore transmission in cases of block caused by 
depression of this potential due, for example, to 
effects of curare or magnesium. This suggests that 
the blockade caused by zinc is also mediated by a 
decrease in the end-plate potential. Since the physical 
and chemical properties of zinc and magnesium to a 
certain degree are comparable, we particularly plan 
further work to determine whether the mechanism by 
which zine blocks, in respect especially to prejunc- 
tional detail, is like that known to act in block due to 
magnesium. In this connexion, however, it is note- 
worthy that zinc suppresses transmission in @ concen- 
tration only 1/10 or even 1/20 of that required for a 
magnesium blookt*, 

It is also interesting that the effects of zinc we 
deseribe here closely parallel those of quinino’*:1". This 
is true not only for the junctional block, but also for 
the actions of zinc on the muscle fibre-—~the potentia- 
tion of the twitch and the various effects on excit- 
ability processes, such as the large increase in duration 
of refractoriness—-mentioned in the introduction to 
this . communication. At present, that zinc and 
quinine, though so obviously different in chemical 
properties, cause so many similar alterations in 
responses of muscle remains unexplained. But 
further and more correlated studies of the effeote of 
these two agents, and of magnesium as well, should 
help in elucidating their mode of action on neuromotor 
mechanisms. 

This work was supported by a grant from the 
Muscular Dystrophy Associations of America, Inc. 
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Size of the Static Pupil as a Function 
of Wave-len ngth and Luminosity of the 
Light Incident on the Human Eye 


In the past many investigations have been carried 
out on the static and dynamic reactions of the human 
pupil to illumination of the eye using white light. In 
this respect it seams surprising that little attention 
should have been directed to the dependence on the 
wave-length of the incident light. Probably the 
pupil was generally supposed to react in accordance 
with the (subjective) brightness of the light entering 
through. 

For scotopic mtensities this hypothesis was con- 
firmed by the investigations of Gullberg and Wagman? 
(static pupil size) and Schweitzer! (dynamic pupillary 
thresholds). 

With respect to the photopic range, however, 
Gullberg and Wagman casually remark: “there is no 
indication that the pupillary visibility curve as determ- 
ined here for a dark adapted eye ever shows a cone 
response with a maximum visibility at about 580 mp”. 


Pupil diameter (mm.) 
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I have investigated the static pupillary response as a 
function of wave-length in the photopic range. 

Like Schouten’, I measured the diameter of sub- 
ject’s (left) eye with an entoptic pupilometer. The 
right eye was.exposed constantly to monochromatic 
light of fixed intensity. In this way the pupillary con- 
striction turned out to increase with shorter wave- 
length, the light amount (lumen) being the same (Fig. 
1). From this curve can be seen the difference between 
luminance and pupillary valence of the extreme wave- 
lengths used (425 nm. and 670 nm.), constituting a 
factor 1,000. 

This was also checked more directly by measuring 
static pupillary diameter on (successive) illumina- 
tion with two fields of different wave-lengths Judged 
to be equal in brightness by the observers. 

From the resulta, I constructed the static pupillary 
sensitive curve (Fig. 2). This curve relates log recip- 
rocal energy flux, required for a certain amount of 
contraction (4-5 mm.), to wave-length (max. 490 nm.). 
For comparison the Commission Internationale de 
l’Eclairage photopic human luminosity curve (max. 
550 nm.) and the scotopic luminosity curve (max. 
510 nm.) have also been given. I have tried to relate 
this pupillary curve to other sensitivity curves of the 
human eye. Thus I was able to construct it by 
linearly adding the scotopic sensitivity curve (max. 
510 nm.) and the blue colour—detection curve (max. 
460 nm.). 

The dependence on wave-length of static pupillary 
process also comes near to that of the 6 component of 
the human electro-retinogram as determined by 
Riggs, Berry and Wayner*. 

The functional significance of the outcome of our 
experiments is still uncertain. It may turn out to be 
related to other adaptive processes in the human eye. 
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Functional Uptake of Hydrazine by 
Frog Nerve in Sodium-deficient Ringer’s 
Solution 


LORENTE DE Nó et al. found that among the onium 
ions tested, the hydrazinium ion (HZ+) could main- 
tain, for a long time, the compound action potential 
of the frog sciatic nerve in a sodium-free Ringer’s 
solution. (Ringer’s solution, identical to Ringer’s 
solution B in ref. 6; HZ- or choline-Ringer’s solution, 
similar to above except sodium was replaced by HZ 
or choline respectively.) In line with the general 
interest in this laboratory in the metabolism of nitro- 
genous compounds in nervous tissue, the relation 
between the HZ+ and the functional activity of nerve 
was further explored. 

Completely desheathed sciatic nerves of the leopard 
frog (R. piptens) were kept in a large volume of HZ- 
Ringer’s solution overnight at 4° in order to determine 
the maximum amount of HZ taken up by the nerve. 
These nerves conducted impulses as well as untreated 
nerves did. HZ was washed out by soaking the nerve 
in several changes of choline-Ringer’s solution (1-5 ml. 
per washing) for two days. Nerves were finally 
digested with 2 N hydrochloric acid (0-9 ml.) for 
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Table 1. UPTAKE OF HYDRAZINE AFTER OVERNIGHT BOAKING IN 
HZ-RINGkR’sS SOLUTION BY DRRHRATHED FROG BOLATIOS AS D 
THRMINHED BY SUCORSAIVE WASHING : 


Amonnt of HZ analyzed Cumulatrve HZ content 
Duration Time 
(hr.) (gamoles/gm.) (hr.) (amoles/gm.) 
‘bound’ O24 48 0-24 
24-48 0-91 24 1-15 
6-24 8-12 6 27 
5-6 6°92 5 16-19 
4-6 3-36 4 19 85 
8-4 02 8 22-567 
2--8 6-75 2 28°32 
1~2 8:40 1 87-72 
{12-1 23-57 1/12 81-29 
0-1/2 39 20 0 100-48 
Average of three experiments, 


Table 2, Kyrecr OF STIMULATION ON THR UPTAKE OF HYDRAXIVE 
BY DHSSHRATHED FROG SOLATIO NERVR 
Hours of activity 1/4 1 4 1 
Resting nerve 22141-10 889+1-10 &R7+1-85 6-90441 23 
Stimulated nerve 410+1°08 702+107 0783+117 11°6441°309 
Difference = 
functional 
uptake 227 *x 1:28 4254+133 4:47 41:75 
Values are initial interna] HZ contents in ~moles/gm. wet nerve + 
standard error of estimate with N = 20 for each figure. 
Calculation of difference (that is, functional uptake) is based on 
differences between palred nerves. 


4°02 + 1:28 


2-2-5 hr. at 100° in order to liberate any HZ bound in 
‘amide’ linkage*. HZ was determined photometri- 
cally at 460 mu after coupling to the Ehrhoh reagent? 
(sensitivity:” 1 mumole = 0-023 optical density with 
l-cm. light path in a Beckman spectrophotometer). 
The amounts of HZ determined in each wash are 
shown in Table 1; a curve of HZ content vs. time 
could be constructed from the results in the last 
column of Table 1. By extrapolating the slow com- 
ponent of this curve to zero time‘, a regression line 
based on the HZ contents after 2, 3, 4 and 5 hr. of 
washing was used to calculate the HZ content at 


.zero-time, the initial HZ content was found to be 


45 umolee/gm. This value corresponds approximately 
to the sum of sodium and potassium contents in 
normal nerve’. 

Action potential of nerve in HZ-Ringer’s solution 
was determined in chambers previously described®. 
Owing to the rapid circulation of the Ringer’s solu- 
tion, the action potential cannot be determined 
accurately. The initial internal HZ content (Table 2), 
studied in the manner just desorıbed, was found to be 
higher in active nerves stimulated at 50 volleys per 
second. This extra incorporation due to nerve 
activity increased with the duration of activity and 
reached a value of about 4:5 umoles/hr./gm. wet 
nerve (Table 2, Fig. 1). Under similar conditions, 
Asano and Hurlbut’ observed a gain of sodium ions of 
19-9 umoles/gm. dry nerve (5-0 umoles/gm. wet nerve). 
However, it should be noted that the action potential 
of nerve, tetanized in HZ-Rimger’s solution, drops by 
10-15 per cent and 40-50 per cent in amplitude after 
4 and 1 hr. respectively, and fails irreversibly after 
1-2-1-5 hr. 

Therefore, an HZ accumulation based on the 
amplitude of the action potential might be con- 
sidered to be a better estimate of the functional 
incorporation of HZ. Values corrected in this manner 
were found “to agree with the extrapolated values 
(9-2 pmoles/gm./hr.) using the initial slope of Fig. 1. 
The value found by Asano and Hurlbut’? represents 
the net sodium accumulation, because some of the 
sodium ions that entered the nerve during activity 
were already ejected. Their result has been included 
in the calculation’ of the total energy requirement of 
18:8 moles of ‘high-energy phosphate bonds’/gm. 
wet nerve for 2 hr. activity. This energy value could 
be converted? to mean a total gain of 9-4 pmoles of 
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Fig. 1. Functional uptake of hydrazine based on data in Table 2 


sodium/hr. aotivity/gm. wet nerve; a value in agree- 
ment with the extrapolated gain in HZ due to 
activity. The observations suggest that, during 
activity, HZ replaces sodium quantitatively but is not 
‘pumped out’ as sodium is under normal conditions. 

` There is no difference between the amounts of 
protein-‘bound’ HZ of resting and stimulated nerves. 
The ‘bound’ HZ content of 40 nerves was found to be 
87-9 + 33-9 mpmoles/gm. 

The extra functional uptake of 4:5 umoles is only 
10 per cent of the initial internal content of 45 umoles 
when the nerve was soaked overnight in HZ-Ringer’s 
solution; but apparently is more injurious to nerve 
activity than the latter. The interpretation of these 
observations remains, at this moment, obscure. It is 
not known if the actual maintenance of function by 
HZ is mediated through a slow release of ammonium 
ions which cause the nerve to fail irreversibly. 

This work was supported in part by a grant (B-226) 
from the National Institute of Neurological Diseases 
and Blindness of the National Institutes of Health, 
U.8. Public Health Service. I am indebted to Dr. H. 
Waelsch for his encouragement and interest through- 
out this work, and acknowledge the advice of Dr. R. 
Lorente de Nó. 

Sze-Cuvn CHENG 

New York State Psychiatric Institute, 

722 West 118th Street, 
New York. 
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PHARMACOLOGY 


New Potent Tetrahydroquinoline 
Derivative 


In connexion with work on tetrahydroquinoline 
derivatives of medicinal interest, we have recently 
synthesized a number of alkoxy- and alkyl-substi- 
tuted 1,2,3,4-tetrahydroquinolines! in which various 
dialkylaminoalkyl groups (carrying in some cases 
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heterocyche resıdues such as morpholino, piperidino, 
elc.) are linked directly to the nitrogen atom. Among 
the compounds tested so far, N-[2-(4-morpholino) 
ethyl]1,2,3,4-tetrahydroquinoline (I) has shown 
interesting biological activity. s 


bacon, -N Yo (1) 


Testa carried out with (I) on mice following single 
oral doses of 126 mgm./kpgm. (ZD,, = approximately 
1,000 mgm./kgm.) administered as the hydrochloride 
demonstrated that (I) significantly elevated the 
electro-shock-seizure threshold. Elevation of the 
electro-shock-seizure threshold was of the same order 
of activity as 2-methyl-3-orthotolyl-4-quinazolone 
synthesized in this Laboratory?. The median protec- 
tive oral dose of (I) which prevented the extensor 
phase of electro-shock-induced convulsions in mice 
was 270 mgm./kgm. of the hydrochloride (95 per cent 
confidence limita: 225-346 mgm./kgm.). The median 
protective dose of 2-methy]-3-orthotolyl-4-quinazo- 
lone against electro-shock-induced convulsions was 
68 mgm./kgm. (95 per cent confidence limits: 51-89 
mgm./kgm.). An oral dose of 200 mgm./kgm. did not 
reduce the conditioned avoidance onse in con- 
ditioned rats. Mice treated with (I) exhibited ptosis 
which was reminiscent of reserpine activity. The 
vasodepressor activity of (I), intravenously applied 
to acute dog preparations, gave only transitory 
Jowering of blood pressure at a dose-level of 4 
mgm./kgm. 

Like reserpine’, (I) antagonizes muscle spasms 
induced by histamine. On isolated smooth muscle of 
different species, (1) consistently antagonized acetyl- 
choline effects also. Spasms induced by barium were 
also reduced by (I) in rat and rabbit ileum, but, in 
contrast to reserpine, were enhanced in guinea pig 
ileum. The results obtained indicate that, as far as 
these preparations are concerned, (I) does not appear 
to act on specific receptors but may be acting myo- 
genically. This suggestion is supported by the 
observed ability of (I) to stimulate the nerve-free 
smooth muscle of chick amnion and the inability of 
atropine to block the stimulating effects of (I). 

Compound (I) was prepared by condensing freshly 
prepared morpholinoethyl chloride with 1,2,3,4-tetra- 


hydroquinoline. It was distilled as a heavy, pale 
yellow oil, b.p. 185-188° C. at 3 mm. (found OC, 
73°35; H, 9-12; N, 11-40; reqwred C, 73-12; 


H, 9-00; N, 11:37). It is soluble in organic solvents 
but insoluble in water. For pharmacological screening 
the hydrochlorides were also prepared: the dihydro- 
chloride, m.p. 166° C. with decomposition (found N, 
8-70; required N, 8-77); the monohydrochloride 
m.p. 203-—7° C. (found N, 9°65; required N, 9-87). 
These salts are freely soluble in water. 

The pharmacological screening was carried out by 
workers in the Strasenburgh Laboratories, Rochester, 
New York, to whom we express our thanks. 

G. 8. SDHU 
G. THYAGARAJAN 
S. H. ZAHEER 

Regional Research Laboratory, 

Hyderabad, 9. l 
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Fibrinogen Free of Plasminogen as Sub- 
= strate for Fibrinolytic Assays 


“Tae most physiological substrate for fibrinolytic 
says is non-heated fibrin. However, the clot formed 
‘om ordinary fraction-I, or even from highly purified 
fibrinogen, is generally heavily contaminated by 
plasminogen ; this interferes with the protease content 
f the test solution. — 

‘Lassen therefore proposed the use of fibrin plates 
eated for 1 hr. at 80° to destroy the pro-enzyme 
ivity?. 
blished techniques for the purification of fibrinogen 













ne Intimate association of plasminogen with fibrino- 
3. The difficulty of preparing fibrinogen free from 
plasminogen and the complexity of these rather time- 
onsuming techniques led other workers to use arti- 
ficial substrates such as casein, TAME, LME. 
However, the lysis of a normal but plasminogen-free 
-clot formed under well-defined conditions seems to 
be the ideal substrate for the evaluation of plasmin 
activity. Such a preparation can be obtained by 
— _ treatment of fraction-I with tricalcium phosphate. 
We first noticed that certain preparations of 
; - fraction- I obtained from blood collected on ion- 
_ exchange resin showed less lytic activity than ordinary 
_. fibrin clots‘. The fraction-I under consideration, 
— which we call ‘fraction-LA’, is prepared by alcoholic 
- precipitation as usual, but the starting material is 
plasma which was previously adsorbed by 0-5 per cent 
_ tricalcium phosphate. (All tricalcium phosphates 
_ have not the same adsorbing capacities; we used 
the light triphosphate from Baker Manuf., which 
has outstanding adsorbing properties.) We then re- 
__ adsorbed this fraction 1A with increasing amounts of 
tricalcium phosphate (10 min. at room temperature) 
to remove the residual plasminogen contaminant 
‘able 1). Fibrinogen, free of plasminogen, or con- 
taminated with trace amounts only, is obtained when 
1-5 per cent solution of clottable protein is adsorbed 
15 per cont of tricalcium phosphate. The solution 
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On the other hand, several authors have 


volving repeated precipitation in order to overcome 


phosphate, of plasminogen i in the presence of citrate, 


aining after centrifugation of the adsorbing 


‘lottable protein, the rest having been adsorbed ? 
* gether with the pro-enzyme. The solution can be — 
red. in the frozen state or lyophilized. The stock _ 
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lon 1 obtained from plasma treated with. ion-exchange resin a organized and that the pro teins thereof altho gi 
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solution is diluted with veronal buffer, pit 
(Owren-Koller), and the lysis test performe 4 
following way: 0-1 ml. of the test solution, o 
+ 0-1 ml. of streptokinase (66 v./ml. dornok 
incubation for 3 min. at 37° C.; + 01 ml. throm 
(thrombin time 15 sec. with oxalated plasi 
+ 0-1 ml. of fibrinogen (1 gm./litre). 

Only small amounts of fibrinogen are need 
each test, and we noticed that tiny clots gave 
results and are more sensitive to small concen 
of protease. Ordinary fibrinogen will give ah 
of about 3-5 min. under these experiments 
ditions. : 

Plasminogen is not removed from ordinary 
tion-I by the adsorption technique described. . Thi 
material is obtained from blood collected in citrate, 
We therefore studied the adsorption, on tricalcium 








and we found that this anion is a powerful inhibitor 
of the removal of plasminogen from ‘fibrinogent. 
This action of citrate is not a simple effect. of ae 
concentration (Table 2). Standard fraction-I can b 
used as starting material for the preparation of 
fibrinogen for fibrinolytic assay if the citrate concen- — 
tration is first lowered by washing the crude paste, —__ eae 
followed by re-precipitation. or resin treatment. — 
Further details will þe given elsewhere. 
A. Viena 
Cu. BLatrix. 
M. Sremaven Ee 
Centre National de Transfusion Sanguine, -~ 2 D 
6 rue Alexandre-Cabanel, Paris, xL.— 
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“ANATOMY 


Shape and Structure of the. Kidney 


Work on the action of the heart and the fow of 
blood, reported by me’, has now reached the sti 
which it may be used to: adentity” the ‘shape 
internal structure of the kidney. — 

It is necessary to assume that the ‘strnotar 
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The lattice of the composite crystal is supported by 
and supports a hydrodynamic and hamodynamic 
flow pattern, in wave motion, of which the field 
resembles those produced by electrical, dipole array, 
aerials. Histological cell walls are found at nodal 
planes, in systems of stationary waves occurring in 
three dimensions; cell nuclei at the sites of anti-nodes. 
Where nuclei of histological cells occur, however, the 
crystallographic lattice units are body-centred. 

The field which corresponds to the envelope of the 
kidney, associated with the reniform shape, is identi- 
fied as that of two, half wave-length, fiuid dipoles, 
parallel to each other but separated by quarter of a 
wave-length and driven 90° out of phase. It is 
produced, in embryo, by the paired dorsal aorte each 
of which constitutes a collinear dipole array of half- 
wave segments, the latter corresponding to the seg- 
mentation of the body. For generation of the fields 
to be possible, one kidney is, of necessity, lower than 
the other, this being the case. There is also implied a 
difference of phasing of the pressure waves in the 
dorsal aortæ, which seems probable in view of the 
asymmetry of the body. 

The overall supporting lattice is that of a crystalline 
compound in class 3m, resembling hematite, of 
reniform and pyramidal shape, arranged in laminated 
layers, in the cortex of the kidney, the layers being of 
progressively differing orders of astigmatism. In 
addition, the layers are ‘drusy’ with crystals analogous 
to specular hematite in bladed form, which constitute 
the glomeruli. The general structure, however, must 
be that of an enantiomorphous crystalline compound 
because the two kidneys are mirror images, in which 

t there is a resemblance to class 32, as exempli- 
fied by erystals of quartz which, of course, is often 
found in contact with hematite. It is bound together, 
presumably, by the hematite-like lattice. 

The nucleated cells of the tubules are crystals of 
class 4, similar in space structure to aragonite, and 
body-centred: they exhibit cyclic twinning on cross- 
section. The supporting structure of the renal pelvis 
is deduced, from the shape of the staghorn calculus, to 
be analogous to that of basic magnesium phosphate, 
class 2/m, while the collecting tubules bear a resem- 
blance to crystals of rutile, class 4/mmm: the tubules 
penetrate the kidney substance, in embryonic life, in a 
manner similar to that in which rutile interpenetrates 


The arterioles, venules and collecting tubules are 
piezo-electric, crystalline, skeletal structures in which 
direction of flow corresponds to optical direction while 
physical and electrical directions are at right angles 
to this, probably with triad or hexad screw axes, 

are so arranged that the optical axis meets the 
planes of the differing orders of glomeruli, at right 
angles. Repeated double refraction occurs, and, each 
_ time this takes place, the arteriole, venule or collecting 
tubule undergoes branching. One branch corresponds 
to the ordinary image of double refraction; the other 
to the extra-ordinary image. Corresponding to the 
fast and slow directions of the transmission of light 
in the doubly refracting crystals, there are fast and 
slow directions of flow in the blood vessels and tubules 
concerned, with velocities depending on the differing 
angles of refraction. | 

The shape of the convoluted tubules is due to the 
phenomenon of circularly polarized flow. The flow of 
glomerular filtrate is analogous to that of two plane- 
polarized waves of light, arranged at right angles to 
coincide. When the flow passes through a layer of 
the quartz-like substance, the latter, provided it is of 
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critical thickness, acts as a quarter-wave plate, 
retarding one of the plane waves by 90°, so that the 
two waves are now out of phase by this amount. The 
resulting circularly polarized flow is displayed as a 


spiral 
J. E. MALCOLM 
Princess Mary's Royal Air Force Hospital, 
Halton, Aylesbury, Bucks. 


3 Malcolm, J. E.. The Blood Pressure Sounds and Their Meanings, 
Part 2 (William Heinemann, Medical Publishers, Ltd., London, 
1959); Discovery, 23, 26 (1062). 


Pathogenesis of Raised Intraocular 
Pressure in Chronic Simple Glaucoma 


RECENTLY, & nodular dystrophy of the inner layers 
of the trabecular meshwork (pectinate ligament) has 
been described in a normotensive eye containing a 
small malignant melanoma. The dystrophy consisted 
of fusiform, annular and nodular expansions of in- 
dividual trabecular fibres and it was suggested that 
an elevation of intraocular pressure could result from 
a progression of these changes throughout the 
meshwork?-*, 

Two eyes from patients aged 67 and 84 with 
bilateral chronie simple glaucoma have been exam- 
ined histologically and both showed nodular ex- 
pansions of the trabecular lamelle involving the 
entire meshwork up to, and including, the inner wall 
of Schlemm’'s canal (Fig. 1). Examination with the 
electron microscope showed that the thickening of 
the beams was the result of a massive proliferation 
of the long-spacing collagen (curly collagen) (Figs. 
2 and 3). This material in the normal eye is found in 
the clear zone of the beams between the covering 
layer of endothelium and the central core of collagen. 
Portions of the long-spacing collagen in the eye 
from the younger patient had undergone a granular 
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Fig. 1. grea pan we of one beam of the meshwork (84-year 
panonna) showing nodular expansions (¢) (upper, x 750) and a 

her magnification of a single e n (lower, x 1,500). 
Both wet preparations stained with polychrome methylene blue 
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Fig. 2. Electron micrograph (84-year glaucoma) of part of a beam 
showing parts of two endothelial cell nuclei (#) and a mass of 
long-spacing collagen (c) in the clear zone (x 8,000) 





Fig. 3. Electron micrograph (67-year — of part of a beam 

showing endothelial cell nucleus (n), unit fibrile of collagen (f) 

and a mass of long-apacing collagen (c) which has undergone 

degeneration. Section —— Has phosphotungstic acid 
(x l4, ) 


degenerative change and many of the trabecular 
spaces were obliterated (Fig. 3). The intraocular 
pressure in this patient was also much higher. Similar 
electron microscopic findings in a case of glaucoma 
have been reported by Garron’, but in this case 
specificity for glaucoma was not known. 
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In normotensive eyes which we have examined 
previously* by light and electron microscopy there 
is, with increased age, a general increase in the 
quantity of long-spacing collagen and localized areas 
of nodular proliferat on may also occur. The two 
glaucoma eyes which we have studied showed similar 
changes which, however, were much greater in degree 
and extent. 

We believe that nodular proliferation and degen- 
eration of the long-spacing collagen in the trabecular 
meshwork, although present to some degree in the 
ageing normotensive eye. occur to such a great extent 
in chronic simple glaucoma that they lead to pro- 
gressive obstruction to the drainage of acquoous 
through the trabecular spaces and an elevation of 
intraocular pressure. 

T. 5S. LEESON 
J. S. SPEAKMAN 
Department of Anatomy, 
University of Toronto. 
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* Speakman, J. S. Canad. Med. J., 84, 1066 (1061), 


* Garron, L. K., Trans. Fourth Conf. Josiah Macy Jr. Found., New 
Fort, edit. by Newell, F. W., 231 (1960). 
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BIOLOGY 


Fluorescent Staining for the Differentia- 
tion of Intracellular Ribonucleic Acid 
and Deoxyribonucleic Acid 


THe use of acridine orange and acridine orange & 
for histochemical observations on cellular and virus 
nucleic acids has been reported by Armstrong and 
Niven!. Their method has the advantage, compared 
with conventional staining methods, of increased 
sensitivity, sharp contrast between ribonucleic acid 
(RNA) and deoxyribonucleic acid (DNA) and uni- 
formly reproducible results. Nucleic acid differentia- 
tion is based on the colours produced by the complex 
between dye and nucleic acid when activated by ultra- 
violet or blue violet light. The complex with RNA 
shows a red fluorescence, whereas with DNA the 
fluorescence is green. 

One serious drawback to the method is that pro- 
longed exposure to the activating light affecta the 
complex with RNA, so that its fluorescence gradually 
changes from red to green. At the same time the green 
fluorescence of DNA is enhanced, and the colour 
contrast is thus altered. In these circumstances pro- 
longed critica] examination of a specimen is difficult, 
and photography with the slower colour films is often 
virtually impossible. 

We have investigated the use of other fluoro- 
chromes as substitutes for acridine orange. Metcalf 
and Paton? reported that coriphosphine-O could be 
used as a fluorescent stain and that it gave good 
differentiation between nucleus and cytoplasm, but 
they supplied no information about the colour 
reaction produced. Coriphosphine is a dye of the 
acridine series; on investigating its use we found that 
under controlled conditions of pH it gave the same 
reactions as those described by Armstrong and Niven 
for acridine orange. Cytoplasmic granules of RNA 
fluoresce coppery-red, nucleolar RNA fluoresces 
orange-red and DNA fiuoresces green. Contrast and 
brilliance of colour are as good as those given by 
acridine orange. 

On comparison with acridine orange we found it 
possible to illuminate the specimens for a much 
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longer period without causing a change in the red 
fluorescence. On exposure for ten times longer than 
necessary to produce the change in colour from red to 
green with acridine orange, the only visible chango in 
the coriphosphine-stained specimens was a diminu- 
tion of the red fluorescence to half its original 
intensity. There was no change in colour; RNA 
continued to give a red fluorescence and DNA green. 

Specimens are fixed in Carnoy’s for 1 hr., washed in 
phosphate buffered saline, pH 7-1, containing 0-2 per 
cent phenol, then stained for 5 min. in a fluid prepared 
by mixing one part of a 1/200 solution of coriphosphine 
in acetate buffer at pH 4-4 with 9 parts of the 
phosphate-phenol-saline. After staining, the slide is 
washed with the phosphate-phenol-saline at pH 7-1 
until all surplus dye is removed; this usually takes 
10 min. The specimen is then blotted lightly and 
- mounted in liquid paraffin. If the blotting is too 
severe or the specimen dries before mounting, the 
colours will be degraded, but they can be restored by 
re-washing in the buffered saline. 

This method is of particular value in staining tissue 
cultures grown on coverslips, but it can also be used on 
histological material if this is adequately fixed and 
sectioned as thinly as possible. Material stained 
with acridine orange can be decolorized with aleohol 
and restained with hematoxylin and eosin, but this 
is not very satisfactory because of the denatured 
appearance of the cells, possibly owing to the low pH 
at which acridine orange is used. After coriphosphine 
staining the dye can be removed with 50 per cent 
alcohol; if stained afterwards by h»matoxylin and 
eosin the imens cannot be distinguished from 
controls stained with hematoxylin and eosin only. 

Fresh unfixed material can be used instead of 
fixing in Carnoy’s, but the colours will be slightly less 
intense. The background remains black when liquid 
paraffin is used as a mountant, and this increases the 
optical resolution, since very small particles can be 
seen as light points against the black background. 

The distribution of viral nucleic acids is readily 
demonstrated by this technique and, because the 
colours are not changed by over-illumination, it is 
possible to draw more accurate conclusions from 
specimens stained this way about the changes occur- 
ring during viral infection of the cells than could be 
done from material stained by previous methods. 


S. A. KEEBLE 
R. F. JAY 
Glaxo Laboratories, Ltd., 
Greenford, Middlesex. 


t Armstrong, J. A., and Niven, J. 8. F., Nature, 180, 1335 (1957). 
* Metcalf, R. L., and Paton, R, L., Stain Tech., 19, 11 (1944). 


Effect of Sex Steroids on the Accessory 
Reproductive Organs of Loris 


Wane examining the structure of the pituitary 
gland of the slender loris (Loris tardigradus lydekker- 
ianus Cabr.), we injected sex hormones into the 
animals to examine the reaction of the pituitary 
gonadotrophs to them. During these experiments, cer- 
tain changes in the gonads and accessory reproductive 
structures were noticed and we are reporting on those 
of the latter as there appears to be no record of the 
same in Lemuroidea. 

The lorises were brought from Bangalore, South 
` India, where they were collected from the nearby 
jungles. The experiments were conducted during 
March 1961 at Jodhpur. It was not possible to secure 
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Fig. 1. Male reproductive tract of androgen-treated (left) and 
of normal untreated (right, labelled) loris 


immature males and females for our experiments 
where endogenous sex hormones have not yet affected 
the accessory sex organs. Therefore, androgen and 
cestrogen were administered into a set of adult males 
in which the testes were abdominal and into a set of 
female lorises. Each male and female received a total 
dosage of 4:5 mgm. of testosterone propionate 
(Chemical Specialities, Inc., New York) or of cestradiol 
dipropionate (‘Ovocyclin P’: Ciba) administered at 
the rate of 0-5 mgm. on alternate days. 

Biopsy was conducted at the end of 18 days, and 
the main results of our experiments are recorded here. 
In the androgen-treated male there was a noticeable 
increase in the size and weight of the seminal vesicle 
(Fig. 1, sv), prostate (pr), Cowper’s gland (cg) and 
ejaculatory duct (ed) and a decrease in the size and 
weight of the testes (t) and epididymes (ep); in the 
cestrogen-injected male there was a decrease in the 
size and weight of the former set of organs and no 
reduction in the size and weight of the testes and 
epididymes. The cestrogen-treated individuals showed 
a considerable increase in body-weight. In both sets 
the inguinal canal allowed a free movement of the 
testis but the latter never descended into the scrotum; 
the sperm taken out from the epididymis were motile 
in both sets. 

In the females which received similar doses of 
androgen and cstrogen like their counterparts, the 
androgen-administered females showed an elongation 
of the nipples but no change in mamme; on day 6 
from the date of injection of androgen, the vaginal 
smear showed a change from leucocytes to nucleated 
epithelial cells, the vagina became tumid and the 
animals exhibited aggressiveness. In the cestrogen- 
treated females, the nipples showed an increase in 
girth and not length and the mamme, as before, were 
not affected. On day 4 from the date of injection of 
cestrogen, the vaginal smear showed a change from 
leucocytes to nucleated epithelial cells. Like the male 
adding to its weight on receiving oestrogen, the female 
also put on weight considerably. Enlargement of the 
nipples and mammæ has been noticed in spayed 
adult rats receiving testosterone propionate’. In the 
immature rhesus and langur monkeys* administration 
of testosterone propionate caused the increase in the 
size of the glandular zone and the reduction relatively 
of the utricular bed of the prostate and an almost 
similar reaction is met with in the seminal vesicle; 
cestrogen brings about the opposite effect in these 
organs. We are processing loris material in order to 
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nal smear of this loris which, however, did not. 
cur. There was no abortion, and on day 21 from _ 
he. date of injection the female was bi opsied anda 


airly. well-grown foetus was taken out. The foetus 
did not show any effects of parental androgen treat- 
ment either in the external genitalia or in its repro- 

_ ductive tract; they resembled those of a similar 
| sized feetus. The absence of any change towards 
-masculanization may be due to insufficient. dosage 
_ or that the lapse of time after the injection was very 
__ short or it may be due to some other foetal factor. 
It is known that testosterone injected into pregnant 
Tat affected the fcetusesso that when they. grew up 
_ growth of the Mullerian duct was impeded but that 
__ of the Wolffian system was stimulated’. Pregnant 
mice receiving testosterone were also noticed to 
abort 
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4 Learning of Leg Position by Headless | 
insects 


— of the brain, and even of the whole head, 


to the brain. 


lled by the segmental ganglia if the detailed 
rmation were available only at the segmental 


i Ten a cockroach or locust is suspended by the 
ax, any legs not in contact with a substrate will 
searching movements at irregular intervals. 
ually the animal settles down and makes these 
ments only when disturbed. A second charac- 
c movement of a leg is its temporary with- 
val or raising when the tarsus is stimulated by a 
ous stimulus, such as an electrical shock. Each 





; Aae and me n 
in such a way that fewer shocks are received. 


a situation in which it is possible to learn to av 
eaves some insects such as cockroaches and locusts. shocks by raising of the leg. 
till able to walk, or right themselves when turned _ 
ver. Evidently there is a high degree of local control _ 
the posture and responses of the legs by the corre- 
ponding segmental ganglia; therefore not all details - 
he proprioceptive control of leg position: need» 

te In turn, long-term adaptive. 
* in leg posture might. then necessarily be. 


hese responses occurs in decapitated animals, 
gh not necessarily in a normal manner. Modifi- - 
ns of these responsos occur when they are- 


and change their bel 
- Other 
“for: example, after 








changes in. ‘behaviour. occur: 


“repeated shocks to the metathoracic legs, the kick in 


response to a puff of air on the anal cerci changes 


from a downwardly directed to an upwardly directed 
movement. SEE 
spontaneous upward movements are found in some = 


Another example, in the. locust, is. that : ee 


legs which have been ‘trained’ by electric shocks to 
maintain a posture above a certain devel. 3 ee 
These phenomena may not, as they stand, “be. eee 
presumed to be related to learning, because a long- — — 
term change which is apparent as a maintained > 
raising of the leg may be no more than an effect of =< 
repeated shocks to the leg, irrespective: of ite position, > 
A variety of methods have becn tried inthe attempt < > 
to eliminate such an effect. of the stimulus. In the o < > 
experimental arrangement. finally decided on, a — 
headless cockroach (called the P animal) having only | 
one remaining prothoracic leg is suspended by the 
thorax. A stimulating device is arranged in sucha” 
manner that the leg receives a series of short electrical 
pulses through the tarsus for all the time that the 
tarsus lies below a predetermined position. A wire — 
runs from the femur of the P animal to the tarsusofa 
second similar headless. cockroach (called the Ro. 
animal); from the femur of this the return circuit — 
runs back to the stimulator. The connexions (Fig. ee 
1A) are all made with. fine flexible silver wire. . The es 
K animal receives shocks, irrespective of the position 
of its own leg, at times determined by the changing 
leg position of the P animal, and only the latter is in 










‘The same pattern a 
intensity of current flows through the foot of the 
and of the R animal and therefore any subseque 
difference between the two annnals must lie in the 
fact that the P animal received shocks at a defini 


















ffere 


erences: | 
a 


eriod of training 







h is arranged to receive a shock (Fig. 1B) so that 
ch is now shocked independently when its own 
stig falls below a certain position. The levels are 
lly adjusted so that the tasks of leg raising for 
wo animals are of equal difficulty. The distribu- 
n of the number of errors now received by the I 
imals differs from that for the R animals; neither 
nbles a normal curve. The result, that the 20 P 

Is as a group now receive less shocks than the 
orresponding F animals, is significant by a rank-order 
est at the 0-1 point for the first two minutes of retest, 
at 0-5 per cent for the first 12 min., thereafter with 

oco progressively declining difference between the P and 

tho R animals. 

By an extension of the same test, with the modifi- 





* 


cation that now an opposite metathorscie leg is 





>=> retained in addition to the prothoracic leg on each 
animal, it is possible to apply all the initial shocks and 
training to the prothoracic legs while the meta- 
<s thoracic legs are held out of the way. The differences 
between the P and R animals are now determined 
using the metathoracic legs for the retest, with the 
game arrangement as in Fig. 1B. As before, with 
40 animals taken from the general population, a 
< difference can be demonstrated, though its signifi- 
Seance, by the rank-order test, now falls to the 5 per 
cent point. 
<o "Phese results demonstrate that the persistent 
--yeception of the shock at a given position leads to 
-long-term changes which are not attributable to the 
effect of the shock irrespective of its position. It 
<O goms to be a valid conclusion that the headless 
animal associates the position with the reception of 
the shock. The effect can be transferred to another 
Jeg; this, together with the fact that the stimulus 
passes only through the end of the leg, shows that 
o tho central nervous system must be involved. In 
physiological terms a relatively simple discrimination 
of one position rather than another is all that is 
‘required. However, the analysis of the phenomenon 
in physiological terms will still be a formidable 
+ task although not a large number of neurones, com- 
pared with an octopus or vertebrate, is likely to be 
< dnvolved. It should be noted that none of the evidence 
. ==. relates to a single animal or to a single act of learning 
but all results are differences which arise between the 
members of a pair, and only by repetition are these 
shown to be significant. — 
Iam grateful to W. J. P. Barnes, H. R. Bustard 
D. Milne for assistance in these experiments. 
ee a. G. A. HORRIDGE 
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Cultivation of the Amcebo-Flagellate, 
-Tetramitus rostratus, in a Chemically 

= Defined Medium 

‘etramitus rostratus Perty possesses independent 
eboid and flagellate stages in its exclusively 
xual life-cycle. Each stage reproduces indefinitely 
nary fission,and under still inadequately known 
‘ons, these stages have been reported to 
rm one into the other. Different authors have 











30 hr. 
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of the. 
bacterial fraction in a complex peptone medium; = 
(2) suboptimal growth in a chemically -defined 
medium permitting indefinite multiplication, 6. <0" 

The single strain of T. rostratus available for this . 
study has been in continuous culture in the senior 
author's laboratory since 1950, following isolation | 
elsewhere from a human urine specimen. Stock — 
cultures had been maintained in the presence of a _ 
mixed bacterial flora on agar slants of dilute yeasts _ 
peptone-glucose medium. Cysts from these stock 
cultures retained the capacity to produce both | 
amcebe and relatively few flagellates within 24-48 hr. — 
following inoculation into a fluid medium of the same 
composition. Abundant mixed cultures of amæœbæ and 
flagellates developed in 5-7 days. 

A number of clones were established in the following 
manner. First, amosbe were obtained bacteria-free 
by migration on an agar surface; the rapid locomo-, | 
tion of these amvebe aided materially in attaining 
this objective. Then some thirty individual amcoebze 
were selected for isolation, each in a single spot-plate 
depression contained in a large Petri dish used as a 
moist chamber. The isolation medium was an egg- 
yolk—liver-serum medium with added autoclaved 
Bacillus cereus. After two weeks conditioning the 
new clones were tubed, and axenic stocks were main- 
tained in Brent’s medium. 7 

Since clonal variations in growth response wer 
noted, those growing best were selected for further 
study by inoculation into varous med.a without 
added bacteria. It was found that the original 
clonal isolation medium without bacteria supported 
axenic growth of one selected clone, and thereafter 
axenic growth was also obtained in modifications of 
the media of Diamond‘ and Band‘. As a result of a 
series of trial and substitution tests with complex » 
substances, the most satisfactory, convenient medium _ 
devised thus far is composed of: Trypticase (B.B.L.), — 
20 gm.; yeast extract (Difco), 10 gm.; glucose, 18- 
gm. (sterilized separately); dibasic potassium phos- 
phate, 0-9 gm. ; sodium citrate, 1-5 gm.;. distilled . 
water, 1 litre. The mean generation time in 5-ml. : 
volumes of this medium, in unshaken, slanted: 
16 x 125 mm. scrow-cap test tubes, is approximately 





a 


In connexion with other nutritional studies in this- 
laboratory on free-living and parasitic ame@be, there _ 
were at hand a variety of chemically defined media 
and special known growth factors which we decided _ 
to apply in further substitution tests. One of the - 
first such media to be used was a slight modification — 
of that devised by Adam® for cultivation of the soil- 
amoeba, Acanthamoeba sp. This medium comprises a | 
block of 18 amino-acids, glucose or acetate as an, 
additional energy source, thiamine and vitamin Biz ‘ 
and a balanced, citrated solution of inorganic salts. 
In the present work this medium as modified included 
biotin (0-4 ygm./ml.), and slight changes in amino- 
acid balance and chelator : salts ratio (Band, R. N., | 
personal communication, has reported that biotin- 
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essential for. nartinanneliã Aabe To 

nt surprise Adam’s medium without 
eki has permitted growth for 
ast several months, sub-culturing at weekly or 
eekly intervals. No attempt has been made to 
iin maximal yields, by cultivation in shallow 
yers in shaken flasks; when grown as in the case of 
16 peptone medium the mean generation time 
proximated 55 hr. (This compares : favourably with 
e. 53 hr. reported by Adam for Acanthamoeba sp.) 














ere added to the defined medium: 0-05 per cent 
t extract: 54 hr.; 0-1 per cent trypticase: 44 hr.; 
y per cent yeast extract plus 0-1 per cent trypticase: 
hr. Further evidence of the greater activity of 
ypticase was obtained by. finding a mean generation 
me of 33 hr. in 1 per cent trypticase alone. 
— ‘The related amcebo-flagellate, N aegleria grubert, has 
also been cultivated in this laboratory in the presence 
of heat-killed bacteria’. However, that its nutritional 
a requirements are more complex than those of Tetram- 
us is indicated by the fact that it has failed to grow 
 axenically either in the above peptone medium or in 
_ Adam’s chemically defined medium. 

It is of interest to note that the flagellate stage of 
e r. rostratus has not yet been cultivated axenically, 
_ Caution must be used in attributing this to basic 
differences in nutritional requirements, until the 
- question of differential permeability to nutrients (the 
flagellate stage possesses a rigid pellicle and distinctive 
= eytostomal groove) has been studied. It is also 
relevant to observe that. the axenically grown amobh- 
_ oid stage has not been induced to transform into the 
— flagellate stage, unlike amcebe derived from mixed 
= bacterial cultures. 

etramitus is regarded as a strict coprophile, 
Po having been isolated on several occasions from fæcal 
- deposits of mammals®? and an insect. It has not 
- beon isolated, to our knowledge, directly from the soil, 
unlike either Acanthamoeba and other hartmannellid 
- amæbæ or the closely related amcebo-flagellate, 
_ Neaegleria. In view of its pr esumably more specialized 
_ habitat, it is somewhat surprising that the nutritional 
_ requirements of Tetramitus and Acanthamoeba are so 
- Closely related, ifnot identical. Certainly this suggests, 
-in turn, a reasonably close taxonomic affinity between 
this typical amozbo-flagellate and hartmannellid 
o amæbæ. 

_ This investigation was supported (in part) by 
- ronsaroh grant RG-6025, National Institutes of Health, 
_ Public Health Service, during the tenure of a Pre- 
doctoral Fellowship held by the junior author from 
the National Institute of Allergy and Infectious 
ases, Public Health Service. 
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iortening of the mean generation time to the 
owing values was noted when complex components 
material found on various substrata, 


obtained repeatedly by placing several gravid nema- 
todes (kindly identified by Dr. G. Steiner, U.R. 


















Rhopalomyces and Spinellus i in Pure Cul 
and the Parasitism of Rhopalomyce: on 
Nematode Eggs — ; 


SıxcE the description of Rhopalomyces elegans b 
Corda’, numerous investigators have unsuccessful 
attempted to germinate its spores and to grow itin. 
pure cultura. As a consequence, the systemati 
position of this fungus has been in doubt, and 
repeated suggestion that R. elegans is parasi 
nematodes or their eggs could not be proved. 
has published a useful summary, Based. on i 2 





recently erected the family Helicocephalida c 
include this fungus in the Mucorales. Rhopal 
minor, a new species reported by Windisch‘, Js no 
considered by us to be a member of the genus sensu. 
Corda, because R. minor has regularly septate mycelia- o 
and conidiophores. He is, therefore, not the first to — < 
have a member of this genus in pure culture for study o o 

Seven isolates of R. elegans were obtained from è < < 
rotting debris-soil samples or rotting. dung-soil EG 
samples collected near Mexico City, Mexico; Way- 9. — 
land, Iowa; Peoria, Ilinois; and Gaspé Peninsula, >< > 
Canada. Spores of all strains germinated abundantly 
within 3 days when the following technique was used: o 
prepare Petri dishes containing a medium of 0-5 per: 
cent tryptone, 0-5 per cent yeast extract, 0-3 per. cent 
dipotassium hydrogen phosphate and 2 per cent 
agar, adjusted to pH 9 with potassium hydroxide  —_ 
before sterilization. Inoculate with NRRL. B-346 
Bacillus cereus var. mycoides and incubate at 25°C. | 
for 20 hr. Five different strains of B. cereus are 
effective, some strains more so than others. Autoclave — 
the bacterial cultures for 20 min. at 15 Ib: pressure. 
After the medium solidifies, streak spores of R. 
elegans over the surface and incubate at 25° C. More 
than 90 per cent of the spores of certain strains have 
germinated in repeated trials. R. elegans docs not 
grow extensively or sporulate on this medium, 
however. 

Four of the seven strains grow rapidly and sporulate 
abundantly on fresh media made up in Petri dishes 
as follows: cubes of baby beef liver (about 0-5 em} 0 cen 
are washed with three changes of about 50 ml. of = = > 
distilled water, drained, and sterilized 10min. at 15lb. — 
pressure. One cube is placed i in the centre of a sterile — — 
Petri dish. Two drops of sterile 10 per cent potassium _ 
hydroxide are added to one side, Twenty-fiveml.ofa  — 
sterile 2 per cent agar solution and two smalldropsof — 
hot unsterilized lamb fat are added. The Petridishis = — 
gently shaken to distribute the potassium hydrox ide cee 
and to break up the hot fat into little surface droplets. 
Agar cubes containing germinated spores or hypha - 
must be inoculated directly on, or adjacent to, the = > 
partly exposed liver chunk. R. elegans spores do not 
germinate on this medium. The inoculated plates are ` 
best incubated at 20-25° ©. Sub-surface growth of. 
R. elegans consisting of straight filaments and 
numerous haustoria-like branches fills most plates in. 
4-6 days. The mycelium is aseptate. Numeror 
large, spherical, thick-walled, chlamydospore- e 
cells are produced by all strains. Daily exposure to 
diffuse light after the third day enhances typical- 
sporulation, which is very abundant starting about. 
the fifth to sixth day on or near the fat droplets. The — 
other three strains grow slowly and have not yet — 
sporulated in pure culture. 

Parasitized young nematode eggs have been 
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Fig. 1. Mycelium of Rhopalomyces elegans penetrating the wall of 
a Rhabditie egg by a small pore and branching over the surface 
of the egg contents in an early stage of parasitism, Other branches 
were seen in the egg contents. The —— condition of the 
egg contents and the depression at the pore of entry were due to 
the action of the mounting medium used in the preparation 


Department of Agriculture nematologist, Puerto Rico 
Agric. Exp. Sta., Rio Piedras, as closely resembling 
Rhabditis monhysteroides Skwara) on a 3-day-old 
culture and observed when the R. elegans colony is 
6 days old. A small penetration tube enters the 
nematode egg (Fig. 1) and the filaments of R. elegans 
completely replace the contents of the Rhabditis eggs 
in most instances of observed parasitism (Fig. 2). 
The nematode was parasitized at no other stage of its 
development. 

The results of spore germination and growth experi- 
ments, & discussion of the taxonomy of the genus, 
and a redescription of Rhopalomyces elegans from pure 
culture will appear elsewhere. 

Two reports*:* are known of pure-culture investi- 
gation of species of Spinellus, a genus of the Mucorales 
that parasitizes mushrooms, especially Mycena. 
Recently, we obtained three collections of Mycena 
parasitized by this genus from Dr. R. G. Benedict, 
University of Washington, Seattle. We found it 
possible to transfer small pieces of the parasitized 


Mycena tissue to malt extract agar and obtain pure 


cultures from mycelium and from germinating spores. 
Sporangiospores germinate on malt extract agar after 
considerable delay, but the number germinating is 
very small. We have examined several media and 
incubation conditions for growth of this genus. Our 
best results were obtained with a malt extract agar 
composed of: peptone, 1-0 gm.; malt extract, 
20-0 gm.; glucose, 20-0 gm.; agar, 25-0 gm. and 


Fig. 2. Two eggs of the nematode, Rhabditis sp.. the contents of 
which are entirely — — of Rhopalomyces elegans. 
x 
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distilled water, 1,000-ml. The optimal pH for growth 
is about 4-5 and a temperature of below 20° C., 
preferably 15° C., is an absolute requirement. Under 
these conditions, our Spinellus isolates grow rapidly 
and produce sporangiophores that reach a height of 
5-6 cm. In looking for material of this genus, we have 
not encountered it in Illinois nor has it been reported 
from this area. The fact that a low temperature is 
required for growth and sporulation undoubtedly 
explains its absence. 

J. J. ELLIS 

C. W. HESSELTINE 


Northern Utilization Research 
and Development Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Peoria, Illinois. 
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Direct Observation of Spawning in the 
Blacklip Pearl Shell Oyster (Pinctada 
margaritifera) and the Thorny Oyster 

(Spondylus sp.) 

From June until August 1960 an oceanographic 
survey of the lagoon at Manihiki Atoll, an atoll lying 
10° south of the equator in the Northern Cook Group, 
was carried out by members of the New Zealand 
Oceanographic Institute. Blacklip pear! shell oysters 
(Pinctada margaritifera) are abundant in the lagoon 
and are exploited commercially. 

During the afternoon of August 24, I was swimming 
with mask and snorkel, from a small islet in the 
lagoon. The weather was exceptional, there being 
virtually no wind, whereas for several weeks pre- 
viously there had been a steady north-east to east 
trade wind. The islet consisted of an exposed portion 
of rough coral blocks and sand, about ten yards in 
diameter, a reef flat ten to twelve yards wide covered 
by six to twelve inches of water and an encircling 
fringe of living coral, beyond which the depth in- 
creased rapidly. 

Pear! shell oysters occurred singly and in clusters 
among the live fringing coral, on the slopes of dead 
coral fragments below the outer fringe, and among 
coral in deeper water. The thorny oyster (Spondylus 
sp.) was abundant in groups cemented among the 
living coral in shallow water. 

A solitary pearl shell oyster was observed spawning 
in about six feet of water to the east of the islet. A 
thin white stream of either eggs or sperm issued from 
the edge of the shell to drift away as a diffuse cloud. 
The extrusion was intermittent, successive extrusions 
lasting a minute or two, and taking altogether 5-10 
min. Further searching revealed two groups of 3—4 
pearl shell oysters spawning in water about 3 ft. deep 
on the eastern side of the islet. In each case the 
impression was that one pearl shell oyster commenced 
spawning a few minutes before the others in the group, 
these others lying within a yard of it. 

Groups of thorny oysters, up to 12 per group, on the 
eastern outer reef fringe were also releasing whi 
streams of genital products which quickly diffused. 

Eggs and sperm were trapped in jars opened against 
spawning individuals of both species. One pear] shell 
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oyster which appeared to have stopped spawning 
was opened and it was found that the gonads were 
about one-third empty. 

Several water temperatures were measured. The 
shallow water on the reef flat was 32° C. at a depth of 
six inches. The unusually calm weather had permitted 
& surface layer of warm water (29-0—29-5° C.) to 
develop; it was more than 8 ft. deep to the west, 
6-9 ft. deep to the east and less than 3 ft. deep to the 
south of the islet. Below this layer cooler water with a 
temperature of 28-4° C. was found. The temperature 
close to a group of both species spawning in 3 ft. of 
water at the east end of the islet was 29-1° C. 

The spawning molluses were in the warmer layer of 
water and it is suggested that warming of this surface 
layer triggered spawning. Such a relationship 
between temperature and spawning has been de- 
seribed for other molluses?. 


J. S. BULLIVANT 


New Zealand Oceanographic Institute, 
Department of Scientific and 
Industrial Research, 
Wellington, 
New Zealand. 
' Galtsoff, D. 8., Biol, Bull. Woods Hole, 74, 461 (1938). 


Psorosis Virus A on the Mandarin 
Orange (Citrus nobilis Lour.) in Malaya 


Psorosis of citrus has hitherto not been reported 
from Malaya. Recent investigations on the possible 
presence of virus diseases on citrus have shown a large 
number of mandarin orange trees in Segamat, Johore, 
to be affected by severe scaling of the bark. Affected 
trees showed signs of decline. No leaf symptoms, 
however, have been observed in the field. 

The disease was present in almost all the mandarin 
orange orchards examined. It is evident that the 
disease is well established in Malaya, but has not been 


Fig. 1. (A) Symptomiless leaf from uninoculated Key lime plant. 
(B) Young leaf of key lime showing flecking 
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detected until now. The disease was probably intro- 
duced into Malaya on plants imported from countries 
where psorosis was present. The extensive use of 
mareots by farmers has contributed largely to the 
wide spread of the disease. 

Bud-wood was collected from two eight-year-old 
mandarin orange trees affected by bark scaling, and 
patch bark-grafted' on to key lime indicator plants. 
The inoculated plants were topped off to a few inches 
above the bark patch. Bark patch inoculations were 
made on 12 key lime indicator plants, and 12 un- 
inoculated plants were maintained as controls. 

Flecking and stippling of young leaves (Fig. 1) 
were observed 19 days after inoculations on 9 of the 
12 inoculated plants. Plants which showed symptoms 
were slightly retarded in growth compared with the 
controls. Some of the affected leaves were found to 
curve downward. More severe symptoms, ‘shock 
symptoms’, were observed on 3 of the 9 infected 
plants. Young shoots were slightly twisted. These 
shoots eventually become bowed, and the leaves drop 
off with the least disturbance. Growing points 
frequently wither and drop. No symptoms developed 
on any of the 12 uninoculated plants maintained as 
controls. 

This is the first record of a virus disease on citrus in 
Malaya. At the moment, only mandarin oranges 
have been proved experimentally to be affected by 
psorosis virus A. Investigations are being continued 
to detect the presence of psorosis and other viruses 
on citrus varieties in Malaya. 

I thank the Ministry of Agriculture and Co- 
operatives for permission to publish this communi- 
cation. 

TXo Wren Pom 

Department of Agriculture, 

Federation of Malaya, 
Kuala Lumpur. 
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Naturally Occurring ‘Variants’ of 
Salmonella pullorum possessing an 
Unusual Sensitivity to Bile Salts and 
Other Agents 


RECENTLY, two freshly isolated strains of Salmonella 
pullorum which failed to grow on either deoxycholate- 
citrate agar or MacConkey agar were examined. One 
had been cultured from the kidney of a chicken 
suffering from nephritis and the other from a typical 
outbreak of pullorum disease in young chicks; there 
was no obvious epidemiological relationship between 
these two strains. 

Both strains possessed the typical cellular and 
colonial morphology of standard strains of Salm. 
pullorum and gave the usual reactions to the bio- 
chemical tests normally employed to identify this 
organism. Their antigenic structure was reported 
by Dr. Joan Taylor, of the Salmonella Reference 
Laboratory, London, N.W.9, to be O = IX, XII, 


> 


Further tests showed that their unusual sensitivity 
was not confined to bile salts. The minimal inhi- 
bitory concentration of a number of agents for these 
strains was determined by inoculating nutrient agar 
plates containing doubly falling concentrations of the 
agent under test with suitably diluted broth cultures 
of the variant strains and of three standard strains 


=- 


















nhibitory concentration of the following agents for 
‘variant’ and for the standard strains: 





< Phenol, 02% 

4 Mercurie chloride, 0-002% 
Sodium azide, 0:038% 
Potassium tellurite, 0:0062% 
Streptomycin, 8 agm. jml. 

“ Neomyein, 0-6 ggm jmi 





Oxytetraeyeline, 4 ugm. jml. 
Chloramphenicol, 2 xgm./ml. 
Furazolidone, 0:4 agin. jmi. 
Actidione, > 100 sgzm./ml. 
Bacitracin, > 100 egm./ml. 
Polymixin, 15 units/ml. 













‘here was no difference between the ‘variant’ and 
andard strains in either sensitivity to the lethal 
= action of moist heat or low pH. 
“Mutants were obtained by passaging the ‘variant’ 
strains in broth containing increasing concentrations 
of the agents to which they had been shown to be 
unusually sensitive and also by inoculating them 
-very heavily on to plates of nutrient agar containing 
<: these agents in concentrations approaching the highest 
- Jevel that would permit the growth of standard strains. 
< In general, the mutants that emerged were not only 
` resistant to the agent that had been used but also to 
all the other agents to which the parent strains were 
unusually sensitive, that is, they closely resembled 
standard strains of Salm. pullorum. From the agar 
plate experiments the mutation-rate was calculated 
to be in the region of 1 per 10° cells of parent culture. 
A small number of mutants resistant to bile salts only 
or bile salts and novobiocin or basic fuchsin only 
—- owere also isolated. All mutants survived frequent 
~~ gub-culture unaltered. 
he extent to which the ‘variant’ strains cause 
disease in poultry is unknown. It is probably small 
but it would obviously be prudent to include the 
= use of media not containing bile salts in the exam- 
ination of material likely to contain Salm. pullorum. 


H. WILLIAMS SMITH 


e < Farm Livestock Researeh Centre, 
; Animal Health Trust, 
Stock, Essex. 






















Growth Stimulation of Mycobacterium 

tuberculosis H37Rv by Coenzyme Qio 

We have reported that coenzyme Q,, will stimulate 
growth of a scotochromogenic strain of Myco- 
riat. The basal medium used in the experiments 
; the liquid medium of Proskauer and Beck? which 
ontains, in addition to inorganic salts, asparagine as a 
itrogen source and glycerol as an energy source. This 
medium will support slow growth of human varieties 
of Mycobacteria provided a heavy inoculum is used. 
var experiments! a small inoculum was used and no 
wth occurred. Addition of eoenzyme Qo and 
ium lauryl sulphate to the medium permitted 
th of the scotochromogenic Mycobacterium. 
the substances had to be added to stimulate 
- Under these same conditions growth of 
sterium tuberculosis H37Rv did not occur. We 

















- succinate instead of lauryl sulphate. 





































M. tuberculosis H37Rv was grown on Lév 
Jensen medium (BBL) for 5 weeks. The growt 
collected in Proskauer and Beck medium, treated ina 
tissue homogenizer for a few minutes to break uy 
clumps, and then washed twice in the mediu 
Inocula were prepared by diluting the washed cell 
with medium until the suspension permitted only 9¢ 
per cent light transmission when measu 












tained in screw-capped test. tubes. Growth response 
was determined turbidimetrically by measuring the 
optical density at 660 mpu in a Coleman Junior 
spectrophotometer. | 
Several experiments were done to determine the — 
optimal concentrations of pyruvate, succinate, and — 
coenzyme Qs No growth occurred when pyruvate or 
succinate was added individually to Proskauer—Beck 
medium, and only faint turbidity resulted when they 
were added together without coenzyme Q The 
threshold concentration of both pyruvate and.. 
succinate required for growth when one compound 
was assayed in the presence of an excess of the other, 
plus coenzyme Qi, was 0-5 mgm./ml. No improve- 
ment of growth resulted at concentrations above 
1:0 mgm./ml. Therefore, this concentration was used 
for both pyruvate and succinate. No growth of H37kv 
oceurred when only coenzyme Q,, was added to 
Proskauer and Beck medium. [Tf 1-0 mgm./ml. of 
pyruvate and suecinate were incorporated in the 
medium the addition of coenzyme Q, promoted 
growth. Assay of the amcunt of the coenzyme 
required to show a response established that the 
optimal concentration was 20 ugm. of coenzyme Qio 
per ml. Below concentrations of 16 ygm./ml. growth | 
decreased gradually until none was evident at 2 ugm. j 
ml. Amounts of the coenzyme above 30 ygm./ml. — 
inhibited growth. 7 
Experiments illustrated in Fig. 1 demonstrate that. 
the growth in coenzyme Qio- pyruvate and succinate: 
medium can be sub-cultured through five consecutive — 
transfers. In these experiments the growth from the — 
previous transfer was harvested by centrifugation, — 
washed twice, diluted to give 90 per cent light trans- 
mission in the spectrophotometer, and 0-2 ml. of the. 
suspension used to inoculate the next culture. No 
diminution of growth response occurred between the — 
original culture and the fifth transfer. Fig. 1 also i 
illustrates the typical growth curves obtained when. 
M. tuberculosis H37Rv is inoculated into. Proskauer: - 
and Beck medium containing coenzyme Q,,, pyruvate 
and succinate. Slight increases in turbidity of 
cultures are evident at 24 hr., and visible growth is | 
apparent at 48 hr. Control cultures in medium alone: 
demonstrate almost no increase in turbidity during- 
the incubation period of 168 hr. ae — 
Dispersed growth of M. tuberculosis H37Rv 
measured turbidimetrically occurred in the coen 
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24 48 72 D6 120. 144 108 


— Time (hr.) 
Fig. 1. Consecutive transfers of M, tuberculosis H87Ry in 


Proskauer and Beck medium containing 20 pem.j/ml. coenzyme 
Q: ie and 1:0 mgm./mi each of sodium. pyruvate and succinate. 






cos DUVE O i the original culture; C, the control culture of Proskauer 

— and Beck medium without any "additions; and. 1-5, each gon- 

scutive transfer in medium containing coenzyme Qana pyruvate 
— and succinate 

























ineubation period of 168 hr..was chosen; cultures 
allowed to incubate for longer periods showed steady 
increase of growth until, after 3 weeks, the optical 
_ density reached values of 0-12~0-14. Control cultures 
_ eontaining no coenzyme Qı did not increase in 
optical density above 0-003, Although the turbidity 
ft these cultures does not compare with that obtained 
1 the case of rapidly growing micro- -organisms such 
s Escherichia coli, the stimulus given by the incor- 
oration of optimal amounts of coenzyme Qie 
i vate and succinate is definite and reproducible, 
wulting in markedly heavier growth than that of 
itrol cultures. 
emonstration that coenzyme Q,, will stimulate 
ne growth of a second species of Mycobacterium 
uggests that the compound might be of metabolic 
nportance in organisms. of this genus. 





er implicates oxidative. metabolism. 
wish to thank Dr. 


me Qı This investigation was supported by 
rch grant H-2365 from the National Institutes 
ealth, U.S. Publie Health Service. 

James O. NORMAN 
RosBeRT P. WILLIAMS 


Daian of Microbiology, 
-University College of Medicine, 
- Houston 25, Texas. 
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dent on the rate of adsorpt 


“4-10 min, plaques of. dimensions of 5-6 1 
Bae obtained. 
plaques are obtained: on. the smooth-interr 


),, medium if the cultures were agitated. An arbitrary 


Mycobacteria 
rbligate aerobic organisms. The coenzymes Q- 
ion in the electron: transport system of cells’. As 
ave mentioned! a reasonable hypothesis. would 
at. the compound is involved in the oxidative . 
olism of the organism. The requirement of 

vate and succinate along with coenzyme | Q 10 


- into Petri plates. 7 
“pipette to the following titres: 10-2, 10-4, 10-*, 
109 in 6-99 ml. of liver. broth. and 1 ml. of 
_pension containing about 107 cells of the indi 
‘Strain, cultivated for 24 hr. on Braun’s aga 
added. The plates were read after incubation i or 1 


‘Karl Folkers, of Merck, — 
and Dohme, for generous supplies of crystalline : 


auer, B., and Beck, M., Z. Hyg. ERECTA SORES) 1 128 O 

inehided in the wild-type (Fig. 1). — 
— (2) Round plaques with a sharp edge, small — 
0: 1-3 mm., which appear after 12-16 hr. of ineuba- Pe 






A * 0., and Williams, R. P., Texas Rep. Biol. Med., 18, 7686. 



















Variability « of Brucella Phage 
Brucella phages have been investigated. 
of authors, for example, Drożewkina et 
Parnas eż al.3-4, but no mention is made of the 
kinds of plaques in the culture of the i 
strains. Brinley-Morgan et al.* observed two kinds | 
plaques of a Brucella phage; one of small size 0-1- 
mm. and another of large size 3-5 mm. MeDuff, Jones 
and Wilson® observed small, large and turbid | 
of a Brucella phage, the size of plaques be 
y phage to cells 
indicator strain. If the adsorption time is li 









Small plaques are not observed. 


phase of the indicator strain. At the sugges 
Prof. Parnas I have investigated the v ariability 
Brucella phages. 

Phages 10/1, 24/IT, 37TL/XXIX were used, which 
have been isolated from old Brucella bovis cultures and ogo 
phage 212/XV isolated from a Brucella suis culture. ——— 
Parnas** isolated and deseribed these phages: ‘The = 
strain Brucella bovis No. 12 in the & phase (smooth) 
has been used as indicator strain. 350 strains of — 
Brucella also were used for bacteriophagic typing. = 

The phages investigated were propagated in a = 
liver broth, prepared. as follows. To 1,000 ml. of. 
sterile liver broth was added 11-0 ml. of sterile Eper | 
cent calcium. chloride. Calcium chloride was added = 
in order to facilitate adsorption and penetration 
of Brucella phages into cells of the indicator strain?: 9 
The broth was poured into samples or flasks which 
were again incubated at 37° C. for 18 hr., in order to 
test their sterility, 

In order to propagate the phage, a suspension ina = 
liver broth was made from a 24-hr. culture of the =” 
indicator strain on Braun's agar. To this suspension © __ 
containing about 10? cells per ml., 10° phage particles . 


per ml. were added. Phage stocks of ‘clear lines’ were i 


also prepared from single plaques cut from double 
agar layer plates. ote a 
Phage titre was determined by the double agar: 
layer technique*,. The medium consisted of 1,000 ml: 
liver broth and 14 ml. of agar-agar. After boiling, = 
the mixture was cooled to 50° C. and 11-0 ml. of = — 
sterile 1 per cent calcium chloride was added. The — 
pH was adjusted to 7-2 and the medium was poured 
The phage was diluted by mier 









16, 20, 24, 30 and 36 hr. 
: Phage serum was prepared by injecting rabbits 
intravenously with 3 ml. ofa phage stock (371/X XIX; 
containing 5-1 x 10° particles per ml. twice a week 
for 3 weeks. One week after the last injection, the’ 
rabbits were bled by cardiac puncture. Serum 
activity to phages and bacteriophagic typing of 
Brucella strains were assayed by the methods — 
described by Adams‘. ep via 
I have observed on plates with high phage titres © 
(10-7-10-1°) four kinds of plaques: 
(1) Round plaques, with a regular (some plaques’ 
with irregular) narrow and indistinct edge, size 3-4 
mm., which appear after 20-24 hr. of incubation, — 
This type of plaque is most numerous. They are _ 
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F 1-4. (1) Wild-type ve Ro. 2 eg aoe 24 hr. 
Pim 1-4. 1) on Bruce a boots Ko Pasa itre 10 


ced by mutant ‘tu’ of phage 371/ XXIX after 
6 hr. of incubation on Brucella bovis No, 12, —* e titre 108. 
9 Plaques produced by mutant ‘r’ of pha 
0 hr. of incubation on Brucella bovis No. 1 Puar titre 10-* 


tion. According to Doerman and Luria’, these 
plaques were named ‘rm’—rapid, minute plaques 
(Fig. 2). 

(3) Round plaques, with irregular, wide and indis- 
tinct edge, which appear after 24-36 hr. of incubation. 
According to Doerman and Luria, these were named 
‘tu'—turbid plaques (Fig. 3). 

(4) Round plaques, big, with regular or irregular 
sharp edge, size 4-6 mm., appearing after 16-20 hr. 
of incubation. According to Doerman and Luria, 
these plaques were named ‘r’—rapid lysis (Fig. 4). 

The K value for the serum diluted 1/50 was calcu- 
lated: using 31:8 for the wild type of phage 
371/XXIX, 31:1 for the ‘rm’ mutant of phage 
371/XXIX; 293 for the ‘tu’ mutant of phage 
371/XXIX; and 30-0 for the ‘r’ mutant of phage 
371/X XIX. 

If the adsorption time for phage ‘rm’ was limited by 
the phage serum to 10 min., further rapid minute 
plaques were observed. 

‘Clear lines’ (or clones) of suitable phages on the 
indicator strain were separa Afterwards those 
clones were assayed by the double agar layer method 
and they showed a tendency to dissociation. The 
type ‘rm’ often changes to ‘r’ type and seldom to wild- 
type. Type ‘r’ often changes to ‘rm’ type and seldom 
to ‘tu’ and wild type. Type ‘tu’ often varies to wild- 
type and very seldom to ‘r’ and ‘rm’ types. In phage 
stock representing the wild type, ‘r’, ‘rm’ and ‘tu’ 
types were seldom observed. 

In typing the Brucella strains by phage mutants 
(371, 10, 24, 212), ‘r’, ‘rm’, ‘tu’, and wild-type, phage 
titres of 10-* were used. It was observed that the 
mutants ‘tu’ showed a weaker reaction than the 
others. 

The cause of variability of Brucella phages is now 
being examined by chemical, biological and statistical 
methods. 

McDuff. Jones and Wilson’ used in their investiga- 
tions a different phage, indicator strain and other 
media; therefore my investigations are not com- 


parable. 
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Among four Brucella phages which have been 
isolated from three bovine strains and one from pig 
strain, I was able to observe four kinds of vari- 
ability of plaques. These plaques were named 
‘rm’, rapid, minute plaques, ‘tu’, turbid plaques, ‘r’, 
rapid lysis and wild type plaques. tendency 
towards variability of clones of those phages was also 
observed. These phenomena are being further 
investigated. 

I thank Louis M. Jones and colleagues for showing 
me the manuscript of their paper. 

LEON JABŁOŃSKI 

Department of Microbiology, 

Medical Academy, Lublin, Poland. 
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* Luria, see ref. 8. 


CYTOLOGY 


Examination of the Golgi Zone using 
Hale’s Procedure 


In previous work with transplantable neoplasms 
in mice’, we found that the quantity of Hale substance 
observed in the intercellular spaces within the primary 
tumour correlates with metastasis. That is, the 
greater the amount of Hale material, the fewer the 
metastases. Hale substance is thought to be a non- 
sulphated acid mucopolysaccharide. 

In view of the observation that the Golgi zone of 
many cells, particularly in ascitic tumours, also — 
exhibited positive Hale staining, which suggested a 
possible neoplastic origin for the intercellular Hale 
substance, it was decided as a preliminary step to 
apply the Hale procedure to other neoplastic and also — 
to some non-neoplastic tissues, in order to learn 
whether the reactivity of the Golgi zone to this histo- 
chemical method is a general phenomenon. 

After fixation in Gendre at low temperature? or in 
modified Sylven, tissues or pellets of cells were 
embedded in celloidin and . Smears were — 
fixed first in modified Papanicolaou’s fluid and next 
in a formalin-sublimate mixture’. The latter proved 
an excellent fixative for the Hale material. 

Sections and smears were stained with a Mowry — 
variant of the Hale procedure*. In certain instances, | 
the Hale and periodice acid—Schiff procedures were 
combined, with or without nuclear counter-staining. — 
Nuclei were weakly stained with Meyer's hemalum 
or with Ehrlich’s hematoxylin. As cytoplasmic 
counter-staining, phloxine or chlorantine fast red 
was used. 

Microscopic examination showed, in almost every 
tissue tested, the presence of cells with a positive — 

reacting Golgi zone. In mice these were seen in 
several ascitie tumours ( adenocarcinomas — 
Pch, TA3, and 15091la; sarcomas MCIM and SJ), 
and in solid tumours (ma adenocarcinomas 
Pch, K7, and K9; sarcomas Sb, S180, and 7241) as 
well as in normal tissues. In normal tissues, the 
following cells exhibited a positive reaction: granular 
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cells from decidua and exfoliated cells from the 


amn on; spermatogenia, neuroblasts, and megacario- _ 


cytes; adamantoblasts and ameloblasts; chondro- 
blasts and chondrocytes; osteoblasts and osteocytes; 
neurones, etc. Hale-positive Golgi zones were also 
revealed in epithelial cells of the human exocervix 
and in human decidual ceils, in epithelial cells from 
the pharynx of frog tadpoles, and in germinal cells 
from snails in different phases of spermatogenesis. 

Several factors seom to modify the reactivity of the 
Golgi zone to the Hale reaction, among them the 
fixative-formalin sublimate’s being more effective 
than Gendre or modified Sylven; and the nature or 
origin of the tissue. Thus, healthy mammary adeno- 
carcinomas exhibited more positive cells than did 
other tumours, and Golgi zones in germinal cells were 
much more reactive in snails than in hamsters. 
Although Hale-positive zones were observed in cells 
fully active metabolically, their frequency increased 
in necrotic areas of the tumours or in cells artificially 
damaged. 

Other factors that may modify Golgi zone reactivity 
are tumorigenic stimuli and site of transplantation. 
Usually, rat hypophys:al cells will not stain by the 
Hale procedure. However, if female rats are cas- 
trated and implanted subcutaneously with a pellet 
of œstrogen, celis with a positive staiming will be 
present in the later phases of the hormonal-induced 
gland tumorigenesis. Before this happens, the Golgi 
zone shows signs of hypertrophy and appears un- 
stained; later ıt takes a positive periodic acid—Schiff 
react‘on. When the combined methods of Hale and 
periodic acid—Schiff are used, the Hale is usually 
dominant. However, this dominance can change, as 
when an ascitic tumour is transplanted into the 
brain. The significance of this observat'on is not 
known; it may be of umportance in understanding the 
chemical nature of the Golgi reacting material to the 
Hale. 

Hale substance may be seen in dividing tumour 
cella, either in the peripheral cytoplasm surrounding 
the prophase chromosomes or along the spindle 
fibres after the anaphase has been completed. In 
certain instances the Hale material acems to be 
blocking the normal completion of the cytoplasm 
divig on, an imterpretat on that we made after 
comparing pictures of similar cells submitted to both 
cytochemical and electron microscopy techniques. 

Work is now in progress to determine the chemical 
nature and the biological meaning of the Golgi 
material that reacts with the Hale. Our tests with 
testicular hyaluronidase apparently support the 
opin'on that the Mowry variant of the Hale procedure 
is more specific for acid mucopolysaccharides. How- 
ever, in view of the biochemical results reported by 
Schneider and Kuff* on the composition of isolated 
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Golgi bodies, further investigation is needed to rule 
out the possible participation of other molecules. 
This work was supported in part by a grant from 
the Damon Runyon Memorial Fund (D RG—403). 
O. Baprinnz 


G. Gasio 
F. LoEBEL 
T. BAYDAK 
Department of Biology, 
Faculty of Medicine, 
University of Chile. 
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GENETICS 


Mutations induced in the Mouse with 
Tritiated Thymidine 


TRITIATED thymidine solution with an activity of 
200 ue.fml. was injected intraperitoneally into male 
mice 2 months old and weighing about 40 gm. The 
solution was given in six fractions of 0:25 ml. over 
2 days, making a total dose per mouse of 300 uc. 
The purpose of this fractionation, which was uniform 
labelling of a wide band of maturing sperm, was 
attained. 

The last opportunity for germ cells to pick up 
labelled thymidine should be the early spermatocyte 
when it is synthesizing deoxyribonucleic acid. The 
first labelled sperm would then appear in the fifth 
week after injection. This was confirmed. One group 
of males was mated from the fourth week onward 
and on the morning following the appearance of a 
vaginal plug the uterine contents were smeared on 
slides and used to produce an autoradiograph with 
an exposure time of 3 weeks. 

As will be seen from Table 1, the firat labelled sperm 
appeared on the thirtieth day from the first injection 
(third day of fifth week). They showed an average 
grain number of 17 and represented 34 per cent of 
all sperm. By the thirty-second day the proportion 
of labelled sperm had risen to 100 per cent and the 
average grain number to 24-3. Afterwards, the per- 
centage labelled fell slowly and contmuously to 
40 per cent on the fortieth day (last day sampled). 
In contrast, the label per sperm fell rapidly so 
that on the fortieth day it was only 2-7 grains. As 
the criterion of labelling was 2 or more grains per 
sperm it is obvious that as the concentration of 
tritium falls to extinction many labelled sperm will 
be too weakly labelled to be recognized as such. 


Table 1. A COMPARISON OF THH DAILY OHANGES YN TRITIUM LABEL AND DOMINANT LETHAL MUTATIONS PER SPER‘ 


24 53 
t lethals per 100 sperma | 4:0 2 6 6016392600 9-1 561 176 68-9 100-0 81-4 28°3 26 7 58°8 207106 40 69 82 


Week from ist infection 
Dav ss, * 22 28 24 25 26 87 28/129 30 81 
Labelled sperm (per cent) 0 0 
Mean grains/asperm 0'1 O-1 
Transmutations/sperm 
No, of tmplanta 26 40 22 131 53 40 
Dominant 
Weighted control mean 3 11 
Induced rate : 
Dominant lethals per 100 trens- 
mutations 






Bix 
89 40 





41 42 




















20 68 57 27 70 1156 28 72 
14-5 65°8 06-9 58-8 252/28-86 657 176 75009 2851 
08 17 10 09 04 15 OF 0801 02 
— i 
Weighted mean 0-74 
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If each spermatogonial generation were equally 
- labelled initially the concentration of label ın sperm 
would be halved every 3 days (with each successive 
mitosis). This is just what is happening in Table 1. 
Together with other details to be published else- 
where, this shows how exact is the progression of 
spermatogenesis in the mouse, with very Little over- 
lap between sperm derived from successive generations 
of spermatogonia. 

In all matings other than those from which sperm 
autoradiographs were made, the females were dis- 
sected on the thirteenth day of pregnancy and the 
frequency of domnant lethals recorded. The simplest 
estimate of mutation-rate is the ratio of deciduomata 
to other implants! given in Table 1 for each day’s 
mating. There is a remarkable day-by-day parallelism 
with the degree of labelling of the sperm. 

That tritiated thymidine is mutagenic for the 
nuclei into the deoxyribonucleic acid of which 
it is incorporated is only to be expected, though 
we believe this is the first demonstration of the 
phenomenon in a mammal. What is remarkable 
to us is the quantitative aspect: that it requires 
@ concentration of tritium which gives 25 grains 
per sperm in three weeks’ exposure to produce 
one dominant lethal mutation per sperm. From 
injection to mating was approximately 5 weeks. On 
geometric grounds it has been argued (Taylor, J. H., 
personal communication) that about 40 per cent of 
the transmutations of tritium will be represented as 
grains. The number of transmutations in the -week 
period to mating will therefore be 100/40 x 5/3 
(= 4:187) times the number of grains. This estimated 
number of transmutations per sperm has been entered 
m Table 1. From this it appears that only about 
l per cent of the transmutations of tritram incor- 
porated into DNA thymidine produces a dominant 
lethal mutation (which we may roughly equate to a 
chromosome break). It should be noted that the dose 
is chronic (continuous over 5 weeks) and par- 
titioned between spermatocytes, spermatids and 
sperm. (with their different mapon to radiation) in 
` the ratios of approximately 2:1: 2, 

It would be very difficult to — tritium-labelled 
thymidine in terms of rem and thus to calculate its 
relative biological efficiency. In any event we do not 
feel competent to do so. It can be concluded, however, 
that the great majority of transmutations fail to 
produce a chromosome break either at the site of 
the transmutation or in the track of the electron (max. 
energy, 18 keV.; mean, 6 keV.). Whether this is due 
to the absence of initial damage or to the high rate of 
recovery (repair or restitution) we cannot say. 

A. J. BATEMAN 
Ann C. CHANDLEY 
Cytogenetics Laboratory, 
Christie Hospital and Holt Radium Institute, 
Manchester. 
Bateman, A. J., Heredity, 12, 218 (1958). 


Transformation in Yeast: Evidence of a 
Real Genetic Change by the Action 
of DNA 


In @ previous paper? a successful transformation 
of yeast akin to the transformation of bacteria was 
reported and it was shown by the normal Mendelian 
segregation that the newly acquired abilities were 
localized exclusively in the nucleus. 

Deoxyribonucleic acid (DNA) was extracted from 
Saccharomyces chevaliert (Wis) and dissolved in 
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brewery wort, which was used ds culture medium for 
the yeasts R, and IC,,S,,; the donor yeast can ferment 
sucrose and raffinose 1/3, but the acceptor can ferment 
only mono-saccharides. After the DNA treatment, 
cells were isolated which had acquired the ability to 
ferment sucrose or both sucrose and raffinose. Back 
crosses with the recessive yeast showed a regular 
Mendelian segregation. 

Harris and Thompson’, repeating these experi- 
ments, were unable to confirm the results, although 
they used the same yeasts and the same extraction 
method. Laskowski and Lochmann!® also failed to 
obtain a transformation in yeast, but theso latter 
workers did not report sufficient technical details to 
allow judgment of their results in contrast to the 
former. 

Instead of going into the minor differences between 
the technique used by Harris and Thompson and 
by me, a general comment may be made which 
might account for the negative results published. 
According to my experience, it is not yet possible to 
predict the biological activity of a DNA preparation. 
Sometimes the extract is active, and hereditary 
characters from one yeast are transferred into the 
other yeast, whereas at other times no resulta can 
be obtained. This might be ascribed either to (a) 
inactivation of the extract, or to (b) incompetence of 
the yeast. These varying results are obtained without 
any indication of the cause and without any demon- 
strable change of the extraction method. Attempts 
to trace the ongin of this peculiar phenomenon have 
been unsuccessful and work on the subject is proceed- 
ing. Nevertheless, some of the experimente have 
shown a transforming activity‘. 

The purification of the extracted DNA without loss 
of activity has been attempted by fractionation by 
means of the ion-exchange ‘Ecteola’-cellulose column. 
As estimated by the absorption spectrum curves, very 
pure fractions of DNA were obtained; but the hope of 
being able to fractionate in this way the DNA into 
fractions containing only one gene or a restricted 
number of genes was not realized. In these experi- 
ments two haploid yeasts (Sacch. cerevistae) deficient 
in adenine and tryptophan respectively were 
treated with these purified fractions of DNA pre- 
pared from the diploid non-defisient yeast Sacch. 
chevalieri. The former can ferment maltose, the latter 
cannot ferment this sugar. The treated cultures were 
sporulated on Fowel’s agar and in most instances 
many asci were found, indicating the diploid state. 
Single cell cultures which could not ferment maltose 
were often obtained and were able to synthesize 
adenine or tryptophan. 

These experiments permit the conclusion that both 
dominant and recessive characters can be trans- 
ferred. Experiments with a negative result, that is, 
without a transformation effect, point to the absence 
of mutagenic factors in the DNA preparations. Thus 
I have been able to hybridize non-sporulating yeaste, 
for example, the bottom yeasts used in the brewing 
industry, by the transformation procedure. 

W. F. F. OPPENOORTH 
Nationaal Instituut voor Brouwgerst, 
Mout en Bier-T.N.O., l 
Polderstraat 10, Rotterdam-26. 
PBB 120 W. E. F., Antonie can Leeuwenhoek J, Microbiol. Serol., 
120 (1060). 3 European Brewery Oonv. Proc. Seventh Cong., 


— G., and a A C. O., Nature, 188, 1212 (1960), 
3 Laskowski, W., and Lochmann, E. R., Naturwiss,, 48, 225 (1981) 
‘ Oppenoorth, W. F. F., Brewers’ Digest, 35, 12, 61 (1980). 


* Oppenoorth, W. F. F., Buropean Brewery Conv. Proc, Eighth Cong., 
Vienna (in the press). 


* 


no.asie February 17, 1962 
FORTHCOMING EVENTS 


(Mestings marked with an asterisk * are open to the public) 


Monday, February 19 


Soorsty OF CHEMICAL INDUSTRY, PESTICIDES GROUP (joint meet- 
ing with the SURFACE AomivITY Gove. at 14 Belgrave Square 
London, §.W.1), at 8 p.m.—Dr, J. K. Eaton, Dr. D. A. Haydon and 
Dr. 0. G. L. Furmidge: “Aspects of the Use of Emulsions in Pesticide 
Formulations”. 


UNIVERSITY COLLEGE, LONDON (in the Large Physios Theatre, 
Gower Street, London, W.C. J), at 5 p.m_—Sir Harrie Massey, F.R.S.: 
“Solentific Research in in Space. 6: Corpuscular Radiation and the 
Interplanetary Medium”. * 


UNIVRRSITY OF na ee (at ae eee College. Strand, London, W.C.2), 
at 56 p.m.—Prof. Peler? “The Field Concept anos 
Maxwell”. * (Phint oF six lectures — Clerk Maxwell, 


ROYAL SOOIETY oF ARTS (at John Adam Street, Adelphi, SD 
W.C.2). at 6 p.m.—Alr. A. M. Holbein: “The Industriel and Tech- 
nologica) Professions’. (First of three Cantor Lectures on ‘The 
Infiuenoe of the Professions on Eeonomic Life’’.) 


Tuesday, February 20 


INSTITUTION OF ELECTRICAL FINGINEHRS, MBASURHMENT AND 
CONTROL SHOTION (at Savoy Place, London, W.C.2), at 5.80 p.m.— 
Mr. D. D. Jones: “Semiconductor Static Switching”. 


ROYAL SOorgty oF —— ew AT HOLST SECTION Nan 1 Wimpole 
Street, London, W. 1), a 5. pu um on “The New Peni- 
cilins”. Speakers: E. — Barber and Prof, Z. V. 
Ermolyeva. 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
5.80 p.m.—Dr. C. 0. Booth: “ Absorption from the Smal! Intestine”. * 
( fth of thirteen lectures on “The Scientific Basis of Mediome” 
organized by the British Postgraduate Medical Federation.) 


UNIVERSITY OF LONDON (at the Institute of Archmology, 81-34 
Gordon Square, London, W.C.1), at 5.46 p.m.—Dr. B. 8. J. Isserlin: 
“The Leeads-London Excavations at the Bite of Motya, Sicily, 1961°".* 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at Norwood 
Technical College, Knight's Hill, West Norwood, London, 8.5.27), 
at 6.30 p.m.—Dr. T. 8. G. Jones: ‘Aspects of Chromatography”. 


SIE JOHA Cass COLLEGE — Street, London, B.C. Phi es 6.80 m: 
—Prof. A. J. Birch, E.R.S.: ” losynthesls of Organic N 

ducts”. (First of a series of eight lectures to be — ges Dr. 
Battersby, Dr. Bate-Smith and Dr. Halsall.) 


INSTITUTION OF POLISH ENGINEERS IN GREAT BRITAIN, GROUP 
FOR EcONOwIO, SOCIAL AND ALANAGHRIENT STUDIES (at 55 Princes 
Gate, Exhibition Road, London, 8.W.7), at 7 p.m.—Mr. V. C. Medvelj: 
“Do the Stresses of Leadership in Technological Work cause Strain 
in the Leader ?’’ 


Wednesday, February 21 


COLOUR GROUP (GREAT BRITAIN) (in the Main Chemistry Lecture 
Theatre (Room 215), Battersea College of Technology, Battersea Park 
Road, London, 8. at 3 p.m.—Dr. E. Atherton and Afr. D. 
Tough: “The Use of High Speed Electronic Computers in Colour 
Matching’, Mr. I. F. Trotter: “Characterization o 
Dyes by Optical Transmission Methods”. 


ROYAL Soolery OF ALADICINA, COMPARATIVE MEDICINE SECTION 

(at 1 Wimpole Street, London, w. 1), at 5 p-m.—Mooting on “Animal 

Behaviour”. i Speakers: Dr. C. G. Butler, Dr. N. Tinbergen and Prof. 
ysens 


INSTITUTION OF ELHOTREICAL ENGINEERS, SUPPLY SECTION (at 
Bavoy Place, London, W.C.2), at 5.80 p. m.—Discuseion on “Indoor 
extra High —— Bubstations” opened by Mr. O. W. Mott and 

cox. ] 


SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGIOAL METHODS 
GROUP (in the Restaurant of ‘The Feathers”, Tudor Street. London, 
K.C.4), at 6.30 p.m—Duisoussion on “The Assessment of Antibiotics 
in Anma) Feeds” opened by Mr. G. Sykes. 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SEOTION (at 
the Royal Society of Tropical Medicine and Hygiene, Manson House, 
26 Portland Place ae W.1), at 7 p.m.—Mr. T. R. Bullett: “The 
Adhesion of Paint Films 


Wednesday, February 21—Thursday, February 22 


IXSTITTTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION 
(in conjunction with the ALUMINIUM DEVELOPMENT ASSOOIATION, 
at the titutlon of Mechanical Engineers, 1 Birdcage Walk, West- 
minster, London, 8.W.1), at 2.45 p.m. on Wednesday and 10 a.m. on 
Thursday—Symposium on “Aluminium in Road Vehicles’, 


Thursday, February 22 


Loman Soorpry OF LONDON (at Burlington House, — 
London, W.1), at 5 p.m—Dr. C. D. K. Cook: “‘Heterophyll 
Ranunculus L. subgenus Bafrarkium (DOC) A. Grey”, Dr G. Aue 
P Flora and Vegetation of Kong Oscars Fjord, East Green- 


UNIVERSITY OF LONDON (at tho London Sohool of Hygiene and 
Tropan Medicine, Kep aih — Street, Tondon. W. U }, 
30 p.m.—Prof. W. 8. The Replacement and 
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of Adult Tissues”.* (Last of thirteen lectures on “The Sctentific Basis 
of Medicine” organized by the British Postgraduate Medical Federa- 
tion.) 


ROYAL INSTITUTE OF OHMOSTRY, LONDON BEOTION (joint meet! 
with the BOROUGH POLYTRECHXNIO CHEHICAL SOOTY, at the Boro 
Toye onma, ade Road, London, $ E.l), at 7 ———— B. D. 
Hughes, F.R.8.: emical Kinetics in Organio mistry”. 


Friday, February 23 


EOYAL ASTRONOMICAL SOCIETY (e: Burlington House, Piccadilly, 
London, W.1), at 4.15 p.m.—Geop yaical D Discussion on “The Gen- 
eration of Surface Waves on Oceans”. Chairman: Dr. G. E. R. 
Deacon, F.R.S. 


SOOIBTY FOR ANALYTICAL OHEMISTRY, MICROOHEMISTRY GROUP 
(at the Chemical Society, Bur n House, Piocadify, London, W is 
z 6.45 p.m.—Eighteenth Annual General Meeting. 7 p. m. -Selo 

apers. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), sg 
9 p.m.—alr. Frank Greenaway: “A Victorian Sovonttat—The Expe 
mental Researches of Sir W m Orookes (1882-—1919)’’. 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or. 
before the dates mentioned. 
ASSISTANT LECTURER IN GEOGRAPHY-—The Seoretary, The Univer- 


sity, Exeter (February 24). 
ASSISTANT LECTURER (with special interests and qualifications in 
o Registrar, The Univermty, Manchester 


enetics) IN ZOOLOGY— 
February 24). 

LECTURER IN THA DBPARTMENT OF MATHEMATIO8—The Secretary, 
The University, Edinburgh (February 24). 

LECTURER or ASSISTANT LHOTURER IN OPHY—The Registrar, 
The Untversity, Nottingham (February 2+). 

LECTURER (with special cations in Romano—British arehso- 
logy and some know e of the archwology of the Roman Empire) 
IN AROHAOLOGY in the Department of History—The Registrar, The 
Univeralty, Manchester 18 (February 24). 

RESEARCH STUDENT (with an honours degree in genloky.; preter- 
ath fik with subsidiary physics, and preferably an Ga tilerest in torene 

and/or use of air photographs) IN THE SCHOOL OF AGRI- 
CULTURH, to research on East Anghan Soil Patterns considered to 
be of pre-glacial origin—The Secretary, School of Agriculture, The 
University, Downing Street, Cambridge (February 24). 

LSOTURERS IN APPLIED MECHANICS, THERMODYNAMICS, SOIL 
MECHANICS OR CONORETE EXPERIMENTAL STRESS ANALYSIS, FLUID 
DMAMOS, and CONTROL Eyanreerta—The Registrar, The Univer- 


sity, Leicester (February 25). 
tt al reference to the teach of 


OCTURER IN EDUCATION with s 
Mathematics—The Registrar, The University, Leeds (February 26). 

ASSISTANT LECTURER or URER IN PURE ALATHEMATIC8—The 

sed rend Poe pap College, Singleton Park, 8wansea (Febrnary a 

T LEOTURER (with a good honours degree or pos 
qualification in either ant hropology or soclology, and prefera iy with 
experience of fleld research) IN THR DEPARTMENT OF 
ANTHROPOLOGY AND SOOIAL BOIENOES RASHAROH OCERTRE—The 
Secretary, The University, Edinburgh (February 28). 

CHAIR OF PsYOHOLOGY—The Registrar, | University College of 
North Staffordshire, Keele, Staffs (February 28). 

CYTOLOGIST or TRAINER. CYTOLOGIST, for work concerned with a 
considerable variety of human cytology—The Director, Population 
Genetics Research Umt, Medical — Councll, Old , Head- 
— Oxford (February 28). 

EEPER (with an honours degree and/or Museums Diploma) or 
ETHNOLOGY—The Director, Liverpool Museums, William Brown 
Street. Liverpool 8 (February 28). 

RESEARCH ASSOCIATE (preferably with considerable experience in 
compu ) IN THE DEPARTMENT OF PHYSICS, for work on rock mag- 
notism and contunental drift—The Professor of Ph ca King’s College 
(University of Durham), Newcastle-aupon- aaa ebruary 28). 

RESEARCH FELLOW IN TI0s—The Secretary of University 
Court, The University, Glasgow (February 28). 

TATE AND LYLE W IN ORGANIO OR SOME RELATED BRANOH 
OF CHEMISTRY—The Warden, Wadham College. Oxford (February 28). 

TEMPORARY LECTURER IN GEOGRaPHY—The Registrar, University 
College, Singleton Park, Swansea (February 28). 

UNIVERSITY ASSISTANT LECTURER IN PURE MATHEMATICS—The 
Seoretary of the ——— Committee of the Faculty of Mathe- 
matios, Arts Bchool, Bene’t Street, Cambridge (March 1). 

LECTURER or ASSISTANT LECTURER IN THB EP ART MENS OF PHYSICS; 
and an ASSISTANT LECTURER (with a lal interest in inorganio 
chemistry) IN THE DEPARTMENT OF CHRMISTRY—The Sccre — 

ueen Elizabeth — (University of London), Campden Hiil i 

ndon, W.8 (March 

IMPERIAL CHBEMICAL INDUSTRIES RESFARCH FELLOWS IN CHEM- 
ISTRY, PHysics, BIOCHEMISTRY or QEOLOGY—The Registrar, The 
University, Leicester (March 8). 

LECTURER or JUNIOR LEOTURHR IN MATHEMATIOS—Tho Registrar, 
Trinity College, Dublin 2, Republic of Ireland (March 5). 

LEOTURBR or ASSISTANT LACTURER IX MATHEMATICS at the Univer- 
sity College of The West Indies—The Secretary, Inter-University 
Counoll for Higher Education Overseas, 29 Woburn Square, London, 
W.C.1 (March 7). 4 

SENIOR LECTURER (with a higher degree or — ualifications 
and interested In promoting and leading research THEMATICS 
at the Broken Hill Division of the University of New e South Walks— 
The Agent-General for New South Wales, 56—57 Strand, London, 
W.C.2; and The Appointmenta Section, The University of New 
Bouth Wales, Box i Post Office, Kensington, New South Wales, 
Australia—({March 9 
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LEOTURBRS or ASSISTANT LECTURERS (2) (preferably qualified me 
conduct axperimental research In some aspect of solid state p 
especially on the physics of PO tener higd IN Prysics—The 
trar, The University, Sheffield (Aaroh 10), 

SENIOR LEOTURER IN PuHysios-—-The Registrar, The Univeraity, 
Sheffield (March 10). 

W, J. Regs RESRAROH FRLLOW (with some research experience) 
IX THE DEPARTMEXT OF REFRACTORIES TECHNOLOGY in the Faculty 
of Metallu to advance knowledge In the feld of refractory materials 
—The Bauistear, The University, Sheffield (March 10). 

LECTUEBR IN CHEMISTRY at Fourah Bay Co o Univerrl 
College of Slerra Leone—The Secretary, Inter- niversity Conne 
for luber Education Overasas, 20 Woburn Square, London, W,0.1 

CHAIR OF APPLIED MATHEMATICS In Victorla University of Well- 
ington, New Zealand—The Seore Association of Universities of 
the British Commonwealth (Branch fico), Marlboro rie House, Pali 
Mall, London, 8.W.1 (New Zealand and London, M 

SRNICR LECTURHE IN THB DEPARTMENT OF areka ai Univer- 
sity of the Witwatersrand, Johannesburg, South Africa—The Secre- 
— Association of Universities o of the British Commonwealth (Branch 
Office), siege eT House, Pall Mall, London, 8.W.1i (South Africa 


and London, M 
——— EA FELLOW IN ORGANIO CHEMISTRY, for 
work which will Involve chemical studies of the biosynthesis of 


teridines and the mechanism of action of pteridine co-enzymes—The 
— The Royal College of Science and Technology, George 
lasgow, ©.1 (March 16). 

OR LECTURER Or LECTURBR IN ZOOLOGY at Makerere Univer- 
sity College, Bast Afmea—The Secretary, oe ee Counol 
for Higher Rducation Oversens, 29 Woburn Square, W.0.1 ai 

SENIOR LECTURER or LRCTURER (specializing in app 
mnatica) and a LECTURER eas In pure matbematlos) In — 
D¥PARTMENT OF MATHEMATICS Pay Colam, Univers! 
* of Siere Leone—The — Inter-University Couno 
toe Marl ao, Education Overseas, 20 Woburn Square, London, W.C.1 

& + 

RAMBAY MHKORIAL FRLLOWSHIPS (2 
educated in Glasgow, who can apply 
fellowahip) FOR ADVANORD STUDENTS OF y-—-Jolnt Honorary 
Seoretaries, Ramsay Memorial Fellowships Trust, University Colleges, 
Gower Street, London, W.C.1 (April 9). 

DRUMMOND SANIOR FALLOW FOR RESHARON IN NUTRITION—~The 
Hon, Secretary, Drummond Trust, University College, Gower Street, 
London, W.0.1 (April 10). . 

UNIVERSITY DEMONFRATOR IN PHYSICS; and ASSISTANT DIRECTOR 
OF RESRAROH IN Poyrsios—The Seoretary of the Appointments Com- 
mittee of the Faculty of Physics and Ohemistry, Chemical Laboratory, 
Lensfeld Road, Cambridge (April 21). 

CHAIR OF CHEMISTRY—The Secretary, University of Hast Anglia, 
4 Cathedral Close, Norwich, NOR. 16P, 

LECTURERS and ASSISTANT LEOTURBRS (with an honours d 
or ae loma in Technology in Electrical E and a ronrlate 

experience) IN THR DEPARTMENT OF ELECTRICAL 
ral Seore N orian ton College of Advanced Technology, 
8t. John Streat, don, H.C.1. 

MASTER TO TRAOH HITHER MATHHMATIOS OR PHYSIC8—The Heed- 
master, Bolton School, Bolton, Lancs. 

ORGANIC or BIOOHENIST (young graduate), to join a team stu 
the relationship between wheat variety and growth conditions an 
Hpid composition—The Director of Research, British Baking Indus- 
tries Research Association, Chorleywood, Rickmansworth, Herts, 

RRADER (with a Ph.D. degree in electrical engineering’ and appro- 
priate research and Industrial experience) IN ELROTRIOAL ENGOINHERING, 

O carry out personal research and supervise pos uate research 
students Preparing for the Internal M. and Ph.D. degrees of ma 
Universit London—The Secretary, Northampton College of 
Adva —&æ— St. John Street. London, K.0.1. 

RESEARCHA ASSISTANT IN THE DEPARTMENT OF ANATOMY, for work 
on the eleotron-mierosoopy of cella In tissue culture--The Secretary, 
University College, Gower Street, London, W.C.1. 


(1 Umited to oandidates 
be considered for olther 
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Tweed River Purification Board. Seventh Annunl Report for the year 
to 15th May, — Kay 46. (Newton St. Boswells: Tweed Biver 


—— — Board, 1 Serie 
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%44, (28 November 1961): 
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etd aa po By D, T. Donovan and A. H. Stride. With an appendix 
n the microfauna of certain samples by A. J. Lloyd. Pp. 209-830 + 
plates 15-18. 178, No, 713, VoL 244, ( November 1961): Studies in 
Effeot of Weather Conditions on the Aotivity and Abundance of 
Insect Populations. By C. B. Williams, F.R.8. 331-378. 15s. 
No, 714, Vol. 244, (23 November 1961) ° A Late Pleistocene Fauna 
and Flora from Upton Warren, Worcestershire. By G. R. — 
E. W. Shotton, ERS and I. Strachan. With sn appendix on the 
Piridixm nt Upton Warren by 8. P. Danoe. Pp. 370-421 +plates 1 
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The International Nickel Company (Mond), Ltd. Nickel-containing 
—— Materiala: The Properties and Applications. ili + 52, 
An Introductton to Low Alloy 


onstructional Steels. By A. oe 
P i (London: The International Nickel Company (Mond), a 


British Museum (Natural History). Roonomlo Series, No. LIA: 
Domestic Wood-Boring Beetles. By Dr. E. B. Britton. Pp. v+40. 
(London: British Mumam (Natural History), 1981.) 2s. {2711 
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Irish Journal of — Reasearch, Vol. 1, No. 1 (October, 1961). 
Pp. 82. Published twice bec tg B 1Al subsoription 208.; 3 dollars 


E fine inanes 108.3; 1.50 d Dublin: An Foras —5 — 
Institution of Electrical neers. List of Members, Part 1: 


Members, Associnte Members and Companions, Pp. 624 +36. (London : 


Institution of Electrical Engineers, 1961.) (2711 
Plant Pathology : Past, Present and Future. By Prof. J. H. Western. 
(An Inaugural delivered In the University of Leeds, 27 Feb- 


ruary 1061.) Pp. 22. (Leeds: The Unirersity, Press, 1961. ye a 


Chemical neering and Its Educational Challenge. Prof. G. G. 
Haselden. (An ral Lecture d See ian University of Leeds, 
6 mate 1961.) Pp. 18. (Leeds: University Press, Torii 


Other Countries 


National Academv of Sciences: National Research Council. NAS- 
NS $042: The Radlochemistry of Tungsten. By W. T. Mullins and 
G. W. Leddicotte. . ¥ +40, ieee ee D.0.: Office of Technical 
Bervices, D ent of Commerce, 1961.) 50 cents 2311 

Koninklt{k Nederlands Meteorologisch Instituut. Mededelingen 
en Verha ngen. Nr. 77: On the Annual vecieron of Climatic 
Elementa of the Indian Osean. By G. Verploegh. Part 1 Text. Pp. 64. 
Part 2: 28 Charts. 6 fl. the two pane Tis Nr. 78: Instruments and 
Measuring Metborls In Paleomagnetic Research. By J. A. As. Pp. 56. 


oan m (8-Gravenhage: Staatsdrukkeri}-en as iT 

Transactions of the American Philos Philosophical Society. New diri, 
Vol, 51, Part 6: The English lervice, 1307-1843—a Study 
of Medieval acide Bv ue Sor bert L. Baker, Pp. 76. 
Philadelphia : American Philosophical — 1961.) é 2.26 


——— States Department of Gommeres: Coast and Genistic 
Survey. Earthquake MMilsatory of the United States, Part 2: Stronger 
Barth ea of California and Western Nevada. By H. Q. Wood and 
N. E cok, Revised edition (through 1960), —— A. Eppley. 
Dou (Washington, D.O.: Government Otfiee, ina. ) 


Indian Botantcal Society. —— of Botanical Research In 
Burma and Ceylon. Part 1: and Plant Pathology. B 
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eta : * —* Par 4.00. Memoirs of 
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elson : —ã,˖“h Institute, 1900 ai 711 
— Zealand: Marine Department. Repons on Fisheries for on 
Pp. 28. (Wellington - Government Printer, 1961.) {2711 


New Zealand : t of Sclentifio and Industrial Research. 
Bulletin 187: Lite Barrier Island (Hauturu). Compiled by W. AL 


Hamilton. Second edition. Pp. 108+4 maps. (Wellington: Govern- 
ment Printer, 1961.) 30s, (2711 

New Zealand Forest Service. Forestry Research N No. 28 : The 
Resinification of Knots in Radiata Pine. By J. ern Harris 


Pp. 10. (Welington: Government Printar, 1081, 
Comptes mae are dea Travaux du Laboratoire — Vol, 32, 


Nos. #18: A Obroma y3 — of Beef Th lgbulin on 
Diethylam!noethylcellulose. bbins, Pp. 216-282. An 
Indicator Paper and n Soray for tha ——— of Iodine. By Jacob 
Robbing. Pp. 2388-240. 3 kr, 25 øre. Vol 82, No. 16: Cell è and 
the Relationship of Growth Hate to Reduced Weight (R in the 
Giant Amoeba chant I. By P. Satir and B. Zeuthen Pp. 241- 
264. 8 kr. 15 ore. Vol. 32 the Amoeba 


32, No. 17: Volume Changes In th 
Ohaos chaos L. Bv Cicily Chapman-Andreden and D. A. T. Dick. Pp. 
265-289, 8 kr. 25 ere. Vol. 32, P32, No. 18: In tions on Maltozs 
Utilization In Saccharomyces. 2: A Genetic Study of the Amylose- 
Fermenting Strain ad S. osiformta, O. Roberta and J. Wvnants. 
. 291-3804 +1 2 kr. 65 ere, Vo 82, No, 19: Investigations on 
‘altose Utilization Pa Saccharomyces. 3 : The Genetles of Assimilation 
in 8. Oviformis. By O. Roberts, Ø. Wingo and J. Wynants, Pp. 305- 
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Reactor Centrum Nederland. Summary of Activities of the Nether- 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Anomalous Fraunhofer Hine — — F. ee 
and Dr. J. Ring’. 

Stresses around Lunar Craters, —Brian Warner — 
Gilbert Fielder. ‘ x 


i GEOPHYSICS 


lonospheric Effects associated with the Solar Flare of 
September 28, 1961.—-Dr. Kenneth Davies . ; 


Absorption and ersion of Elastic En in Rocks. 
—R. J. Donato, P. N.S. O’Bnen and M. J. Usher 


Transit of Pressure Waves through New Zealand from 
the Soviet 50 Megaton Bomb Explosion.—E. Farkas 


PHYSICS 


Gravitational and aula EE ar oe E. 
Martin 


Production of E E Niobium Films y 
Vacuum-Arce Ppt M, S. P. — ane D. 
Meyer ` . ` 


Search for Light {Amplification in ‘a Mixture of Mer- 
cury Vapour and re Ge — J. H. ae 
Dr. M. J. FTaylor and ‘ ‘ 

Measurement of Easy Direction Dispersion in Magnets 
Thin Films.—R. V., Peacock and G. Winsor; H. 
Clow . i . : ; , à . 


METALLURGY 


Techniques for pated Retract Determination on an 
Electrically meee diri Me ao D. 
Allen . ‘ ‘ 


Cyclic-induced Dustillty ; in Zine. _Dr. fe H. Meleka 
and L. B. Harris . 


Rapid and Accurate E ental Determination of 
e Anisotropy and Plasticity of Deep-drawing 
Sheets.—G. Jegaden, J. Vomchet and P. Rocquet . 


CHEMISTRY 


Differential Thermal — of Soe eee 
Dihydrate—Dr. R, A. Kuntze š 


Preparation of Lower Oxide o SUPRE: —Dr. A. R. 
asudeva Murthy ; 


Oxidation of Carbon Monoxide ame Methy! Alcohol 

hotosensitized in the Gas Phase by Zinc Oxide.— 

Prof, Georg-Mana Schwab, Heinrich —— Fritz 
Steinbach and M. Venugopalan 


An Enrichment Effect of Oxygen in the —— ee 
18 obtained during an Experiment with Concentrated 
Ozone.—Prof. M. Servigne; F. Mahleux and P. 
Vernotte ; i $ ; ‘ , . 


BIOCHEMISTRY 


Discovery of a Pyrazıne in a Natural Product: Tetra- 
methylpyrazine from Cultures of a Strain of Bacillus 
subtilis. —Prof. Takuo Kosuge and Hiroko Kamiya . 
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PUBLISH OR PERISH 


N p. 724 of this issue of Nature appear a few 
comments by Sir Lindor Brown, a secretary of 
the Royal Society of London and chairman of that 
Society’s Committee on Scientific Information, con- 
cerning publication of proceedings of conferences and 
symposia. We would strongly urge all scientists and 
publishers to read and ponder them, for they have 
long needed making. Meetings, on both the national 
and international scale, have been held from time to 
time which dealt with this very subject—publication, 
documentation, retrieval, ete., of scientific informa- 
tion—and much has been said in relation to that so 
clearly set out by Sir Lindor Brown. But, alas, so far 
scientists and others seem to have contributed little 
more than lip service towards the solution of this 
universal problem; and so the avalanche of scientific 
literature—books, journals, preprints, reprints, etc.— 
continues to gain in mass and momentum. 

Sir Lindor has certainly practised considerable 
economy of words in a terse, yet all-important, 
statement: this alone many scientists might well 
emulate. Every sentence Sir Lindor has written is 
worth reading and weighing, for then one will recog- 
nize that there is as much in what Sir Lindor implies 
as in what he actually says. Some readers might 
then, to the possible advantage of all, pause and 
ask: “Is it I?” 

Sir Lindor has presented a case which an editor 
himself might find somewhat embarrassing to put 
forward. Nevertheless, the editor of any journal, 
especially one concerned with the presentation of 
science, often is like many an onlooker: he sees most 
of the game. It is true, all too true, that too much 
material is now being rushed into print. Sir Lindor 
Brown confines himself to publication of proceedings 
of scientific meetings; so at this point let us do the 
same. An overwhelming number of books reach 
Nature office for review (six times more than can be 
effectively dealt with), many of them being detailed 
reporta of meetings, both national and international. 
Some are literally verbatim reports which read like 
the proverbial parish magazine (probably having 
originally been taken on a tape recorder) and which 
only the armchair or retired scientist could hope to 
find time to read. Many volumes are obviously badly 
edited, if edited at all. This is not good for the 
advancement of science or the reputation of the 
scientist. Then there are some published reports of 
proceedings which have such a comprehensive author 
index that the editor is faced with the problem of 
finding a reviewer of satisfactory erudition and/or 
judgment. Frequently the editor can think of a dozen 
or more authorities on the subject, one of whom 
.might be invited to review the book; but he is 
eventually driven elsewhere because every one he has 
chosen has been a contributor to the proceedings and 
so eventually becomes part-author of the ensuing 
book, which precludes him from reviewing it. 


While the scientists (especially the academic 
scientists) persist, as many of them do, in judging 
&® man’s scientific, management and organizing 
potentialities or capabilities mainly by the volume 
of his publications, the problem so succinctly 
emphasized by Sir Lindor Brown will still have to 
be faced. 

At the distal end, there are the possible (if not 
probable) readers and buyers of such books. The 
former cannot hope to keep up with such a volume 
of literature, much of which, in any event, is of 
doubtful value: the latter, and especially the librar- 
ians, must find it becoming more and more difficult 
to separate the wheat from the chaff—something they 
are forced to do in view of their slender purses and 
overcrowded shelves. 

Scientists are submitted to pressure to publish 
from, various sources, not least persistent of which 
are certain publishers. It would seem more desirable 
that pressure should be substituted by encouragement 
(or, sometimes even, discouragement), and this should 
be offered mainly from within the fold of scientists 
themselves. 

The solution of the problem rests with the scientists 
and their organizations. It is not only wrong that 
any scientist should be given leave by an organization 
or fmancial assistance by some authority in order to 
attend a conference on condition that he reads a 
paper at it; but it is also deplorable that a scientist 
should depend so much on his published works for 
his own professional advancement. This all tends 
towards rushing into print, writing of verbose | 
articles and papers, claims for priority sometimes 
followed by voluminous and even acrimonious argu- 
ment, little of which adds to the advancement, much 
less the dignity, of science itself, 

Again, perhaps Nature could with advantage sup- 
port, if only obliquely, Sir Lindor Brown’s statement 
by recording what has recently occurred. By far the 
majority of authors of articles and letters in Nature 
order reprints. These are not dealt with by either 
editor or publisher but very efficiently by the printer. 
It is obvious that the last-named has to produce 
many thousands of these reprints each week. Alas, 
among the scientists, like other members of the 
community, we have the impatient ones. Conse- 
quently, either the editor or the printer receives 
inquiries from some authors who think there has been 
undue delay in the fulfilment of their reprint orders. 
Recently one author telephoned such a query (quite 
a common present-day practice), and, in order to 
save time, he was asked in which issue of Nature his 
article had appeared. He replied: “I don’t know, I 
never have time to look at Nature; but so long as I 
know it has been published that is all that really 
matters’. A sobering thought for publisher, printer 
and editor. 

Publish or perish ! 
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SCIENTIFIC RESEARCH AND DEVELOPMENT UNDER 
GOVERNMENT AUSPICES 


N May 1958, Lord Hailsham, then Lord President 
of the Council, appointed a Committees, consisting 
of Sir Claude Gibb, as chairman, Sir Patrick Linstead, 
Sir Willis Jackson, Mr. A. A. Part and Sir Solly 
Zuckerman, to inquire into the techniques used by 
Government departments and other bodies wholly 
fmanced by the Exchequer for managing and con- 
trolling research and development carried out by 
them or on their behalf and to make recommendations. 
On the death of Sir Claude Gibb in January 1959, 
Sir Solly Zuckerman became chairman, and Sir 
George Edwardes joined the Committee. Although 
work which is only partly financed by the Govern- 
ment,- such as university projects like the radio- 
telescope at Jodrell Bank or the industrial research 
associations, is not included, the survey covers work 
on which the Government expends some £300 million 
a year and employs more than 11,000 qualified 
scientists and engineers. It is not concerned with the 
size or content of research and development pro- 
grammes or with the existing division of responsibility 
between the several organizations; but, starting from 
a consideration of techniques of management, the 
Committee has felt free to follow any argument to its 
conclusion even if that involved consideration of 
some major change in, say, the inter-Service co- 
ordination of defence projects, or the structure of 
the Scientific Civil Service. 

The report *, which has now been presented to the 
Minister for Science and which was commended by 
him to the House of Lords and by the Minister of 
Defence to the House of Commons on December 19, 
1961, is accordingly a State paper of outstanding 
authority and importance. As Lord Hailsham then 
recognized, it reviews comprehensively these complex 
problems of control and management, setting stan- 
dards of good practice which on the civil side may 
well be applied far outside the scope of the report 
itself. On the defence side the report makes important 
suggestions for removing difficulties which have been 
the source of considerable concern and criticism since 
the Committees was appointed, and while some of ite 
recommendations have already come into practice a 
valuable feature of the report is its considered 
appraisal of the Defence Research Policy Committee. 
Curiously enough, while the methods of the Council 
for Scientific and Industrial Research and of the 
Atomic Energy Authority are considered in some 
detail and generally commended, there is no corre- 
sponding appraisal of the Advisory Council on 
Scientific Policy. On the other hand, the two final 
chapters on organization and on problems of staff 
management constitute a contribution to the estab- 
lishment of conditions for effective scientific work 


* The Management and Control of Research and D ment Office 
of me Minister for Solence. Pp. vı+ 120. (London: H.AM.8.0., 1961.) 
7a. 


which is a natural sequel to the Barlow Report on 
scientific staff annexed to the now almost forgotten 
White Paper on the Scientific Civil Service of 1945. 

Lord Hailsham said that the Committee’s con- 
clusions on recruitment, grading and career prospects 
were being examined with great care, and that active 
consideration was being given to the recommendation 
for a general review of the Scientific Civil Service. 
The Committee’s general conclusions were also wel- 
comed, and the Minister for Science indicated that 
the Government would consider carefully what 
further action should be taken on the Committee’s 
recommendations. Obviously, some time would 
be needed to assess the implications of some of 
them. 

The importance of the report in all three of the 
main sections in which its survey is arranged—civil 
research and development, defence research and 
development, and organization and staff manage- 
ment—lies in the care which is taken to elucidate the 
main issues. It is concerned with whether the 
institutions examined could work more effectively; 
whether better value could be obtained for large 
expenditure particularly on research and develop- 
ment for the armed services; and whether the 
effectiveness of the scarce scientific and technical 
man-power could be increased. Its recommendations 
are formulated in relation to the existing pattern of 
scientific organization, and they are concentrated on 
such issues as whether, in spite of the difficulties of 
working near the frontiers of knowledge, techniques 
can be evolved which enable the Government to get 
better results for its money. Moreover, if the most 
fruitful projects are to be selected by Government 
research establishments, if they are to be efficiently 
managed and the results applied in industry, special 
attention must be given to the effective use of man- 
power and to the links between such Government 
research establishments and industry, academic 
institutions and Government departments. 

Such questions as whether the Government employs 
ita scientists and technologists to the best advantage 
and whether working conditions, the size and location 
of research establishments and arrangements for 
careers provide the best practicable environment for 
successful work and how the Scientific Civil Service 
compares in these respects with industry and the 
universities are vital in considering the problem of 
scientific manpower, and for the chapter on the 
management of research steff alone the report is 
invaluable. Then there are the relations between 
Government research establishments and other organ- 
izations, particularly if these research establishments 
are to be responsive to the needs of the users and to 
possess effective means of disseminating the results 
of their researches and stimulating their practical 
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application, while another facet of this problem is 
the relation of Government research establishments 
with universities and with those Government depart- 
mente which do not — their own research 
establishments. 

In its survey the Committee takes research and 
development to mean, in general terms, all those 
activities which are directed towards the acquisition 
of scientific facta and techniques, or towards their 
application, to the design of new or improved 
materials or equipment, or to the devising of new 
processes, including the construction of prototype 
equipment or pilot plant. Further, while it recognizes 
that basic research and development are at opposite 
ends of a continuous spectrum and there is, and can 
be, no clear-cut demarcation between one form of 
research and another, it found it helpful to differ- 
entiate between five categories: pure basic research; 
objective basic research; applied (project) research; 
applied (operational) research; and development. 
The difference between the first two categories is 
derived mainly from the fact that the latter is 
stimulated primarily by technological needs, and 
calls for a planned approach. The distinction between 
project and operational research resides in the fact 
that the former has as ita object the attainment of a 
practical goal such as a new process or piece of 
equipment, whereas the latter is directed towards the 
Improvement of the use of an existing process or 
piece of equipment. 

After reviewing briefly the general organization of 
Government research and development in the 
Departments, the Research Councils, the Atomic 
Energy Authority and the broad functions of the 
Advisory Council on Scientific Policy and the Defence 
Research Policy Committee, the report sets forth a 
broad estimate of the allocation of effort between 
basic research, applied research, and development. 
Of an estimated expenditure on research and develop- 
ment during 1960-61 of £286 million, of which £242 
million was on the Defence Departments, some 80 per 
cent of that by Government departmente on defence 
was on development, 19 per cent on applied research 
and only 1 per cent on basic research; in the civil 
field the corresponding figures for Government 
departments are 50 per cent, 45 per cent, and 6 per 
cent; for the Research Councils, 5 per cent, 55 per 
cent and 40 per cent; and for the civil effort of the 
Atomic Energy Authority, 30 per cent, 50 per cent 
and 20 per cent. In terms of a total manpower of 
roughly 12,000, of which more than 5,000 are engaged 
in the Defence Departments, the oorresponding 
figures are: Defence Departments, 48-5 per cent, 
48-5 per cent and 3 per cent; civil, 30 per cent, 
60 per cent and 10 per cent; Research Councils, 
5 per cent, 55 per cent and 40 per cent; Atomic 
Energy Authority, 35 per cent, 50 per cent and 
15 per cent. 

With this broad picture in mind the Committee 
proceeds to discuss civil research and development, 
and, in the first place, the extent to which Govern- 
ment establishments should engage in basic research, 
the total effort of which is put at £16,750,000, of 
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which some £2:4 million is incurred by the Defence 
Departments, £7°5 million by the Research Councils 
and £6-25 million by the National Institute for 
Research in Nuclear Science. Only some £600,000 
appears to be incurred by the Civil Departments, 
but as already pointed out, these figures do not 
include grants to the universities or to the industrial 
research associations. Nevertheleas, the Committee 
considers that pure basic research is best carried out 
in the environment of a university and that it 
should seldom be the direct concern of Government 
scientific organizations, though they should ensourage 
and support such research in fields which appear to 
need assistance. In particular, it believes that 
Government research organizations have a major 
part to play in providing costly research equipment 
which is beyond the resources which could reason- 
ably be made available to a single university or 
group of universities. 

This significant passage follows hard on the forth- 
right condemnation of start and stop policies in the 
Plowden Report last August, and it can scarcely be 
coincidence that immediately on the publication of 
this report it was announced that research grants in 
radioastronomy to the universities of Cambridge and 
Manchester and for a nuclear reactor for the Scottish 
universities held back last summer had been released. 
Even objective basic research, however, is not 
regarded as consonant with the functions of a Govern- 
ment research establishment unless that establish- 
ment is staffed with first-class research workers in 
close and constant touch with scientists engaged in 
related pure basic research. Subject to this proviso, 
the Committee details some half-dozen circumstances 
which might justify the pursuit of objective basic 
research in a Government establishment. These 
include the existence of a prime Government respon- 
sibility, as for the establishment of physical or 
pharmacological standards, or the compilation of the 
Nautical Almanac; where the national interest 
requires a major and early advance into a new field, 
or a greater effort in an existing field, especially 
where substantial expenditure is involved or the 
results are likely to be valuable to many users; 
where the basic studies involve use of expensive 
facilities already largely available at Government ` 
establishments; where a new organization or com- 
bination of scientific resources is required which is 
beyond the capacity of any one university or group 
of universities; where there are special advantages 
in linking the basic work with related projects in 
applied research; and where security considerations 
preclude the co-operation of university staff with 
those engaged in particular lines of defence re- 
search. 

These are the considerations which, in the Com. 
mittee’s view, should guide the directors of Govern- 
ment research establishments in their choice of 
projects in basic research and it rejects as unsound 
the argument that such projects should be chosen 
with the view of attracting to the establishment a 
reasonable share of outstanding scientists. This is 
indeed a primary task of management, but it is to 


712 


be achieved rather by maintaining a reasonable flow 
of such workers and encouraging them to develop 
their intereste within the general field with which the 
establishment is concerned. It is from this aspect 
that the section of the report dealing with staff 
management is of the utmost importance, irrespective 
of whether an establishment is concerned primarily 
with civil or with defence research, but it is curious 
that in spite of the general endorsement of the 
structure of civil research under the Advisory Council 
on Scientific Policy, there is such slight reference to 
the part the Advisory Council might play in securmg 
the general conditions of service that are essential or 
in dealing with factors that may limit or otherwise 
influence the choice of projects. For example, quite 
nightly, the Committee points out that weakness in 
certain fields is not to be attributed mainly to a 
failure to identify the need for new knowledge and 
to arrange for the relevant work to be undertaken by 
a particular research institution but rather to the 
lack of research workers willing to enter the fleld. 

Here the means that are required to relieve the 
situation may lie far outside the sphere of a par- 
ticular research organization and may call for the 
firmest influence which the Minister for Science can 
bring to bear on Government policy assisted by all 
the advice his Advisory Council can give him. Again, 
the Committee emphasizes the importance of periodic 
reviews of programmes of basic research, and here it 
would seem that the Advisory Council may frequently 
be in a position to offer an independent contribution 
even more decisive than that of the appropriate 
Research Council, perhaps more especially when it 
comes to expanding rapidly the work following a 
decisive advance or where it is a matter of terminating 
& programme because lack of new ideas or essential 
techniques render progress unlikely. There is no 
suggestion in the report that the freedom of a director 
and his senior staff in determining the content and 
reviewing the progress of research programmes should 
be curtailed, but the independent review from time 
to time which the Committee regards as essential can 
be of real assistance to a director at such points and 
the Committee seems to have failed to appreciate 
how the Advisory Council could contribute to the 
flexibility it desiderates. 

Such periodic reviews are already practised under 
some of the Research Councils, and it should be 
emphasized that on the whole the existing organiza- 
tion comes out well from the Committee’s review. In 
particular, for this very reason, the methods used by 
‘the Council for Scientific and Industrial Research 
and the Atomic Energy Authority, which between 
them are responsible for the bulk of the civil applied 
research and development wholly financed by the 
Government, on which some £30 million are expended 
and 4,500 scientists and technologists employed, are 
described in some detail. Particularly, the Committee 
commends the arrangements to bring the user or 
potential user-into contact with all levels of the 
organization, so that they are able to influence alike 
the details of the programme of individual stations 
and the broad pattern of the Department’s work. 
It recommends, in fact, that all Government organ- 
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izations controlling establishments engaged in applied 
research and development should ensure that arrange- 
ments at headquarters and at each of their estab- 
lishments are such that they are adequately informed 
of relevant research in progress or planned at other 
Government research establishments, universities, 
colleges of technology, industrial research associations 
and individual firms, that organizations outside the 
Government are encouraged to fill in gaps in the 
overall research effort and that contacts with other 
Government departments as users or potential users 
are adequate in practice. Further, their knowledge 
of industry should be sufficient for them to under- 
stand the user’s business and assist him to formulate 
his needs for applied research. 

The importance attached by the Committee to 
what industry often understands as technical service 
is sufficient for it to recommend secondment of staff 
for the purpose where necessary, and the develop- 
ment of such a practice as part of a deliberately 
planned programme of training selected staff. Again, 
welcoming the reviews undertaken by the Economics 
Committee of the Council for Scientific and Industrial 
Research of the needs of particular industries, the 
Committee directs attention to the possibility that 
such reviews and the appropriate action arising May 
involve the co-operation of other Government 
departments and some problems of organization. 
Here again is a matter for the Advisory Council on 
Scientific Policy, and this applies also to the Com- 
mittee’s comments on the need for individual firms 
and collective industrial organizations to review 
arrangements for keeping in touch with Government 
research establishments. This is a vital aspect of the 
dissemination of results, though it is here considered 
in relation to the selection of research projects, and 
in that connexion the Committee appears to appre- 
ciate more clearly the help which the Advisory 
Council could give in finding answers to the eight 
general questions which it suggests should guide the 
choice of individual projecta for applied research and 
development. 

Passing to the control of such programmes and the 
dissemination of resulta, the Committee expresses the 
view that the procedures used by the Department of 
Scientific and Industrial Research to eontrol the 
resources expended in applied research and develop- 
ment are satisfactory in principle and adequate in 
practice. They show the need for an agreed plan, 
worked out in broad outline before undertaking the 
project and setting out technical goals, an agreed 
scale of effort, in terms both of money and man- 
power, and target dates for completion of the whole 
project and important parte. Essential features of 
any such system are a review at regular intervals of 
the technical progrees of the work, the effort expended, 
and of likely progress. Since circumstances affecting 
the need for the work can change, the original con- 
siderations which led to the decision to embark on 
the work should also be periodically reviewed. 

Accordingly, and markedly in line with the recom- 
mendations of the Plowden Report, the Committee 
recommends that in the control of applied research 
and development an assessment of resulta achieved 
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and of likely future progress should always be carried 
out concurrently with a review of expenditure to 
date and estimated future costs. Results of such 
dual assessments, undertaken at intervals of three to 
six months, should be available not only to higher 
management but also to those directly responsible 
for mdividual projects, for example, at least to 
principal scientific officer level. Apart from encour- 
aging cost-consciousness, adoption of such a practice 
should help to remove the sense of frustration which 
can arise when a project is terminated or modified 
as well as offer opportunities for responsible or 
informed criticism on points which might be over- 
looked at the higher levels. Adoption, as recom- 
mended by the Committee, of such regular reviews on 
these lines by Departments and Research Councils 
in the research establishments where they are not 
already used might be as beneficial from the staff as 
from the economic point of view. In addition, the 
Committee suggests that the whole programme of an 
establishment, including any extra-mural work, 
should be reviewed at least once a year by the 
director in collaboration with any steering group or 
advisory body responsible for assisting him, and it 
also leans to quinquennial reviews of the work of 
individual research establishments by an independent 
group of specialists. 

This system, already used by the Agricultural 
Research Council, and in a modified form by the 
Medical Research Council, is recommended for 
general adoption, although it is recognized that there 
may be difficulties where establishments are engaged 
mainly on defence work. Further, it prefers the new 
system agreed by the Council for Scientific and 
Industrial Research with the Treasury of a firm 
estimate for the coming year, provisional but reason- 
ably firm estimates for a further two years and more 
tentative figures for two years to the old quinquennial 
grant, and ib is on this basis that they discuss the 
question of Treasury control. The main responsibility 
for ensuring that all items in a research and develop- 
ment programme are critically reviewed from the 
point of view of their continued relevance is placed 
on the organizations concerned, and although the 
Treasury has useful techniques for examining such 
programmes, and in particular for applying a critical 
scrutiny to large mdividual projecta, it will always 
have to depend on the technical experts of the 
Departments and other organizations for the scientific 
and technical appraisal of the programmes and for 
their proper execution. 

The ‘Treasury’s most effective contribution to the 
control of public expenditure on research and develop- 
ment thus lies, as has previously been urged by the 
Select Committee on Estimates before the Plowden 
Committee reported, in being always in a position to 
satisfy itself that the Departments and other organ- 
izations have the necessary means for examining 
critically the contentas of their research and develop- 
ment programmes, for their execution and for review- 
ing progress. As much delegation as is practicable 
of financial authority to Departments and Research 
Councils is advisable, but the Committee strongly 
recommends that all Departments and Research 
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Councils should be required to adopt something of 
the ‘forward look’ system now used by the Council 
for Scientific and Industrial Research, and, properly 
used, such techniques would make the whole task 
easier. Any new project could then be considered 
within a wider framework, and apart from the effect 
on. financial efficiency, relations between the research 
worker and those responsible for the direction of the 
work should, as already suggested, be improved. 

The report makes little comment on the organiza- 
tion of defence research generally, but a number of 
constructive proposals for moreasing the efficiency of 
that organization and the effectiveness of the Defence 
Research Policy Committee, which it scarcely appears 
to regard as having functioned quite so satisfactorily 
as Prof. P. M. 8. Blackett suggested in his Tizard 
Memorial Lecture in 1960. Exclusive of the undis- 
closed expenditure for defence of the Atomic Energy 
Authority, Government expenditure on research and 
development for the armed forces is estimated at 
about £240 million in 1960-61, of which about £45 
million is on applied research and some £2 million on 
basic research in Government establishments and 
about £190 million on development, of which about 
£175 million is spent by way of extra-mural contracts 
in industry, and much of this expenditure is devoted 
to the development of a relatively small number of 
guided weapons and aircraft. It is, m fact, at this 
point that criticism of Government control of expendi- 
ture has tended to be sharpest, and while both 
monetary and manpower resources which are com- 
manded for such purposes are always stretched and 
a considerable element of rigidity is unavoidable, the 
Committee believes that much would be gained by 
distinguishing five steps between the conception of 
a defence project and the development contract, 
which usually takes the form of an extra-mural con- 
tract. 

These steps, not all of which need be used for 
every project, are: first, the formulation of a draft 
operational requirement, or staff target, followed by 
an agreed operational requirement and the initial 
sketch of a technical specification; secondly, a 
feasibility study; thirdly, a project study, often in 
the form of an extra-mural contract; fourthly, where 
necessary, a ‘holding’ contract; and fifthly, a develop- 
ment contract. The most important of these stages 
is the project study, and if this is carefully designed 
to secure answers to the series of questions which 
are indicated im the report, the likelihood of any 
serious waste or duplication of effort should be very 
considerably reduced. Much, however, will atill 
depend on the experience and calibre of the staff 
concerned, and the Committee, commenting adversely 
on the short tours of duty of senior officers in positions 
responsible for formulating operational requirements, 
suggests that such positions might be filled more 
frequently from the technical streams of the Services. 
It also recommends that the research staff in the 
resoarch and development establishments of the 
Ministry of Aviation, the War Office and the Admir- 
alty should have an appropriate formal association 
with the evolution of operational requirements and 
interchange between scientists in headquarters posts 
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and scientists in defence research and development 
establishments should be more freely practised. 

Here it would seem that some of the lessons 
both emphasized by Sir Henry Tizard in his Haldane 
Memorial Lecture and by Prof. Blackett in his Tizard 
Memorial Lecture, as well as by Sir Frederick Brun- 
drett have tended to be forgotten, and this appears 
again when the Committee considers the general role 
of the Defence Research Policy Committee. The 
fostering of interchange and close understanding 
between scientific and technical staff and general 
duty officers, of flexibility and of clear definition of 
responsibility are main concepts in the suggestions 
advanced in this report to promote greater efficiency, 
and the Committee is emphatic that there should be 
no exception to the rule requiring reference to the 
Defence Research Policy Committee or its staff of all 
staff targets, operational requirements, feasibility 
studies, and projects studies, however small the 
probable cost of the project. It believes, however, 
that more precision. is desirable about which projecte 
should come before the Committee, instead of being 
- dealt with on its behalf by its staff, and suggests as 
criteria an expected development cost of £250,000 or 
more, or important repercussions on defence policy. 
Further, it would strengthen"the full-time staff of the 
Defence Research Policy Committee with members 
of the Scientific Civil Service and it should also 
include a full-time administrative civil servant. The 
chairman of the Defence Research Policy staff should 
be on the staff of the Ministry of Defence and should 
also be a member of the Defence Research Policy 
Committee, but it makes no comment on the value 
of the chairman of that Committee being also chair- 
man of the Advisory Council on Scientific Policy or 
on relations between those two bodies. 

Clearly, however, if the measures recommended in 
this report, as regards organization and staff are fully 
implemented, the risk of duplication of effort or waste 
of resources will be considerably reduced and as great 
a measure of certainty result as can be secured in a 
very uncertain field. The clear recognition of respon- 
sibilities, and their limits on the part of the Service 
Departments, the research and development auth- 
ority, whether the Ministry of Aviation or part of a 
Service Department, and the Defence Research Policy 
Committee is of prime importance; but, as the report 
emphasizes, in the end the quality of Great Britain’s 
effort in defence research and development depends 
on the scientific and engineering genius and the 
administrative skill of the men engaged in this field 
of work and on the judgment of defence research 
directors and their opposite numbers in the Services. 
With them must start the effort to harmonize the 
needs of the different Services, before the formulation 
of the operational requirements, and the renewed 
efforts to avoid wasteful duplication of effort in 
research and development among members of the 
North Atlantic Treaty Organization of the Western 
world. It is clearly to their opposite numbers in civil 
research and development that Sir Solly Zuckerman 
and his colleagues on this Committee look for the 
major effort to ensure that the fullest possible 
advantage is taken for civil purposes of advances 
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which may be achieved in defence`research, but on 
condition that on the defence and the civil side alike, 
every care is taken to keep secrecy to the minimum. 
Granted first-rate personnel, it is confident that its 
recommendations can lead to a substantial improve- 
ment in efficiency and economy, and it is to the 
recruitment and encouragement of such personnel 
that the final section of its report, dealing with 
organization and staff management, is devoted. 


THE PROBLEM OF THE SUN’S 
CHROMOSPHERE 


Physics of the Solar Chromosphere 

By Richard N. Thomas and R. Grant Athay. (Inter- 
science Monographs and Texts in Physics and Astron- 
omy, Vol. 6.) Pp. x+422. (New York: Interscience 
Publishers, Inc.; London: Interscience Publishers, 
Ltd., 1961.) 15.50 dollars. 


HIS is not a general text-book on the solar 

chromosphere but, rather, a progress report for 
specialists, of the work of a lively school of astro- 
physicists associated with the High Altitude Observa- 
tory and the Bureau of Standards in Boulder, Color- 
ado, and the Sacramento Peak Observatory in New 
Mexico. 

The subject presents formidable difficulties both mn 
practice and in theory. For a few seconds near the 
beginning or end of a total eclipse it is easy in good 
sky conditions to see the chromosphere as a thin, 
irregular, magenta-coloured layer immediately out- 
side the ordinary solar disk. Until comparatively 
recently it could be studied effectively only at 
eclipses, although for some restricted purposes it can 
now also be examined in ordinary daylight, especially 
with coronagraphs. But the natural difficulties of 
observing, either at eclipses or at other times, are 
such that even to-day, nearly a century after its 
discovery, there is still a great lack of reliable quanti- 
tative measurements, especially of spectroscopic line 
intensities and profiles and their variation with height 
above the limb. The total time so far used at eclipses 
for such work does not exceed a few minutes. Besides 
having to gamble on the weather, the eclipse observer 
has to make difficult decisions as to method. For 
example, he may use a slitless spectrograph and with 
luck get fairly reliable measurements of line intensities 
as a function of height, but have to struggle against a 
rather bright background of corona and sky, and 

i @ loss of spectroscopic resolution from 
irregularities of telescope drive or of scintillation. 
Or he may take a slit spectrograph and get admirable 
profiles of strong lines, but lose many faint lines, 
especially in the higher layers, because of Jack of 
speed. Still more important, he is then unable to 
locate his measurements accurately enough with 
respect to height. In any event he has to make hid 
measurements, or at least take his photographs, 
within a few seconds of a time not of his own choosing. 
We are certam, too, that many of the most important 
features of the chromospheric spectrum are in the far 
ultra-violet, inaccessible from the ground, and we 
can only hope that as rocket or artificial satellite 
techniques progress it will become possible to make 
measurements at will in this region, without eclipses. 
Radio techniques involve high frequencies; they are 
helpful but do not by themselves go very far. 
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On the theoretical side one has to deal with a 
perplexing, and rather sudden, transition between 
photosphere and corona. Although the standard 
theory of the photosphere and of the formation of 
Fraunhofer lines still meets with vigorous criticism, 
the general belief is that substantial progress has 
been made and that the deduced temperatures, 
pressures, ionizations, or chemical abundances are not 
wildly wrong. But in the chromosphere we are far less 
certain. At the higher levels ‘spicules’ show that we 
are not dealing with a smoothly stratified atmosphere 
in which all parameters are a function only of height, 
even approximately; we cannot assume local thermo- 
dynamical equilibrium; so far we have not enough 
measurements to distinguish clearly at all heights 
between temperature and other kinds of motions, 
and have virtually no measurements to elucidate the 
nature of the transition from a chromosphere at a 
temperature of the order of 10‘ deg. to a corona at 
about 10° deg. The chromospheric gas is almost 
opaque in frequencies near strong spectral lines, but 
nearly transparent elsewhere; it is exposed to approx- 
imately black body radiation at 6,000 deg. from below, 
heavily cut up by absorption lines, and to a compara- 
tively weak flux of mainly discrete X-ray radiations 
from above; it may also be experiencing significant 
disturbances due, for example, to shock waves 
coming from below, or to variable magnetic flelds. 

The subject is indeed not an easy one. The observa- 
tional material used in this book is mainly slitless 
spectrograms obtained at the 1952 total eclipse in 
Khartoum. The authors’ approach may be described 
as one of exploratory theory, especially directed to 
non-local thermodynamical equilibrium but statistic- 
ally steady conditions, to problems arising from self- 
absorption in the spectrum lines, and to two-com- 
ponent model chromospheres. They do not lack 
courage and spare neither themselves nor their readers, 
but they match courage with modesty and make no 
extravagant claims for their results. Their chief 
aims appear to be to persuade observers somehow 
to devise and make more crucial measurements, 
and to goad all theorists to further thought. In 
these ambitions they deserve every success. 

R. O. REDMAN 


TELESCOPES 


Telescopes 

Edited by Gerard P. Kuiper and Barbara M. Middle- 
hurst. (Stars and Stellar Systems: Compendium of 
Astronomy and Astrophysics, Vol. 1.) Pp. xv + 255+ 
72 plates. (Chicago and London: University of 
Chicago Press, 1960.) 8.50 dollars; 70s. 


OST astronomers tend to regard the telescope 

as a means to an end rather than as an end in 
itself. Information about the telescope is therefore 
comparatively scarce, while up-to-date information 
in book form is even scarcer. The book under review 
is therefore a welcome addition to the small literature 
in this field. It is also a highly authoritative addition, 
for nearly all its contributors have played a part in 
_ the design, construction and use of the instruments 
they describe. 

I. 8. Bowen, director of the Mount Wilson and 
Palomar Observatories, describes the optical and 
mechanical features of the 200-in. Hale telescope. His 
account of how the optical vagaries of the primary 
mirror were corrected makes most interesting reading. 
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He also provides the chapter on Schmidt cameras, 
giving a simplified treatment of the aberrations 
involved and disoussing methods of figuring and 
adjusting the corrector plate, modifications of the 
basic Schmidt, and questions of design. 

The 120-in. Lick reflector is described by W. W. 
Baustian, former senior engineer on the project, while 
A. B. Meinel discusses recent developments in the 
design of large reflectors. Baustian and Meinel are 
the designers of the 36-in. and 84-im. Cassegrain 
reflectors for the Kitt-Peak National Observatory, 
Tucson, Arizone. Both instruments incorporate 
several important design considerations. One of 
these is the low f-ratio of the 84-in. primary mirror. 
It will operate at f/2-75, but no use is planned for 
the primary focus. Instead, direct photography will 
be conducted at the f/8 Cassegrain focus, and - 
scale spectrography at the fixed f/30 Cassegrain- 
coudé focus. This arrangement avoids the use of a 
coma oorrector and consequent distortion and 
variation of image scale with colour. It also produces 
a comparatively short telescope, thereby giving 


reduction in mass, length of fork spans and cost of” 


the dome. 

A chapter on telescope driving mechanisms is 
given by R. R. McMath and O. C. Mohler of the 
McMath-Hulbert Observatory. So far as is known, 
the original 104-in. reflector of this Observatory was 
the first telescope in which controlled, continuously 
variable motions about both the hour-angle and 
declination axes could be obtained. McMath and 
Mohler cover different kinds of drive—gravity, 
electric motor, variable-rate, and photoelectric— 
and give a valuable list of references on the subject. 
They hold out hopes of compensating small rapid 
shifte in seeing and imperfections of optical definition 
by photoelectric stabilizing devices. One of these, the 
‘Kidophor’, has been designed to meet these desirable 
ends, but so far it has done so only in principle. 

C. B. Watts provides a chapter on the transit circle 
and W. Markowitz one on the photographic zenith 
tube and the dual-rate moon position camera. Watts 
and Markowitz are well known for their contributions 
to, fundamental astronomy; their chapters greatly 
enhance the value of the book. The same is also 
true of A. Danjon’s most impressive account of his 
no less impressive and highly complex impersonal 
astrolabe. One can but hope that more instruments 
of this kind will be brought mto use—and in both 
hemispheres. 

Only within the past seventy years or so have 
astronomers given due consideration to the impor- 
tance of suitable telescope location. Even so, several 
recently established observatories are poorly located 
with regard to seeing conditions, and not through 
any fault of the astronomers concerned. Considera- 
tions other than those of good seeing can often weigh 
heavily against the choice of an otherwise excellant 
observatory site. Not the least of these is the financial 
one, for the usually lengthy process of site selection 
can swallow up a considerable part of the available 
funds. J. Stock and G. Keller deal with astronomical 
seeing, and Meinel with seeing and observatory site 
selection. They give a good idea of the great amount 
of work done in these fields: and difficult work, too, 
for many atmospheric variables are involved and the 
information obtained is at best quasi-quantitative. 

No book on the telescope would be complete with- 
out reference to radio telescopes. J. G. Bolton 
devotes a chapter to an appraisal of the many differ- 
ent types now in use, while in the final chapter 
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F. D. Drake discusses radioastronomy radiometers 
and their calibration. Bolton also gives some inter- 
esting statistics in his brief descriptions of present- 
day large paraboloids. Yet so great is the progress in 
this field that no mention could be made of the 
300-ft. dish now being constructed at Green Bank, 
West Virginia, and of the proposed 600-ft. Sugar 
Grove dish. 

The book has two obvious restrictions. Ite 
references to reflecting telescopes are mainly to the 
giants found in American observatories. Other 
kinds—astrographs, coronagraphs, solar tower tele- 
scopes, and photovisual forms, ete., receive no 
mention at all. It also has little to say about the 
all-important auxillary apparatus used at the foci, 
but these will probably be desoribed in a succeeding 
volume on astronomical techniques. Of course, the 
incorporation of this and other relevant material 
would have extended the book far beyond its present 
limita. 

The text is illustrated by numerous first-class 
photographs of both optical and radio telescopes, 
including 11 full-page reproductions of Russell W. 
Porter’s famous 3-dimensional drawings of parts of 
the 200-in. Hale telescope. There is also a most useful 
appendix which lista optical telescopes (solar types 
excluded) with apertures more than 20 in. at present 
in use. Dr. Kuiper, Miss Middlehurst, and the various 
authors concerned are therefore to be congratulated 
in making this volume, the first of a nine-volume 
compendium of astronomy and astrophysics, so 
extremely attractive and informative. 

H. C. Kuve 


GEOMETRY IN MEDIEVAL 
ARCHITECTURE 


Canonic Design in English Mediaeval Architecture 
The Origin and Nature of tic Architectural 
Design in England, 1215-1615. By B. G. Morgan. 
Pp. 136 (46 plates). (Liverpool: The University 
Press, 1961.) 420. 


T is not often that a book can be cesnabed as 

unique. But of this one, that would be a true 
assessment. ‘The author presents a thesis the accept- 
ance of which must depend partly on history— 
knowledge by testimony—and partly by e iment, 
namely, direct measurement. The methodology of 
these two processes in simultaneous action is what 
makes these pages so in . Dr. Morgan wishes 
to demonstrate that English medieval architecture is 
canonic in the sense that design followed a rule, and 
that moreover such a rule (or norm) was to some extent 
coercive. The purpose was the ‘ordination’ of the 
plan, and no doubt the person for whom it was 
prepared (In many cases the king) was the ‘ordinary’ 
in the grammatical sense. So much for the intention. 
What happened, both in fact and by way of interpre- 
tation, depended as usual on a large number of 
personal equations. This stands out as the story 
unfolds. 

The author begins by describing carefully and 
impartially a number of nineteenth-century theories, 
elaborated for the most part to show that a medieval 
cathedral was erected on a system of triangles, squares, 
circles and various polygons. Broadly, all these are 

[rejected as doing little more than ‘save the appear- 
ances’, and as lacking any kind of logical coherence. 
Besides, they fail lamentably on the statistical side, 


NATURE 


February 24, 1962 vo. 193 


through being applied to a very limited number of 
instances. It is at this point that the reader may well 
ponder on what is going to happen next. (Exactly 
how much he may hover will depend on the degree of 
his grasp of how men of the Middle Ages thought 
and acted.) The period before us is 1215-1615, 
roughly the floruit of the Plantagenets, a time of 
distinguished royal patronage, and of deep apprecia- 
tion of the nature of craftsmanship. Hence we are 
given a detailed review of the outstanding kings’ 
master masons. This is not merely a catalogue of 
interesting personalities; it has a deeper purpose, 
which is to introduce the great significance of the 
mason’s square, consideration of which is to dominate 
much of the book. 

From now onwards, the reader is to understand by 
‘square’ the mason’s ‘L-shaped tool, an artefact of 
supreme consequence in the author’s investigations. 
In a word, it is this simple instrument which seems 
to be the module, or at least the measure of the 
module, in canonical design. Given the square, and 
the appropriate directive (royal or provincial), and 
the building evolves without the need for detailed 
working drawings. Master masons were practical 
geometers; their knowledge of abstract principles 
may not have been profound, but they acquired a 
remarkable facility for application initiated maybe 
from earlier experience in the stone quarry. French 
influence may well have had some share in all this, 
but English Gothic is a flower in its own right. Here, 
Dr. Morgan introduces us to an unexpected com- 
plexity; there were two squares, one with parallel- 
sided arms, and one with tapered arms. In the latter 
case the thick end is that of the longer arm, and the 
thin end that of the shorter arm. By an ingenious 
series of steps in elementary Euclid, the relationship 
besides the sides and angles of the two types is estab- 
lished. Armed with this information, the canonic 
nature of no fewer than twenty-eight major ecclesiasti- 
cal buildings is more or less confirmed. One is careful 
to say ‘more or less’ because both squares were 
sometimes involved in the same edifice, and, more- 
over, the effect of time being what it is, exact measure- 
ment between surfaces is very difficult. In view of the 
manifold uncertainties, the authors argument is 
convincing. Bay-width, that is, the distance between 
the main piers, stands out as the predominant initial 
parameter. No more is claimed for the figures than 
the circumstances warrant. 

Incidentally, it is of interest to recollect that these 
master masons were not the only people to use a 
module as a basic element in design. No leas an artist 
than Piero della Francesca employed one in his 
Flagellation (Ducal Palace, Urbino), painted in 
1456-57. This was actually another artefact, 
namely, the black slab in the cornice over the head 
of the left-hand bystander. Upon this particular 
length, the whole of the perspective was founded. 
Such an example, coming within Dr. Morgan’s general 
period, is perhaps important as indicating the geo- 
metrical quality of fifteenth-century thought. 

Two minor points are probably worth mentioning. 
The first is that Plate 1 (charts of bay and section 
ratios) is so valuable in following the author’s theme 
that it would have been more convenient if placed at 
the end, and made so that it could be pulled out and 
read with the text. A careful student needs it fre- 
quently, and reference to it only by constant unfolding 
and refolding is a nuisance. The second matter is that 
Jove has suffered an academic, but not altogether 
unusual, nod on p. 72, on which the allusion to a 
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certain Cambridge foundation should be Queens’, not 
Queen's. (The ladies in question were Margaret of 
Anjou and Elizabeth Woodville.) 

The plates are from early nineteenth-century 
illustrations, and beautifully reproduced. The red 
lines superposed on them are no more than needed to 
show the geometry of the canonic discipline, and they 
serve their purpose well. For a research so concerned 
with elemental questions in æsthetics (a quotation 
from Albertus Magnus in the preface is most appro- 
priate), one would expect a comely volume. Assuredly 
this is such a one, easy to handle and delightful to 
behold. F. I. Q. RAWLINS 


A NEW GUIDE TO THE 
DISSECTION OF THE HUMAN 
BODY 


A New System of Anatomy 
By Sir Solly Zuckerman. Pp. xii -+ 579. 
Oxford University Press, 1961.) 758. net. 


OW much anatomy—or for that matter any of 

the other subjects in the medical curriculum— 
should a medical student know? Who should 
decide ? Should it be teachers of the subject, surgeons, 
physicians, or general practitioners or a committee 
of all concerned ? Are the majority of medical 
graduates to become general practitioners, and if so 
should the entire medical course be designed primarily 
with an eye to the needs of general practice first 
and foremost? Will it ever be possible to obtain 
general agreement on such debatable matters ? 
These and many other questions are under constant 
review by those responsible for the teaching of medi- 
cal students, but it is almost a case of quot homines, tot 
sententiae, for it is practically impossible to reconcile 
conflicting points of view. 

To discuss with a reasonable degree of plausibility 
the necessity for reforms in medical education, 
to emphasize the need for a broad general training 
before medical studies are begun, to explain how 
imperative it is to reduce the ever-growing burden of 
factual knowledge which the medical student is 
compelled to acquire, to suggest that the essential 
feature of a good medical education is to inculcate 
the capacity to go on learning throughout life—all 
this is relatively easy, though it does not lead very 
far. But to discuss or write about medical education 
in & manner which will really carry conviction, 80 
that all who read will at once feel “This is the way 
in which medicine should be taught’’—to do this is, 
as Macaulay might well have said, the rarest of 
intellectual distinctions. 

There are several reasons for this state of affairs, 
and one of the most frequent is that teachers assign 
too much importance to their own particular subject, 
and not enough to others. Sir Solly is among those 
anatomists who have not hesitated to prune their 
subject vigorously, and he began to do so fifteen 
years ago, by reorganizing the course in topographical 
anatomy at Birmingham. The present volume 
indicates the way in which this pruning has been 
translated into practice. 

The book sets out to help and guide the student in 
his task of dissecting the body. Its outlook is 
intensely practical, and much that has been tradi- 
tionally found in dissecting manuals has been dis- 
carded. The text has been reduced by omitting 
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unnecessary detail and concentrating only on those 
things which the student may reasonably be expected . 
to see when he dissecte the body under normal 
dissecting-room conditions. This severely practical 
approach is further reflected in the very excellent 
illustrations, which are touched-up photographs of 
actual dissections, reproduced in black and white 
without the addition of vivid and garish colours for 
different structures. 

The abuse of colour has long been a defect of most 
anatomical illustrations, particularly when the colour 
conventions have become highly stereotyped and - 
artificial. I have previously emphasized this in an 
earlier review (Nature, 181, 972; 1958). If the object 
of an illustration is to help the student recall his 
actual dissection, or to allow comparison with the 
dissection, then it is unquestionably easier for him to 
superimpose a visual image of the original on a black- 
and-white illustration than on one which is already 
vividly tinted with colours which bear no resemblance 
whatever to those found in the cadaver. 

The illustrations in this volume have a further 
advantage in that they have been prepared on a 
sufficiently large scale to make them very easy to 
use. In a dissecting manual this is particularly 
important, since the student must be able repeatedly 
to turn from dissection to illustration, in order to 
identify at a glance what is required, and then turn 
back to the dissection. Small and crowded illustra- 
tions with guide lines difficult to follow and legends 
in print too small to read are unfortunately only too 
frequently found in so-called practical manuals. 

The Oxford University Press is to be congratulated 
on the general format of the book, which is very 
pleasing. Paper, printing and typography are 
The book is a bold attempt to meet a 
difficult situation. It undoubtedly supplies a long- 
felt need. J. M. Yorrgry 


PRINCIPLES OF ANIMAL 
TAXONOMY 


Principles of Animal Taxonomy 

By Prof. George Gaylord Simpson. (Columbia 
Biological Series, No. 20.) Pp. mi+247. (New 
York: Columbia University Press; London: 
Oxford University Press, 1961.) 35s. net. 


ROF. SIMPSON’S title Principles of Animal 

Taxonomy may suggest an elementary text-book 
on taxonomy. The author is, however, using the 
word ‘principle’ in its most philosophical sense and 
the first part of the book, and much of what follows, 
in fact, constitute a most scholarly exercise in philoso- 
phy as applied to taxonomy. 

Part of the fascination of the practice of taxonomy 
lies in the fact that it is a combination of science and 
art. There was a time when taxonomy was largely an 
art, in contrast to such disciplines as physics and 
chemistry, which were thought of as ‘exact’ sciences. 
The gap has, however, closed in recent years——from 
both ends—and will undoubtedly close further. 
From the physics end Heisenberg’s formulation of 
his principle of indeterminacy, and more recent and 
ever-changing views on the nature of fundamental 
particles, have lessened the earlier certainties. From 
the taxonomic end the increasing use of physiological 
data and the development of biochemical and bio- 
physical techniques such as serum protein and 
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hemoglobin electrophoresis, and genetical, oyto- 
logical and enzyme studies are leading to some 
unexpected results and providing increasing determ- 
inacy-in taxonomy. 

But when all this knowledge has been applied it 
seems likely that the ultimate taxonomic analysis 
in many groups will still involve judgment, or to 
put it another way, art. Taxonomy is likely to con- 
tinue to be a subject which, while requiring a sound 
general scientific training at least up to degree 
standards, can never be completely imparted by 
lectures or learnt from text-books. The difference 
between a student at a university who specializes 
in taxonomy and a taxonomist is from many pointa 
of view similar to the difference between a medical 
student and a doctor—the —— being a matter of 
experience and judgement over the years. 

at is the — the scientist who has really 
acquired the feel of taxonomy, who will really enjoy 
the exacting discipline of Prof. Simpson's philosophy, 
and who will derive the full benefit from the re-think- 
ing which a careful study of the book impels. This is 
not to say that there is not plenty of material for 
the beginner. There is, and the elementary matter is 
expressed with great clarity. But the student should 
be prepared to find it sandwiched between passages 
the significance of which may not be fully appreciated 

til a later stage. 

Tt will be interesting to see how far taxonomists 
will follow Simpson in all his definitions. „For 
example, the terms ‘taxonomy’ and ‘systematics’ are 
very generally treated by most workers as synonym- 
ous (though ‘taxonomy’ does seem to mean something 
slightly different to botanists and zoologists). There 
may be a tendency, as Mayr has pointed out, for the 
term ‘taxonomy’ to be preferred in North America 
and ‘systematics’ in the Old World, though this 
author uses the two terms indifferently, as does the 
prospectus for the proposed new International 
Association for Systematic Zoology which begins 
with the words “Dear Fellow Taxonomist”. Bimp- 
son, however, differentiates and defines systematics as 
“the scientific study of the kinds and diversity of 
organisms and of any and all relationships among 
them”, and taxonomy as “the theoretical study of 
classification, including its bases, principles, proce- 
dures, and rules”. Systematics as here understood is 
therefore wider in scope than the ‘systematics = 
taxonomy’ of most workers, embracing as it doeg 
such things as phenotypic variation and ecology; 
and at the same time taxonomy as here defined is 
rather narrower. 

On the subject of nomenclature Simpson expresses 
the feelings of many: “.. . it is an arbitrary device 
that has become an enormously complex, strictly 
formal, rigidly legalistic system. Some zoologists do 
seem to enjoy those legal, essentially non-zoological, 
seemingly endless rules, discussions, and operations, 
but for the most part they are a necessary evil taking 
begrudged time from more important matters”. It 
is to be hoped, however, that the revised International 
Code of Zoological Nomenclature which has just been 
published will make things easier by providing the 
answers to many day-to-day nomenclatorial problems 
and so avoiding overloading the Commission with 
applications. 

As is to be expected from an author whose own 
taxonomic work has known no artificial barrier 
between paleontological and recent forms, but who 
has considered the whole as a flowing continuum, the 
thread which runs through the book is the evolution- 
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ary basis of taxonomy: taxonomy is incomplete where 
it is confined to a consideration of recent forms only. 
Prof. Simpson’s account of the history of typological 
theory, inextricably linked as it is with philosophic 
idealism and therefore to be excluded from modern 
science, and his discussion of scholastic logic in 
taxonomy, amount to a valid criticism of the taxono- 
mic outlook of some workers even at the present day. 
His emergent argument and repeated emphasis of 
the point that “if such a thing as natural classification 
can meaningfully be achieved, it must be evolution- 
ary classification”, form perhaps the most funda- 
mentally important part of the work. 

Principles of Animal Taxonomy is a text which 
will be referred to and re-read many times by working 
taxonomista, eech time with greater profit. 

T. C. 8. Morrron-Scorr 


PROJECT MOHOLE 


A Hole in the Bottom of the Sea 
The Story of the Mohole Project. By Willard Bascom. 
Pp. 352. (London: Faber and Faber, Ltd., 1961.) 
428. net. 


Ton are the days when the Jules Verne type 
of idea is rapidly converted into a project of 
scientific respectability. This is what has happened 
with the Project Mohole. The Committee of the 
American Miscellaneous Society, under the chairman. 
ship of Dr. Gordon Lill, has turned an oceanographer’s 
dream into reality, and it is generally admitted now 
that drilling through the sea-floor is one of the most 
promising advances in the Earth sciences. Not only 
will the primary object of sampling the mantle help 
those who investigate the interior of the Earth, but 
also the incidental probing of the sea-bed sedimenta 
will provide new thought and fact for the geologist. 

Dr. Bascom is the director of the National Academy 
of Sciences Project Mohole, and his drive and initia- 
tive in overcoming the many difficulties inherent in 
this work are reflected in this entertaining account 
of the whys and hows of the problem. The trials off 
the Island of Guadalupe last year, when it was 
demonstrated that a hole could be drilled from an 
unanchored floating ship in two miles of water, have 
paved the way for the full-scale attack on the mantle. 
The techniques that were employed, and the methods 
by which the Mohole itself will be drilled are clearly 
described. When it is remembered that even the 
preliminary experiments resulted in an increase in the 
maximum length of sea-bed core of from about 60 ft. 
to 600 ft., the magnitude of the operation can be 
This excellent book provides the answers to those 
who wonder why oceanographers need to drill through 
the Earth’s crust. The chapters on how our present 
store of knowledge of the sea-floor has been gathered 
are & most useful introduction to geophysics and 
physical oceanography, and the fascinating collection 
of sometimes far-fetched ideas about the inside of 
the Earth are a delight to read. For the cynical, there 
is some good advice on how to organize a large pro- 
ject, in face of normal conservative scepticism. 

The tenders for the complete work are now with the 
National Science Foundation. When the contract 
has been awarded there will be more news of the 


much more interesting if they are read against the 
background of Dr. Bascom’s book. 
T. F. Gasrern. 
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VOLCANIC ACTIVITY ON TRISTAN DA CUNHA ON DECEMBER [6-17 


By Dr. P. G. HARRIS 


Department of Geology, University of 
Leeds 


Introduction 


RISTAN DA CUNHA is the largest of a group of 

three islands (12° 15’ W., 37° 5’ S.) in the South 
Atlantic (Fig. 1). Along with the islands of the 
Azores, St. Paul’s Rocks, Ascension, St. Helena, 
Gough and Bouvet, it lies on the flank of the mid- 
Atlantic Ridge. The geology has been described by 
Dunne’. The island consists of an extinct volcanic 
cone 6,760 ft. high, surrounded by 2,000-ft. cliffs, 
with low, fringing coastal strips in some places. The 
settlement is on such a strip on the north side of the 
island. The present volcanic activity began about 
300 yards east of the settlement, at the back of the 
coastal strip, beneath a 2,000-ft. cliff. 

On behalf of the Royal Society and through the 
co-operation of the Royal Navy, we were taken by 
H. M.S. Jaguar to Tristan da Cunha, arriving off the 
island just before dawn, at about 6 a.m. on December 
16. Although the ship waited until 11 a.m. the next 
day for suitable conditions, a landing could not be 
made because of the weather. However, the new 
lava field and the volcanic cone were inspected 
through binoculars from the ship, and at close 
quarters from one of the ship's boats. 


Earlier Phases of the Eruption 


Although the island is entirely voleanic in origin 
and has been only slightly modified by erosion, there 
is no sign of very recent activity. 
Even the perfectly preserved 
secondary cones are completely 
covered with vegetation. 

According to the eye-witness 
account ef the island’s admini- 
strator, Mr. P. Wheeler (from a 
recorded interview made at the 
Geological Survey and Museum, 
London), a series of localized earth 
tremors started on about August 
6, 1961, culminating on October 
9-10 with the updoming or extru- 
sion of a plug of solid rock, red 
hot beneath the surface. The 
plug formed on the site of the 
Diamond Beacon (Admiralty 
Chart No. 1769), 300 yards east 
of the settlement and 300 yards 
south and inland from Big Beach. 
The plug was about 100 ft. high 
within 24 hr. 

On the visit of H.M.S. Leopard, 
4 days later, the plug was 240 ft. 
high and from the photographs 
taken then appeared to be a 
typical tholoid. Photographs 
taken by Mr. M. T. Scott, master 
of M.V. Tristania, on October 20, 
showed the tholoid to be about 
300-400 ft. high, with its north- 
eastern flank immediately above 


Fig. 1. 
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Tristan da Cunha, 
under the direction of Commander D. T. — 


Dr. R. W. LE MAITRE 


Department of Mineralogy, British Museum 
(Natural History), London, S.W.7 


Big Beach canning factory. By October 27 the 
factory had disappeared beneath a mass of lava in 
Quest Bay. 

On December 6 the master of the S.S. Ashbank 
reported that the voleano was erupting violently, 
that lava was visible from 20 miles at night, and 
that a second crater had formed. 


State of Volcanic Activity on December 16-17 


The original plug or tholoid against the cliff 
behind Quest Bay had now been breached on the 
seaward side, presumably by collapse. Within the 
small U-shaped caldera formed was a small cone of 
about the same height, from the summit of which 
a stream of lava ran seawards across an area of light- 
grey blocky debris. At about the original shoreline 
the lava stream appeared to turn west, but its 
continuation and ultimate end were not visible from 
the sea. 

The highest point of the voleano, the western side 
of the caldera wall, was calculated by Lieutenant T. P. 
Havers, the navigating officer of H.M.S. Jaguar, 
to be 480 ft. above sea-level. The summit of the cone 
was about 20 ft. lower. The height above the previous 
ground-level would have been about 400 ft. The 
height of the cone within the caldera was 50-60 ft. 

The cone continuously emitted a whitish smoke 
from its summit and flanks. Every few minutes it 


10 cables or 
l sea mile 
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Official Admiralty Sketch from Chart No. 1769 


survey by Lieutenant T. P. Havers, R.N., 
ugh, R.N., H.M.S. Jaguar, December 16, 
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puffed forth a cloud of white smoke, accompanied 
often by an audible bang, and blocks or bombs were 
thrown 100 ft. into the air. The paroxysms were 
accompanied also by the emission of red flames or 
liquid 10 ft. or more above the summit. At night, the 
summit glowed red intermittently and was visible 
from as far as 26 miles, with the aid of binoculars. 

Behind the cone was a second hidden vent, situated 
either in the southern lip of the caldera or between 
this and the cliff. This vent also belched forth 
mushroom-shaped clouds of smoke, but of a yellowish- 
grey colour. These outbursts were larger than those 
from the cone, but did not seem to be accompanied 
by the ejection of flames or of blocks and bombs. 
The two vents appeared to be about 100 yards apart. 
Although their outbursts were about equally frequent, 
they did not appear to be connected in any way. 

The surrounding walls of the caldera, which were 
presumably part of the plug or tholoid first extruded, 
were quite distinct in appearance from the cone. 
Whereas the cone was dark grey in colour, the sur- 
rounding walls were of a very light-grey rock which 
appeared to dip outwards. Some very slight emission 
of steam or smoke from the outer slopes of the volcano 
was seen, 

The lava flow running seawards from the central 
cone was dark grey, but was reported by one of the 
ship's officers to glow at night during a period of 
heightened activity. Although movement of the 
surface of the flow could not be seen definitely there 
was an impression that the lava was moving and not 
completely solidified, since a couple of surface blocks 
appeared to move downhill before disappearing, 
while the ship’s captain observed that red cracks 
appeared to open and close in its surface, which was 
corrugated at right angles to the direction of the flow. 


The lava fleld e 


xtending into the sea 


The lava field in front of the voleano extended up 
to 400 yards beyond the original coastline over a 
front of about 1,000 yards. The eastern two-thirds 
of the field was up to 15 ft. above the sea at its margin 
and consisted of greyish-brown lava. It was in large, 
irregular blocks up to several feet across. It steamed 
gently at some places at the contact with the water. 
The western third of the field within the sea, which 
extended westwards beyond Julia Point across Little 
Beach was of a darker material apparently similar 
to that of the cone. It was much lower, being only 
1 ft. or so above sea-level, was in much smaller, more 
jagged fragments and was steaming violently. 
During the night its western margin appeared to 
advance about 20 yards and next morning it was 
steaming much more vigorously than the previous 
day. 

Both eastern and western margins had advanced 
into about 9 fathoms of water and appeared to have 
almost vertical fronts. Advance of the lava front 
appeared to be by internal flow, carrying the solid 
top and front along bodily. 

Near the western margin, the sea was distinctly 
warm (about 80° F., that is some 20° F. above the 
normal sea temperature) and slightly discoloured. 
At 10 yards distance in a boat, the radiation of heat 
was distinctly apparent while even the cooler eastern 
portion had a heat haze over it. 

From our observations, and a study of previous 
photographs, it seems that the eruption consisted 
initially of the extrusion of a plug or tholoid. The 
northern side of this then expanded outwards towards 
the sea and afterwards collapsed and was overrun 
by lava from the centre of the tholoid. The lava 
built up a cone in the centre of the collapsed area, 
as well as a lava field extending into the sea. The 
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lava appears to have changed in appearance with 
successive stages of extrusion and of flow. 


No other activity was seen on the island. 

Under the auspices of the Royal Society, an expedi- 
tion is making a detailed geological study of the island 
during February-March 1962, and it is hoped that 
details of the eruptive history will be published later. 

We are indebted to the Royal Society and to the 
Research Institute of African Geology, University of 
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Leeds, for financing our visit, and to the Board of 
Admiralty for providing to Tristan da 
Cunha, and in particular, to the captain of H. M. 8. 
Jaguar, Commander D. T. Goodhugh, R.N., his 
officers and men for their very generous advice, help 
and hospitality. 


4 Dunne, J. O., Voloa of the Tristan da Ounka Group. Results of 
the Norwegian S Expedition to Tristan da Cunha, 1087-88, 
1, Det Norske Videns. Akad. Oslo (1946). 
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THE UPPER MANTLE PROJECT 


By Pror. G. D. GARLAND 
Department of Physics, Univarsity of Alberta, Edmonton, Alberta 


VER the past fifty years a growing body of 

observations on the physics of the Harth’s 
interior has shown that the Earth can be divided into 
three main regions. A central liquid core is sur- 
rounded by a solid mantle, which is overlain by a 
thin outer crust. The core has a radius of 3,500 km., 
just more than one-half the Earth’s radius, and the 
outer crust varies in thickness up to about 50 km. 
By volume, therefore, the mantle forms more than 
80 per cent of the Earth, and it has a great influence 
on life on this planet. Because the crust is relatively 
eo thin its deformations are controlled almost entirely 
by the dynamic processes at work in the mantle. 
These deformations lead to earthquakes and vulcan- 
ism, and eventually to mountain building; they may 
result in the displacement of entire continents, with 
accompanying drastic changes in climate. At the 
game time, it is probably as a result of these processes 
in the mantle that concentrations of minerals useful 
to man have been formed in the Earth’s crust. In 
fact, one could say that since man lives on thin 
continental rafta formed out of material from the 
mantle, and is at the mercy of forces acting in the 
mantle, it is entirely reasonable that he should 
attempt to find out more about this part of the 
Earth. 

While the mantle is solid, it has physical and 
chemical properties which differ from those of the 
average material of the crust. There is a discontinu- 
ity in density and hence elastic wave velocity at the 
base of the crust, and the view is generally held that 
there is a change in chemical composition also. A 
material with a composition similar to the mineral 
olivine, an iron—magnesium silicate, would have the 
` correct physical properties, but the possibility that 
the upper mantle consists of a high-pressure phase 
of the aluminium-rich silicates of the crust cannot be 
ruled out. Because it has not yet been reached by 
drilling anywhere on Earth, studies of it must be 
carried out by the more indirect methods of geo- 
physics. Many of these methods have undergone 
great improvement in the past few years, and in 
1960 the International Union of Geodesy and Geophy-~- 
gics considered that the time was appropriate for a 
concerted international study of the Earth’s interior. 
At its General Assembly in Helsinki that year, the 
Union passed a resolution establishing a research 
programme known as the Upper Mantle Project, to 
extend from January 1, 1962, to December 31, 1964. 
The programme was to emphasize not only the study 
of the upper mantle (the portion above a depth of 
1,000 km.) but also ite “influence on the development 
of the Earth’s crust”. A committees of the Union, 


under Prof. V. V. Beloussov of the U.S.S.R., was 
appointed to organize the project. 

It may- seem that a new international 
geophysical project should be proposed such a short 
time after the International Geophysical Year of 
1957-58. But the emphasis during the Year was , 
very definitely on the outer envelopes of the Earth, 
from the ocean bottom outward. The International 
Geophysical Year did, however, show the tremendous 
advantage of international co-operation in the study 
of the Earth, and it did lead to the improvement of 
many physical tools that could be used for the study 
of the deep interior. It is probable that the general 
organization of the International Geophysical Year 
will be followed during the Upper Mantle Project. 
That is, member nations of the International Union 
of Geodesy and Geophysics will propose and carry 
out their own programmes of research, along the lines 
proposed by the Union’s committee. ` Efforts will 
be made to have prompt interchange of the : 
information obtained, so that broad interpretations 
for the Earth as a whole will be possible. For 
certain specific investigations, co-ordination would ` 
be required st the stage of making the observa- 
tions. 

The Upper Mantle Committee has summarized the , 
methods which are available for gainmg information 
on the Earth’s interior. Drilling to the base of the 
erust is obviously the most direct approach, but over 
most of the land area of the Earth this does not 
appear to be possible at present. The base of the 
crust, known as the Mohorovičić discontinuity after 
its discoverer, is at a depth which averages about 
35 km. beneath the continents. Temperature within 
the crust increases at about 30 deg. C./km. of depth, so 
that temperatures above 1,000° C. probably exist at 
the Mohorovitié discontinuity beneath land areas. 
Beneath the deep oceans, the crust is thinnest, and 
the mantle might be reached by drilling through as 
little as 6 km. of sub-oceanic basalt, provided, of 
course, that deep drilling can be arranged from 
anchored barges. A programme of ‘the United 
States, known as Project Mohole, to attempt such 
drilling in the Pacific Ocean, waa started before the 
Upper Mantle Project was proposed (see Nature, 184, 
140; 1959, and p. 718 of this issue). Presumably this 
project will be expanded, and deep holes will be 
attempted elsewhere. These holes will not only yield 
samples of mantle material, but will also provide 
access for measurements of temperature, radioactivity 
and other quantities through the Earth’s crust. 

Most nations, however, will not be in a position 
to undertake such costly investigations as drilling to 
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the Mohorovitié discontinuity. A great deal remains 
to be done in the seismological study of the upper 
mantle. Measurements of the arrival times of elastic 
waves from earthquakes and large explosions provide 
information on the thickness of the crust, and also 
on the velocity of these waves through the sub- 
crustal material. It has been known for some time 
that the velocity of longitudinal waves through the 
upper mantle is about 8 km./sec. almost everywhere 
it has been measured, but recently small regional 
variations have been detected. There is great 
interest at present in the question of whether the 
mantle beneath contments and oceans is identical. 
If the continents were formed by the collection at 
the surface of lighter material from the interior, 
the mantle beneath them might be expected to differ 
from the sub-coceanic mantle. Prof. Beloussov has 
made the suggestion that various nations concentrate 
seismological investigations along a few profiles 
extending completely around the Earth, yielding 
cross-sections of both continents and oceans along 
these lines. A recent development has been the 
study of the dispersion curves of seismic surface 
. waves which have traversed different paths, as these 
curves are very sensitive to small differences in mantle 
velocities. This technique will form an important 
tool for the Upper Mantle Project, as will the study of 
the mechanism of earthquakes. A knowledge of the 
stress system responsible for an earthquake can be 
obtained from an analysis of the direction of the first 
motion in waves arriving at a number of distant 
stations. 

The influence of the upper mantle on the develop- 
ment of the features of the crust is dependent on the 
type of process operating in the mantle. Mountain 
ranges are evidence of past activity in the Earth, 
and earthquakes and volcanoes are proof that the 
mantle is still active, but the dominant process at 
work is not yet known. It may be cooling due to 
flow of heat from the interior, or it may be heating by 
radioactivity. The material of the mantle may be 
undergoing convection in large cells, which exert 
forces at the bases of the continents. The best hope 
for establishing which of these is most important 
appears to lie in a better knowledge of the tempera- 
ture distribution in the mantle, and in the rate of 
heat-flow to the surface. Heat-flow measurements on 
both land and the sea-floor will form an important 
part of the project. Temperatures at depths below 
the deepest drill holes cannot be measured directly, 
but it is probable that they can be inferred from the 
electrical conductivity. The material of the mantle 
has the properties of a semi-conductor, in which 
electrical conductivity increases with temperature. 
The conductivity, in turn, can be determined as a 
function of depth by analysing the pattern, at the 
Earth’s surface, of geomagnetic variations of different 
periods. There are two known areas of the Earth 
which have abnormally high electrical conductivity 
in the upper mantle, and these are believed to 
represent regions of locally increased temperature. 
Possibly similar conditions remain to be discovered 
elsewhere. Similarly, a more detailed examination 
of the Earth’s gravitational field may show small 
anomalies produced by broad-scale density differences 
in the mantle, which it may be possible to relate 
to temperature differences. 

A great many geophysical approaches will be used 
in the Upper Mantle Project, but there will be a need 
for close co-operation with geologists and geochemists 
also. As more information on the state of the mantle 
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becomes available, it will be possible to re-mterpret 
direct geological observations on structures at the 
Earth’s surface m terms of the mechanism by which 
they were formed. Some rocks at the surface, notably 
those containing a large proportion of the mineral 
olivine, may actually represent bodies of mantle 
material which have penetrated the crust, and the 
study of the structure in the vicinity of such bodies 
will be important. 

While many national committees of geophysics are 
at present drawing up programmes of research, the 
Canadian programme, recently announced, appears 
to be one of the first to win Government support. 
Research in connexion with the Upper Mantle Project 
will be carried out by the Department of Mines and. 
Technical Surveys, and by universities under National 
Research Council support, with total ditures over 
the three-year period exceeding three million dollars. 
One of the important phases of the Government 
programme will be the accelerated completion of a 
network: of seismograph stations, at mtervals of 500 
miles, extendmg over the whole of Canada, including 
the Arctic. All these stations will be equipped with 
instruments of similar characteristics, capable of 
recording waves over a wide spectrum of periods. 
At each of these stations holes will be drilled to 
depths of about 1,000 ft., specifically for temperature 
gradient and heat-flow determinations. Government 
and university groups will co-operate in seismological 
studies of the crust and mantle using large explosions, 
and the — for the study of the mechanisms 
of earthquakes, already in progress at the Dominion 
Observatory, -will be increased. 

‘There is ın Canada a number of bodies of olivine- 
rich rocks, which may represent mantle material. 
These will be studied in detail by the Geological 
Survey, using a varioty of methods, including gravity 
measurements and drilling to 10,000 ft., to determine 
if there is a connexion between them and the base of 
the crust. As much of Canada is underlain by rocks 
of the Precambrian Shield, which may be thought 
of as typical of the Earth’s crust beneath the 
sedimentary layers, a programme of sampling for 
chemical analysis will be carried out, to provide 
better information of the mean composition of the 
crust. 

Both the Dominion Observatory and a number 
of university groups will make use of natural 
variations in the magnetic field to look for areas of 
anomalous electrical conductivity in the mantle. 
These measurements will involve recording, with 
portable equipment, the geomagnetic variations and 
also Earth currents in the period range from less than 
one second to several minutes. Areas of unusually 
high conductivity may be indicated by local variations 
in the amplitude of the magnetic field variations, and 
also by the relation between electric and magnetic 
fields. In order to interpret the electrical conductivity 
in terms of temperature, a better knowledge is 
required of the semi-conductor properties of the 
mantle, and further work on the electrical properties 
of olivine at increased ‘temperatures and pressures is 
planned. 

An important phase of the Canadian programme 
will deal with isotopic measurements on samples 
containing elements such as lead and strontium 
which have at least one radiogenic isotope. There is 
convincing evidence that the isotopic ratios of such 
elements may be quite different ın the mantle and in 
the crust, since the concentrations of the radioactive 
parents may be very different in the two regions. 
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Studies of material from ore bodies could be expected 
to show whether the ore material was emplaced 
directly from the mantle, or whether it representa a 
concentration of minerals from the crust. The 
results of such a study could be of considerable 
assistance in prospecting, since the type of structural 
condition favourable for emplacement of the ore 
would be different in the two cases. 


SPACE ASTRONOMY 


MEETING of the Royal Astronomical Society 

on December 8, 1961, was devoted to a considera- 
tion of satellite and space probe astronomy, and 
especially to current British work and plans in this 
field. The president, Prof. W. H. McCrea, directed 
attention to the remarkably small fraction of the 
electromagnetic spectrum to which our atmosphere is 
transparent. Referring to the very signi t un- 
anticipated discoveries of radio astronomy he sug- 
gested that it would be surprising if the huge increase 
in available spectrum made possible by rocket tech- 
nique did not lead to a similar further increase in 
information about our universe. 

Speaking on the general subject of British and 
European plans Sir Harrie Massey reviewed briefly 
the progress of the research with vertical rockets 
carried on at Woomera under the auspices of the 
Royal Society and with the assistance of the Royal 
Aircraft Establishment and the Australian Weapons 
Research Establishment. Since the first moves 
towards British facilities for rocket experiments im 
1953, work in many fields had been carried out using 
Skylark rockets. Experiments reported on later in 
the meeting included the measurement of ultra-violet 
and X-ray fluxes from the Sun and « general survey 
of the southern sky in ultra-violet light. More 
recently, acceptance of the U.S. National Academy 
of Sciences’ offer to provide for the launching of 
British instrumente into orbit bad led to the inclusion 
of experiments on solar ultra-violet and X-radiation 
in the first co-operative satellite and of experiments 
on the cosmic radio flux and on micrometeorites in the 
second satellite. This valuable co-operation with the 
United States was expected to continue. 

ing to the matter of European co-operation, 
Sir Harrie outlined the proposals of the preparatory 
commission for the European Space Research Organ- 
ization (E.S.R.O., a purely scientific organization, is 
to be distinguished clearly from E.L.D.O., the 
launching vehicle development organization). Whils 
Government signatures to the convention had yet to 
be obtained, twelve countries had so far shown their 
interest by applying to join the preparatory com- 
mission. 

Among the projects proposed by the preparatory 
commission were the i te establishment of a 
sounding rocket rdnge at Kiruna in the auroral 
zone in northern Sweden, primarily for geophysical 
studies but of value also for rocket-astronomy; the 
launching of small satellite pay loads of the kind at 
present boosted by such American vehicles as Scout 
and Thor; and in perhaps six years time the establish- 
ment in orbit of highly stabilized astronomical 
observatories weighing several thousands of pounds. 
These observatories would, of course, be automatic 
and radio controlled. E.S.R.O. is making no pro- 
vigion for men in space. The final phase of the initial 


programme put forward by the preparatory com- 
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Preliminary resulte of the Upper Mantle Project 
will be discussed by geophysicists at the next general 
assembly of the International Union of Geodesy and 
Geophysics, to be held in Berkeley, California, in 
1963. As in the case of the International Geophysical 
Year, however, the full significance of the observa- 
tions will probably not be realized until some time 
after the Project is over. 


IN GREAT BRITAIN 


mission provided for the establishment of automatic 
observatories in orbit around the Moon both for the 
purpose of lunar studies and to provide an anchored 
space station for solar and terrestrial work. 

While it was recognized that in some of the E.8.R.0. 
work the Americans would undoubtedly be in the 
field first, Sir Harrie pointed out that the construction 
of the Palomar instrument had not rendered all other 
observatories obsolescent. 

Rocket facilities available in Great Britain and the 
Commonwealth were discussed by Mr. S. F. Follett, 
deputy director of the Royal Aircraft Establishment. 
The range at Woomera was very extensive and well 
equipped for tracking, data acquisition and interpre- 
tation. The first Skylark had been fired there on 
February 13, 1957, and to date 46 had been fired. 
The boosted version can carry 150 Ib. to about 
300 km. In September 1958 the first liquid-fuelled 
Black Knight was fired, and since then the eleven other 
firings had achieved almost complete success. Black 
Knight can carry 200 Ib. to 800 km. The intermediate 
range ballistic missile booster Blue Streak was to be 
the first stage of the satellite booster to be developed 
by E.L.D.0. While it was proposed ultimately to 
make use of liquid hydrogen motors in the upper 
stages, without such a facility the potentialities of 
the E.L.D.O. launcher was given as—2,000 lb. into 
a 300 n. mile circular orbit, 500 Ib. into a 500 n. mile 
circular orbit, 900 Ib. into an orbit with 300 n. mile 
perigee and 7,000 n. mile apogee, 300 Ib. into an 
orbit with 300 n. mile perigee and 100,000 mile apogee. 

Mr. Follet discussed the various basic types of large 
satellite payloads—astronomical, geophysical, com- 
munication, ete. and the problems of thermal 
balance, stabilization and moving parts. He showed 
models of an astronomical satellite observatory based 
on the proposals of the solar and stellar astronomy 
working group of the British National Committee 
for Space Research, and also of an active communica- 
tion satellite passively stabilized in geophysical axes 
by tidal forces. Stability was obtained by distribut- 
ing the vehicle’s components in a crossed dumb- ‘bell 
atrangement. 

The work of the Space Research Group at Univer- 
sity College, London, in the field of stellar ultra-violet 
astronomy was described by Dr. D. W. O. Heddle. 
Two systems were being used, namely, wide-angle 
photography from a rather poorly stabilized Skylark 
nose cone and photo-electric photometry from an 
unstabilized Skylark. The photography made use 
of a silica anastigmat without chromatic correction. 
The system imaged at about 1700 A. and the image 
halo contained information about the spectral slope. 
Instrumentation had operated correctly on the one 
firing to date, but a vehicle malfunction had resulted 
in no stabilization and so there were no data. A 
further firing using the recovered lens and recondi- 
tioned Vinten. camera was scheduled. 
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The only firing of the wide-band photometry system 
to date, in May 1961, had, in fact, provided the first 
survey ever obtained of the yltra-violet radiation 
from the southern sky. While the sensitivity and 
aspect data were not as good as would have been 
wished, the experiments sugured well for Dr. Heddle’s 
more ambitious instrumentation in forthcoming 
firings. Objects observed, most of them several times 
during the flight, included about half a dozen early 
type stars and the Moon. 

Dr. R. Wilson of the Controlled Thermonuclear 
Reaction Group at the Atomic Energy Research Es- 
tablishment described his Establishment’s interest in 
plasmas in which radiative, hydrostatic and thermo- 
dynamic equilibria were absent. Such a plasma is 
to be found in the solar corona. Dr. Wilson plans to 
fly a grating spectrograph on a jet-stabilized Skylark 
instrument bay. The addition of further fine stabiliza- 
tion will enable spectra to be obtained at the limb 
of the Sun so that the solar altitude of the emitting 
region may be known. It is proposed to obtain and 
seek to interpret the spectral line intensities and 
ultimately to obtain the energy spectrum of the 
ions in terms of their charge and mass. 

Astronomy of the Moon and planets from space 
vehicles was discussed by Prof. Z. Kopal. Since these 
bodies are cold, most of their radiation is in the 
infra-red region of the spectrum, though it should 
not be overlooked that significant bremsstrahlung may 
be expected from the impact of the solar wind. In 
the wave-length range of primary interest 1-1,000u 
gome use can be made of balloon-borne instrumente, 
since water vapour, not ozone as in the ultra-violet 
case, is the principal absorber. 

Among the many important observations to make 
from a lunar satellite would be the phosphorescence 
of the far side in the wave-length range 1-l0u while 
the source is shielded from both Sun and Earth 
shine. To be ready for the facilities becoming avail- 
able infra-red instrumentation should be developed 
and tested out in those branches of the work which 
can make use of balloon vehicles. The penetration 
of the clouds of Venus and the determination of the 
temperature of its surface is another urgent applica- 
tion for infra-red techniques. 

Closing his address with some magnificent pictures 
illustrating American lunar and planetary projects, 
Prof. Kopal emphasized that the proposed E.S.R.O. 
programme is not in competition with the work in 
the United States but is complementary to it, as the 
American scientific work is aimed primarily at landing 
instruments on the surface rather than orbiting. 

Solar ultra-violet and X-ray astronomy at Univer- 
sity College, London, and the University of Leicester, 
was described by Dr. R. L. F. Boyd. This work had 
grown out of the realization that observations of the 
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solar behaviour should be made at the same time as 
ionospheric studies were conducted, if the full value 
of the latter for the understanding of solar-terrestrial 
relations was to be obtained. Successful rocket 
flights had been made with photographic emulsion 
detectors for X-radiation. These very robust instru- 
ments made a trivial demand on payload capacity 
and enabled the flux and spectral slope to be found. 
Proportional counters and kicksorters had also been 
flown successfully to obtain the same information, 
and a satellite version of the experiment was included 
m. the first Anglo-American satellite. 

Similarly successful flights of ionization chambers, 
sensitive to the H Lyman-alpha radiation, had been 
carried out and this instrumentation was also included 
in the satellite, so that a monitor of both the solar 
chromospheric and coronal behaviour would be kept 
while the ionospheric experiments would monitor the 
density, temperature and constitution of the #-layer 
ionization. 

With reference to the future, Dr. Boyd also 
described their work in progress to obtain X-ray 
spectroheliograms using grazing incidence optics and 
the grazing incidence grating monochromator pro- 
posed for monitoring the He Lyman-alpha radiation 
as part of the payload of an ionospheric satellite. 

Dr. H. E. Butler, who is chairman of the working 
group responsible for the scientific requirement which 
formed the basis of the Royal Aircraft Establishment’s 
design study of an astronomical satellite, reviewed 
some of the factors mfluencing the requirements and 
the design. He emphasized the need for stabilization 
so as to obtain fairly detailed spectra and also the 
importance of research on image storage tubes so 
as not to waste either telemetry band-width or 
observation time. He was at pams to direct the 
attention of his fellow astronomers to the complexity 
of the field and the need to start early both in gaining 
experience with rocket payloads and in initiating 
back-up technological research. 

In the final contribution Dr. Graham Smith con- 
sidered the value of space vehicles for radioastronomy. 
It was, he thought, less significant than for optical 
astronomy, partly because of the more extensive 
atmospheric window and partly because apart from 
the hydrogen line the spectrum was expected to be 
continuous. One important problem, being tackled 
by Dr. Graham Smith, in the second Anglo-American 
satellite was the expected fall-off in radiation from 
the galactic halo at lower frequencies. Terrestrial 
measurements had not revealed such a fall-off and 
it was necessary to observe from well above the F- 
layer Maximum in order to extend the spectrum to 
lower frequencies. The character of the intensity 
curve may be related to the energies of the particles 
in the halo. R. L. F. Boyp 


PUBLICATION OF PROCEEDINGS OF CONFERENCES AND SYMPOSIA 
By Sr LINDOR BROWN, C.B.E., Sec.R.S. 


Chairman, The Royal Society’s Committee on Scientific Information 


CIENTIFIC documentation and the storage and 
retrieval of the increasing volume of information 
have become major problems. Any steps that can be 
taken to reduce this volume without affecting the 
progress of science deserve immediate consideration. 
One possibility arises from the recent increase in 


the publication of proceedings of symposia, both 
national and international. 

Symposia have increased ut both number and size. 
This is not surprising in view of the rapid growth of 
science, with the need for quick exchange of ideas 
and information, particularly between workers in 
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different fields which border on each other. There 
is, however, evidence that in many instances the 
publication tn extenso of papers delivered at symposia 
is leading to repeated publication of the same material, 
When, moreover, complete publication of a sym- 
posium is achieved only 1-2 years after the event, it 
becomes doubtful whether much of the material is 
still of value. There appears to be a growing impres- 
sion that attendance at a symposium should imply 
the dehvery of a paper which will be published, and 
indeed this 1s sometimes made the criterion whereby 
some organizations permit the attendance of their 
representatives: this is undesirable. 

It is inevitable that the frequency of symposia and 
the numbers attending them should increase, and it 
is certainly desirable that younger workers should be 
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The Rockefeller Institute : Lord Adrian a Trustee 

Lornp ApRIAN, Master of Trinity College, Cam- 
bridge, and past president of the Royal Society, has 
been elected a trustee of the Rockefeller Institute, 
New York. The election of a foreign scholar to the 
governing board of a university in the United States 
is unusual, if not without precedent. This action was 
taken in recognition of the growing international 
character of institutions of higher learnmg and 
especially the Rockefeller Institute which is devoted 
entirely to graduate education. Lord Adrian is a 
Nobel Laureate in Medicine (1932). He was vice- 
chancellor of the University of Cambridge from 
1957—59, and is at present chancellor of the University 
of Leicester. He was president of the British Associa- 
tion for the Advancement of Science in 1954, and is 
now president of the Royal Society of Medicine. 
More than half the trustees of the Rockefeller 
Institute are actively engaged in academic or scien- 
tific pursuits, the rest being men of affars. The 
president of the Institute is Dr. Detlev W. Bronk, and 
the chairman of the Board of Trustees is Mr. David 
Rockefeller. 


Biology at the California Institute of Technology : 
Prof. R. C. Owen 


Dr. Ray ©. OwEN, geneticist and immunologist, 
has been appointed chairman of the Biology Division 
of the California Institute of Technology. Prof. Owen, 
who is widely known for his research in the fields of 
tissue transplantation and inherited blood groups, 
has served as acting chairman since Prof. George W. 
Beadle resigned a year ago to become chancellor and 
then president of the University of Chicago. Prof. 
Owen’s appointment continues the strong genetics 
tradition in the Biology Division of the Institute. Its 
first chairman, Prof. T. H. Morgan, and Prof. Beadle, 
who succeeded him in 1946, were both awarded a 
Nobel Prize for their work m genetics. Prof. Owen 
is president of the Genetics Society of America. He is 
also chairman of the Genetics Study Section of the 
National Institutes of Health, and with Prof. Adrian 
Srb, of Cornell University, is co-author of the text- 
book, General Genetics. He has published some sixty 
papers on his work. 


Mechanical Engineering at Manchester: 
Prof. R. S. Benson 


THE Councils of the University and the Manchester 
College of Science and Technology have appointed 
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able to attend symposia; but there is no reason why 
discussions should always be published in full. There 
is much to be said for the printing of special, invited 
papers and critical reviews given by experts, for 
reviews are of great value to other workers in the 
particular field and to those who need a general 
appreciation of developments. Publication of other 
matter that could better appear in an ordinary 
journal after proper editing is to be deprecated, since 
it leads to duplication of publication, to the making 
of statements often unsupported by proof and to 
preliminary announcements that afterwards prove to 
be wrong. It ıs suggested that encouragement 
should be given to an increased number of symposia 
at which there is no obligation on participants to 
publish their observations in a special volume. 


d VIEWS 


Dr. R. 8. Benson to a new chair in mechanical 
engineering in the Faculty of Technology. Dr. Benson 
began his engmeering studies on a part-time basis at 
the Liverpool Technical College and afterwards at 
the Northampton Polytechnic, where he was awarded 
a first-class honours B.Sc.(Eng.) degree of the 
University of London in 1953. In 1954 he qualified 
for the degree of M.Sc.(London) and in 1959 for the 
Ph.D. of the University of Liverpool. Concurrently 
with his part-time studies, Dr. Benson completed a 
five-year apprenticeship with Messrs. Cammell Laird 
and Co., Ltd., and successively became a junior 
engineer with Messrs. Sulzer Bros., of London, and a 
marine research engineer with the British Ship- 
buildmg Research Association. He was appointed 
lecturer in mechanical engineering in the University 
of Liverpool in 1953 and senior lecturer in 1959. He 
spent the academic year 1960-61 as visiting associate 
professor in the Massachusetts Institute of Tech- 
nology, and was appointed reader in mechanical 
engineering in the University of Liverpool in 1961. 
Dr. Benson has investigated the scavenging of two- 
stroke cycle engines. He is at present working in the 
field of unsteady-flow gas dynamics. He was awarded 
the Thomas Lowe Gray Prize of the Institute of 
Mechanical Engineers in 1960 and 1961, and the 
Clayton Award in 1960. 


U.S. National Bureau of Standards: 
Mr. T. G. Digges 


Mr. Tuomas G. Drees, an authority on the heat 
treatment and properties of steels, has retired as 
assistant chief, Metallurgy Division, and chief, 
Thermal Metallurgy Section, of the National Bureau 
of Standards, U.S. Department of Commerce. During 
the forty-one years at the Bureau, Mr. Digges directed 
and performed research in physical metallurgy on 
problems related to the flow, fracture and ductility 
of metals and alloys; the influence of temperature 
on their properties, and their transformations when 
heated and cooled. He also established procedures 
for evaluating the machinability of steels and studied 
experimental high-speed steels. His investigations of 
hardenability made substantial contributions to an 
understanding of that phenomenon. During the 
Second World War he made an exhaustive study 
of the effects of boron in steels. He was awarded 
both the Department of Commerce Exceptional 
Service and Meritorious Service Medals, and the 
American Society for Metals Gold Medal for service 
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as a national trustee. In 1959 he received the firat 
Burgess Memorial Award of the Washington Chapter, 
American Society for Metals. 


B.B.C. Engineering Division : 
Mr. T. H. Bridgewater 


Mr. T. H. BEDGEWATER has been appointed to 
the post of chief engineer (television), with effect 
from February 1, 1962. This is a new designation 
for the post of controller, Television Service Engin- 
eering. He succeeds Mr. M. J. L. Pulling, who has 
been appointed to the new post of assistant director 
of engineering (see Nature, 193, 18; 1962). Mr. 
Bridgewater, a Fellow of the Television Society, is 
fifty-three years of age and was educated at Cran- 
brook and the University of Toronto. He joined the 
_ B.B.C. in 1932 as an assistant maintenance engineer 
after working for four years on television develop- 
ment with J. L. Baird. When the B.B.C. Television 
Service was started in 1936, he was appointed a 
senior maintenance engineer at the Alexandra Palace 
Station. During the War, Mr. Bridgewater was 
engaged on radar work with the Royal Air Force 
and attained the rank of Squadron Leader. He 
returned to the B.B.C. in 1946 and became engineer- 
in-charge (television outside broadcasts) the same 
year. He was appointed superintendent engineer 
(television outside broadcasts) in 1952, and was 
redesignated superintendent engineer (television— 
regions and outside broadcasts) in 1959, from 
which post he has taken up his new appointment. 
As chief engineer (television) Mr. Bridgewater 
becomes responsible to the Assistant Director of 
Engineering and to the Director of Television Broad- 
casts for the technical aspects of all the B.B.C.'s 
television operations. 


Television and the British Broadcasting Corporation 


In a debate in the House of Commons on January 
30 on a motion to approve the Licence and Agreement 
of November 6, 1961, between the Postmaster- 
General and the British Broade Corporation, 
the Assistant Postmaster-General, Miss Mervyn Pike, 
explained that the resolution extended the Cor- 
poration’s Charter to July 29, 1964, the date of 
expiry of the Licence, which was also the date of 
expiry of the Television Act, 1954. Clause 27 of the 
current Licence, which disqualified members of the 
House or of the Senate or House of Commons of 
Northern Ireland from any benefit arising from the 
contract, is deleted in view of the House of Commons 
Disqualification Act, 1957. Miss Pike said that more 
than 600 papers had already been submitted to the 
Pilkington ` Committees, but debate on the issues 
before that Committee would be premature. In 
replying to the debate, which was notable for the 
strong support expressed for local broadcasting, Miss 
Pike insisted that a decision on line definition was 
easential before Britain entered into heavy capital 
investment in connexion with colour television. After 
referring to the changes in overseas broadcasting 
recently announced, Miss Pike referred to the Cor- 
poration’s plans to improve and extend both television 
and VECF-sound coverage by means of a programme 
of satellite stations, for which the Corporation’s 
engineers had designed equipment, known as a 
‘translator’, which picked up the vision and sound 
signals from an existing station and re-radiated them 
on another channel. The scheme provided for 27 
television stations and 21 three-programme VHF- 
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sound stations, and it was hoped that nearly all 
would be on the air by the end of 1963. 


New Trends for the British Broadcasting Corpora- 
tion 


Ix an address on public service broadcasting in 
Britain to the Canadian Cluh of Ottawa on November 
24, 1961, and now issued as newsletter No. 4, Decem- 
ber 1961, of the B.B.C. Record, Mr. H. Carleton 
Greene, director-general of the B.B.C., summarizes 
what the British Broadcasting Corporation hopes for 
from the Pilkington Report and subsequent Govern- 
ment decisions. First, support for the concept of 
public service broadcasting and of the B.B.C. as the 
national instrument of broadcasting for audiences at 
home and abroad. Secondly, a second B.B.C. tele- 
vision programme, so that, with two services planned 
jointly, the public can be offered a genuine choice of 
alternative programmes. Thirdly, a change in line 
standards from the present 405 lines to 625 lines to 
bring us into line with the rest of Europe. Fourthly, 
the development of colour television as soon as a 
decision has been made about line standards. The 
B.B.C. is planning experimental colour transmission 
on 625 lines to start in 1962. Fifthly, an extension 
of radio, which is undergoing a remarkable revival in 
public interest. The B.B.C. wishes to extend its 
existing network services, to add a fourth service in 
the form of local broadcasting in the main urban 
centres and in some rural areas where there is a 
genuine sense of community. Sixthly, an increase in 
the licence fee sufficient to permit the programme 
of development. A valuable national asset is worth 


paying for. 
British Overseas Information Services 


RerLYING for the Secretary for Technical Co- 
operation in the House of Commons on January 23, 
Mr. P. Thomas, joint Under-Secretary of State for 
Foreign Affaira, said that proposed expenditure on 
overseas information services for 1962-63 would be 
rather higher than m the current year, higher coste 
and expansion at home outweighing the savings of 
£600,000 overseas referred to on December 19. Some 
of the latter savings would be met by the British 
Council postponing contemplated expansion, but 
generally he hoped it would be possible to expand 
these services. Mr. Thomas also stated that, after 
consulting with the British Broadcasting Corpora- 
tion, the Government had now completed a compre- 
hensive review of external broadcasting and had 
worked out a long-term policy based on two funda- 
mental principles. First, Briteain’s effort should be 
concentrated on those areas where sound broad- 
casting is the most effective information medium and, 
secondly, that the broadcasts should be heard without 
difficulty even on the cheaper types of set. A major 
programme of building new transmitters had been 
approved which would cost more than £4:°5 million 
and make it much easier to hear the B.B.C. in areas 
where it is believed sound broadcasting is most 
valuable, particularly in Asia and Africa. The Cor- 
poration’s services in Russian, m Hausa, and in 
English for East Africa would be expanded and the 
Thai service resumed. Simultaneously, the Cor- 
poration would curtail its services to the United 
States and discontinue a small service for South 
Africa and use of a small transmitter in Western 
Germany. Further economies to help meet the cost 
of running the new transmitters were being discussed 
with the Corporation. 
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Commonwealth English Language 
Centre 


STATING in a written answer in the House of 
Commons on February 1 that the Government 
intended to publish the report of the Commonwealth 
Education Conference in New Delhi as a White Paper 
as soon as possible, the Minister of Education, Sir 
David Eccles, indicated that the Conference had 
decided that a Commonwealth English Language 
Information Centre should be established in London. 
This would be responsible for collecting and dis- 
seminating information and advice m the best means 
of teaching English as a second language. Useful 
surveys were made of the possibilities of further 
co-operation within the Commonwealth in social 
education, rural education and the production and 
distribution of text-books and other books. The 
Conference agreed that the Commonwealth Educa- 
tion Liaison Committee and Unit should be con- 
tinued and that they should develop their mformation 
functions for member Governments. The British 
delegation had offered to train and finance experts 
in teaching English who would be available to fill 
poste abroad and also to provide courses in the 
United Kingdom for training technical teachers, 
more particularly of technicians and craftsmen. 
Courses would also be provided in Britain for those 
concerned with the production of text-books. The 
offer by the Canadian Government to hold the next 
Conference in Canada, probably about the middle of 
1964, was warmly welcomed. 


Emp! Pn in Professions Supplementary to 
Icine 


H a debate in the House of Lords on January 24 
on shortages in professions supplementary to medi- 
cine, Baroness Summerskill directed attention to the 
grave shortage of qualified dietitians, occupational 
therapists, physiotherapists and radiographers in the 
National Health Service. Supported by Lord Geddes, 
Lord Taylor, Lord Abinger and Lord Stonham, she 
urged that, while there was no shortage of recruite, 
salaries and opportunities for promotion were too 
meagre to prevent a serious shortage, nor was there 
sufficient inducement for those who left the Service 
on marriage to return afterwards part time, and 
Lord Amulree suggested that the demand for such 
services was likely to increase. In replying for the 
Government, Lord Newton admitted this mcreasmg 
demand, and also pointed out that these services 
were staffed predominantly by women. As such, 
there was great competition outside the Service for 
young people possessing similar standards of back- 
ground, education, character and intelligence, and 
the position was also adversely affected by the 40 per 
cent increase in the university undergraduate popula- 
tion since 1953. Nevertheless, Lord Newton gave 
encouraging figures for increases in physiotherapists, 
radiographers, dietitians and occupational therapists 
since 1949 and for recent increases in students in 
training. Steps had been taken to improve recruit- 
ment by increased financial assistance to students, 
and more effective publicity and memoranda had 
been issued to hospital authorities advising them on 
the more effective use of dietitians, radiographers and 
physiotherapists. As regards salaries, Lord Newton 
promised to see that the question of income tax on 
married women's earnings received proper considera- 

tion and said that claims for radiographers and physio- 
therapists were at present under consideration by the 
appropriate Whitley Council. He denied that there 


information 


NATURE 


127 


had been a pay-pause for three years: present scales 
for physiotherapists, occupational therapists and 
radiographers became effective on January 1, 1961, 
and for dietitians on March 1, 1961, and none of the 
four representative bodies had proposed that the 
Whitley system should be abandoned. 


British Government Services In Medical Research 


Is a written answer to a question in the House of 
Commons on January 30 regarding the radiation 
processing plant on the Slough trading estate, the 
Parliamentary Secretary for Science, Mr. D. Freeth, 
stated that the plant would be used to sterilize 
packaged surgical and pharmaceutical materials to 
an exceptionally high standard and would incorporate, 
under licence, patents and other experience derived 
from the Atomic Energy Authority’s pioneer work at 
Wantage. The Factory and Radiochemical Inspec- 
torate had been consulted about the safety require- 
ments of the plant, which, when in operation, would 
be governed by the Ionizing Radiations (Sealed 
Sources) Regulations. The Minister for Science was 
satisfied that conformity with these Regulations and 
precautions would fully safeguard the public. In 
reply to a subsequent question re ing full-time 
medical research workers, Mr. Freeth stated that a 
survey of scientific manpower was now in progress 
which included an inquiry relating to manpower in 
medical research, including the National Health 
Service. On January 1, 1961, the Medical Research 
Council employed on full-time medical research 189 
qualified medical doctors, of whom 19 were engaged 
on cancer research, 1] on heart disease and 8 on 
tuberoulosis. They were supported by 2,221 other 
staff, including 600 scientifically qualified, 235 
technical officers, 771 technicians and 462 adminis- 
trative staff, but these figures by no means indicated 
the Council’s total effort in medical research. Medical 
research was also undertaken in institutions receiving 
block grants from the Council and by independent 
scientists who received research grants. 

On February 1, replying to a specific question, Mr. 
Freeth said that the Medical Research Council en- 
couraged and sponsored medical research in every 
field. It did not, and in the Government’s opinion 
should not, have a monopoly in deciding what 
research projects should receive support, but it was 
responsible for seeing that no lme of medical research 
which is judged to be scientifically worthy suffered 
from lack of financial support. Its expenditure had 
more than trebled over the past ten years, and the 
Minister for Science was satisfied that no really 
promising lead for medical research by first-class 
research workers was rejected by the Medical Research 
Council solely for lack of available funds. 


British Technology Index 


THe recent report by the U.S. Office of Technical 
Services that applied chemiste read only about 5 per 
cent of the available current literature in their 
immediate field has directed attention to the need 
for adequate information processing services. While 
linguistic barriers and the lack of translations 
obviously form an important part of this problem, it 
is also a fact that even for English language-technical 
periodicals there is no organized current record of 
what is published. A significant step towards recti- 
fying this latter situation is taken this month by the 
appearance of the British Technology Index. Pub- 
lished by the Library Association, this Index will 
appear monthly with an annual bound cumulative 
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volume. The Index will cover the more sub- 
stantial articles from 400 British technical periodicals, 
and the entries in each issue will refer to articles 
published during the preceding six or seven weeks. 
The entries will be arranged under alphabetical 
subject headings, which will be quite precise in 
indicating the subject scope of each article entered. 
The main impetus behind the launching of the Index 
has come from technical college and public librarians 
who have long felt the need for a reference tool of this 
kind. A number of industrial libraries has also 
entered pre-publication subscriptions, including some 
in the United States. The Index will be in no way 
competitive with specialized abstracts which many 
industrial libraries already take. The functions of 
indexes and abstracts are to a certain extent com- 
plementary, and one of the uses of the Brituh Tech- 
nology Index will be to bridge the time-interval 
‘between an article and its abstract when information 
may otherwise be untraceable. An American counter- 
part, The Applied Science and Technology Index, has 
been in existence for some years. Between them the 
two publications should give technologists and 
engineers reasonable facilities for keeping abreast of 
new developments. 


Museum of Comparative Zoology, Harvard College 


Taa well-known Museum founded by Louis 
Agassiz in 1859 has just issued the report for 1960- 
61, which completes fifteen years of the directorship 
by Prof. A. 8. Romer (Pp. 31, Cambridge, Mass.: 
Museum of Comparative Zoology at Harvard College, 
1961). He outlines the history of this institution 
and its early struggles and then introduces his suc- 
cessor, Dr. Ernst Mayr. As usual, various members 
of the staff travelled widely for conferences, symposia 
and for study in other stitutions. Reports indicate 
about 100 research projects, completed or under way, 
and these range from studies on recent birds to fossil 
trilobites and from the anatomy of whale throats to 
the chemical] trails of insects. Museum display work 
has also made progress, and in the mammal depart- 
ment new cases have been constructed for the larger 
dephinids, in the ornithological department new 
cabinets have been provided for the skin collection, 
more than 6,500 amphibians and reptiles were cata- 
logued and added to the collections, and sections of 
the fish series have been rearranged. 


South African Museums 


IN 1961 the South African Council for Scientific 
and Industrial Research issued a short survey of all 
the museums in the Republic of South Africa. This 
has recently been reprinted by the South Africa 
Museums Association (Pp. 37. Pretoria: South Africa 
Museums Association, 1961. 5 cents). It was com- 
piled by Mr. Murray Schoonraad, and gives the 
information in directory format of address, opening 
hours, staff, general description of the building. 
administration, together with scope of the collections, 
publications and finance. It is interesting to note 
that nearly ehty museums and art galleries are 
included in the area. This should prove a useful 
compilation to all professionally interested in 
museums, and especially to the institutions in South 
Africa. 


Accidental Radiation Injury 


STUDIES of the effects of ionizing radiations m 
animals are of limited value for human medicine, as 
the results cannot be reliably extrapolated to man. 
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It is, therefore, essential to extract the maximum 
amount of information from the relatively few 
observations on persons accidentally exposed to high 
doses of radiation and those deliberately irradiated 
under medical supervision for therapeutic purposes. 
With this aim in view, the International Atomic 
Energy Agency and the World Health Organization, 
which have a common interest in radiation medicine, 
jointly sponsored a scientific meeting bringing 
together three groups of scientists: those with 
experience in the treatment of persons accidentally 
exposed to high doses of radiation; those using large 
doses of whole-body irradiation for therapeutic 
purposes; and those working on related problems in 
experimental animals. An article in a recent issue of 
the WHO Chronicle discusses some of the work 
relating to accidental radiation injury; another 
article reviews the therapeutic applications of whole- 
body irradiation (15, No. 12; December 1961). 


Invasion of a Melanotic Schwannoma by an Adaman- 
tinoma 


CONSIDERABLE advances have been made in know- 
ledge of the pigmented integument and the melanomas 
by the combined efforts of embryologista, anatomists, 
zoologists and pathologists. It is now generally 
accepted that there is a specific melanin-forming cell 
(melanocyte) which originates from the neural arest. 
the stem-cell being the melanoblast. In mammals, 
this has been demonstrated in the mouse by Rawles 
and, until proved otherwise, ıt may be assumed that 
a simular histogenesis occurs in man. It has also been 
shown that the Schwann cells of all peripheral nerve- 
fibres are also derived from the neural crest. Tumours 
and malformations in which both derivatives of the 
neural crest are concerned are of interest both from 
an oncological and biological point of view. The 
association of pigmented and nerve-sheath lesions m 
neurofibromatosis is well known. In view of the 
diversity of the lesions and manifestations of this 
disturbance, it is difficult to be certain of the solitary 
nature of the nerve tumours and of the few cases of 
single pigmented meningiomas and melanotie neuro- 
fibromas which have been reported. A recent paper 
by J. J. Hodson, of the University of Sheffield (J. 
Path. Bact., 88, No. 2; October 1961), describes a 
tumour with the histological features of a melanotic 
schwannoma occurring within the mandible. The 
tumour was invaded by an adamantinoma: the 
invasion of one tumour by another is very rare. The 
biological and embryological importance of this 
tumour combination lies in the presence of foci of 
melanocytes in a nerve-sheath tumour in bone, the 
relevance of melanin-containing Schwann cells, and 
the morphological evidence of the cytocrinie injection 
of melanin into the proliferating epithelial cells 
within the same tumour. Recent electron microscope 
work on epidermal melanocytes indicates the umport- 
ance of Masson’s conception of oytocrine secretion of 
melanin from one cell into another. 


Dr. E. de Barry Barnett Memorial 


Iw honour of the late Dr. E. de Barry Barnett, for- 
merly head of the Department of Chemistry and then 
deputy principal of the Sir John Cass College, it is 
proposed that a Memorial shall be set up in the form 
of an Exhibition tenable at the College. Contributions 
should be sent to Dr. S. D Ross, the Appeal Fund 
Treasurer, at 135 Hendon Way, London, from whom 
further information is avaiable. 
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Lady Tata Scholarships and Fellowships 


Tue Trustees of the Lady Tata Memorial Trust 
invite applications for fellowships, scholarships and 
grants for research on leukssmia in the academic year 
beginning October 1. Candidates will be eligible for 
consideration whose research on any aspect of malig- 
nant disease may throw light on the problems of 
leukemia, and especially those studying leukemo- 
genic viruses in mammals, the epidemiology and 
natural history of leukemia and its genetical and 
cytological aspects. Applications should be submitted 
before March 31. Further information can be obtained 
from the Secretary of the (European) Scientific 
Advisory Committee, Lady Tata Memorial Trust, 
Chester Beatty Institute, Fulham Road, London, 
8.W.3. 


The British Parllamentary and Scientific Com- 
mittee 


Ar the annual meeting of the Parliamentary and 
Scientific Committee on February 15, the following 
were elected as principal officers for 1962: President, 
The Rt. Hon. the Marquess of Salisbury; Chairman, 
Mr. A. Albu (Mr. Albu is the first professional 
engineer to have held this office. He received his 
engineering education at the City and Guilds College 
of the Imperial College of Science and Technology, 
of which he is now a member of the Board of 
Governors. He is also a member of the Boards of 
Governors of Battersea College of Technology and 
Acton Technical College. Mr. Albu is a co-opted 
member of the Education Committee of the Institu- 
tion of Mechanical Engineers); Vice-Chairman, Dr. 
D. T. A. Townend (British Coal Utilization Research 
Association); Deputy-Chairmen, Mr. J. H. Osborn 
and Mr. H. Rhodes. 


The Institute of Physics and the Physical Society : 
Appointments and Awards 


THe Council of the Institute and Society has made 
the following appointments: Guthrie Lecturer, Sir 
Bernard Lovell, professor of radio astronomy in the 
University of Manchester and director of the Nuffield 
Radio Astronomy Laboratories, Jodrell Bank Experi- 
mental Station (to be delivered on May 24 during the 
Harrogate Convention); Rutherford Memorial Lec- 
turer, Prof. D. H. Wilkinson, professor of expermmental 
physics at the University of Oxford (to be delivered 
in London on March 26 during the conference on 
“High Energy Nuclear Physics’). The Council has 
made the following awards: Charles Vernon Boys 
Prize, to Dr. P. B. Hirsch, of the Cavendish Labor- 
atory, Cambridge, for his work in X-ray spectroscopy, 
particularly in the investigation of dislocations and 
other defects in metals; Maxwell Medal and Prize, 
to Prof. A. Salam, professor of theoretical physics at 
the Imperial College of Science and Technology, for 
his many contributions to the theory of elementary 
particles—this is a new award which the Council has 
introduced for outstanding contributions to theoret- 
ical physics carried out in the past ten years. 


Announcements 


Tas Corday-Morgan Medal and Prize for 1960 of 
the Chemical Society has been awarded to Prof. R. N. 
Haszeldine, professor of chemistry in the Manchester 
College of Scrence and Technology, in consideration of 
his outstanding contributions to the chemistry of 
fluorme. 
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Dr. L. A. K. Stavenmy, New College, Oxford, and 
Dr. W. B. Powell, Physics Department, University 
of Birmingham, have been awarded Cherwell Fellow- 
ships by the William Waldorf Astor Foundation. 
They will visit laboratories in the United States—Dr. 
Staveley to study work on physical chemistry at low 
temperatures, and Dr. Powell to study work on 
medium energy orbital accelerators and in particular 
on. the design of sector focused cyclotrons. 


De. Warram V. Houston, honorary chancellor 
and formerly president of the William Marsh Rice 
University, Houston, has been elected president of 
the American Physical Society, to succeed Prof. 
Frederick Seitz. Dr. John H. Williams, professor of 
physics at the University of Minnesota, has been 
elected vice-president. 


Dr. Larkin H. Farrnuort has been elected a 
vice-president and member of the Board of Trustees 
of the Alfred P. Sloan Foundation. Dr. Farinholt, in 
his new post, will organize the Foundation’s scientific 
programmes. Since August 1960 he has been in 
charge of the 1-2 million dollars a year programme for 
basic research in the physical sciences which he will 
continue to direst. 


Tas forty-sixth annual meeting of the Federation 
of American Societies for Experimental Biology will 
be held in Atlantic City during April 14-18. Further 
information can be obtained from Dr. 8. 8. Negus, 
Medical College of Virginia, Richmond, Virginia. 


A SYMPOSIUM on “Theory and Structure of Com- 
plex Compounds”, organized by the Institute of 
Physical Chemistry of the Polish Academy of Sciences 
and the University of Wroclaw, is to be held in 
Wroclaw durmg June 15-19. Further information 
can be obtamed from the Department of Inorganic 
Chemistry, University of Wroclaw, Poland. 


AN international symposium on ‘Theoretical 
Interpretation of Upper Atmosphere Emissions”, 
sponsored jointly by the International Astronomical 
Union and the International Union of Geodesy and 
Geophysics, is to be held in Paris during June 25-29. 
Further information can be obtained from J. W. 
Chamberlain, Yerkes Observatory, Williams Bay, 
Wisconsin. 

A. SPECIAL summer laboratory course in techniques 
and applications of the electron microscope will be 
held during June 12-28 for senior biologists and 
medical research workers under the direction of Prof. 
Benjamin M. Siegel in the Electron Microscopy 
Laboratory of Cornell University. Further informa- 
tion can. be obtained from Prof. Benjamin M. Siegel, 
Rockefeller Hall, Cornell University, Ithaca, New 
York. 


A symposium on “The Primates”, arranged by the 
Anatomical Society of Great Britain and Ireland, the 
Society for the Study of Human Biology and the 
Zoological Society of London, 18 to be held at the 
Zoological Society of London durng April 12-14. 
The symposium is to be divided into four sessions: 
primate behaviour in the wild and in captivity 
(chairman, Sir Solly Zuckerman); functional anatomy 
of the primates (chairman, Sur Wilfrid Le Gros Clark); 
characters of genetic interest in the primates (chair- 
man, Prof. L. 8. Penrose); film studies of primate 
behaviour. Further information can be obtained 
from the organizing secretary, Dr. John Napier, 
Royal Free Hospital School of Medicine, 8 Hunter 
Street, London, W.C.1. 
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AIMS AND CONTENT OF SIXTH-FORM TEACHING 


ONCERN about the aims and content of present- 

day sixth-form teaching in Britain’s schools was 
expressed in London recently at three conferences 
for schoolmasters organized by the British Petroleum 
Co., Ltd., and held during November and December. 
In particular, mathematics, chemistry and the arte 
came under review. 


Mathematics 


The first of the conferences examined the problems 
arising in the teaching of mathematics and referred 
to the use made of mathematics, in ita widest applica- 
tions, by industry. It was attended by about fifty 
mathematics masters from all parts of Great Britain, 
chiefly from public and grammar schools, but repre- 
senting also other schools and colleges of technology. 
The masters set out to consider the relationship 
of syllabus, examination, career and mathematical 
attitude, with the intention of focusing on sixth-form 
studies. 

Mr. J. T. Combridge, president of the Mathematical 
Association, was the chairman of the meeting. The 
principal ers were Mr. M. F. Robins (Rugby 
School), Mr. B. A. Edwards (King’s College, London), 
Mr. E. K. Frankl (University of Cambridge), Mr. E. 8. 
Sellers, Mr. P. B. Coaker and Mr. A. Battersby 
(British Petroleum), and Mr. W. M. Brookes (Univer- 
sity of Southampton). 

The conference decided that the matter was not 
one for sixth-form teaching alone but was bound up 
with teaching at all ages from the primary school 
onwards. It called for a committee, composed of 
representatives from industry and from schools of 
every kind, to make recommendations regarding the 
content of the mathematics to be taught in schools 
at all levels. It suggested that through the Mathe- 
matical Association there should be brought about 
- regular ‘meetings between similar representatives, 
organized on a local basis, and the establishment of 
regular opportunities for discussion between teachers 
of mathematics in universities and schools. 

Concern was expressed about the desperate short- 
age, not only of teachers of mathematics but also of 
people in all occupations sufficiently competent in the 
use and appreciation of mathematics. The conference 
considered that one cause was the excessive com- 
petition for places in universities, as this was having 
the effect of deterring boys from to mathe- 
matics at the Advanced Level of the General Certificate 
of Education except in so far as the subject might be 
necessary for a career in another science or in engin- 
eering. Consequently, both the high standards of 
scholarship and entrance examinations, and the 
inadequate number of university places in mathe- 
matics, come in for criticism. 

It was urged that more places should be found next 
autumn for mathematics students, even at the 
expense Of places for undergraduates in arta subjects. 
More support, as a temporary measure, for one-term 
courses for serving teachers not trained for mathe- 
matics teaching but required by the present shortage 
to undertake it was also d. 

Reasonable restraint on the part of industry and 


the Government in the use of mathematicians was 
also urged; was it not possible for each employer to 
tighten his belt without loss of efficiency ? The 
conference also considered that there is need for 
university degree courses in mathematics which, at 
any rate after the first year, would not be specialized 
enough for the specialist mathematician who might 
hope to go on to research, but which would be 
adequate for anyone who has the ability to go into 
industry as a mathematician rather than as an 
engineer or scientist. 

Despite the unavoidable attention demanded by 
modern mathematics and notwithstanding its impor- 
tance as a tool of industry, the conference placed 
on record its view that the supremacy of mathematics 
as a means of education, in ita widest sense, must be 
recognized and maintained. 


Chemistry 


The second conference was designed to provide a 
forum in which school chemistry teachers could 
discuss their professional problems among them- 
selves and with representatives of the various bodies 
who were interested in the general question of the 
education of chemists. Some forty-five schoolmasters 
from public and grammar schools attended this 
conference. 

The chairman was Dr. F. N. Brewer, head of the 
Department of Inorganic Chemistry (University of 
Oxford). Among those who addressed the conference 
were Sir Harry Melville, secretary of the Department 
of Scientific and Industrial Research; Dr. J. E. Spice 
(Winchester College), Dr. A. Sharpe (University of 
Cambridge), Dr. W. Gerrard (Northern Polytechnic), 
Mr. E. S. Sellers (British Petroleum), Dr. Van 

(Christ’s Hospital), Dr. J. A. Petch, secretary 
of the Northern Universities Jomt Matriculation 
Board; and Mr. D. W. Hutchings (University of 
Oxford). 

In introducing the conference, Sir Harry Melville 
emphasized that chemists were coming to occupy 
a key role in the modern world. This was true not 
only in the context of their own subject (and this 
could lead into many unsuspected flelds), but also 
in the wider fields of administration and 
ment for which their flexible yet precise training sould 
fit them admirably. At all levels it was important to 
select the basic matter to be taught and to teach it 
in such a way that relevance was attained and 
flexibility of mind enco 

Present teaching methods, the influence on teachers 
of the requirements of the universities and of the 
examining Boards, the outlook and development of 
the industrial chemist, and the position of chemistry 
in a possibly wider syllabus such as is common in 
some Continental countries were discussed. In 
particular, the recent recommendations of the Science 
Masters’ Association and the Association of Women 
Science Teachers for syllabus revision were sub- 
jected to a very critical scrutiny and the conference 
was able to clarify various points with the members 
of the Jomt Panel of the two Associations who were 
present. 
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Arts 


The aim of the third conference was to examine 
the position of the arte student in a society which is 
apparently becoming more and more technological 
in emphasis, and in particular to consider the value 
and relevance of the traditional approach to an 
arts education. 

About forty teachers from grammar and public 
schools attended this last conference, of which the 
chairmen were Mr. A. D. C. Peterson, director of 
the University of Oxford Department of Education, 
and Mr. K. Charlton of the University College of 
North Staffordshire. 

Other speakers included Prof. W. H. G. Arm 
(University of Sheffield), Mr. H. S. Mullaly (British 
Petroleum), Mr. D. W. Hutchings (University of 
Oxford), Dr. A. E. Bell (Cheltenham Grammar 
School), and Mr. Hugh P. Ramage of the Science 
Masters’ Association. The closing address was given 
by Dr. F. A. Vick, director of the Atomic Energy 
Research Establishment. 

In introducing the conference, Mr. Peterson touched. 
on the very early polarization into ‘arte men’ and 
‘science men’ that took place in Britain, the almost 
total exclusion of the sssthetic arts from our school 
syllabuses and the minute resources that were 
allocated to educational research. But he was 
primarily concerned with the vital areas of communi- 
cation and human behaviour, and here he saw serious 
shortcomings in such fields as mathematics and 
language teaching. 

Mr. Charlton sketched the historical development 
of the arts education while Prof. Armytage outlined 
the pressures that were changing our total environ- 
ment—cheap power, the computer revolution, the 
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growth of the chemical industry and the growing 
power to manipulate opinion. The employment of 
arts graduates in a large organization was discussed 
by Mr. Mullaly, while Mr. Hutchings spoke on the 
general question of whether science should, or could, 
be taught to arts students; Mr. Ramage explained 
the proposals of the Science Masters’ Association in 
this field. Dr. Bell described the work he was already 
doing in his school, and to wind up the conference, 
Dr. Vick surveyed and illuminated the outlook and 
methods that contribute to the scientific imagination. 

Though the conference was convinced of the value 
of an arte education in the formation of values and 
as a guide to human behaviour in all its complexity 
and in all fields of human endeavour, it accepted the 
view that the arts student should be helped towards 
an understanding of modern science and its methods 
and philosophy. It deplored the existence of the 
‘two cultures’ in education and called for the elimina- 
tion of this concept, both m thought and in practice. 
But the introduction of any serious scientific study 
into the sixth-form arts curriculum would raise very 
considerable difficulties of programming and staff 
and complicate yet further this serious situation in 
science teaching. In particular, some members of 
the conference felt that teachers of arts subjects 
should in some way evolve a negotiating body that 
could discuss with the Scienve Masters’ Association 
the possible introduction of scientific studies. 

During all three conferences, the theme that 
emerged was that of ‘relevance’: not relevance in 
any narrow vocational or materialist sense but 
relevance to life as lived in a society where modern 
science and technology are dominant social forces. 
It is necessary to understand these forces, whether 
to co-operate with them or to resist them. 


OCEANOGRAPHY IN LATIN AMERICA 


OUR meetings were recently held in Chile con- 
cerning oceanography and its research develop- 
ment in Latin America. They were: (1) a Latin 
American seminar of oceanographic studies; (2) the 
second Latin American Symposium on Plankton; 
(3) a meeting of directors of Latin American coastal 
laboratories; and (4) a regional training course on 
marine biology. They were organized jointly by the 
Unesco Science Co-operation Office for Latin America 
and, in the case of (1) and (2), the University of 
Concepcién, and, for (3) and (4), the University of 
Chile, and held, respectively, in the General Biology 
Laboratory (Concepción) and Marine Biology Station 
(Montemar). 

Thirty-seven Latin American scientists partici- 
pated, coming from Mexico, Colombia, Venezuela, 
Brazil, Uruguay, Argentina, Chile, Peru and Ecuador. 
Observers were present including: Dr. D. L. Ray, 
from the National Science Foundation (United 
States); Dr. P. Dohrn, from the Stazione Zoologica 
di Napoli (Italy); Dr. W. Branhorst, chief of the 
Federal Republic of Germany Technical Assistance 
Programme to Chile; and Dr. F. Ottmann, from the 
Institute of Marine Biology, Recife (Brazil). Dr. R. 
Margaleff (Spain) was present, by special invitation, 
at the Symposium on Plankton. In the first meeting, 
Dr. P. Roa Morales (Venezuela) was elected chairman 
for the Abiotic Section, and Dr. F. de Buen (Chile) for 


the Biological Sections and also for the directors’ 
meeting. Dr. R. Margaleff (Spain) was invited to act 
as chairman of the Symposium on Plankton, and for 
the regional training course Dr. F. de Buen and Dr. E. 
Rioja (Mexico) acted as co-directors, with the 
assistance of scientists from Mexico, Chile, Uruguay, 
Argentina and Brazil. (This course was attended by 
more than twenty students from Latin American 
countries.) In all these meetings, Dr. H. Ferrando 
(Uruguay) acted as secretary. 

The main purpose of these meetings was to make 
an evaluation of the actual standing of research in 
marine sciences in Latin America in the light of what 
has been accomplished; accordingly, a series of 
valuable reports was submitted by leading scientists 
from Latin America, covering the different disciplines 
of marine sciences. It was also felt that some decision 
should be taken so as to increase the existing know- 
ledge through research and training, primarily on a 
co-operative regional basis. 

Among the most outstanding points arising from 
the adoption of resolutions and recommendations 
made at the meetings were the following: 

(1) The creation of a Latin American Council on 
Oceanography, with the election of its steering com- 
mittee composed of leading marine scientists from 
Mexico, Venezuela, Uruguay, Argentina, Chile and 
Brazil, under the chairmanship of Dr. F. de Buen. 
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This Council will become a permanent Latin American 
Council once the necessary official steps have been 
taken throughout all the Latin American countries; 
the secretariat will be located at the Unesco Science 
Co-operation Office for Latin America, Bulevar 
Artigas 1320, Montevideo, Uruguay. 

(2) The commencement of research programmes on 
a regional co-ordinated basis. Seven projects were 
presented, and the necessary measures are being 
taken at the present moment for the co-ordination 
of more than one, in which the existing marine 
biology laboratories and oceanographic institutes will 
integrate a close network with the help of the means 
that the hydrographic naval services may provide. 

(3) The publication of a Latin American Directory 
of Oceanographic Institutions and Sctentists so as to 
increase and encourage the exchange of scientists, 
students, information and material, with the Unesco 
Science Co-operation Office acting as a ‘clearing 
house’. 

(4) The unification and standardization of methods 
and equipment in marine research. 

(5) Unesco was asked to organize in 1962 a two- 
months’ training course in physical oceanography. 
The Oceanographic Institute of the University of 
Oriente (Venezuela) extended an invitation to act as 
host, and the Brazilian Navy offered its oceanographic 
vessel, Almtrante Saldanha, to make a training cruise 
as a complement of the course. 
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(6) Unesco was asked to organize in 1962 a regional 
Symposium on Biogeography and Marine Organisms, 
so as to study the geographical distribution of marine 
organisms and the effects on them, of the physico- 
chemical condition of water masses, and its dynamics. 
The National Museum of Natural History “Bernardino 
Rivadavia” (Argentina) made an official invitation to 
act as host during the celebration of its one hundred 
and sixtieth anniversary. 

(7) Unesco was asked to organize in 1962 a meeting 
of deans of science faculties of Latin American 
Universities, so as to increase the scholastic standards 
needed for the encouragement of marine scientists 
through the re-organization and modification of their 
curricula and plans of study. 

Preparations for the organization of the last three 
items have already been started by Unesco Science 
Co-operation Office. In an effort to compile biblio- 
graphies of research work carried out in Latin 
America on the marine sciences, which already begins 
to show profitable results, each scientist present at 
the meeting will be contributing in his own specific 
field. To help this aspect of the marine sciences in 
Latin America, the Council requests all scientists 
and institutions to send copies of reprints to the 
Unesco Science Co-operation Office for Latin America, 
Casilla de Correo 859, Montevideo, Uruguay, whenever 
they deal with any aspect of the marine sciences in 
Latin America. 


CHEMICAL APPLICATIONS OF DIFFRACTION METHODS 


T is nearly fifty years since von Laue, Friedrich 

and Knipping first diffracted X-rays from a crystal. 
Since then, diffraction methods, based on X-rays or 
on analogous but less widely used techniques, have 
been applied to the investigation of a variety of 
chemical problems. The scope of these was the sub- 
ject of a short course of lectures and discussions under 
the title “Chemical Applications of Diffraction 
Methods” held in the Department of Chemical 
Technology, Bradford Institute of Technology, during 
November 24-25, 1961. About forty graduates from 
industry, the universities and technical colleges 
attended. 

Participants were welcomed by the head of the 
Department, Dr. R. L. Elliott, who took the chair 
for the opening session. In his introductory talk on 
symmetry and diffraction, Dr. J. H. Robertson 
(University of Leeds) presented the concept of 
symmetry in an informal way, in terms of familiar 
everyday objects, before outlining the types of 
symmetry appropriate respectively to the external 
and internal form of crystals. After giving a more 
formal treatment of the diffraction process, Dr. 
Robertson showed that, while knowledge of crystal 
symmetry alone can sometimes yield molecular 
information directly, it is commonly a preliminary to 
more detailed X-ray crystal analysis. This was the 
subject of the talk by Dr. D. W. Jones (Bradford 
Institute of Technology), who examined the experi- 
mental X-ray data available from single crystals 
and stressed the phase problem intrinsic in structure 
analysis. The isomorphous salt and heavy-atom 
methods of tackling this were illustrated by the closely 
related structures of the alkali metal aminedisul- 
phonates; detailed X-ray refinement of the calcium 


orthophosphate structures demonstrated the difficulty 
of locating hydrogen directly in the presence of heavier 
atoms. Often, however, the approximate stereo- 
chemistry of a molecule could be established on the 
basis of photographic X-ray data alone and without 
recourse to large-scale computing. The idealized 
single crystal X-ray analysis method had links, 
on one hand, with the study of less well-ordered 
samples by X-rays and, on the other, with 
diffraction by electrons and neutrons. 

The second session was devoted to more specialized 
applications of X-ray diffraction. In his talk on 
fibre crystallography and X-ray crystallinity, Dr. 
D. R. Holmes (Central Electricity Research Labora- 
tories, Leatherhead) recommended the use, where 
feasible, of doubly oriented specimens, the tilted 
‘orystal’ method, equi-inclination photography and 
cylindrical cameras in order to minimize the effect 
of the paucity of wide-angle X-ray data available 
from a fibre. Even so, the agreement between sets 
of X-ray intensities measured by different workers 
for cellulose, for example, was somewhat disappoint- 
ing. The fairly complete molecular model that can 
result from the study of well-ordered polymers was 
illustrated by the structures of silk and polyethylene 
terephthalate. For the measurement of X-ray 
crystallinity, however, the orientation occurring in 
many industrial fibres could be a handicap, and Dr. 
Holmes mentioned a device for mechanical random- 
ization. about two axes. Because of its ready applica- 
tion to short-term industrial problems, the X-ray 
powder method is probably the most widely used 
diffraction procedure in applied chemistry and metal- 
lurgy. Dr. K. W. Andrews (United Steel Companies, 
Ltd., Rotherham) described experimental techniques 
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for such polycrystalline materials and mentioned the 
increasing importance of automatic counter recording. 
Powder diagrams were shown to illustrate the identi- 
fication of metals, alloys and slags with regard to 
chemical nature (fingerprinting), physical texture, 
and particle size. 

The last session dealt with diffraction of radiation 
other than X-rays. Dr. H. Wilman (Imperial College 
of Science and Technology) described the—some- 
times rather ad hoc—eapparatus used for observing 
the very intense scattering of electrons and illustrated 
the range of patterns which may arise. After men- 
tioning the fairly complete structural information 
which has been obtained from some rubbers and from 
single crystals, Dr. Wilman discussed recent electron 
diffraction studies carried out at the Imperial College 
of Science and Technology on reactions at surfaces. 
Much of the discussion which followed was concerned 
with deriving mformation of use to metallurgists 
about surface structure. 
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In the final talk, on neutron diffraction applications, 
Mr. N. A. Curry (Atomic Energy Research Establish- 
ment, Harwell) pointed out that typically a neutron 
beam would have an effective intensity less than one- 
thousandth of that from an X-ray diffraction source, 
and, moreover, it covered a range of wave-lengths, 
so that at most reactors both apparatus and specimen 
had to be large by standards normally used with 
X-ray techniques. The markedly different scattering 
power of nuclei to neutrons (only elastic scattering 
was considered in any detail), as compared with the 
corresponding X-ray atomic scattering factors, was 
the basis of the chief merit of neutron diffraction. 
In particular (and the subsequent lively discussion 
centred on this), hydrogen atoms had been located 
with a precision of 0-03 A. in compounds containing 
atoms of appreciable atomic number, for example, 
in the study of the symmetry of short O—H...0O 
bonds in potassium hydrogen &1s-phenylacetate. 

D. W. Jonas 


PLANT TISSUE AND ORGAN CULTURE 


SYMPOSIUM on “Plant Tissue and Organ 

Culture” was held in the Department of Botany, 
University of Delhi, during December 22-29, under 
the auspices of the Unesco South Asia Science Co- 
operation Office, New Delhi, and the University of 
Delhi. Prof. P. Maheshwari was the convener. 
Fifty delegates from Burma, Ceylon, France, West 
Germany, India, Malaya, the United Kingdom and 
the United States participated. 

The 36 papers presented covered a wide range of 
subjects, and they show the diversity of purposes 
for which the technique of plant tissue culture can be 
used. Quite a few of the papers were concerned 
with the broad subject of physiology of reproductive 
processes in angiosperms and involved the culturing 
of flowers, ovaries, ovules, anthers, etc. 

The tissue culture technique has contributed in 
recent years to a better understanding of a variety 
of morphogenetic problems and naturally this aspect 
found a fair representation at the symposium. The 
culturing of parts of parasitic higher plants is of special 
interest from the physiological point of view and 
there were three papers on this subject. 

Embryos are among the material most often used 
for in vitro culture for a long time, and interest in 
them still continues as can be seen from the three 
papers dealing with this means of approach. 

Some investigators are interested in tissue culture 
techniques as an aid in propagation of horticultural 
plants as seen in two papers presented. Isolated tissues 
provide a valuable means for the bioassay of growth 
substances and cell division factors, and several 
authors described their investigations along these 
lines. 

Studies of abnormal growth might sometimes lead 
to an elucidation of normal growth processes besides 
throwing light on the nature of carcinogenic growth in 
general. From this point of view one paper was of 
interest. 

Knowledge of the nutrition of tissue cultures is of 
basic importance for the successful growth of tissue 
cultures of all types, especially since many tissues 
seem to have certain specific nutritional requirements. 
This was indicated in three papers. Other aspects of 


tissue culture methods were dealt with by still further 
authors. 

In addition to the special papers read, a few special 
lectures were also . Prof. F. C. Steward 
(Cornell), in his lecture entitled “Carrots and Coco- 
nute: Some Investigations on Growth’’, dealt at 
length with the importence of coconut milk and other 
growth factors with special reference to his own 
recent work on the culturing of cell suspensions of 
carrot and of Haplopappus gracilis, the angiosperm 
with the lowest number of chromosomes (2n = 4). 
Prof. H. E. Street (Swansea) gave two lectures, both 
concerned with root growth. In the first he 
summarized the work done by himself and his co- 
workers on the role ‘of various sugars, nitrogen 
sources and other nutritional factors in root cultures. 
The second gave an exposition of the rather 
tricky question of the part played by auxins in root 
growth, tracing the history of the subject with special 
emphasis on the work done in Prof. Street’s labora- 
tory. Prof. J. Reinert (Berlin-Dahlem) described 
the formation of adventive embryos and pro-embryo- 
like structures in carrot cultures grown on a purely 
synthetic medium containing vitamins, amino-acids 
and hypoxanthine. The differentiation of shoots 
could be prevented by addition of coconut milk to 
the medium. Prof. J. P. Nitsch (Gif-sur-Yvette), 
who was one of the earliest to culture successfully 
isolated ovaries and flowers of higher plants in viro, 
gave an account of some of his recent experiments at 
the phytotron, France, on the in vitro culture of 
flowers and fruits of tomato and other plants. Prof. 
P. Maheshwari (Delhi) spoke on “Plant Tissue and 
Organ Culture from an Embryologist’s Point of 
View”. 

The symposium concluded with a discussion on 
“Techniques: Appraisal of Progress and Future 
Outlook on Tissue Culture Research” in which several 
participants expressed the view that in future there 
should be more emphasis on the biochemical fate 
of the various growth substances added to the 
medium and the cytological phenomena accom- 
panying growth of tissue cultures. 

R. L. N. SASTRI 
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THE BRITISH COUNCIL 


HE feature article which accompanies the general 

survey of the year in the British Council’s annual 
report *, 1960-61, deals with the English language 
abroad. An introduction by Lord Bridges comments 
on three characteristics of the Council’s work as a 
whole: the change in the nature of the duties of the 
Council’s staff which has led to their work becoming 
more professionalized; the extent to which most of 
the Council’s work depends on close co-operation with 
other people; and the measure to which the tasks 
undertaken by the Council in countries overseas 
depends on what the country concerned is most 
anxious the Council should do. The teaching of 
English is one of the four main tasks of the Council, 
and this article sets forth the nature of the problem 
which this presents and some of ita implications, as 
well as the specific functions and responsibilities of 
the British Council. 

The general survey of the year directs attention to 
a particular aspect of British education overseas 
which is not covered in the feature article—the 
assistance provided to overseas schools, for which 
additional funds were used in 1960-61. Seventy-seven 
posts in schools abroad, including eight headships, 
were filled during the year, and this recruitment work 
is expected to increase as the scheme for educational 
co-operation in the Commonwealth is carried through. 
Aid was also increased to schools in Latin America, 
and a first call onthe new funds was for urgently needed 
increases in the emolumente of British teachers. 

The Council’s responsibilities for visitors and 
students from overseas in Britain continue to grow, 
and it is estimated that there are now more than 
55,000 such students and trainees at universities and 
technical colleges in the United Kingdom or in 
schemes of apprenticeship and training. Some 10,660 
students were met on arrival, of whom 3,082 were 
from Commonwealth countries and 5,922 from 
Colonial territories. Permanent accommodation was 
arranged for 343 in Council residences and for 4,634 
in lodgings, while transit accommodation in Council 
residences on first arrival was arranged for 2,399. 
Accommodation in university halls of residence was 
arranged for 609, and 10,539 offers of hospitality 
made through the Council were accepted. Holiday 
courses of 7-15 days’ duration were attended by 
2,298, and week-end courses, study visits and surveys 


* The British Council. Annual Report, 1980-1961. Pp, vit 114 + 
8 plates. (London: The Brith Counen.) 26. 6d. net 


by 11,765, while 3,282 attended on arrival short 
introduction courses arranged by the Council or by 
colleges and institutions in collaboration with the 
Council. With the further £3 million to be provided 
by the Government to increase the accommodation 
and welfare services available for overseas students 
and trainees, it is hoped to provide some 56,000 
additional hostel places, while there are also plans to 
expand the social and cultural centres for them in 
London and certain other cities. 

In 1960-61, 170 Commonwealth Scholars came to 
the United Kingdom. Awards were made for one 
short visit to the United Kingdom for consultation 
or lectures and eleven such visits to other countries; 
65 awards of travel grants were made for interchange 
visits of university teachers between the United 
Kingdom and other Commonwealth countries, while 
there were 119 short visits by senior members of 
university staffs between the United Kingdom and 
foreign universities as well as four longer visita and 
79 interchange visits of younger research workers. 
Of 341 specialist tours, advisory visits and delegations 
of British specialista overseas, 197 were to Central and 
Eastern Europe, 74 were in education, 68 in medicine, 
56 in science and technology, and 39 in social science, 
while the Council also provided a fall range of welfare 
services for the 351 teachers who secured places in 
university departments and institutes of education 
and at teacher training colleges under the Common- 
wealth Teacher Training Bursary Scheme. Under 
the United Nations specialized agency schemes, the 
Colombo Plan, the technical assistance schemes for 
Yugoslavia, Ghana, Nigeria, and the programmes of 
the Central Treaty Organization and the Foundation 
for Mutual Assistance in Africa, 1,574 fellows, scholars 
and trainees were administered by the Council, as 
well as 253 visitors from 23 countries under the 
United States Third Country Training Scheme. In 
all, 367 Council scholarships were awarded, and 
exchanges under the Anglo-Soviet Agreement 
amounted to 400 visitors each way. Reference is also 
made to the rapid growth of the United Nations 
International Atomic Energy Fellows scheme, under 
which some 60 have come to Britain in each of the 
past two years, and to the regular supply of books 
to 176 libraries throughout the world, of which the 
Council directly controls 116, supplying also 276 
periodicals, and 989 specialized periodicals to 169 
other institutions. 


THE HUMAN SCIENCES IN INDUSTRY 


HILE many firms call in technical experts to 
advise them on some new equipment they are 
planning to install, or on problems that arise in the 
operation of existing plant, comparatively few con- 
sider the possibility of seeking advice on problems 
concerned with the men and women who operate the 
machines or run the plant. Yet the importance of 
the human factor is being increasingly recognized. 
Increasing mechanization, although it has changed 
the nature of the human contribution, has by no 
means diminished its importance. When machines 


become more complex to operate and mamtain, it is 
often the capacity of the human operator rather than 
of the equipment that places the limit on the pro- 
ductivity of the man/machine team. 

Why does only a small minority of firms recognize 
the value of research on human performance as an 
essential feature of industrial development? They 
are, perhaps, unaware of how the results of research 
can be applied to the solution of human problems in 
industry, and how, if applied early enough, they can 
help to prevent new problems arising. It is in the 


no 4817 February 24, 1962 


belief that industry suffers an understandable lack of 
knowledge about these things that the Department 
of Scientific and Industrial Research has attempted 
to provide an information channel from the academic 
producer of research results to the potential user in 
industry *. 


* Department ate rag Industrial Research. Problems of 
Progress in Ind No. 12: — pores Aid to Industry. Pp. 
iv+27. (London: H. M. 8. O. 1061.) 2s 
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Human Scrences Aid to Industry, one of the popu- 
lar series Problems of Progress m Industry, discusses 
some of the main lines of research in the human 
sciences. Sufficient information is given from studies 
sponsored either wholly or partly by the Department 
of Scientific and Industrial Research to stimulate 
responsible people to take a more active interest in 
the subject. 


CHEMOTHERAPY OF} MALARIA 


HE importance of chemotherapy in the world- 

wide campaign for the eradication of malaria 
has been rapidly increasing. The clinician treating a 
limited number of malaria cases has at his disposal 
a complete series of effective drugs for treatment of 
all stages of the disease; but the malariologist dealing 
with a sick community, often in a region with limited 
public health services, may find socio-economic 
conditions a serious obstacle to making the fullest 
use of existing drugs or to using them at their full 
effectiveness for the purpose of malaria eradication. 

A report *, prepared by the World Health Organiza- 
tion, considers, from the point of view of the malario- 
logist, two broad questions: (1) What is the best use of 
antimalarial drugs ? (2) What new drugs are needed ? 
Some 16,000 antimalarial compounds have been 
studied and tested for antimalarial activity in recent 
years. The dozen or so which have survived this 
intensive screening and been found useful against 
human malaria are here given detailed consideration: 
the 4-aminoquinolines such as chloroquine, amodi- 
quine, and their analogues; the 8-aminoquinolines 

* World Health Organization. Teshnical Report — No. r 


Phenomena Dy of Malaria—Report of a T cal M Pp. 92 
— T T dollar — London: HM O., 1961. j 
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(pamaquine, primaquine, etc.); the pyrimidines and 
biguanides (pyrimethamine, proguanil and chlor- 
proguanil); and a few others such as the older drug 
mepacrine. The usually recommended dosages are 
reviewed together with results achieved in mass drug 
administration. 

Drug combinations and associations with an addi- 
tive to counteract the shortcomings of certain drugs 
used singly are discussed with other aspects of 
malaria chemotherapy including the various ways of 
moreasing the duration of action of the antimalarials 
—of special importance because of the difficulty of 
persuading entire populations to take drugs regularly 
and frequently for long periods; the principles of 
planning and organizing field trials of antimalarials; 
the problem of drug resistance, and possible ways of 
preventing or overcoming it; the practical problems 
of mass drug administration ; and the use of medicated 
salt, a promising method of mass drug administration 
with which considerable experience has now been 
amassed in areas as diverse as Brazil, Cambodia, 
Ghana, Netherlands, New Guinea and British 
Guiana, An annex reviews variations in the modali- 
ties of drug administration in antimalaria programmes 
throughout the world. 


STAPHYLOCOCCAL CARRIAGE 


HE carriage of staphylooocei in sites such as the 

nose and throat, without the production of local 
or general disease, has become of increasing impor- 
tance in recent years in relation to problems of cross- 
infection in hospitals and, to a lesser degree, among 
the population at large. The term ‘oarriage-rate’ has 
never been accurately determined, however, and there 
is no general agreement regarding the sites to be 
examined, and even criteria of pathogenesis remain 
unsettled. An attempt at a quantitative survey of 
observations made from 1837 to 1959 in a number of 
countries—mainly in the British Commonwealth, 
Scandinavia and the United States—and based on 
material from many sites has recently been reported 
by E. Munch-Petersen. His findings have been sum- 
marized in a recent issue of WHO Chrontole (16, No. 11; 
November, 1961). 

The carriage-rates in the general population and in 
hospitalized patients fluctuated very considerably 
from year to year and exhibited no obvious similarity 
intrend. A striking feature was the precipitate fall in 
rate among the hospital population during 1949, and 
possibly the outcome of the intensive use of anti- 
bioties; but this fall left no impression on the subse- 
quent trend, and the over-all hospital carriage-rate 
remained much the same. Nasal carriage-rates, taken 
alone, ranged widely: in the general population from 
21-5 per cent (1953) to 49-2 per cent (1949); in hospital 


inmates from 32 per cent (1949) to 59-2 per cent 
(1959), again without any obvious pattern over the 
whole period. It is difficult to see why there should 
be such marked variations in carriage-rates in the 
same population from year to year, or why widely 
differing figures should be reported from different 
countries. The total rates for the general population 
ranged from a minimum of 13-6 per cent in some 
southern European countries to a maximum of 58 
per cent in Germany; for hospital staffs and patients 
national rates varied between 28-1 per cent and 
55-7 per cent. It is rare for two adjacent hospitals to 
have the same rate and there may even be differances 
between wards in the same institution. 

The basis for these wide discrepancies may lie as 
much in variations of laboratory technique as in true 
differences of incidence. The methods of sampling, 
the sites sampled (the nose and akin of the hand are 
most generally used), the methods of culture and of 
performing coagulase and hemolysin tests, all are 
subject to enough individual variation to cast doubt 
on the comparability of observations from different 
sources. At tbe moment it is only possible to reach 
some approximation to the true state of affairs. Not 
until there is a generally accepted method for 
determining staphylococcal oarriage-rates, and 
generally accepted oriteria of pathogenesis in 
staphylococci are available, will it be possible to 
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form any opinion as to the significance of variations 
in these rates. 

Although the annual figures for carriage-rates of all 
pathogenic staphylococci follow no particular course, 
evidence from many sources in industrialized countries 
shows that this is not the case with regard to the 
proportions of penicillin-resistant organisms. There 
has been a steady increase in the proportion of resis- 
tant organisms in each host category over the years, 
an inorease greatest in the hospital group but signifi- 
cant even in members of the general public with no 
overt signs of infection. 

These findings raise many questions about the 
origin and spread of resistant strains. They are 
certainly consistent with the general impression of a 
relationship between the increased use of penicillin 
and the growth of resistant strains. (Tbe slight down- 
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ward trend noted for resistant strains in hospitals 
since 1955 may be the result of the use of broad 
spectrum antibiotics.) It has to be borne in mind that 
penicillin, with other antibiotics, is being used on a 
large scale for preserving food and controlling 
animal diseases in many countries. It is increasingly 
present in milk and cheese, and quite large numbers 
of hospital, veterinary and farm workers are inter- 
mittently or continuously exposed to small concentra- 
tions of the antibiotic. These are all factors likely to 
promote the emergence of resistant strains in man, 
quite apart from the effects of inadequate or inju- 
dicious chemotherapy in clinical practice. Whether 
diseases caused by resistant organisms are more 
infectious or more serious than those produced by 
sensitive staphylococci is another matter and difficult 
to assess. 


FLAME-ARC COMBINATION 


By J. LAWTON, K. G, PAYNE* and Dr. F. J, WEINBERG 


Department of Chemical Engineering and Chemical Technology, 
imperlal College of Sclence and Technology, London, S.W.7 


HE existence of appreciable ionization in flames 
was implied already in 1600 by the discovery 
of W. Gibert, physician to Queen Elizabeth I, that 
flame gases would discharge an electroscope. More 
recently, effecte of electric fields on flames involving 
changes in rate of propagation or in shape of flame 
have been reported (see, for example, refs. 1-3) 
Within the past few years, the potentialities of 
utilizing both the movement of flame ions in an 
applied field and the forces acting on the gas due to 
such ion movement have been seriously considered 
from a practical point of view. Examples of the 
effects sought are: electrolysis of flame gases to 
collect (or re-direct) desirable intermediates or 
charged carbon particles; the use of secondary ionic 
wind effects to increase mixing rates (and hence 
intensities of combustion), to alter heat transfer to 
solid surfaces, to modify length of fame and so forth. 
It was indeed found‘ that in the case of laboratory 
flames, appreciable changes in magnitude, location 
and form of carbon deposition, in heat transfer to 
surrounding surfaces and in mixing-rates could be 
achieved in this manner. The application of a 
magnetic fleld to rapidly moving combustion products 
has resulted’ in direct generation of electricity at 
appreciable power-levels—-though at inappreciable 
efficiencies. 

Several of the other applications mentioned would 
similarly be of considerably greatcr and less special- 
ized interest if their efficiencies were higher. The 
difficulty ultimately lies in the relatively low ion 
concentrations generated. The work reported here 
is part of an attempt to remedy this situation. This 
phase is not concerned with the form or feasibility of 
applications—these have been discussed in other 
publications. The present aim is to increase the 
energy and ion contents of the gas by increasing final 
temperatures beyond magnitudes available from 
heats of combustion of stoichiometric mixtures. 

In principle, the simplest method of achieving this 
effect .without. external energy sources is by means 
of some heat exchanger re-circulating a part of the 
heat of the products to the unignited reactants. In 
the steady state, the final rate of heat efflux must, of 
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course, equal the influx-rate of chemical energy. In 
between the initial and final states, however, tem- 
perature and ion concentration can be increased on 
‘borrowed heat’ and the desired result is accom- 
plished over a limited region. In practice, this 
system is severely limited. In premixed reactants, 
the ignition temperature confines maximum preheat 
to a very low value. Separating the reactants is 
undesirable because it leads to a rate of burning 
controlled by the mixing and hence a severely reduced 
intensity of combustion. The more fundamental 
obstacle lies in the melting point of any heat 
exchanger. The additional gas enthalpy correspond- 
ing to the highest such temperature limited in this 
manner is quito low by comparison with those 
corresponding to attainable heats of combustion. 

This fact leads to a more general statement of the 
problem. The desirable trend towards ever higher 
temperatures of the working gas is at present halted 
by the large gap which exists between the maximum 
temperature at which gas can be contained without 
melting the container and the minimum temperature 
at which ion concentration is sufficient for control to 
be exercised by means of fields. In attempting to 
narrow this gap from the flame end, it follows from 
the above that additional heat supplied to the gas 
must not pass through solid walls-—indeed, must not 
be transferred as thermal energy at all. 

No such limitations apply to releasing energy in 
the gas by means of an electrical discharge, and for 
purposes of the present work a ‘plasma-jet type’ are 
seemed the most convenient. A compromise between 
such a device and a gas burner was designed. Fig. 1 
illustrates one form of the apparatus. The power 
supply consisted of 60 nickel—iron cells (of 1-2 V. each) 
and the circuit included an arc-welding starter unit 
and a variable external resistance of 0:4 ohm maxi- 
mum value. The external resistance was kept 
approximately equal to that of the arc. 

It was necessary to minimize oxidation of, and 
other chemical attack on, the hot tungsten cathode, 
and to safeguard against explosion within the body 
of the burner caused by ignition there, or by flash- 
back. The nitrogen stream alleviated attack on, and 
ignition by, the hot surface. Flashback can be 
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avoided by mamtaining high flow velocities, and up 
to critical pressure drops across the water-cooled 
orifice, which is the burner mouth and anode. A less 
obvious difficulty was occasioned by the adverse 
effect of certain gases on are stability. One eon- 
sequence of this was increased release of heat on, 
and hence erosion of, the electrodes. In such cases 
it proved more convenient to introduce the com- 
bustible mixture into the discharge from a ring of 
(in the present instance four) nozzles. These were 
carefully aligned so as to destroy the horizontal 
component of the jet momentum at the meeting point 
of the gas streams (see Fig. 2}. The mass flow of the 
inert gas could be reduced to an insignificant fraction 
of the total flow. Thus even with the somewhat 
inadequate power supply used, it proved quite 
feasible to dissipate more than 3,000 W. of electrical 
power at a flow-rate of nitrogen of only 30 ml./sec. 
and a flow-rate of inflammable mixture of more than 
400 ml./seo. 

For possible applications of such devices to, for 
example, direct power generation, the combustion 
process would have to be regarded as the energy 
source. Thus, the re-ciroulation of some of the elec- 
trical output would have to supply the arc. This 
method of maintaining a high 10on concentration in 
the working space is free from the limitations of a 
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heat exchanger (though, to minimize energy losses to 
the electrodes, some of the gas flow might have to be 
used instead of the water coolant). In the present 
experiments, the combustion process would release 
up to 60 per cent of the electrical power input, using 
stoichiometric mixtures of ethylene in air. This per- 
centage oan undoubtedly be increased greatly by 
using oxygen. 

For other potential applications (for example, 
electrolysis for ionized intermediates or their recom- 
bination products on the electrodes, generation of 
thrust, recombination-enhanced heat transfer to a 
cool surface) a dual energy source might not be at all 
inconvenient. The ‘combustion mtensity’—to use a 
term relevant to propulsion devices—can be very 
bigh. Because of the effect of the high temperature 
on. primary reaction-rate, the volume required for the 
completion of ‘combustion’ is likely to be determined 
almost entirely by the re-association of molecular 
fragments at the coolmg stage. The maximum rate 
of throughput need then no longer be determined by 
the maximum combustion-rates which are attainable 
by the conventional re-circulation of part of the hot 
products by vortices m combustion chambers. In the 
present preliminary experiments, with a hmuited power 
supply (which in turn limits are stability) and a 
‘burner mouth’ of 1/16-3/32 ın. radius, volume flows 
of about 30 litres/min. carrying more than 2,500 W. 
of chemical energy proved perfectly feasible. The 
limits of stability of ‘pure’ flames are, of course, very 
much smaller. 

The increase in temperature and hence in ion 
concentration caused by given increase in enthalpy 
of the product depends, inter alsa, on the dissociation 
of products. Results for a number of relevant mix- 
tures in the presence and in the absence of ionizable 
salt are shown in Table 1 for various proportions of 
electrical input. The calculations are based on the 
thermodynamic data of Moffat‘. 

Not the least interesting aspect of such phenomena 
is that the question of whether they are, in essence, 
flames stabilized by continuous electrical ignition, or 
discharges fed with inflammable gas, becomes rather 
meaningless. Both the ionization, which gives a path 
of least resistance to the discharge, and the reactions 
leading to the hot equilibrium state, occur most 
rapidly in high-temperature zones. Even from a 
practical point of view, deliberate separation of the 
flame from the discharge must result in greater loss 
of heat and poorer utilization of volume. 

The reason for emphasizing the fundamental ten- 
dency of the phenomena to coalesce into one is that 
it is relevant to a third method of imparting energy 
to the gas without flow of heat through walla, namely, 
adiabatic compression. ‘The association of a shock 
wave with a flame, well known as ‘detonation’, has 
similar properties. Combustion is initiated by the 
compression front and in turn prevents attenuation ° 


Table 1 
Partial pressure of potassium 
added as potassium. carbonate 
{ heres) 0 oDi 0-10 
Tempe CK.) 4,000 4,500 3,000 3,500 4,000 4,600 3,000 3,500 4,000 4,500 
540. 0-70 6-90 6 00 0 25 6-70 6-90 6 00 6-30 6 75 1 00 
ratio of Q aur 2 10 2 55 0 75 1°46 210 2-55 1 6 2 25 8 00 8 55 
estrical O, +30, 1°46 1°46 2 45 
to chemical O,H,+air 27 3 4 27 6 5 4 5:0 
power Hy +150, 5 65 5 65 8-7 
10-4 x Based (C,H,+ 0 09 0'4 
number of on air 
electrons nitric ) O+air 0-09 0:4 
per om.* oxide 
Based on potassium 6-8 24 51 91 22 78 190 8 
Conductivity (mhos/cm.) 0-02 0-08 13 836 70 90 12 35 70 10 0 
Fraction of potassium atoms lonized 1} -03 011 0 27 0 56 0-01 0 04 0 10 0 
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of the latter. The analogy grows closer and gains 
relevance with recent attempts’ to ‘stabilize detona- 
tion’ by feeding reactants under pressure into a 
stationary shook wave. The association of all three 
methods of increasing gas temperature into one 
similarly irresolvable phenomenon seems perfectly 
feasible. 
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CRITICAL FLICKER THRESHOLD AS A FUNCTION OF THE 
CONCENTRATION OF NITROUS OXIDE 


By Dr. H. C. HOLLAND and R. N. GOOCH 


institute of Psychiatry, University of London 


HE phenomenon of critical flicker fusion is a 
visual illusion known widely in many biological 
disciplines. It consists of the apparent fusion of an 
intermittently pulsed light source or the flickering of 
an apparently continuous light source which is 
critical in relation to a number of parameters. Perhaps 
most rigorously investigated in experimental psycho- 
logy, where studies on its photochemical and other 
psychophysical determinants are represented by a 
vast literature!, critical flicker fusion measures have 
also been used as the dependent variable in a number 
of physiological and neurological investigations where 
it has been advanced, in broad terms, as a measure 
of the integrity and sensitivity of nerve and neurone 
structures. In studies of the effects of drugs on 
behaviour (psychopharmacology), particularly those 
affecting brain mechanisms, measures of 
critioal flicker fusion are considered as among the 
most sensitive available to the research worker. 
Indeed, it has been suggested that flicker might be 
used as a method standardizing the effects of somni- 
facient drugs’. It must be stated, however, that some 
authors would hesitate to accept flicker as a direct 
measure of the excitatory balance of the central 
nervous system and would place a peripheral rather 
than a central emphasis on their explanations. 

Before Landis’s suggestion, that flicker should be 
used to standardize the depressant effect of drugs, 
can be exploited further, even in the limited aspects 
of somnifacients, a rational classification and theory 
of drug action are required. (There is little virtue in 
an empiricism which does not lead to a theoretical 
framework from which drug effects may be deduced.) 
One such postulate required by a rational system has 
been advanced by Eysenck*:* in which the drugs are 
hypothesized as simulating certain permanent, that 
is, genetically endowed, personality characteristics. 
It is a theory which has generated a large number 
of predictions concerning the effects of stimulant and 
depressant drugs which have been verified with 
encouraging regularity? 5. 

The present work is an attempt to extend previous 
findings with other stimulant and depressant drugs*:? 
and to examine the effects of various concentrations 
of nitrous oxide in oxygen on the critical flicker 
frequency in the belief that changes in frequency 
threshold are representative of changes of sensitivity 
along & continuum which terminates at complete 
sedation. 


Nitrous oxide is an anesthetic gas the pharmaco- 
logical actions of which resemble those of other 
inhalation anæsthetics, and which belongs to that 
class of drug agents the common pharmacological 
property of which is that of general central nervous 
system depression®-!°. It was chosen as a suitable 
general central nervous system depressant drug in 
this experiment because of ite convenience in several 
particulars. As it is administered by inhalation in 
admixture with oxygen, does not enter into chemical 
combination within the body and is excreted via the 
game channel through which it is absorbed, that is, 
the lungs, the level of drug in the arterial blood can 
be accurately controlled in terms of the concentration 
of the gas presented to the subject for inhalation. 
Moreover, it diffuses quickly in solution and an equi- 
librium is rapidly attained between concentration in 
arterial blood and cerebral tissues. This equilibrium 
is complete in about 10 min., but most of the pro- 
cees of the saturation of cerebral tissues takes place 
in about the first 4-5 min.11:13, Convenience not 
only lies in the rapidity of acquisition of pharma- 
cologically active drug-levels but also in speed of 
recovery after cessation of administration of drug. 
The speed of absorption and dissipation permits the 
easy manipulation of the physiological environment 
of the subject. 


Table 1. Maw SCORES FOR THA TOTAL GROUP FOR THR SIX 
CONDITIONS 
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Oxy. 2/12 4/14 6/16 8/18 Oxy. 
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Fig. 1 


The flicker instrument was a modified Lister moving 
arm perimeter (type 315/466). This perimeter has ite 
own illumination source, the ‘target’ placed at a 
position 10° peripheral angle temporal from the 
central fixation point and was viewed monocularly. 
The light source was a CV 988 neon which, from 
299 mm., subtended an angle of 1:8°. Activation of 
the neon was by blocking oscillator of variable fre- 
quency and equal mark-space ratio. Circuit to the 
lamp was made through a finger key. 

Nitrous oxide and oxygen were delivered from a 
commercially available Boyles table (British Oxygen. 
Oo.) and administered through an R.A.F. type oxygen 
mask fitted with microphone. 

There were five subjects, four of whom were male. 
Their ages ranged between sixteen and thirty. 

The mask and the other apparatus adjustmente 
being made, the flicker was demonstrated and prac- 
tice undertaken. The form taken by each trial was 
to set the frequency-rate well above the fusion 
threshold and to reduce it progressively at about 2 
cycles per sec. by an attenuator. When the light 
began to flicker the subject reported so verbally over 
the microphone and amplifier. During the first 
minute of each gas-level no measurements were 
taken. After the first minute they were assessed 
every 15 sec. for the following 3 min. Thus, at the 
end of 4 mm. the gas-level was changed and the 
procedure repeated. 

The resulta are presented in Table 1 and Fig. 1, 
the first of which presents in tabular form the 
declining mean scores for the increasing gas concen- 
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trations. The same results are presented graphically 
in Fig. 1, which has two abscisse, in the first case 
transforming the drug/oxygen ratio to percentages, 
and in the second case transforming the percentages 
to values along an inverse logarithmic scale. Exam- 
ination. will show that the percentage scale results in 
a fanction of ‘gas effect’ which is slightly curved, 
whereas the logarithmic soale presents a function 
which is linear within the limits tested. 

An analysis of variance was also conducted on the 
scores to determine first the components of the overall 
differences, and secondly to determine that the mean 
values were reliably differentiated from each other. 
The outcome of this analysis is also presented jn 
Table 1. Three sources of variance, representing: 
(a) differences between people (individual differences) ; 
(b) differences between concentrations; and (c) the 
interaction between individuals and concentrations; 
were found to be significant, that is, rejected the null 
hypothesis. A further breakdown of the overall 
difference between concentrations, as t tests between 
individual concentrations, is appended in Table 1 
and shows that all the compared values are 
significantly different from each other. 

Even though using only such a small group, the 
observed results indicate that the effects of nitrous 
oxide on the critical flicker threshold can be described 
by a function which is basically linear. .The fact that 
the second oxygen. score is significantly differentiated 
from the first is probably due either to a failure on 
the part of the experimental method to allow sufficient 
time to elapse for the complete dissipation of the 
effects of preceding gas-levels, or the decline in flash- 
rate eae some fatigue effect. 
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HYDROCARBON CONSTITUENTS OF THE WAX COATINGS OF 
PLANT LEAVES: A TAXONOMIC SURVEY 


By Dr. G. EGLINTON, R. J. HAMILTON and Pror. R. A. RAPHAEL 


Chemistry Department, University of Glasgow 
AND 


Pror. A. G. GONZALEZ 
Facultad de Clencias, Universidad de La Laguna, Tenerife, Canarlas, Spain 


HE use of chemical constituents of planta as an 
aid to their classification is now a familiar con- 


cept!4, the outstanding example being the extensive ° 


work of the Erdtman? school on conifers. The 
utilization’ of leaf waxes as an advantageous tax- 
onomic criterion seemed worthy of mvestigation 
in spite of forebodings that the differences between 


the waxes might not be sufficiently discriminating— 
too “conservative” as Erdtman has put it?. To sim- 
plify the approach, it seemed reasonable to con- 
centrate on one class of wax constituent, namely, the 
hydrocarbon content. Such a hydrocarbon mixture 
is very amenable to exact and rapid analysis by gas- 
liquid chromatography’, and its very complexity 
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serves as & positive advantage in providing a taxono- 
mic ‘fingerprint’. 

A compact grouping of closely related genera 
(Aeonium, Aichryson, Greenovia, Monanthes) of the 
sub-family Sempervivoideae (Crassulaceae), endemic 
to the Canary Islands, was chosen for study. The 
members of this sub-family are all xeromorphic and 
generally possess quite substantial waxy coatings. 
Lems?! devotes a recent lengthy paper to the evolu- 
tionary aspects of the group, in which he states his 
belief that the Aeonitums present “a situation com- 
parable in many ways to the finches of the Galapagos’. 
The planta were collected in their natural habitate 
and were identified by Dr. 8. Sventenius of Orotava, 
‘Teneriffe, to whom we are greatly indebted. The 
surface wax was removed from the leaves (about 
100 gm.) by dipping the latter briefly into chloroform’. 
The hydrocarbon fraction was then isolated by saponi- 
fication of the crude wax followed by brief chromato- 
graphy of the neutral fraction over alumina in light 
petroleum. The imitial eluate contained the hydro- 
carbon fraction and this was examined by gas-liquid 
chromatography (Fig. 1). 

The main findings concerning the composition of 
the hydrocarbon fractions may be summarized as 
follows: (1) Alkanes of carbon number less than Css 
and more than C, are not present to any appreciable 
extent. Although the presence of other types of 
saturated hydrocarbon cannot be rigorously excluded, 
it is certain that the components of the hydrocarbon 
mixtures belong overwhelmingly to the n- and iso- 
alkane series. These observations seem 
to hold for the leaf waxes of most plants 
as yet investigated’ *. (2) The content . 
of odd carbon-number alkanes is greater 
than that of even carbon-number alkanes 
by a factor of more than ten. The dis- 
tribution ratio of the odd and even series 
shows no parallelism. (3) Some species 
contain quite high proportions of iso- 
alkanes, which occasionally even out- 
weigh the n-alkane content. When 
present, an isoalkane constituent in- 
variably accompanies its straight-chain 
isomer, and for the major odd carbon- 
number constituents (for example, Cy 
and C,,) of any given leaf wax there are 
indications of a parallelism in the iso- 
normal hydrocarbon ratio. The only 
other reported occurrence of branched- 
chain hydrocarbons is that found for 
tobacco leaf wax. 

The principal requirement for a taxon- 
omic criterion is that it be specific for 
any species. The hydrocarbon pattern 
of the leaf wax of a given species was 
found to be substantially independent of 
season, age or station of the individual. g 
Within the limitations of this investiga- O 
tion and in the absence of sufficient data s 
for a thorough statistical treatment, it 
seems reasonable to conclude that the 
hydrocarbon pattern of the leaf wax of a 
species is a property characteristic of that 
species. Further work will, of course, be 
necessary to substantiate this claim. In 
Fig. 2 the hydrocarbon constituents of 
some of the leaf waxes studied are shown 
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this the species are arranged such that, in general, 
the branched-chain isomer content increases from left 
to right and from top to bottom; the proportion of 
C,, to C, seems to increase in a similar progression. 
A correlation between the botanical classification and 
the hydrocarbon distribution is apparent in that there 
is some uniformity of the pattern within each of the 
genera Monanthes, Greenovia and Aichryson, and 
within the sections Urbica and Holochrysa of the 
genus Aeonium. However, although there are some 
similarities within the sections Oanariensia and 
Goochia, there are also some very marked differences 
which may be a reflexion of as yet unrecognized 
departures from the existing botanical classification. 

Although such comparisons of hydrocarbon patterns 
may serve to establish relationships, it would seem 
that the differences between related genera may be 
insufficiently discriminating to act as ‘fingerprints’, 
for example, in the cases of the genera Monanthes 
and Greenovtia investigated by us. Further investiga- 
tions are in progress and will be reported in detail 
elsewhere. (An earlier exploratory study, with M. 
Martin-Smith, on certain plants in New Zealand, is 
in the course of publication.) 

Even the present limited Investigation on a re- 
stricted area has shown at least some ghmmerings of 
a taxonomic relevance in the leaf-wax hydrocarbon 
pattern. The value of gas chromatography for work 
of this kind is rapidly increasing with development 
of temperature-programmed, high-efficiency, high- 
speed columns and of automatic tabulation of quanti- 
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ties and retention times of the separated constituents. 
Such refined techniques should render surveys of the 
type reported here readily feasible on a very 
large scale, not only for the hydrocarbons, 
but also for the oxygenated constituents. Such 
investigations would not only be of taxonomic interest 
but could also be used in the study of the possible 
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relationships existing between plant waxes and such 
matters as plant metabolism®*, water balance”, 
plant diseases’, weather damage’!, atmospheric 
pollution damage!*, efficacy of crop-spraying’’, 
the carcinogenetic effect of tobacco smoke, and the 
origin of petroleum, Other waxy coatings such as 
those possessed by micro-organisms, insects” and 
Aeonium 
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animals** ghould certainly be amenable to similar 
study. 

We thank the Carnegie Foundation for Scottish 
Universities for generous financial support. One of 
us (R. J. H.) is indebted to the Department of Scienti- 
fic and Industrial Research for a maintenance grant, 
while another (G. E.) acknowledges a leave of absence 
from the University of Glasgow. 
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FRACTIONATION OF WOOL WAX IN THE CENTRIFUGAL 
RECOVERY PROCESS 


By Dr. C. A, ANDERSON and Dr. G. F. WOOD 
Commonwealth Sclentific and industrial Research Organization, Division of Textile Industry, Geelong, Australla 


N the centrifuging of wool scour liquors for the 
commercial recovery of wool wax, yields rarely 
exceed 40 per cent, and ordinary centrifuging tech- 
niques are incapable of separating additional wax. 
It is shown in this communication that the recovered 
and unrecovered waxes have different characteristics, 
that is, the original wax is separated in the centrifuge 
into two different fractions. It is also ahown that the 
fractions correspond broadly to oxidized (unrecovered) 
and unoxidized (recovered) wool wax. 

The recovered wax usually contains some oxidized 
material, the actual proportion depending on the type 
of scour liquor and the recovery conditions. As the 
proportion of oxidized material in a commercial wool 
wax controls such important processes as bleaching 
and neutralizing, the efficiency of the fractionation 
determines to a large extent the commercial value of 
the recovered wax. 

In view of its importance, it is surprising to find 
that most workers in the field are apparently unaware 
that the fractionation occurs. It is easily inferred 
from many publications that their authors were 
unaware that ‘wool wax’ (that is, the whole wax from 
the fleece) is different from ‘centrifugal wool grease’. 
Thus, quite recently, Clark and Kitchen! regarded the 
difference in peroxide values of fleece wax and centri- 
fugally recovered wax as an ‘apparent anomaly’, 
and’ sought the explanation in chemical reactions 
taking place in the scour liquor. 

Some other workers have apparently recognized 
that the fractionation occurs; but the only literature 
reference to it is a passing one in a British patent*. 
‘The present article therefore presents formal evidence 
for the phenomenon, and discusses some of ite impli- 
cations in wool wax technology. 

A scour liquor from the commercial scourmg of 
Merino 64’s wool in a solution containing soap and 
sodium carbonate was h a commercial 
centrifuge, which effected a separation into a wool 
wax concentrate, an effluent liquor, and a sludge. 
Wool wax corresponding to ‘centrifugal wool grease’ 
was obtained from the concentrate in the usual way 
by recentrifuging in the presence of wash water. 
The wax in the effluent, which is normally discharged 
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to waste ın a commercial plant, was extracted with 
diethyl ether after adding ethanol to break the 
emulsion. These waxes are referred to as ‘recovered’ 
and ‘unrecovered’ waxes respectively, the description 

relating to their fate in a commercial recovery plant. 
` They were obtained in approximately equal amounts. 

Some similar wool was divided into ‘tip’ and ‘base’ 
portions by double-shearing a selected sheep. The 
tip portion constituted about three-quarters, and the 
base portion one-quarter, of the total wool. Both 
portions were extracted with petroleum ether (boiling- 
range 50-90° C.), the solutions were filtered and the 
solvent was distilled from the waxes under reduced 
pressure. The waxes were dissolved in diethyl ether, 
filtered, recovered by distillation, and dried under 
‘vacuum. At no stage of the recovery were the waxes 
exposed to temperatures above 50° C. These waxes 
are referred to as ‘tip’ and ‘base’ waxes according to 
their origin. 

The ultra-violet spectra of the two pairs of samples 
are shown in Fig. 1, and difference curves, obtained 
using one of each pair as a reference for the other, 
are shown in Fig. 2. The differences between ‘re- 
covered’ and ‘unrecovered’ correspond closely with the 
differences between ‘base’ and ‘tip’. The increased 
absorption of the ‘unrecovered’ and ‘tip’ samples in 
the region 220-280 my is characteristic of autoxidized 
wool wax components*. l 

Infra-red spectra of the four samples are shown in 
Fıg. 3. Again, the differences between ‘recovered 
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and ‘unrecovered’ waxes, and between ‘base’ and 
‘tip’ waxes, are similar. The increased absorptions 
of the ‘unrecovered’ and ‘tip’ samples at 5 95u, 
corresponding to «-keto-enes’ and at 3p, correspond- 


_ ing to hydroxyl groups, are typical of autoxidized 


wool wax. 

Fig. 4 shows the change in colour with time on 
heating the samples at 100° C., and Table 1 gives 
various properties of the samples. The correspond- 
ences previously noted are again very evident, and the 
differences again correspond to known differences 
arising from autoxidation’. 


Table 1. OMARACTMRISTIOS OF VARIOUS WOOL WAXES 


Tip Base UWnreeovered Recovered 
Colour, red units 2'4 0-8 48 0-7 
Acid valus 72 130 10°68 6-2 
Unsaponifiables cent 423 478 45-2 48-4 
Iodine value (Wijs) 23 9 29-6 25-1 28-4 
Hydroxyl valus 12 7 58 25-68 22 5 


These results show that centrifuging ordinary 
wool scour liquors resulta in fractionation of the wool 
wax: practically all the autoxidized wax from the 
fibre tip remains emulsified, and the recovered wax 
consists predominantly of unoxidized material. As 
some properties of oxidized wool wax (for example, 
higher acidity, darker colour, greater sensitivity to 
heating) are undesirable commercially, the fractiona- 
tion serves the useful purpose of separating desirable 
from undesirable material. 

With these facts in mind, many of the long-standing 
problems of wool wax technology can be viewed from 
a new angle. Many attempts have been made in the 
past to increase yields of wool wax from scouring 
liquors**, but significant increases in yield are always 
accompanied by a decline in wax quality'**. The 
changed quality is now seen to be due to the separation 
of oxidized along with the unoxidized wax. A related 
problem has arisen in the past few years, when a 
change from alkaline soap to neutral non-ionic scour 
liquors has resulted in a fall in the quality. of centri- 
fugally recovered wool waxi®is, The dark colour 
and high acidity of wool wax recovered by the solvent 
extraction of wool are also due to the oxidized material 
present?!’, 
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The main objects in refining wool wax are improve- 
ment of colour and reduction in acid value. As fresh 
wool wax is substantially colourless and neutral?:?*, 
refining problems arise entirely through the presence 
of oxidized wax, and quite small proportions of the 
latter can have a controlling effect on the overall 
behaviour of the wax. 

The ability of wool wax to form stable water-in-oil 
emulsions depends on the surface activity of the wax 
components, which in turn depends on the degree of 
oxidation of the wax. In the fractionation occurring 
during centrifugal recovery, many of the most valu- 
able emulsifymg components are lost. 

Recently, there has been a tendency to regard 
present knowledge of the components of wool wax as 
almost complete!®. However, in investigations by 
Horn’ the proportion of unidentified material in the 
unsaponifiable matter was 53-5 per cent in ‘tip’ wax 
compared with only 3-0 per cent in ‘base’ wax. It 
appears that detailed knowledge is confined to un- 
oxidized wax. In view of the practical importance 
of the oxidized components illustrated by the above 
examples, there is no doubt that a more detailed 
knowledge of their properties would lead to signifi- 
cant technological advances. In particular, the 
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problem of increasing centrifugal recoveries without 
affecting wax quality might be solved by studies of 
surface activity such as those initiated by Anderson 
and Truter". 

We thank Mr. I. J. Poulter for measuring the 
spectra, and Miss B. A. Murray for the other analyses. 
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FATTY ACIDS IN RECENT AND ANCIENT SEDIMENTS AND 
PETROLEUM RESERVOIR WATERS 
By J. E. COOPER 


Socony Mobil Oil Co., Inc., Fleld Research Laboratory, Dallas, Texas 


ATURATED fatty acids have been found in 
recent sediments, ancient sediments, and waters 
produced with petroleum. Acids having odd numbers 
of carbon atoms have been found along with those 
having even numbers of carbon atoms. 

Acids were obtained from sediments by extraction 
with a refluxing solution of potassium hydroxide in 
methanol. Water was added to the extract, which 
then was concentrated by distillation. The sample 
was washed with carbon tetrachloride to remove 
non-acidic material. The sample was divided into 
two equal portions; a known amount of stearic acid 
was added to one as an internal standard. Both 
portions were afterwards treated identically. The 
portions were acidified, and acids were extracted with 
carbon tetrachloride. ‘The solvent was evaporated 
cautiously. The acids in the residue were esterified 
using boron trifluoride in methanol, and straight- 
chain esters were separated by urea adduction. After 
decomposition of the adducts with water, the esters 
were taken up in benzene and determined by gas 
chromatography. Beeswax was analysed similarly 
for comparison. 

The same general procedure was used for determ- 
ination of fatty acids in formation water samples. 
The samples were not divided, however, and no 
internal standard was added. Instead, the volume 
of the benzene solution of the methyl esters was 
determined, and an aliquot was taken for gas 
chromatographic analysis. This procedure indicates 
only minimum concentrations of fatty acids. 

An F and M model 500 gas chromatograph was 
used for the gas chromatographic analyses. The 
instrument was equipped with a 2-ft. column packed 


with 0-3 per cent silicone grease on 60-80 mesh glass 
beads. The initial temperature in each run was 75°, 
and it was increased to 300° at the rate of 5-6°/min, 
The temperature was held at 300° until all the esters 
were eluted. The gas chromatograph was calibrated, 
using a standard solution of esters of the fatty acids 
having 8, 10, 12, 14, 16, 18 and 20 carbon atoms. 
Retention times and instrument sensitivities for 
estera of the other saturated, straight-chain acids 
were obtained by interpolation and extrapolation. 
Gas chromatograms of some of the unknown solutions 
showed small amounts of unidentified esters in 
addition to esters of saturated, straight-chain acids. 

Mass spectra were obtained of esters of fatty acids 
from beeswax and from Chattanooga Shale. No 
internal standard was added to either sample. A 
Consolidated 21-103 mass spectrometer, modified 
and operated as described by Meinschein and Kenny}, 
was used in determining the mass spectra. 

Gas chromatographic data in Table 1 show the 
presence of fatty acids having 8-36 carbon atoms. 
The mass spectral data (Fig. 1) provide further 
support for the identification of the acids in the 
12-20 carbon atom range. These data show a 
parallelism between relative abundance of the esters 
as given by parent peaks, parent-minus-a-methoxyl- 
group peaks, and gas chromatographic data. Masa 
spectral peaks corresponding to the odd-numbered 
acids are much lower in the beeswax sample than in the 
Chattanooga Shale sample. This supports the assign- 
ment of gas chromatographic peaks to esters of odd- 
numbered acids having 13, 15, 17 and 19 carbon atoms. 

Control experiments show that results obtained in 
this preliminary work are only semi-quantitative. 
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Tablo 1. SATURATHD, STRAIGHT-OHAIN Farry ACIDS FROM SHDNOINTE, WATERS, AND BEESWAX x 
Recent sediments Anolent sediments Pet. res. waters 
Cm bon San Nicholas Santa Barbara Chattanooga e Ford Diy Mesa Panhandle 
atoms in Basin Banın shale, outcrop, e, core, eld, f 
acid (Pacific Ocean) (Pacific Ocean) Oklahoma Arizona exas Beeswax 
14 1 05* 6 99% 0-44* 0:18* 8-14f 70 -6t 0 O1§ 
15 017 0 74 0 87 0 20 9 60 62 7 od 
16 4 48 17 02 0 50 0 70 18-3 65 7 1 00 
17 0-16 0 70 0 29 © 82 10 °6 56 5 — 
18 1 39 3 88 0 39 0 88 12:0 51-8 0 49 
19 0 290 0 70 O14 018 104 45 9 — 
20 9 52 286 0-10 0-14 9-89 4i 4 0 04 
21 0 09 0 65 0-06 0-12 8 $0 88 8 — 
22 0 29 2 49 0-04 6:10 7-38 84 4 0 oi 
28 0-10 0 75 0°02 6-08 6-07 80 9 —_— 
24 0 16 400 0 OL 0 08 7-10 238 °6 0 O1 
25 0-20 0 81 ++ . 008 8 05 28 5 = 
28 0:46 8-71 + 6-08 5 54 22 2 4 
27 0 24 0 47 + 0 98 8-90 16 8 — 
28 0-61 8-11 + o 06 8 34 12-1 4 
29 Q 17 0-24 0 04 2 89 108 — 
80 0 85 1 39 6 08 2-55 8-85 ~ 
Smallest 
aoid oun Ox, Ore C; Oi; Ors O. Cis 
acid found Oas Cas Ces Ose Oss Cus Oss 
Oi + Cie7 ' 
18 7 14 9 1 58 1 71 119 1 04 
20 xy 
* ugm /gm. 
t Observed peak too small to measure. 
¢ «em jL 
$ Relative to palmitic acid (0;,) ‘ 
T Ratio of the mean of concentrations of palmitic and stearic acids to that of heptadecanolc acid. 
Relative peak heights are correct to within 20 per Chattanooga shale 


cent over the range bounded by pentadecanoic and 
arachidic acids; however, relative heights of adjacent 
peaks in this range are correct to within 5 per cent. 
Absolute concentrations of acids obtained from the 
sediments are accurate to within 60 per cent. The 
concentrations determined for acids in the formation 
waters indicate, however, only an order of magnitude, 
The consistently low values obtained for those acids 
having less than 15 carbon atoms are due to losses 
incurred during the concentration steps and to the 
increasingly unfavourable equilibrium for urea adduct 
formation with lower acids. Control experiments 
have not been performed for acids having more than 
20 carbon atoms. 

As shown in Table 1, recent sediments, ancient 
sediments and formation waters, in contrast to most 
biological systems’, contain fatty acids having odd 
numbers of carbon atoms along with those having 
even numbers. Williams? has given evidence for 
the presence of both odd- and even-numbered fatty 
acids in samples of Pacific Ocean water, and Hewitt, 
Kipping and Jeffery* have found acids of both types 
in montan wax. The sediments and the sea water do 
resemble biological systems, however, in having 
palmitic and stearic acids as the predominant acids. 

Even-numbered acids predominate over odd- 
numbered ones in every case studied. The ratios of 
the mean of the concentrations of palmitic and 
stearic acids to the concentration of heptadecanoic 
acid (Table 1) provide a rough indication of the 
degree of predominance of even-numbered acids. In 
general, the relative abundance of odd-numbered 
acids increases from recent sediment to ancient 
sediment to formation water. -One exception to this 
rule, a Palsozoic shale resembling a recent sediment, 
will be re-examined. 

The source of the odd-numbered acids is not known. 
The analytical procedure does not show whether the 
acids are free or are parts of larger molecules such as 
esters. Contamination is an unlikely source for odd- 
numbered acids, because contammation with natur- 
ally occurring fats or oils would result in the intro- 
duction of even-numbered acids only. Production of 
odd-numbered acids by oxidation during collection 
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and storage of samples seems unlikely; but it cannot 
be disregarded. Since saponification in an atmosphere 
of nitrogen gives the same results as saponification in 
air, acid production by oxidation during this step is 
not important. 

The appearance of the odd-numbered acids might 
arise from a | increase in the relative concentra- 
tions of odd-numbered acids initially present in the 
sediments In very small concentrations. Such an 
apparent increase could result from the selective 
removal of the even-numbered acids. Selective 
solubility is an unlikely cause of such an effect, 
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because enrichment is observed in both waters and 
sediments. Microbial activity, however, cannot be 
excluded, because under certain conditions miero- 
organisms consume even- but not odd-numbered 
acids’. 

The generally higher relative concentrations of 
odd-numbered acids in older sediments (Fig. 2) is 
consistent with the -operation of a process which 
generates odd-numbered acids. The increase in 
abundance of odd-numbered acids seems to parallel 
that of even-numbered paraffins as reported by Bray 
and Evans’, This parallelism suggests related pro- 
cesses for the formation of these acids and paraffins. 
One possible process goes through a reactive inter- 
mediate formed by decarboxylation of a fatty acid. 
Intermediates of this type derived from even- 
numbered acids could react to give a mixture of 
odd-numbered paraffins as a product. The odd- 
numbered acids produced would react similarly to 
form even-numbered acids and paraffins. The opera- 
tion of such a process in a sediment containing 
even-numbered acids would cause the introduction 
first of odd-numbered acids and paraffins and later 
even-numbered . Under conditions favouring 
acid formation over paraffin formation a secular 
equilibrium would be attained eventually in which 
there is no preference between even- or odd-numbered 
paraffins or acids. 

This investigation shows the presence of saturated, 
straight-chain fatty acids in recent sediments, ancient 
sediments and petroleum reservoir waters. Acids 
containing odd numbers of carbon atoms have been 
found along with those containing even numbers. 
The distributions of these acids suggest a relationship 
between the fatty acids and the normal paraffins in 
sediments. 

I wish to express thanks to Mr. E. E. Bray for 
samples of the recent sediments, to Mr. A. J. Miller 
for samples of the ancient sediments and formation 
waters, and to Mr. W. W. Shaw for the performance 
of much of the experimental work. I am grateful 
also to the Socony Mobil Oil Co. for sponsoring this 
work. 
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TIME-DISTRIBUTION EXAMINATION OF THE IN VIVO INCORPORATION 
OF SELENIUM INTO CYTOCHROME C OF THE RAT AND 
ITS TURNOVER 


By KENNETH P. McCONNELL and R. DUNCAN DALLAM 


Radioisotope Service, Veterans Administration Hospital and Biochemistry Department, School of Medicine, 
University of Louisville, Louisville 2, Kentucky 


HERE is abundant evidence that selenium is 
associated with, and incorporated into, various 
proteins in the mammalian organism?. It has also 
been shown that selenium is present in the protein 
fraction of rat liver nuclei, mitochondria, microsomes 
and cytoplasmic supernatant®*. The following phase 


of this investigation deals with the incorporation of 
selenium into the highly active hemoprotein of mito- 
chondria, cytochrome c. 

The present communication is concerned specifically 
with the incorporation of selenium into the oyto- 
chrome c of female rate at various time-intervals. It 
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has been found that young female rats incorporate 
selenium into total-body cytochrome c, and that the 
selenium in this hemoprotein has a half-life of about 
14 hr. A preliminary report of this work has been 
presented‘. Young adult female litter-mate Sprague— 
Dawley rate, weighing 90-110 gm., were injected 
subcutaneously with 70 ugm. selenium containing 
300 uc. of selenium-75 as H,BeO,. At various time- 
intervals the animals were killed and cytochrome c 
was isolated from the whole carcass, except the head, 
skin and fur. Cytochrome c was isolated by ammonium 
sulphate salt fractionation according to Kenin and 
Hartree’ and then purified by column chromato- 
graphy using “Amberlite XH-64’ ın the ammonia 
forms®:?. The resin containing the cytochrome c was 
thoroughly washed with distilled water, ammonia 
water (pH 8) and finally eluted with 0-5 M ammonium 
hydroxide. Quantitative determination of cyto- 
chrome c was made spectrophotometrically*. Purity 
of the isolated product was confirmed spectrophoto- 
metrically and its homogeneity by paper electro- 
phoresis. Activity of selenium-75 in the isolated 
cytochrome c fractions was determined in a well-type 
scintillation detector which contained a sodium 
iodide crystal*. Time-distribution investigations of 
the incorporation and depletion of selenium in the 
oytochrome c fraction are shown in Fig. la. 
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In other experiments ıt was observed that selenium- 
75 was incorporated into the cytochrome c fraction as 
soon a8 15 min. after the administration of selenium- 
75. The uptake of selenium-75 in the cytochrome c 
increased markedly within 6 hr. to a maximum, after 
which there was a slow decline over an extended period 
of time. After 3 weeks (Fig. lb), under conditions of 
our experiments very little selenium-75 remained in 
the total-body cytochrome c fraction. The biological 
half-life of selentum-75 in cytochrome 6 was observed 
to be 14:3 hr., while in another experiment, the half- 
hfe was found to be 13 hr. ing the molecular 
weight of cytochrome c to be 13,000 and knowing the 
specific activity of a standard selentum-75 solution, 
calculations were made to estimate the amount of 
selenium incorporated into cytochrome c. At the 
l- and 6-hr. period, respectively, 1:4 and 15:8 pgm. 
atom selenium per mole of cytochrome c were found. 

In a separate investigation, experiments were 
undertaken to examine the possible occurrence of 
organo-selenium in the control, or reference, heart 
cytochrome ¢. Horse heart cytochrome c (obtained 
from the Sigma Chemical Co., St. Louis, Missouri) of 


NATURE 





747 


high purity was analysed for selenium by neutron 
activation analyses? at the Oak Ridge National 
Laboratories. It was found that these two cyto- 
chrome ¢ samples contained, respectively, 0-1-0-5 
ugm. selenium per gm. cytochrome c. A preparation 
of selenium-75-cytochrome c was separated into 
protein and hem fractions by hydrolysis, using a 
silver sulphate solution containing acetic acid, 
according to the method of Paul’. It was found that 
9 per cent of the total radioactivity was present in the 
ferri porphyrin fraction, while 91 per cent resided in 
the protein moiety. The rat can incorporate selenium 
into cytochrome c and does so at a relatively rapid 
rate in the young adult female rat. 

Actually we know of no work comparable with this 
report on the turnover of total-body cytochrome c. 
Most work has been concerned with the turnover of 
isotopically labelled cytochrome c in individual 
tissues"*, Theorell and Akesson!® found an uptake of 
radioactive Fett into cytochrome c of the guinea pig 
muscle. However, it is difficult to compare these 
results with those reported here due to the difference 
in metabolism of iron and selenium. Drabkin et al.™ 
concluded that aerobic cells possess independent 
biosynthesis capabilities for the fabrication of 
chromoproteins and that cytochrome c has essentially 
the nature of an adaptive enzyme. 

The part that selenium plays in metabolic reactions 
remains obscure. The fact that selenium can substi- 
tute for vitamin E in preventing some, but not all, 
of the symptoms in vitamin E-deficient animals*® 
suggests a metabolic function for this trace element. 
Recently reported experiments implicate selenium, 
as well as vitamin E, m the in vivo synthesis of 
ubiquinone!*, Experimental results using tracer 
techniques and neutron activation analyses of cyto- 
chrome ¢ of high purity have established that selenium 
is an intricate part of the cytochrome c molecule. Under 
non-toxic experimental conditions reported here, 
that is, using tracer techniques, a maximum of 
15-8 ugm. atoms of selenium per mole of cytochrome 
c were found, whereas neutron activation analyses 
gave 7 ugm. atoms per mole of cytochrome o. The 
amount of selenium present in hwmoprotein probably 
varies with the diet and the species. 

The fact that selenium incorporates readily into 
cytochrome c of the rat is not surprising in view of 
existing evidence for the incorporation of selenium 
into other hsemoproteins (unpublished resulta on 
myoglobin, and ref. 15). The half-life value of 
about 14 hr. for selenium in cytochrome c reported 
here undoubtedly represents a fast turnover value 
since the animals used in the experiments were 
growing rapidly. One might expect long half-lives 
in mature adult or older animals. 

According to Schoenhetmer’s dynamic steady- 
state concept’, it would appear that cytochrome c 
is undergoing continuous rapid turnover. Even 
though it would be reasonable to interpret the present 
results in terms of dynamic steady state, it is believed 
that until facts are available utilizing different 
isotopes, the conclusion that our findings represent 
cytochrome c turnover be provisional. There may be 
replacement of sulphur-contaiing amino-acids of 
cytochrome c (ref. 17), of which there are four moles of 
sulphur residues per mole of cytochrome c, and time- 
distribution curves obtained may reflect only the 
turnover of these sulphur-containmg amino-acids 
and not total protein turnover. 

Experiments are reported which demonstrate that 
selenium administered as H,”*SeQ, is incorporated 
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into whole-rat carcass cytochrome c. The concentra- 
tion of selenium-76 in the rat varied with time, charac- 
terized by a relatively fast uptake and a slow depletion 
extended over a 3-week period. A provisional half- 
life of 14 hr. for cytochrome c in the young female 
rat is proposed. Neutron activation analyses of 
highly purified commercial horse heart cytochrome c 
showed that it contained trace amounts of stable 
selenium, in the order of a few tenths of a ugm. per gm. 

A portion of this work was done during the tenure 
of an Established Investigatorship of the American 
Heart Association. This investigation was supported 
in part by grant A-4445 from the National Institutes 
of Health. 
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RENAL FUNCTION IN MAN, DOG AND RAT 


By Dr. MALCOLM A. HOLLIDAY and Dr. THOMAS J. EGAN* 


Department of Pediatrics, University of Pittsburgh School of Medicine, and Hetnz Memorial Laboratories, 
Children’s Hospital, Pittsburgh, Pennsylvania 


HE fact that smaller mammals have a higher 

rate of metabolism per gram of body-weight is a 
well-established biological principle. Implicit in this 
relation is the fact that food utilization and heat 
dissipation are also increased per gram of body- 
weight. These two functions—food utilization and 
heat dissipation—are the principal determinants of 
solute excretion and of insensible loss of water respec- 
tively. Solute excretion, in turn, is a determinant of 
urinary loss of water. An examination of loss of water 
in relation to body size should include an examination 
of kidney functions related to water excretion among 
different sized mammals. A basic point involved is 
whether the small animal with a higher metabolic rate 
has a higher turn-over of water or has a more efficient 
mechanism for conserving water. Secondly, an 
examination of work-load in relation to structure 
among different-sized species May give some insight 
into mechanisms underlying the functional differences 
that are known among these species. To this end 
simultaneous measurements of glomerular filtration 
rate and maximum rate of ‘free’ water excretion 
were made in rats and compared with kidney weight 
and concentrating capacity. The parameters in the 
rat were compared with those reported in the litera- 
ture for dog and man. These 8 species were selected 
for comparison because they cover a substantial range 
in size, they have similar diets and habitats, and the 
vast majority of research concerned with kidney 
function and structure has been done using these 3 
species. It is well established that their concentrating 
capacities differ—-the degree of concentration varying 
inversely as the size of the mammal. 

The glomerular filtration rate and ‘free’ water 
excretion were measured simultaneously in six normal 
adult male rate. The studies were repeated in 5-13 
days. The details of the technique are reported else- 
where!; but it is important to note that the work was 
done on alcohol-anesthetized rats during a sustained 
infusion of inulin, 2 per cent glucose, 2 per cent 

* Presont address: Obildren’s Hospital, Akron, Ohio. 


fructose and 0-1 per cent saline to mamtain a water 
diuresis. Clearances were measured in 3 successive 
periods after equilibration, and blood was obtained 
from a cut across the anterior tibial vein at the end of 
periods 2 and 3. The agreement in inulin clearance 
was good in every instance between periods 1 and 2 
(2:93 ml.fmin.; 3-01 ml./min.) but a decrease occurred 
in some instances in period 3 following the bleeding. 
The rate of water excretion was maximal in period 2. 
Consequently all the data used are derived from 
period 2. The inulin clearances (period 2) of the 
initial series averaged 3-01 + 0-47 ml./min. and of 
the repeat series, 3-10 + 0:32 m)l./min. The ‘free’ 
water excretion was 0:293 + 0:032 ml./min. in the 
initial study and was 0:325 + 0-039 ml./min. 6-13 
days later. The average per cent of filtrate excreted 
as free water, that is, ‘free’ water excretion/glomer- 
ular filtration rate x 100 for the two series, was 9-8 
and 10:5 respectively. 

The average glomerular filtration rate in these rats 
is higher than the averages cited in Smith’s summary°, 
but it is in agreement with that reported by Gribetz, 
van Loon, and Crawford’, who also used a constant 
infusion technique. The increase in ‘free’ water 
excretion noted in the repeat study could not be 
shown to be significant, statistically, but it was 
observed m 5 of the 6 instances. There was a corre- 
sponding decrease in the minimal urine osmolality 
from 51 to 45 mOs./l. If these changes are real, 
their meaning is not apparent. The maximal concen- 
trating capacity and kidney weight were measured in 
6 companion rats. The concentrating capacity was 
expressed as the ratio of urine to plasma osmolal 
concentration. 

The comparisons of these functions among man, 
dog, and rat are cited in Table 1. The ratio of ‘free’ 
water excretion to glomerular filtration rate was very 
nearly the same among the species—-9-4 in man, 9-0 
in dog, and 10-1 in rat. The filtration rate per gram of 
kidney (glomerular filtration rate/kidney weight), on 
the other hand, differed. It was least in man—0-45, 
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Table 1. COMPARISON OF DATA FROM Man, DOG AND Rat 
Kidne GFR Total No, Nephron 

GFR woight Omo x100 EW Osm. © Glom. mass GFR On, 

(ml /min.) (gm.) GFR (ml./gm.) ratio P (x10-*) (gm. x 10-*) per nephron x 10-* 

Man 136 300 9-4 0-45 36 210 14:8 65 0-61 
Dog Bi ” 180 9-0 0:65 5'2 174 75 48 0°43 
Ra 8 01 2°66 10-1 1:17 8 3 0 60 43 5 0 0 50 


The ‘free’ water excretion per 100 mL filtrate in man was caloulated from the data of Kleeman, Hpstein and White (ref. 4), ae in the 


Orloff, Wagner and injis Tef. 5). The oamotic — 

both man and dog. omerular counts and kidne 

different per 100 aL ott of pation Tales” One ge” 188 & the 
GFR, glomerular filtration rate; 


0-65 in dog, and 1-17 in rat. The filtration rate was 
examined as a possible index of rate of sodium 
re-absorption and rate of metabolic activity of the 
kidney. Filtration rate is a determinant of the sodium 
filtered and, since a very amall per cent of the filtered 
sodium is excreted, filtration rate is, a prtors, an index 
of the rate of sodium re-absorption. It is inferred 
from many investigations that sodium re-absorption 
constitutes the principal metabolic work of the kidney, 
and to this extent should be related to oxygen con- 
sumption of the kidney. Cargill and Hickam’ showed 
that oxygen consumption among human beings 
varied as a, function of filtration rate. The oxygen 
consumption per gram of kidney in dogs’ is higher 
than it is in humans’, corresponding to the species 
differences noted in glomerular filtration rate/kidney 
weight. These correlations led to a further search for 
& relation between glomerular filtration rate and 
metabolic activity among these species. 
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Fig. 1. Relation of glomerular filtration rate to (kidney welght)?/? 


Glomerular filtration rate was compared ‘with 
(kidney weight)*/* (Fig. 1) and a linear relation was 
noted. This is the same relation that obtains between 
basal metabolic rate and total body-weight. The ratio 
of kidney weight to body-weight in each of the 3 
species is approximately 7 gm./kgm.*, so that the 
glomerular filtration rate varies as does (body- 
weight)?/? also. This correlation furnishes additional 
evidence for relating glomerular filtration rate to 
kidney metabolic activity and gives it some specific 
form for interspecies comparison. These interspecies 
relationships contrast to the relation between 
glomerular filtration rate and kidney weight in 
growing humans. In human beings glomerular filtra- 
tion rate increases proportionately with the increase 
in kidney weight during growth from 6 months to 
maturity®. 


ratios were derived from the report of West, 
ta Means eke eon Smith (ref. 2). The rates of solute excretion were not significantly 
o of the 
’ water excretion; KW, kidney weight. 


dog fro 
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In considering efficiency m water conservation in 
relation to size, it is noted that the concentrating 
capacity expressed as the osmotic urine/plasma, ratio 
varied inversely as body size; so did glomerular 
filtration rate/kidney weight. A comparison of 
osmotic urine/plasma ratio to glomerular filtration 
rate/kidney weight (Fig. 2) indicates a linear relation. 
Consequently, it can be inferred that the concentrat- 
ing capacity varied directly as the sodium re-absorp- 
tion rate per gram of kidney. The very good agree- 
ment points to a possible relationship between sodium 
re-absorption rate per gram of kidney and the effic- 
iency of the concentrating mechaniam 

It is possible to calculate the average weight per 
nephron from total kidney weight and total number of 
glomeruli’*. (‘This calculation is based on the assump- 
tion that the nephrons make up the total kidney- 
weight, or a consistent proportion of it. For the 
magnitude of differences observed this assumption 
seems quite reasonable.) The resulta (Table 1) 
indicate that dogs have an average nephron mass 
1-75 times that of rate and that humans have an 
average nephron mass twice that of dogs and 
more than three times that of rats. It is also 
possible to estimate the glomerular filtration rate and 
‘free’ water excretion per nephron. There is surprising 
similarity in the values among the species despite the 
differences noted in nephron size. The differences in 
size correspond to the differences Oliver noted in 
proximal volumes and glomerular surface among 
these species. (The data for glomerular surface and 
proximal volume in rats were kindly provided by 
Dr. Jean Oliver for comparison with the data he has 
published on man and dog?*.) These two independent 
measures of nephron size in the dog were the best 
correlates of glucose Tm. These species differences are 
similar for 3 independent measures of nephron size 
and suggest that these quantitative comparisons are 
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valid. It follows from these considerations that the 
larger human nephron has the same sodium re-absorp- 
tion rate as the smaller dog nephron and the even 
smaller rat nephron. Yet neither these differences, 
nor the differences in concentrating capacity, are 
associated with differences in water excretion or in 
the ability to dilute urine in these animals. The fact 
that the small nephron of the rat handles the same 
filtrate as the larger nephron of man contraste with the 
observations in humans during growth. The number 
of nephrons in human beings does not increase with 
growth, but the kidney size and glomerular filtration 
rate increase proportionately so that differences in 
nephron size during growth are paralleled by dif- 
ferences in functional activity. 

In summary, these comparisons have made it clear 
that differences in sodium re-absorption rate or in 
concentrating capacity do not affect the capacity to 
dilute urine and excrete water. A relation between 
glomerular filtration rate and kidney size was noted 
which corresponds to the relation between metabolic 
rate and body size. The linear correlation of sodium 
re-absorption rate per gram of kidney to kidney con- 
centrating capacity suggests a possible relation 
between these two functions. If such a relation does 
exist, it is not divorced from the demonstrated 
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relation between medullary architecture and metabol- 
ism to concentrating capacity; for the latter is well 
established. It would suggest that sodium re-absorp- 
tion rate is an integrated determinant of the concen- 
trating mechanism in conjunction with the evolution 
of the counter current system. The relations of 
function to size when interspecies comparisons are 
made differ from the relations when changes in size 
are due to growth within se species. This point is 
illustrated in these data. 

This work was supported by U.S. Public Health 
Service Grant No. A-2668 (C3). 
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DISTRIBUTION OF WATER AND INORGANIC IONS IN THE 
CENTRAL NERVOUS SYSTEM OF AN INSECT 
(PERIPLANETA AMERICANA L.) 


By J. E. TREHERNE 
Agricultural Research Council Unit of Insect Physiology, Department of Zoology, University of Cambridge 


HE nervous systems of insects and vertebrate 

animals are surrounded by cellular and fibrous 
sheaths which are generally supposed to represent 
effective diffusion barriers restricting the entry of ions 
and molecules into the underlying tissues!. In verte- 
brates both the peripheral nerves and the central 
nervous system are supplied by well-developed blood 
vascular systems through which exchanges of nutrient 
and excretory substances can take place with the 
nervous tissues. The insect nervous system is, 
however, an avascular organ and, apart from the 
oxygen carried by traches and tracheoles, all the 
necessary exchanges must nevertheless take place 
through the surrounding nerve sheath. 

The hypothesis of the insect nerve sheath as an 
effective diffusion barrier is based on experiments 
demonstrating enhanced rates of depolarization, in 
conditions of high concentrations of potassium and 
acetylcholine, in desheathed preparations or when 
the solution was injected beneath the sheath! , 
More recent evidence has, however, shown that 
relatively rapid movements of labelled sugars and 


ions can occur across the sheath surrounding tho 
central nervous system of the cockroach’ *. The 
exchanges appeared to consist of a rather rapid diffus- 
ion between the hemolymph and the extracellular 
spaces, together with slower movements taking 
place between the extracellular fluid and the various 
cellular structures of the central nervous system?)®. 
These unexpectedly rapid ionic fluxes across the 
nerve sheath are difficult to reconcile with the earlier 
postulated function of the sheath as a diffusion 
barrier. The present experiments were, therefore, 
undertaken in an attempt to throw some further light 
on the nature of the processes involved in the tranafer 
and distribution of inorganic ions in the central 
nervous system of Pertplaneta. 

The efflux of sodium-24 from de-sheathed terminal 
abdominal ganglia, which were made radioactive by 
the injection of the radioisotope into the hemolymph, 
was found to approximate to a two-stage process with 
rapid and slowly exchanging ion fractions (Fig. 1). 
The rapidly exchanging fraction, which was identified 
with the ions contained in the extracellular spaces’, 


Table 1. TEB CalovuLnaTsp CONGENTRATION oF SODIUM IONS IN — CALLS AND THH EXTRACELLULAR SPAOKS OF THR TWRMINAL ABDOMINAL 
ANGLION 
Concentration Ooncentiation Ratio : Ratio: 
Serist Hemolymph in extracellular in — Naaxtraosttular NasxtraceNular 
concentration phase componen Nahmvo N&oslnlar 
(mM/1.) (mMIL) Gn MIL) — 
1 1558 386 2 148-8 2:49 2 00 
2 186 8 873 0 111-8 2 80 8 84 
3 188-4 144 5 97 6 104 1°48 
4 138:4 243-4 85-4 1°75 2-85 
& 113-2 157-7 71-3 1°88 2 21 
6 117 9 225°8 94-0 1 91 2-40 
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was found to represent approximately a third of the 
total exchangeable sodium im the ganglion. The extra- 
cellular space measured by 1*C-inulin was found to 
average 18:2 + 1-7 per cent of the water in the 
de-sheathed ganglion. Inserting this figure in the 
calculation of the concentrations of the sodium ions in 
the rapid and slowly exchanging fractions results m 
the values summarized in Table 1. These calculated 
values show that the concentration of the sodium 
ions in the extracellular fluid exceeded that of the 
hemolymph by a factor of 1:8 and was 2-5 times 
greater than that of the cellular. sodium of the 
terminal abdominal ganglion. 

The relatively low specific activities of potassium- 
42, calcium-45 and chlorine-36 at present available 
made it impossible to examine the distribution of 
these ions in single de-sheathed abdominal ganglia. 
The observations on the concentrations of these ions 
in the rapidly exchanging fractions were, therefore, 
made using whole isolated abdominal nerve cords. 
The accumulation of the rapidly exchanging fractions 
within the abdominal nerve cord is illustrated in 
Fig. 2 together with the equilibrium-levels attained 
by these ions (col. 2, Table 2). The efflux of tritiated 
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water from whole ligatured abdominal nerve cords 
also occurred as a two-stage process, the rapidly - 
exchanging fraction of 21-6 per cent being equivalent 
to values for the measured inulm space in the central 
nervous system. Using this figure for the rapidly 
exchanging tritiated water, it is possible to calculate 
the apparent concentration of the ions in the extra- 
cellular fluid of the abdominal nerve cord (col. 3, 
Table 2). These results show that the levels of the 
various ions in the extracellular fluid were very 
different from those in the external medium, the 
cations being more and the chloride ions less concen- 
trated than those in the outside solution. 

Table 2. CONGSNTRATIONS OF IONS IN THE RAPIDLY EXCHANGING 

FRAOTION 


in terms of unit weight of tissue and concentration in 
extracellular fluid, relative to that of the external solution 


Concentration. Estimated 
of rapidly concentration Conon. 
exchanging in tration t 
Ton fraction extracellular in external 
(m M/kgm. fwd solution 
tissue) (m 4/1.) (maAf/1.) 
Sodium 44'042 3 283 6 157:0 
Potassium 2 71+40°16 17-1 12°38 
Calcium 2:78 +0 12 17 6 4°5 
Chloride 16 941 5 108-7 184-1 


The estimated values contained in Table 2 are not 
inconsistent with the hypothesis that these ions 
distributed themselves between the extracellular 
spaces and the external solution’ according to a 
Donnan equilibrium. The excellent agreement 
obtained between the resulta and those to be expected 
in the event of a Donnan equilibrium can be judged 
from the following ratios for the monovalent ions: 


Naout + Kout ~ 157-0 + 12°83 


Ninn aioe Se eee 


and 
Chextraceltuler z 108:7 
loat isf 1 
The very much higher concentration of the calcium 
in the extracellular spaces, as compared with tho 
monovalent cations, is presumed to result from the 
enhanced Donnan effect due to the divalent charge of 
this ion. From the distribution of the sodium ions it 


would be expected that: —— = 3-5, which 
ut 


is in reasonable agreement with the measured value 
of 3-8 for the ratios of the extracellular and 
external calcium. 

The identity of the molecules containing the free 
anion groups causing the Donnan effect is not known. 
It is possible that the anion groups could be those 
associated with materials such as collagen or muco- 
polysaccharide, which have been shown to be present 
In 
the case of collagen, for example, it can be calculated 
that if all the anion groups were available it would 
require about 5 per cent of the total weight of the 
nerve cord in. the form of the protein to produce the 
ionic distributions demonstrated in this investigation. 
In experiments in which ganglia were de-sheathed 
before being soaked in solutions containing sodium-22 
and caloium-45 it was shown, however, that the con- 
centrations of these ions fell to a lower level than 
would be expected on the basis of fixed anionic 
groups associated with structural elements in the 
extracellular spaces. It therefore seems possible that a ` 
significant proportion of the cations in the extra- 
cellular fluid may be associated with the anion groups 
of some large molecules in solution. 

It is clear from these experiments that removal of 
the nerve sheath results in some very dramatic 
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changes in the composition of the extracellular fluid 
surrounding the neurones and glial cells in the central 
nervous system due to the disruption of the demon- 
strated Donnan equilibrium with the ions in the 
hsmolymph. As a result of de-sheathing, the concen- 
trations of cations will fall and that of the anions will 
rise to levels close to those in the hemolymph. These 
changes in the ionic environment are likely to affect 
the rates of depolarization of the excitable tissues in 
conditions of high external potassium or acetyl- 
choline concentration used in earlier experimente?—. 
Thus the enhanced rates of depolarization demonstra- 
ted in the absence of the nerve sheath or when solu- 
tions are injected beneath it may be a reflexion of the 
changed ionic environment due to the disruption of 
the Donnan equilibrium rather than to any properties 
of this structure as a significant diffusion barrier. In 
frog nerve fibres, for example, conduction block in 
conditions of high potassium is greatly delayed by 
excess sodium ions'*, The two-fold increase in 
sodium concentration required to produce this effect 
is approximately equivalent to the concentration 
difference mamtained between the extracellular 
spaces and the hemolymph in this insect. Similarly, 
the four-fold decrease ın calcium concentration in 
the extracellular fluid might, by analogy with the 
vertebrate condition!’, be expected to affect the level 
of excitability of the synaptic membranes in such a 
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way as to influence the degree of depolarization by 
high concentrations of acetylcholine. 

It is known that the concentrations of sodium and 
potassium ions in the extracellular spaces of mam- 
malian sciatic nerve are greater than those in the 
external solution™. It is thus conceivable that in 
these animals also the distribution of ions between 
the plasma and the extracellular spaces might be 
governed by some simple Donnan equilibrium. In 
this case then some of the physiological effects 
induced by de-sheathing vertebrate nerves might be 
a result of a changed ionic distribution as well as to 
the effect of the removal of the demonstrated 
peripheral diffusion barrier 1, 
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DEMONSTRATION OF IODOTYROSINES IN HUMAN PLASMA 
IN RESPONSE TO THYROID STIMULATION 


By M. L. WELLBY and Dr. B. S. HETZEL 
Department of Medicine, University of Adelaide, Queen Elizabeth Hospital, Woodville, South Australia 


ECENTLY there has been some controversy 
about the chemical nature of the circulating 
thyroid hormone. One study in rats! has supported 
the orthodox view** that most of the organic blood 
iodine is thyroxine (T4); in addition, triiodo- 
thyronine (T3) was found in small amounts (3-5 per 
cent), while iodotyrosines accounted for 0-4 per cent 
of the total iodine. In contrast, two separate studies*:® 
have reported that the iodotyrosines account for 
30-50 per cent of the total organic iodine in normal 
human blood. 

In this laboratory, investigations of the chemical 
nature of the circulating thyroid hormone in various 
states of health and disease are in progress. Particu- 
lar attention has been paid to conditions of thyroid 
activation due to thyrotropic hormone (TSH) stimula- 
tion*:?, In the course of this work, significant amounts 
of circulating iodotyrosines, mainly diiodotyrosine 
(DIT), have been found following TSH stimulation, 
but not in normal subjects under basal conditions. 

Normal subjects and thyrotoxic patients were 
examined. The thyroid status was assessed in all cases 
by the usual investigations including plasma protein- 
bound iodine (PBI)-level and the uptake of iodine-131. 
Blood was collected and the plasma separated under 
iodine-free conditions, using heparin as an anti- 
coagulant. In the thyrotoxic patients treated with 
iodine-131, blood was collected 2-4 days after the 
dose of iodine-131. Studies folowing TSH stimulation 
were performed in eleven normal subjects, four un- 
treated thyrotoxic patients and in eight thyrotoxic 


patients 2—4 days after iodine-131 therapy. The 
TSH (‘Primothyron’ Schering, A.G. Berlin) was 
administered by intramuscular injection in a dosage 
of 500 guinea pig units (30 U.S.P. units) and blood 
was collected 2, 4, 8, 24, 48 and occasionally 72 hr. 
afterwards. PBI was determined using a modification 
of Acland’s method’. 

Extracts of plasma suitable for paper chromato- 
graphic separation were prepared by a modification 
of the anion-exchange method developed for tissues 
and serum by Galton and Pitt-Rivers®. A volume of 
6 ml. of plasma was passed through a column of 
‘Dowex I, X 2’ resin (acetate form) equilibrated in 
acetate buffer (0:2 M, pH 4-6); the protein was 
washed through with acetate buffer (pH 4:6 and 3-6) 
and the iodoamino acids were then eluted with 
acetic acid, 50 per cent v : v (pH 1-4). The eluanta 
were evaporated in vacuo and chromatographed. 
Ascending chromatography on Whatman No. I paper 
was carried out overnight in at least two solvents, 
n-butanol saturated with 2 N acetic acid (butanol— 
acetic) and n-butanol: ethanol: 2N ammonium 
hydroxide (4 : 2:2) (BEA). In addition, descending 
ohromatography was sometimes carried out in ter- 
tiary amyl alcohol, saturated with 2N ammonium 
hydroxide. 

Following chromatography and drying of the 
paper, the chromatograms were scanned for radio- 
activity in those patients who had received iodine-131 
using a Nuclear Chicago actigraph IT and gas flow 
detector (D47). 
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Fig. 1. Effect of thyrotropic hormone (TSH) on the chromato 


thyroid hormones in normal plasma using chemical | 


In all subjects the chromatograms were stained by 
the method of Bowden et al., under strictly stan- 
dardized conditions. Permanent blue-print recordings 
of the stained chromatograms were made. A prom- 
inent feature of all chromatograms of plasma extracts 
performed using this method is a spot due to the 
chloride content of the plasma (Fig. 1). This spot, 
which is not radioactively labelled following ad- 


ministration of iodine-131 to the patient, prevents 


adequate chemical demonstration of monoiodotyro- 
sine (MIT) and occasionally DIT in the BEA system, 
but does not interfere in the butanol-acetic system. 
Such interference has also been 
demonstrated by Kono et al.". 
The lowest concentration of T4 
detectable in the plasma by the 
method has been found to be 1-0 
ugm. per cent. The lowest concen- 
tration of DIT detectable in plasma 
was 0-5 ugm. per cent. Enrichment 
of plasma to 12-5 ugm. per cent of 
T4 yielded no detectable amounts 
of DIT. Enrichment of plasma 
with chroma phically purified 
radioactive T4 and T3 also failed 
to produce DIT following extraction 
and chromatography. Full details 
of the methods used, including 
recovery and other data, will be 
published later. 


Normal Subjects 


Plasma from 30 normal subjects 
was extracted and chromato- 
graphed. T4 was the main com- 
ponent in every case ; small amounts 
of T3 were detected in 16 cases, 
DIT in five and MIT in one case. 
When DIT was detected, the PBI 
level in the plasma samples ranged 
from 5-6 to 8-1 ugm. per 100 ml. 

Effect of TSH stimulation. Fol- 
lowing the intramuscular injection 
of TSH to 11 normal subjects, 
significant amounts of DIT were 
detected in the plasma within 4 hr. 
(Fig. 1) except in one subject in 
which it was not detected until 
72 hr. after TSH administration. 
DIT was demonstrated in both 
butanol-acetic and BEA solvent 
systems unless when present in 
small quantities only, when it was 
sometimes obscured by the chlor- 
ide spot in BEA. Increases in 


Fig. 2. 
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V.M. d’ æt 68 the iodothyronines, particularly in 


the T3 fraction, were also noted. 

POL ES yes Thyrotoxicosis 
Plasma from 42 untreated thyro- 
toxic patients was examined. Both 
T4 and T3 were found in quanti- 
ties greater than in normal plasma. 
Furthermore, DIT was found in 
32 of these cases and MIT in 9 
out of the 32 cases showing DIT. 
The DIT was generally demon- 


PBI. 8-9 yg % 


(Fig. 2). 

Chromatograms of plasma taken from patients 
after therapeutic doses of iodine-131 were 
and results essentially similar to those of the chemical 
method were obtained. In particular, DIT was 
detected with the same degree of frequency in these 
patients (14 out of 20 chemically and 12 out of 16 
using radioactive detection). 

Effect of TSH stimulation. Following administra- 
tion of TSH to four untreated thyrotoxic patients, 
increases in iodotyrosines and iodothyronines were 
demonstrated (Fig. 3). In eight thyrotoxic subjects 
2-4 days after iodine-131 therapy, similar results 
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Fig. 3. Effect of thyrotropic hormone (TSH) on the chromatographic pattern of the 
thyroid hormones in an untreated thyrotoxic patient using chemical detection 










| Discussion 
This: investigation has demonstrated definite in- 
ases in. the iodotyrosines as well as in the iodo- 
| following TSH administration to both 
and. thyrotoxic subjects. 
presence of DIT was confirmed by enriching 
2a with known DIT, when chromatography 
ianol—acetic acid showed coincidence of the two 
Further evidence that this component was 
äs deduced from its elution not only at pH 1-4 
the anion exchange column, but also at a pH 
ch is known to recover DIT and not the 






















ot: sipport iko possibility of cignificant amounts 
IT circulating in normal subjects in the basal 
te. The finding of DIT in a few of the normal 
ubj ts was confined to those with PBI values in 
— the. upper limit of the normal range. In some of 
o o these subjects emotional stress may have been 
-= responsible for the elevation of plasma PBI?*:!8, The 
-os possible occurrence of DIT in association with stress 
-o and elevated plasma PBI would account for such 
< elevations in plasma PBI not being accompanied by 
elevation in. butanol extractable iodine as previously 
ee reported". 

>. The occurrence of iodotyrosines in the plasma of 
- thyrotoxic patients has been reported from this 
_ Jaboratory™ and elsewhere. It has been suggested 
that the appearance of DIT in the plasma following 
iodine-131 is due to damage to the gland; but the 
demonstration chemically before treatment with 
jodine-131 in the present work indicates that this is 

not the case. 
: Rapid disappearance of diiodotyrosine from the 
FS plasma has been demonstrated in patients with 
o myxoedema on maintenance therapy with desiccated 
_thyroid'*. This indicates that a large amount of 
- DIT. ‘would have to be released from the gland to 
permit detection in the blood. It is interesting to 
speculate on the significance of this release of DIT 
zi from the gland following TSH stimulation, for it may 


yroid 
methód of £ 
iodine when a T t 
is occurring. "This —— may in eee fave 
production of an emergency hormone such as‘ f 
an unidentified fraction, as has been postulated to 
account for the early metabolice effect of TSH! 

Further and more extensive studies of this DIT 
release phenomenon and its possible relevance ti 





early metabolic effects of TSH and the pathogenesis - 


of thyrotoxicosis will be published elsewhere. = 


We are indebted to the Honorary Staff of the Queen 
Elizabeth Hospital and Royal Adelaide Hospital for 
access to some of the patients on whom these studies 


were carried out. We are also indebted to Dr. B. 
Hudson, of the Diabetic and Metabolic Unit, Alfred 



















Hospital, Melbourne, for samples of plasma from | es 
thyrotoxie patients. Mr. B. F. Good and Miss M. = © 


Isaachsen performed the determinations of plasma 
PBI, and Miss P. Davis rendered valuable technical 
assistance. 


This investigation was supported by the National 


Health and Medical Research Council of Australia . 


with a full-time grant to one of us (M. L. W.). 


! Pitt-Rivers, Re, and Rall, J, E., Endocrinol., 68, 309 (1961). 

s Brie A., Chaikoff, I. L., and Tong, W., J. Biol. Chem., 184, 99 
50). 

* Laidlaw, J. C., Nature, 184, 917 (1049). 


* Block, R. J., Werner, 8. C.. Mandl, R. H., Row, V, a * Radi- 
chevich, É, Arch. Biochem. and Biophys., 88, 98 (196 


* Beale, D., and Whitehead, J. K., Chin. chim, Acta, 8, a (1980), 


é Ae eee R. PY aca J.S., and Good, B, FE., J. clin. Endoerinal.. 


* Hetzel, B. 58., Charnock, J. Good, B. F., and Welby, M. E. 
Proc. First Intern. Congr. — Copenhagen, Acta Endo- 
crinol., 38, Suppl. 61, 1185 (1960). 


§ Acland, J. D., Biochem. J., 66,177 (1957). 
* Galton, V. A., and Pitt-Rivers, BR., Biochem, J., 72, 310 (1089). 


Bowden, ©, H., Maclagan, N., F., and Wilkinson, J. H., Biochem. d., 
59, 93 (1 19 55). 


1" Kono, T., van Middlesworth, L., and Astwood, E. B., Endocrinol., 
86, '845 (1960), 


1: Herzel, B. 8., de la Haba, D. S., ane Hinkle, L., E., Trans. Amer, 
Goitre Assoc., 242 (1952), (C. ©. Thomas, Hlinots,) 


1 Hetzel, B. S., Schottstaedt, wW. KA Grace, W. J., and Wolf, H, G., 
J, Psychosom. Rea., 1, 177 9 56). 


“u Welby, M, L., and Hetzel, B.S., Austral. Ann. Med., 9, 247 (1960), 


1 Farran, H. E. A., Lea, A. J., Goolden, A. W. G., and Abbatt, J. D, "0 


Lancet, i, 783 (1959). 


s Albert, A., and Keating, F. R., J. Clin. Endocrinol. ,11, 996 (1951). 


, PENETRATION OF LIPID FILMS BY COMPOUNDS PREVENTING 





A. LARGE number of substances have been found 
L* to possess the property of preventing liver 
necrosis in the rat following thicacetamide or 
arbon tetrachloride poisoning’~*. These compounds 
clude such diverse materials as antihistamines, 
1esthetics and antioxidants. It appears that 
ast with respect to carbon tetrachloride, the 
tive compounds do not obstruct the entry of 
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the toxic agent to the liver cell nor do they prevent 
the primary attack of the poison on the cell. They 
do, however, prevent the subsequent changes in the 
cell leading to necrosis such as the loss of intracellular 
potassium and soluble proteins and the intracellular 
accumulation of water, sodium chloride and calcium. 
All these may be termed permeability changes’. 
It is difficult to conceive of a common mechanism to 
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in a protective effect against liver necrosis. 
hese substances, however, are weakly basic at 
ological pH and amphipathic (substances hav- 
in their structure a hydrophobic portion and 
polar group’). One might expect these substances 
to.be surface active and in particular to form com- 
- plexes with lipids at lipid/water interfaces, particu- 
-larly if the latter are negatively charged*?.. Recently, 
Skou? has demonstrated a relationship between the 
‘potency of a local anzsthetic and its ability to pene- 
trate lipids of nerve tissue. In the light of these 
findings it was thought worth investigating the 
interaction of these water-soluble compounds at 
ipid/water and air/water interfaces. | 
Three sets of measurements were made which 
were designed to evaluate the ability of the necrosis- 
preventing compounds to react at interfaces; namely, 
„ithe lowering of surface tension at the air/water 
= interface, the rise in pressure associated with their 
- penetration into a compressed lecithin/cholesterol 
- monolayer and the change in surface charge (c 
- potential) resulting from their adsorption into fully 
-o formed lecithin/cholesterol micelles.. Experimentally, 
surface tensions were measured using the drop-volume 
technique deseribed by Harkins and Brown’, pene- 
trations at constant area were measured in an 
apparatus described by Bangham and Dawson 
and the surface adsorptions were calculated from 
electrophoretic mobilities measured in a miero- 
electrophoresis apparatus". The lipid components 
consisted of chromatographically pure egg lecithin 
and recrystallized cholesterol, the aqueous phase 
— was 0-1 N sodium chloride, pH adjusted to 7-2 with 
sodium hydroxide. The results are given in Table 1, 
_... which also includes a measure of the activity of the 
— -compounds in preventing liver necrosis as shown both 
by the degree of histological protection at 24 hr., and 
=  — by the prevention of leakage of hepatic 8-glucuronid- 
= ase into the sera, 4 hr. after poisoning with carbon 
>. tetrachloride. 
A comparison of these results shows that there is a 
correlation between protective activity of a given 
_ compound and its interaction at both the air/water 
_ and lipid/water interfaces. If both positive group 
and affinity for oil/water interfaces are pre-requisites 
for protective action in vivo, it would be expected 
_ that simple long chain amphipathic cations would 



































. Table 1. PROTECTIVE Errects OF COMPOUNDS AGAINST LIVER Necrosis IN RATS POISONED WITH CARBON TETRACHLORIDE AND THEIR PHYSIC: 
ROPERTIES Rey en 


Dose 


nan pody- 8 — 
gm. body- erum Physical ————— pa ARE E 
sight at -glucuronidase ertoe 'hys méasurements . Cote 

Compound one ie 4 teeter gare Molar bulk concentration of compounds producing : — 

half CCl, Arbitrary 24 hr. Lowering of surface Raising of surface A surface potential: 

dose at  units—mean of after tension (y) by 20 pressure (2) of lipid of +25 mV. on. 

6 hr. f rate CCH, dynes film from 20 to 35 dynes. lipid micelles tyy 
il . — 98 + fb + ia ~~ l — — .. 
odium hexadecyl] sulphate a Š 7 78 de pe he od 2-9% 10-4 1x10°° (JLi «10 
odium dodecyl sulphate 85 82 4 6-6 « 107% 8-3 x10 | (Y1 -8 «10-4. 
odium phenobarbitone 100 73 bbb +  dy€10 dynes at 10 dagio dynes at 10 p>5Mv. at 107? | 
Jenadryl hydrochloride R5 50 + 5-1 «107% 2-5 x 10% (+3 Bx 1. 
nthisan . 77 42 + 8-9 10-2 3-7 «10-5 — -boc ttt. 
*romazine hydrochloride 77 21 “te 5 «10-4 1°45 x 10" (+) © 10°34 
Promethazine hydrochloride 77 21 4 6-2 « 10-3 1-7x1id" (+)2-3 «10-5 
‘upercaine hydrochloride 65 20 + 2-3 «10-5 3-5 «10-4 (-+93°8 x 10-4 
“Chlorpromazine hydrochoride 70 16 + 1-6 «10 5-5 x 10-4 (+)96°3 x 10-* 

Docosany!l pyridinium bromide 27 14 ~--*® Forma an insoluble 4-3x10-%+¢ Too insoluble fo 

; monolayer | measurement 

teary] amine 55 25 -=—* Forms an insoluble 5-1 x 10-7 ¢ Too insoluble for 

— ; . monolayer l measurement 

ltrimethylammonium bromide 14 22 + 34 xirs 5-9 x107? 


and 6 hr, after poisoning, 8-ghicuronidase was determined as 


i Dissolved in trace of alcohol. 
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All the rats were dosed by stomach tube with CCl, (1 25 ml./kgm. body-weight). Compounds were given intraperitoneally in aqueous solution. 
ya hr. B-gh w escribed by Rees and Shotlander™ and the value for control rats was G uni 
ht + + denotes an active necrosis with areas of eosinophilic coagulative necrosis of liver cells. ee eee 


* These drugs could not be assessed against necrosis because of potent side-effects. 




















also be effective. Table 1 shows th 
tested, namely, cetyl trimethyl amm 
docosanyl pyridinium bromide ani 
all were more active on a moles/kg: 
basis than any of the pharmaceutical d 
leakage of hepatic 8-glucuronidase into the 
the other hand, neither of the equally surface act 
amphipathic anions, sodium hexadecyl sulphate and 
sodium dodecyl sulphate, afforded any protectior 
Skou has suggested that local anzsthetic 
an example is included. in the present. 
the increase in permeability associated with 
impulse without affecting the permeabilit 
resting nerve. Is it possible that the in 
cell membrane is analogous in structure 
part of a nerve membrane which is con 
impulse and that restoration of the mem} 
dependent on the presence of orientated cat 
The present results suggest that restoration 
lipid membrane to normality. is achieved either — 
the presence of non-polar portions of amphipathic 
molecules, or by the strategic positioning of their 
positive groups at the membrane interface. In the 
former case, the ineffectiveness of the anionic surface- 
active compounds, the non-polar portions of whichin _ 
some instances are identical to those of their cationic 
counterparts, could be due to their inability to be < 
adsorbed on negatively charged membranes. How- 
ever, it can be deduced. from information given 
by Haydon and Taylor™ that the existence of a — 
negative potential of about 20 mV. at a cell surface 
should not seriously favour the adsorption of a long- 
chain cation, for example, cetyl trimethyl ammonium — 
bromide, rather than an anion of the same chain. 
length. Thus, considering the initial adsorptions 
on to a negatively charged surface of approximately 
~20 mV., the respective concentrations of anion to 
cation are in the ratio. of 5:1. Experimentally, the 
long-chain anions were without effect. in vivo in doses 
five times as great as the equivalent cation. It seems 
more likely that the damaged membrane is restored | 
by the presence of the positive groups at some lipid/ 
water interface. In favour of this is the observation 
that a wide variety of cations is effective (Table l;o - 
Bangham and Dawson": have presented evidence 
to show that the surface charge of phospholipids _ 
(varied by prescribed additions of long-chain anions < 
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or cations) controls their enzymatic hydrolysis. It is 
quite possible that in the case of liver necrosis either a 
synthetic or a degradative enzyme is influenced by the 
charge introduced with the lipid soluble protective 
compound and thereby enabled to restore normal 
membrane components. 

One of us (K. R. R.) thanks the Medical Research 
Council for a research grant, and we also thank 
W. G. Spector for useful discussions. 
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ELECTROPHORETIC SEPARATIONS OF THE SOLUBLE PROTEINS 
OF NEUROSPORA 


By Dr. L. O. CHANG, Pror. A. M. SRB and Pror. F. C. STEWARD, F.R.S. 
Departments of Botany and Plant Breeding, Cornell University, Ithaca, New York 


N the present status of both physiology and genetics 
I it is especially desirable to be able to resolve the 
soluble proteins which are present in plants. Chroma- 

phy has led to great gains by the recognition 
and identification of the simpler nitrogen compounds 
that these techniques made possible. A similar 
of convenient resolution of the protein frac- 
tions may be fraught with similar gains. Present-day 
ideas on gene-enzyme relationships and gene-protein 
relationships and on the mechanism of protein syn- 
thesis would endow a convenient and satisfactory 
procedure for separating and recognizing particular 
protein moieties with equal interest for the study of 
metabolism and genetics. Because of its well-known 
advantages, the ascomycete Neurospora is a particu- 
larly convenient organism on which to apply such 
technical devices as are now available. 

For want of appropriate methods, classical investi- 
gations on the protein complement of plants have been 
largely based on the examination 
either of the proteins in bulk or of 
particular proteins, usually reserve 
proteins. Such procedures as the 
study of alcohol-insoluble nitro- 
genous fractions or materials pre- 
cipitated with trichloroacetic acid, 
which are then submitted to hydro- 
lysis in bulk, are obviously much 
too crude for the kind of studies 
which now require to be made. 

The Tiselius moving boundary 
electrophoretic separations, which 
demonstrate the mobility and 
homogeneity of separated protein 
fractions, have not, however, been 
useful in seanning the entire bulk 
protein complement which is pre- 
sent in a given organism at a given 
time. Furthermore, the amount 
of sample which is required is 
comparatively large. Separations 
of proteins on columns of ion 
exchange resins were first applied 
by Sober et al.‘ and later by other B 
authors*-*. Columns of ion-ex- 
change cellulose’* or of starch- 
gel electrophoresis’:’* have also been 


Fig. 1. 


CATHODIC 
Electrophoretic separation on paper of the soluble roua of Neurospora. 


A, Represents the electrophoretic pattern of a mutant strain of 
the comparable pattern of the wild-type of N. crassa (77a) 


used with varying degrees of success. However, in 
these methods problems arise because of the amount 
of material required, the degree of resolution which 
can be achieved with plant proteins, and the length 
of time that the operations require. Later develop- 
ments concern the application of electrophoresis on 


paper and on gels, and it is this type of application 


with which this article will now be concerned. 

In the preparation of the material for electro- 
phoretic separations, whether on paper or on gels, 
essentially the following procedures were adopted. 
The lyophilized mycelial mat of Neurosp. « (the 
fresh frozen mycelium can be used equally well) was 
ground to a fine powder with a mortar and pestle 
in the cold. The resultant powder was then extracted 
three times with four times its weight of cold petrol- 
eum ether. After discarding the supernatant solvent, 
the ground mycelial mat was collected by centrifuga- 
tion at — 2° C., and an extract was made with 0-1 
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molar phosphate buffer at pH 7. 
This extract was centrifuged at 
3,690 r.p.m. for 30 min., then placed 
in & ‘Cellophane’ bag and dialysed 
against deionized distilled water 
for 24 hr. or more at 0° C. until the 
soluble materials were removed. 
The contents of the bag were con- 
centrated and afterwards centri- 
fuged for 1 hr. in a Spinco ultra- 
centrifuge at 40,000 r.pm. The 
resultant clear supernatant solution 
which contained the soluble pro- 
teins was used in the electro- 
phoretie separations. 

The first separations attempted 
were based on paper electrophore- 
sis, using the Williams—Durrum 
type of paper electrophoresis sys- 
tem''. The degree of resolution 
obtained in this way is shown in 
Fig. 1. Even with this procedure it 
is apparent that the soluble protein 
of Neurospora crassa could be re- 
solved into approximately 6-8 com- 
ponents, and recognizable differ- 
ences between the protein comple- 
ment of the wild strain (77a) and of 
a laboratory mutant strain could 
be observed. However, the degree 
of resolution obtainable on paper 
still leaves much to be desired. 
Essentially the same is true of 
certain other electrophoretic studies 
on Neurospora extracts which were 
carried out by Suskind and Bon- 
ner??, 

Some further attempts at protein 
separations were made with the use 
of starch-gel electrophoresis by the 
method of Smithies™, and at least 
one cathodic moving band was 
observed to be a characteristic 
difference between the wild- and 
the mutant-types. Nevertheless 
the starch-gel technique was not 
pursued because it was soon ob- 
served that the acrylamide-gel 
technique, now to be described, 
produced better results. Even so, 
however, as many as 18 protein 
bands in the soluble protein of 
Neurospora were demonstrated by 
the stareh-gel procedure. 

The potentialities inherent in 
the acrylamide-gel procedure are 
shown in Fig. 2, which shows clear 
resolution of as many as 25 bands 
on a soluble protein preparation 
made from a mutant strain of 
Neurospora crassa. This is obvi- 
ously greatly superior to anything 
previously achieved on paper (cf. 
Fig. 1), and in our hands it is also 
superior to the starch-gel electro- 
phoresis method. To locate and 
designate the positions of the 
particular bands the following de- 
vice is adopted. The mobility of 
each band is expressed as a percent- 
age of the mobility of the added 


February 24, 1962 


Origin 


Fig. 2. 


mutant strain of N. crassa. A, Shows the interpretation a 
prepared in the manner described in the text: 
U, shows the in 





Fig. 3. 
soluble protein of a mutant strain of N. crassa. 
phoretic patterns made on the same 
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The electrophoretic separation on acrylamide 
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el of the soluble protein of a 
a photograph ( x 1-7) of the gel 

hotographed (x 1-7): 
use white background 


ibility of the protein bands, revealed on acrylamide gel, in the 
sien ie a cateat on of. A and B, Represent duplicate electro- 
rotein preparation; C and D, represent duplicate 


electrophoretic patterns made on a different protein preparation but from the same strain 


of Neurospora, 


(Photographs x 2) 





A B C 


Fig. 4. The electrophoretic pattern of the soluble proteins of 

N. crassa (wild-type 77a) as separated on acrylamide gel. The 

three replicate gels were made on the same preparation. For the 

close agreement between different preparations see Fig. 3. 
(Photographs x 2 


tracking dye which indicates the moving front. Thus 
the figures shown at D on Fig. 2 are comparable with 
the now familiar Rp values as used in conventional 
chromatography. 

The use of acrylamide gels as a supporting medium 
for electrophoretic separations was forecast by 
Raymond", 


the Cell Research Laboratory, Mount Sinai Hospital, 
New York City. We have had access to this work 
prior to its publication, and for this courtesy we are 
indebted to Dr. Ornstein. (The work of Dr. Ornstein 
came to our attention when we saw some gels of serum 
and egg-white proteins which had been prepared in 
Dr. Ornstein’s laboratory by Mr. Skolnick, and they 
were shown to us by Prof. C. Sibley of this University. 


In the early stages of our development of the use of 


Dr. Ornstein’s methods we profited by access to Prof. 
Sibley’s laboratory. We also learned in more detail 
about Dr. Ornstein’s later methods by direct access 
to his laboratory.) 

In its present form, the procedure is as follows. 
The supporting medium is an acrylamide gel. The 
gel is contained in a glass tube, 7 mm. x 63 mm., in 
the form of two layers (the lower 1-75 in. at 7-5 per 
cent and pH 8-75, and the upper 0-25 in. at 2-5 per 
cent and pH 6-5). The gel is prepared by the poly- 
merization of two acrylamide monomers, which we 
obtained from the American Cyanamid Co., and 
they are catalysed by light in the presence of ribo- 
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The use of this type of gel was later 
rendered feasible by the work of Dr. L. Ornstein of 
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flavin. This method was devised by Dr. Ornstein 
and is to be published elsewhere. However, the 
Canal Industrial Corporation of Bethesda, Maryland, 
has recently marketed apparatus and materials for 
the application of this electrophoretic technique, 
which is called by them disk electrophoresis. 

The protein sample is mixed with unpolymerized 
gel containing buffer, and it is then placed on the top 
of the upper (2-5 per cent) gel layer. After a further 
polymerization, the sample is subjected to the 
electrophoresis. The tube which contains the gel is 
mounted vertically and connects at each end with a 
buffer solution (é¢ris-glycine at pH 8-2-8-4) in such a 
way that the lower solution is the anode and the upper 
one is the cathode. Hence the proteins as anions 
separate as they move eleectrophoretically downwards. 
For Neurospora proteins effective separations are 
obtained by using a constant current of 4 m.amp. 
per gel column for about 40 min. After electro- 
phoresis the isolated gels are stained for 1 hr. with 
amido black and then de-stained in 7 per cent acetic 
acid solution. (The de-staining was facilitated by 
placing the stained gels in a container in which the dye 
could move to an anode.) The protein bands of Neuro- 
spora shown in Figs. 2-5 were revealed in this way. 

The replicates shown in Fig. 3 indicate that the 
technique is readily reproducible both when applied 
to the same protein solution (Figs. 3A and B; C and D) 
and also to different protein preparations made from 
the same genetic strain (Figs. 34 and B compared 
with C and D), 

Fig. 4, however, brings out a further point. The 
wild strain of Neurospora crassa (Fig. 4) reveals a 
different complement of proteins which are separable 
by these means. The faster-moving bands on the 
acrylamide gel (that is, those from Rr = 26-2 to 
Rr = 100) correspond in the wild and the mutant 
strains. However, the slower-moving bands are quite 





A B ç D 


Fig. 5, 


ha The electrophoretic pattern of the soluble proteins of 


sitophila, B. N. intermedia, C, a strain from the Philippine 
Islands, and D, N. crassa. (Photographs x 1-7) 


nt. in the two strains. Whereas only three 
or bands (Rp < 26-2) were detected (at Rp = 






9-3, 12-8) in the wild strain (Fig. 4) at least nine 
is (at Rr = 19-3, 16-4, 14-4, 12-7, 11-6, 9-3, 7-6, 
0, 4-9) were visible in the mutant strain (Figs. 2 and 
3). At this point it may be mentioned that additional 
‘protein bands appeared in the mutant strain by all 
the procedures used, that is. paper electrophoresis, 
starch gel, and acrylamide gel. However, in both the 
number of bands detected and the precision of their 
resolution, the acrylamide-gel procedure is superior 
a the others, | o i 
With this technique one may now examine the 
complement of soluble proteins which are present in 
different species of Neurospora. For comparison 
these were grown concurrently on identical nutrient 
‘media (that is, Fries minimal liquid medium, plus 
trace elements and 3 per cent sucrose), and the 
< technique of protein separation, electrophoresis, ete., 
was carried out similarly for all strains. The Neuro- 
-~ Spora species (N. crassa, N. sitophila, N. intermedia. 
anda wild strain of Neurospora which easily crosses 
->with crassa but was obtained from the Philippines) 
were grown. After 5 days of incubation the mycelial 
nats were harvested, rinsed with deionized distilled 
=< water and freeze-dried. The subsequent preparation 
of the sample for electrophoresis was that described 
above. The protein separations obtained from these 
_ three additional strains of Neurospora compared with 
those of Neurospora crassa are illustrated in Fig. 5. 
-= it will be apparent that each of the wild Neurospora 
strains, as well as the mutant strain of N. crassa 
< shown in Figs. 2 and 3, has a distinctive protein 
-complement which is recognizable by the procedures 
which have been described. 
-TIt is clear, therefore, that the methods described 
=- — are adequate for separating and detecting, in a far 
|. more sensitive fashion than has hitherto been possible, 
-the various compounds which are present in the soluble 
protein of Neurospora. Being now able to recognize 
particular proteins in this way, their synthesis and 
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metabolic significance can be investigated 
changes in the protein complement 
constitution are also open to investiga 
along these lines, designed to associate g 
bands with given genes, will be publishe 
elsewhere. a: 
In this work two laboratories collabora 
Dr. Chang was advised on matters relating to A 
spora by one of us (A. M. 8.) and on matters rel 
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WEST-WIND-DRIFT DISPERSAL OF ECHINODERMS IN 
THE SOUTHERN HEMISPHERE 


By Pror. H. BARRACLOUGH FELL 


Victoria University of Wellington, New Zealand 










s Gove rather striking evidence has now been 
xA obtained of the role of the west-wind-drift as an 
epiplanktoniec dispersal agent of shallow-water echino- 
derms in the southern hemisphere. It has been 
derived from an examination of the major circum- 
olar. genera, by plotting speciation-patterns in 
o form of histograms based on polar co-ordinates 
(Fig. 1). he 
_ Previous work has already shown that the great 
majority of the species and genera of echinoderms in 
the southern hemisphere temperate and polar shelf- 
faunas comprise two well-defined categories, which 
rrespond with existing shallow-water connexions. 
he larger of these two categories includes all those 
cal echinoderm faunas which form part of a southern 
extension of the Indo-West-Pacific region; it has its 
south-eastern margin placed so as to match the 
boundary of the New Zealand submarine plateau 
(Fig. 2), and therefore encompasses the mainland of 
New Zealand, its outlying islet-groups (Kermadecs, 












Chathams, Antipodes, Auckland, Campbell. and. 9 
Snares), as well as Australia, which forms the southern 
margin. All the islands and larger lands are linkes 
by relatively shallow submarine ridges with eac 
other, and more or less directly with Indones 
excepting only the Kermadecs which stand in dee 
water. i J He ie 
The other major group of faunas comprises that o 
Antarctica, that of Chile and Argentina, and th 
faunas of the Scotia Arc, the West Antarcti 
Archipelago, and Falkland Islands. ‘These have mam 
genera and species in common, and likewise ar 
linked by shallow-water ridges broken by onh 
narrow deep-water gaps. : 
Each of these two great southern faunal areas i 
quite distinct, and each includes highly specializec 
genera which oceur nowhere else. Since echinoderm 
evolution-rates are extremely slow (many gener 
range from the Cretaceous onwards) it is inferred tha 
the two great faunal areas developed throughout the 























ape: ‘Pig. 1. Typical distribution patterns for benthal echinoderms with a southern circumpolar 
range The length of radial co-ordinates for each genus is proportional to the number of 


subtropical echinoderms have 
recently crossed the Tasma: 
and are in process: of re-establi 

themselves on northern Nev 
land coasts where‘the tempe 
are once more suitable’. < 













) ther 
unpublished samples rezently sub 
mitted to me by the New Zeala: 
Oceanographic Institute indica 
that fragments of the genus Hel: 
cidaris are at present. lying. o 
top of the Aotea seamount, in 
m., west of New Zealand; He 
eidaris, a strictly littoral genus 
inhabiting rocks and brown. sea- 
weed, is one of the genera believed > 
to have reached New Zealand oo o 
recently from east Australia’. Itis - 
hoped that more material mayo å o- 
permit a carbon-date to be found 

for the Aotea fragments, some of 

which look quite fresh. At present 

one can only guess that testa have 

























a species at the longitude indicated, and the number of species at each plot is indicated. floated from east Australia, on the 
Inferred donor areas marked D. Australia is inferred to have been a major point of entry east Australian current. and that 
- at Indo-West-Pacific (Tethyan) elements into the southern hemisphere, by way of Indo- ll he J a . if 
— — and -bridges ; thoreniter generis stocks ar viewad e! — along clockwise — to the — oor; p 
DEE SRO ines Of movement, under the west-wind-drift.  <Astrost 8 regarded as ao, then the recent colonization o 
os giving rise to Meyenaster on the Chilean coast, and Pentagonaster is grouped with Tosia an Ki l 
— as a single stock for the purpose of the survey New Zealand by this genus may 


have been by adult animals, and 


Tertiary with little or no interchange of populations. not by larvæ as hitherto supposed®. 
‘This inference is consistent with the present sea-floor As already stated, the great majority of southern 
‘patterns, for deep water forms a broad separation echinoderms fall inte one or other of the two faunal 
between Australasia and Antarctica. It seems areas corresponding to shallow-water connexions, 
- improbable that there could have been land-bridges and thus do not require any speculative land-bridge 
between Antarctica and Australasia during the hypotheses, or trans-oceanic dispersal by other means. 
_ Tertiary, for had there been any sort of shallow-water There remain, however, a number of cireumpolar (or _ 


 eonnexion, it is inconceivable that 
echinoderms would have failed to 
spread across the bridge, This con- 
nis reinforced by a considera- 
of the temperature-tolerances 





















m Antarctica to Chile and 
gentina; these forms could cer- 
inhabit the New Zealand shelf, 
conditions are similar, yet 
not only are they lacking there but 
eir ecological place is taken 
tead by genera which have 

d from the north-west, where 
élatively shallow-water route 


ese resulta have been accumu- 
r a period, and analysed in 
-publications'-*, Further, 
mas are traced backwards 

; can be shown that the 
aland and Australian echino- 
faunas were indistinguishable 
gard to generic content in the 
‘ertiary, both having the 
ul sub-tropical character of 
istralian faunas at present. 

the onset of post-Pliocene 
the New Zealand: fauna 








hinoderms which now range. 


extension into South America. This subdivision encompas: 
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Fig. 2. Southern echinoderm faunas grouped as two major entities, the one a southern 
extension of the Indo-West-Pacific (Tethyan), the other the Antarctic and its subsidiary 
: Hug, SUDCIVISION e s the great majority. of 
echinoderms, but ignores the genera covered in Fig. 1, (Generic examples cited are 
drawn from Ophiuroidea) i 
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artly cireumpolar) genera the distribution and 
s of dispersal of which have presented a baffling 
em. in zoogeography. One explanation pre- 
ously offered relied on the land-bridges postulated 
f Hooker to explain plant distribution; as can be 
secon, this is quite unacceptable, as the bulk of the 
evidence, both faunistic and geological, is against it. 
Among the genera of echinoderms which are in- 
volved are the commonest and most conspicuous 
elements on the coasts of the southern continents and 
islands—genera such as Asterodon, Calvasterias and 



















the southern islands of New Zealand, all of them 
shared with South America; Coscinasterias and 
Astrostole, the dominant Asteriidae of the south 
Pacific; Patiriella, the most conspicuous genus of 
Asterinidae in the southern hemisphere; and others 
like them. Species with shorter ranges fall in genera 
like Heliocidaris and Pentagonaster. (The latter, for 
the purpose of zoogeography, must be linked with 
Tosia, a very close relative.) 
In 1983, noting that the genera Asterodon and 
Pseudechinus exhibit greater speciation in New 
Zealand (their western limit), it was suggested that 
the South American and other scattered species of 
__ these genera might have reached their present sites 
as a result of occasional ‘escapes’ of elements from 
the New Zealand plateau, and the only mechanism 
__» which did not conflict. with other data seemed to be 
_ the west-wind-drift. It was inferred that specimens 
_.. adhering to brown seaweed might at rare intervals 
_ eomplete a trans-Pacific oceanic drift. That asteroids 
= ĉan float long distances on brown seaweed had 
already been established by Mortensen®*:7; his most 
notable discovery was that the Indo-Pacific Asterinid 
-Patiriella exigua had successfully colonized St. Helena, 
and the presence of withered dead Ecklonia on the 
_ beaches showed that the alga (on which the species 
lives in South Africa) had succumbed to the 
tropical temperatures, whereas the asteroid had 
flourished. Mortensen! had also observed Calvasterias 
|. floating on Macrocystis, off the shores of Campbell 
Island. ae 7 l 
During recent years, while examining the collec- 
tions of echinoderms made by the various expeditions 
mentioned later (some of the collections far exceeding 
in quantity and variety all previously known mater- 
tal), the idea of epiplanktonic dispersal of echinoderms 
floating on brown seaweed under the influence of the 
_ west-wind-drift has naturally exercised my mind; 
_ the more so as so many pieces of evidence seemed to 
fit the suggestion made tentatively in 1953. Latterly, 
it has become feasible to plot the known distribution 
of many southern shelf-inhabiting echinoderms, as 
many more results have become available, and it has 
ecome obvious that the majority of the genera 
thibit a consistent pattern. Various methods of 






















msistent patterns; but that which gives the clearest 
eture is the one utilized in Fig. 1, which illustrates 
even southern genera. The method of plotting is 
xplained in the caption., _ 

It is at once apparent that the histogram containing 
the species for each genus tends to assume the form 
a more or less attenuated triangle, in which the 
ase-line (maximum speciation) occurs at the western 
id, and the apex (minimum speciation) at the 
astern end. It may be inferred that for each of 
these cireumpolar genera the original source lies at 
the western end of its range, and that the more 
easterly representatives are derivatives from the 


western stock. If this is : correct, then: us 


Pacific but acts as a donor to South Africa, Aust 


movement occurs around the Antarctic continent 
but not by way of Antarctica. ‘The weat-wind-drift 
supplies the only acceptable distributing mechanis 


Pseudechinus, the dominant coastal echinoderms of- 


much of the Tertiary if not longer, and it 
drift. 


nalysing the results have been used, all yielding 

















stands as a ‘donor’ to New Zealand; simila: 
Zealand (including the plateau, and Lord Hi 
Norfolk Islands) stands as a donor to K 
Islands, Easter Island, Juan Fernandez and 
America; South America receives from the 


and even New Zealand. We are therefore presented 


with a simple clockwise pattern, in which generis 
stocks tend always to move from west to east. T 


for it exists now, and must have existed thre 
plainly absurd to postulate land -bridges or co : 


Of course, these patterns can be modified: by loca, 
factors. Thus, northern Chile can receive or. donate 
by way of the coastal land-link with North America 
as well as by way of the epiplanktonic mechanism. 
and most elements have evidently come from the 


` Panama route. The warm-water elements of northern 


Chile are debarred from southern Chile by environ-  - 
mental factors, and here the Antarctic elements enter, 
but once again, the epiplanktonic route makes itso 
own contribution. Allostichaster appears to have its — 
home in Australasia, and to have been transferred to. 
Chile, but has also extended up the Argentine coast, oo 
and speciated in southern Brazil. Pseudechinus 
seems to have originated in New Zealand, or Austra: —— 
lasia, where more than half its known. species € 
occur, and where the oldest fossils occur; but it has 
formed at least three subgeneric groups--a green — = 
form restricted to New Zealand, a red or rod-and- 
green group shared by New Zealand and South 
America, and a variegated sparsely spined group ă č = 
shared by the Indian Ocean subantaretic Islets and = 
Australia and New Zealand. When these plots are ` 
mapped, one suspects that the genus set out from 
New Zealand long ago, circumnavigated the globe — 
and, like Magellan’s sailors, arrived back whence it. 
started, but from the other direction, = —— > > 

The evidence here presented is not inconsistent == 
with Pantin’s* summary of the recent Royal Society — = 
discussions on the biology of the south temperate — 
zone. A more detailed presentation of the evidenco 
will be given in a general monograph now in 
preparation’. — 

In assembling the data, I have made use of the 
collections submitted to me for determination by the 
following expeditions, to the leaders and members of 
which I am grateful: New Zealand Cape Expedition!, 
Dominion Museum Expedition to Antipodes Island, 

















the Trans-Antarctic Expedition and New Zealar 
Oceanographic Survey of the Ross Sea?, the Stanfo: 
University Expedition to the Ross Sea, the Roy: 
Society Expedition to Chile, the Chatham [sland 
(1954) Expedition?; and various parties which have. 
visited the Kermadec, Snares, Macquarie and Heard. 
Islands. These collections have been, or will be, the: 
subject of separate reports. 
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Anomalous Fraunhofer Line Profiles 
G the spring of 1961 we made observations 
H line of Ca(iT) in the spectrum of moonlight, 
we view of detecting any himinescent radiation 
might have been present. The observations 
de with the 50-in. reflector of the University 
uss Observatory at Asiago. 
The method adopted was that described by Link! in 
Fand used later by Kozyrev? and Dubois’. It 
onsists of comparing the profiles of Fraunhofer lines 
> in moonlight and sunlight: if there is any luminescent 
— radiation from the moon, then the profile in moonlight 
An will be shallower and narrower than that in sunlight. 
We have described elsewhere! a high-resolution f/5 
aan photoelectric grating spectrometer which we used 
to obtain such profiles and our observations have 
disclosed a luminescence of typically 5 per cent of the 
mean continuum-level at various points on the 
ae -= Moon’ s surface, including Aristarchus, with a frac- 
-=o Honal error of about 1 / 20 (these results, which are the 
first to be obtained using a photoelectric system, will 
_ be described in more detail in a later publication). 
- Our results are thus considerably more accurate than 
: previous ones. 
‘In the course of these experiments, it was (as 
ae indicated above) necessary to obtain solar comparison 
spectra. For obvious reasons it was not possible to 
-point the telescope directly at the Sun and so we took 
-spectra of the daylight scattered from clear blue sky 
— and also from cloud. 
oc Figel shows the characteristic features (indicated 
= by the letters 4, B,C... . ) of the H line profile 
as obtained with our instrument, and Table 1 gives the 
intensity ratios between these features for Mare 
ae Serenitatis, eloud and blue sky. 
t vill be seen that the line is increasingly filled in 
— as one proceeds from Mare Serenitatis to blue sky, 
Indic ating that, in addition to scattered — 














nd suet of course, have the offect of raising ee depa 
part: of ne line —— C ae the other — 








Ratios (x 1 000) 


. _ Source AjB AJC AID — 
Mare Serenitatis l = aes Pes 
(mean of 17 scans) 223 41 20542 22341 B27 $b: 


Cloud (Asiago) — — 
259 * bey eb OE ae 


{mean of 4 scans) > 257435 86647 
Cloud (Manchester) — Z — —— 
(mean of 4 scans) 25642 B27 +4 © B54] BAG EOS 
Blue sky (Asiago) EE 

{mean of 4 scans) 279415 3552+25 28041 $8642 
Blue sky (Manchester) i i l 

(mean of Ñ scans} 280+ 6 35245 27726 377 wv’ 


including the deepest still shows the same “effect PaE 
between the three sources, which suggests that thè =. 
additional light is not in the form of. a sharp emission —— 
but rather a broad band. — 
We have since repeated our experiments with the = 
instrument set up at the University of Manchester = => 
and the results are consistent with those obtained abo eie 
Asiago and again show this change in profile with’ . 
source. We have performed high-resolution (0-17 A.) 
scans at twilight of the deepest portion of the line, 
but have so far failed to detect any emission com- 
ponent. . 
We feel that this behaviour of the profile of the H 
line may possibly be indicative of the presence of a 
daylight airglow. However, we propose to carry out 
more sensitive tests for the presence of an emission 
component and also to investigate the profiles of 
other lines. We hope that we shall shortly be able to 
make absolute measurements of this excess light and 
to observe its behaviour as the Sun rises and sets. 


J. F. GRAINGER 
J. RING 
Department of Astronomy, 
The University, Manchester. 


i Link, F., Bell, Astro. Inst. Czech., 2, 181 (1951). 
* Kozyrev, N. A., Tev. Crim, Astr. Obs., 18, 148 (1956). 
1 Dubois, J., Rozpr. Ceské Akad. Véd., 69, Part 6 (1959). 


t Grainger, J. F., and Ring, J., The Physics and Astronomy of the 
Moon, edit. by 4. Kopal, 383 (Academic Press, 1962). 

b TALTES Tonm; As Nature, 178, 278 (1956); Ann. Geophys., u. 179 

* Dufay, M., dan. Geophys., 14, 391 (1958). 


Stresses ‘around Lunar Craters. 


THE formation of a lunar crater will be seacmpaniad — 
by stresses set up in the lunar surface in the vicinity of .- 
the crater. Critical telescopic observation demon- -> 
strates the existence of systems of nearly radial — 
fractures and valleys around certain craters. The — 
departure from radialism is, however, significant and ` 
we interpret the fractures as being the surface ~- 
expression of the relief of stresses in the rocks close ` 
to the surface at the time of formation of the craters. | 

The morphology of the fractures indicates that the — 
lunar surface as a whole was also under stress at the _ 
time when the craters were being formed, and that — 
these stresses were the same as those producing the -> 
lunar grid system. 

We have developed a theory of how these fractures — 
formed; an immediate conclusion of this theory is 
that the general lunar surface stresses were tensions, 
on which were superimposed the tensile stresses. 
indigenous to the craters themselves. By consider- — 
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maximum strain energy: is converted mto heat, and 
this proportion is independent of the period of 
vibration. In addition, and this is important in 
seismology, it appears that the elastic moduli of rocks 
also are practically independent of frequency. 

Absorption and dispersion in a single rock sample 
have usually been measured at frequencies higher 
than those observed in seismology and over a range 
of only one or two decades!}. Because different 
samples measured over different frequency ranges 
generally show a constant Q and constant moduli, 
it has been assumed that, for a single specimen, these 
properties will be sensibly constant over a range from 
a few cycles per second up to at least one hundred 
kilocycles per second. 

However, we know of only one paper which presenta 
results over such a wide range for a single rock. This 
was by Peselnick and Outerbridge*, who showed 
that for Solenhofen limestone the rigidity modulus 
remained constant within 2 per cent between 4 0. /s. 
and 10 Mc./s. and that the Q decreased by 50 per cent 
between 4 c./s. and 28 ke./s., this decrease taking 
place at less than 8 kc./s. 

Table 1 gives resulta for three other rocks, which 
show that their Young’s moduli remain constant at 
least to within 5 per cent over the range 2 c./s.— 
90 ke./s. and that their Q’s do not vary by more than a 
factor of two over the same range. 


Table 1 
Frequency- Young's modulus 

Rock type Tange x 104 0.6.8. Q 
upper Oolite Limestone 2-40 c fa. 808 +015 180 + 18 
(Portland) 10-80 ke./s 812+ 0:06 810 + 15 
Dolerite 2-40 o,/8, 786 +086 186 + 18 
ae Ka 16-986 ke./s 765 + 0-28 200 + 16 
borough Head 2-40 0. /8. 316 +016 110 + 11 
ebble) 11-06 ke./s. 3-18 + 0-00 70 + 8 


For the low-frequency measurements the rock was 
made to vibrate as a beam clamped at both ends and 
its motion compared with that of a standard steel 
beam. At the high end the resonant frequencies were 
found for the fundamental and higher harmonica of a 
centrally supported beam and the width of each 
resonance curve measured at the + 3 db. points. 

The two sets of measurements were made on 
separate beams cut from the same sample. 

The absolute value of Young’s modulus at the lower 
frequencies has an estimated uncertainty of about 
5 per cent due to clamping conditions, although the 
relative error over the frequency-range 2—40 c./s. is 
only about 0-25 per cent. Over this range the modulus 
increased by about 1 per cent between 2 c./s. and 
20 c./s. and thereafter remained constant. No 
variation was observed over the high-frequency-range. 
It seems probable, therefore, that there is no 
for frequencies above 20 c./s. 

The Q values from the high-frequency measure- 
ments were rather scattered and showed no systematic 
variation with frequency. At the low frequencies the 
Q definitely decreased by a factor of about two as the 
frequency increased from 2 c./s. to 20-30 c./s. and 
thereafter remained constant. The values in Table I 
relate to the range 20-40 c./s. 

We believe that the importance of these results is 
not particularly in the results for Q but in the indica- 
tion that the modulus is very nearly constant over 
the range 2 c./s—100 ke./s. and quite certainly does 
not vary by more than 6 per cent. This observation 
probably demands a non-linear mechanism (for 
example, hysteresis) for the absorption of elastic 
energy in rocks, although it is just possible that a 


NATURE 


765 


linear mechanism with a flat spectrum of relaxation 
times would produce a sufficiently small amount of 
dispersion‘. : 

We wish to acknowledge the help of Mr. Lofthouse, 
who made most of the high-frequency measurements 
while he was a vacation student at the BP Research 
Centre, and also to thank the Chairman and Directors 
of the British Petroleum Co. for permission to publish 
them. The low-frequency results were obtained in the 
Department of Applied Geophysics, Imperial College, 
and will be reported on more fully in the near future. 


R. J. Donato 
P. N. 8. OBREN 


British Petroleum Research Centre, 
Sunbury-on-Thames, Middlesex. 


M. J. USHER 


Department of Applied Geophysics, 
Imperial College, London, 8.W.7. 
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Transit of Pressure Waves through 
New Zealand from the Soviet 50 Megaton 
Bomb Explosion 


THE explosion of the Soviet 50 megaton bomb in 
the vicinty of Novaya Zemlya at approximately 
0833 a.m.7. on October 30, 1961, produced pressure 
oscillations in the atmosphere that were recorded on 
barograms around the world ın much the same manner 
as the pressure oscillations that followed the eruption 
of Krakatoa in 1883, when as many as seven passages 
of the wave-front between Krakatoa and ite antipode 
were observed.? 

Records from open-scale barographs of the New 
Zealand Meteorological Service showed well-marked 

of the direct wave from the Soviet explosion ; 
but not all stations showed the passage of the second 
wave travelling the long great circle route through the 
antipode. Only two records showed the third 


passage. 

Table 1 contains the time of the first impulses of the 
oscillations on the barograms corresponding to the 
arrivals of the first, second, and third waves. The 
amplitudes are taken as half the maximum range 
between positive and negative oscillations. The 
observed times are subject to errors due to the poor 
time resolution of weekly charts and in some cases to 
uncertainties in the time marking. The times quoted 
for Lauthala Bay, Auckland, New Plymouth and 
Wellington are believed to be correct within + 5 min.; 
but times of passage at other stations could have 
errors up to + 15 min. At most stations two distinct 
cycles could be distinguished in the pressure oscilla- 
tions corresponding to the first wave, but the period 
could not be determined. 

The arrival times would be consistent with the 
passage of the first wave from the north-west, the 
second from the south-east, and the third from the 
north-west. Of the eleven records of the second 
passage six clearly indicated an initial decrease of 
pressure. The existence of such a phase-change in the 


. Wave passing through the antipode has been suggested 


by the records of the passage of the waves over an 
English station’. 


+ 
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Table 1. PASSAGE OF PRESSURNH WAYES AT NEW ZRALAND STATIONS, OOTOBER 80-NOVEMBER 1, 1961 
Tims of passage (G.¥.T.) Amplitude (mb. 
Station Latitude Longitude Firat wave Second wave Third wave Firat wave Second wave wave 

Funafuti — Is) 08°31’ 8. 179° 12’ E. 30.19.05 — — 0 6 — eee 
Lauthala Bay (F131) 18° 09 8. 178° 27° E. 19. -— — 0-5 
Kaitala 86° 04’ 8 173° 17’ E 80.21.24 — — 0-5 — — 
Auckland 86" 618 174° 47° E 30.21, 31.07.37 — 07 04 — 
Gisborne °40'8 177° 69 E 30.21.44 — — 0 6 — — 
New Plymouth B9° or 8 174° 11’ E. 30.21.44 31.07.25 — 08 04 — 
40° 12° 8 175° 28’ E 30.21.50 81.07.15 “~ 05 03 — 

Farewell Spit 89 8 ° 00’ E 30.21.48 31.07.19 — 0-8 0'3 — 
araparaumu 40° 6L 8 174° 59’ R 30.21.48 31.07.24 — 0°6 0°3 one 
41° 14’ 8 178° 18’ EB 22.02 81.07.19 — 06 0-3 ome 

area 40°17 8S 174° 46’ E. 30.231,57 31.07.17 01.09.18 0 6 04 02 
Hoklw 42° 48’ S 170° 57° E 80.22.00 31.07.31 — 06 03 “ne 
Christehurch 48° 20° B 172° a2’ E 80.22.12 31.07.10 — 0'6 03 — 
48° 628 169° 62’ X 80.22.06 — — 07 — me 
Chatham Id 43° 68° 8 178° 31° W 80.22.23 — — 0-4 — — 

Taieri 46° BIY 8 170° 22” E. 30.22.10 81.87.07 01.08.31 0-8 02 O82 
Invercargill 46° 25’ 8 168° 19’ E 30.22.13 31.07.04 — 0-4 02 vee 


The average speed of the pressure waves calculated 
from the times of the first and second passages and 
time of the initial explosion was 306 m./sec., or 9-9 
degrees of arc per hour. This is close to the average 
velocity of 318 m./sec. found for the Krakatoa 
pressure waves', and falls in the speed-range 284-318 
m./sec. of waves produced by various hydrogen bomb 
explosions in the Marshall Islands’. 

The speed of propagation of the pressure wave will 
be a function of temperature and wind conditions 
along the path. It is hoped that the New Zealand 
data may be of assistance in global studies of these 
conditions. 

E. FARKAS 


New Zealand Meteorological Service, 
Welington. 


t Symons, G. J., The E ion of Krakatoa and Subsequent Phenomena 
(Trnbner and Gn Tae, 1888). 
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PHYSICS 


Gravitational and Related Constants 


Ix an earlier communication! some simple relation- 
ships between the fundamental constante e, A, o, G 
and « were proposed, where G is the usual gravita- 
tional constant and g the ratio of proton mass to 
electron mass. It is now possible to simplify and 
extend slightly the treatment used previously and 
to justify to a considerable extent the resulta then 
obtained; a will, however, now be taken as the ratio 
of the mass of the hydrogen atom to that of the 
electron. 

First of all, it is necessary to consider one aspect of 
gravitational attraction. Imagine two uniform, 
spherical bodies 4 and B with centres distance + 
apart. Then the gravitational force of attraction is 
given by F = k/r*, where k is a constant, and if the 
bodies are increased in size, n, times larger for A 
and n, times for B, F = kn,n,/r*. This equation 
expresses the experimentally determined facts about 
gravitational force and, clearly, k has the dimensions 
[M0 7-*}, that is, identical with [charge]? (ref. 2). 
It is therefore possible to represent the force between 
masses m, and m, by: 

F = Gmym,/r* œ GN N,e*/r* 
where G’ is a dimensionless constant and N,e and 
N.e are quantities of charge associated with and 
proportional respectively to m, and mMm, When 
m, = Mm, = 1 gm. and r=1 om, N,=N,=N, 
and, numerically : 


FP, = Gwe CN = G’ 


With little error the following relations between e, a 
and @” may be stated: 


GQ’ fe = 137 E.8.U., 


from which QG” = 6-582 x 10-* (£.8.U.)? 
at? = be (H.3.U.)*, 
from which G” = 6-584 x 10-3 (g.8.U.)* 
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3 — — ——— whe * 
ame = 5 (437) B80 


The third relationship follows from the other two 
but, for the purpose of checking, it has the advantage 
that the less-accurately-known G” has been eliminated. 
Using the values* e = 4:8028 x 10- E.8.U„ œ = 
1837-L and 137-04 rather than 137 (also used to 
ealoulate G”), ate x 137-04 = 0-22213, in close agree- 
ment with 2/9. The discrepancy between the value 
6-68 x 10-8 for G” and 6-67 x 10- for G has already 
been discussed?. 

It is significant that 1/137-04 is the value of the 
fine structure constant 27e?/he, but for the present 
purpose no use of this relationship has been made. 


A. E. Martin 
Sir Howard Grubb Parsons and Co., Ltd., 
Optical Works, 
Walkergate, 


Newcastle upon Tyne 6. 


? Martin, A. E, Nature, 192, 58 (1961). 

3 Carr, L. H. A., Proc. Inst. Else. Eng., Pt. 1, 97, 235 (1960). Allen, 
L. W., Elecincal Engineering, 134 (1058). Martin, A. R., Nature, 
161, 588 (1961). 

3 Smithson. Phys. Tables, ninth rev. ed. (1064). 


Production of Superconducting Niobium 
Films by Vacuum-Arc Deposition 


HOLLAND! commented that certain workers?’ 
interested in the production of vacuum-deposited 
thin films had shown that the electric arc could be 
used for this purpose. He noted that this method 
offered a possible solution to the problem of evaporat- 
ing low-vapour-pressure metals which for various 
reasons could not be handled by the techniques then 
available. We have shown that, where films of 
uniform thickness are not required, the high 
deposition-rates obtainable from a vacuum-are at a 
very’ short distance from the substrate greatly 
facilitate the production of pure films in poor vacua. 

One of our major interests has been to produce 
superconducting niobium films with the transition 
characteristics of the pure bulk metal. It is a well- 
known fact that superconducting niobium films 
are difficult to prepare. The main obstacles to be 
overcome are: high melting temperature, low vapour 
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pressure at the melting point, the affinity of the 
deposited films for the residual gases in the vacuum 
system, and the depression of the superconducting 
transition temperature by the gettered residual gases 
in the films. Tantalum is a metal in which similar 
difficulties are encountered; Marchand and Venema‘ 
have shown that tantalum films with bulk metal 
superconducting transition properties can be pre- 
pared in vacua of the order of 1 x 10-'* torr by 
sublimation from a heated tantalum spiral at a 
deposition-rate of 250 A.fmin. We have estimated 
that in order to produce pure niobium films by 
vacuum sublimation a vacuum of at least 1 x 10-41 
torr would be required. 

We are not aware that superconducting films of 
niobium have been reported previously. 

By the use of a vacuum-are deposition technique®'* 
developed in this laboratory, we have been able to 
produce superconducting niobium films with transi- 
tion temperatures greater than 4:2° K., which is the 
present upper limit of measurement in our cryostat. 
Qook, Zemansky, and Boorse’ obtained a value of 
8-65° K. for the transition temperature of bulk 
niobium. Our niobium films were deposited on to 
25 mm. x 10 mm. glass substrates in vacua of 5- 
8 x 10-* torr, during deposition the centre of each 
substrate was placed at a distance of 3 mm. from 
the point of contact of the two arc electrodes. The 
electrical resistance of the films range from 0-93 ohms 
per square to 6-1 ohms per square at 300° K. 

In view of the present interest in this type of super- 
conductor, we believe that these preliminary results 
may be of some use to other workers in this fleld. 
No doubt there are other areas where the vacuum- 
arc deposition technique can be used to obtain 
similar advantages over contemporary methods. This 
work was performed under contrast with the United 
States Atomic Energy Commission. 

M. 8. P. Lucas 
D. T. MEYER 
Superconducting Circuits Laboratory, 
Electrical Engmeering Department, 
Duke University, 
Durham, North Carolina. 
Holland, L., Nature, 178, 828 (1956). 
1 Hesinger, L., German Patent No. 915765 (July 29, 1954). 
3 Vodar, B., Minn, 8., and Offret, 8., J. Phys. Rad., 16, 811 (1955). 
‘Marchand, J. F., and Venema, A., Philipe Res. Rep.,14, 427 (1650). 
* Lacas, M. S. P., Owen, H. A., Stewart, W. O., and Vail, O. R., Rev, 
Sci. Instr., 32, 203 (1981). 
* Laces, M. 8. P., Vall, 0. R., 8 W. O., Owen, H. A., Vacuum 
ey o — ransactiona, Bighth Nat. Symp. (Pergamon Preas) 


Cook, D. B., Zomansky, M. W., and Boorse, H. A., Phys. Rev., 80, 
787 (1950). 
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Search for Light Amplification in a 
Mixture of Mercury Vapour and 
Hydrogen 

F. A. Butayeva and V. A. Fabrikant have recently 
reported the discovery of a negative temperature in 
an excited gaseous mixture of mercury vapour and 
hydrogen between the levels 73S, and 6°P,,,,, of 
mercury!. They maintain that the populations of the 
6*P levels were reduced below that of the 73S, level 
by the well-known quenching action of hydrogen. 
The populations were investigated by measuring the 
transmission coefficient of the gas mixture at the 
wave-lengths 5461 Å., 4858 A. and 4047A., corre- 
sponding to the transitions 7°S, — 6°P,, 7°78, — 6°P, 
and 73S, — 6°P,, the mixture being excited by a 
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d.o. discharge. With a discharge tube of length 
36 cm. amplification of about 10 per cent was re- 
ported in the 15461 A. and 14358 A. lines for a 
discharge current of 70 m.amp. with 0:3 mm. mercury 
hydrogen pressure and saturated mercury vapour at 
room temperature. 

In similar experiments with this mixture, under 
conditions as nearly as possible identical to those 
used by Butayeva and Fabrikant, and with a wide 
variation of hydrogen pressure, we have observed 
no amplification. 

In our apparatus light from a low-pressure mercury 
lamp was chopped at a low frequenoy and then 
passed through the discharge. The hne to be in- 
vestigated was selected with a monochromator, and 
the hght fell on a photomultiplier. A second photo- 
multiplier was used to monitor the light output from 
the source lamp and the a.c. output from the two 
photomultipliers was electronically balanced and fed 
to a phase-sensitive detector. With this arrangement 
1 per cent amplification could be detected with ease. 
The discharge tube was baked at 400° C. for at least 
8 hr. before attempting measurements and the final 
pressure achieved before admutting the gases was 
10-8 mm. mercury. The hydrogen was admitted by 
diffusion through hot palladium and the mercury was 
pre-distilled under vacuum. 

With d.c. excitation of the discharge the current 
was varied continuously from 0 to 150 m.amp. with 
hydrogen pressures ranging from 0:2 to 0-6 mm. 
mercury. No absorption or amplification was ob- 
served in any of the three lines. At hydrogen 
pressures below 0-2 mm. mercury, diffoulty was 
experienced in maintaining a d.c. discharge, but it 
was possible to run a radio-frequency clectrodeless 
discharge at about 10 Me./s. Investigations were 
made with the latter form of excitation over the 
range of hydrogen pressures of 0-0-6 mm. mercury. 

in no effect was obtained in the 44358 A. line, 
and a small absorption was observed in the à 4047 A. 
line. Strong absorption was, however, observed at 
the lowest pressures in the 5461 A. line, being 
typically about 50 per cent at zero hydrogen pres- 
sure, depending on the radiofrequency power used; 
in this case the absorption fell to, and remained 
at, zero as the hydrogen pressure was increased up 
to and beyond about 0-15 mm. mercury. In all 
cases the mercury vapour was in equilibrium with 
liquid mercury at a temperature of 20 + 2° O. 

It is difficult to form a convincing theoretical 
discussion of the conditions in the discharge since the 
quenching process is not fully understood. However, 
the experimentally determined cross-section of 
8-6 x 10-19 em.’ (ref. 2) for quenching of atoms in 
the 6*P, state is not large enough for this process 
alone to create a negative temperature under these 
conditions, even supposing that the life-time of atoms 
in the 73S, state is not affected by the hydrogen. 
This lends support to our experimental conclusion. 

The authors are grateful to Dr. B. A. Lengyel for 
supplying them with a translation of the Russian 
report. 

J. H. SANDERS 
M. J. TAYLOR 
CO. E. WEBB 
Clarendon Laboratory, 
Oxford. 


1 Butayeva, F. A., and Fabrikant, V. A., Research in Ezperimental 
and Theoretical Physics, Memorial Vol. in Honour of G. 8. Lands- 
berg (U.8.8.R. Academy of Science Press, w, 1969). 

*Pringshetm, P., Fiworsscence and Phosphorescence, 111 (Interscience 
Publishers, New York, 1949). 
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Measurement of Easy Direction 
Dispersion in Magnetic Thin Films 


. Crow! has described a method for the measurement 
of the dispersion of the easy direction of magnetization 
in a single nickel-tron thm film. In this method “a 
field pulse H4, greater than the anisotropy field Hx, 
was applied along the average difficult direction, and 
during the latter part of this pulse a small pulse Hp 
was applied along the average easy direction. The 
flux change parallol to the easy axis, due to the 
application of H4, was measured with a single pick-up 
loop, and the minimum value of Hp giving full output 
was taken to be proportional to the maximum value 
of B (the angular dispersion of the anisotropy axis). 
In practice, the approach to full output was too 
gradual for accurate measurement of this minimum 
value, and a level of Hp, H’p say, giving 80 per cent 
full output, was used. An angle 8’ given by sinp’ = 
H’p/Hx therefore gives the maxmmum dispersion in 
anisotropy over some 80 per cent of the film. Hence, 
20 per cent of the film has hard directions at angles to 
the mean greater than 6’, and 80 per cent at angles 
leas than 8%”. 

In fact, the relation H’p = Hx sinp’ will only give 
the dispersion of easy direction if it is assumed first 
that there is no dispersion of Hg in the film, and 
secondly that no co-operative phenomena occur 
during the relaxation of the film into domains. Chu 
et al? have shown by microprobe analysis that a 
variation of 3 per cent in nickel content can exist 
between neighbouring regions of the film. Smith? 
has shown that this variation could produce a varia- 
tion of 40 per cent in the magnitude of Hx, and a 
direct method for measuring the dispersion of Hx ina 
single film has been described by Hearn‘. It is 
therefore unlikely that the method described would 
give a direct measurement of the dispersion of easy 
direction within the film. In fact what has been 
measured is the dispersion of a composite film 
parameter Ax sing’. 

We would like to suggest a more satisfactory 
method of measuring the easy direction dispersion 
which is not directly influenced by the dispersion of 
Hx. The film is mounted on a rotatable platform such 
that a large pulse field may be applied in the plane of 
the film in any orientation. The change in the com- 
ponent of flux at right angles to the original pulse is 
detected by means of a sense coil. If the film is 
oriented so that the drive pulse is in the mean hard 
direction, no output is observed from the sense coil, 
If the film is rotated the output rises to a maximum 
and then decreases on further rotation. This maximum 
occurs when the hard direction makes an angle 6 
with the direction of the pulse field, where 6 is the 
meximum dispersion of the anisotropy axis (negleot- 
ing the small reduction in output due to the rotation 
of the film relative to the sense coil). Since the 
approach to this maximum is gradual, we may define 
an angle 8’ at which the output rises to 80 per cent of 
the maximum. This value may be taken as a measure 
of the dispersion of easy direction in the film. The 
output observed is proportional to the net flux 
change in the sense coil; thus, at the angle 8’, 90 per 
cent of the film (not 80 per cent!) has become mag- 
netized in one preferred direction on removal of the 
pulse fleld. 

Neglecting co-operative effects, the measurement is 
independent of any dispersion of Hx. The value of 
8’ obtained is therefore a good measure of the dis- 
persion of easy direction within the film. 
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Fig. 1. Above, output from sense oorl as a function of the a 
of rotation; below, dustripution of easy direction in an 80 bb 
nickel-iron film 


The measurement described may be extended to 
produce a first-order plot of the distribution of easy 
direction within a film. The output Vop obtained 
from the sense coil can be plotted against 0, the 
angle between the pulse field and the mean hard 
direction, as shown in Fig. 1 (above). The increment 
of output 8Vop in any small interval of angle 86 is 
determined by the proportion of the film having an 
easy direction with the interval 98 — 6 + 80. Thus 


, the 


the slope of the graph of Vop against 0. By plotting 
the slope of this graph as a function of 0, the distribu- 
tion of easy direction within a film may be obtained. 
Fig. 1 (below) shows the distribution obtained using 
an orthodox 1000 A. 80/20 nickel-iron film. 
R. V. Pmacoox 
G. WINSOR 
Mullard Research Laboratories, 
Salfords, Nr. Redhill, Surrey. 
1Olow, H., Nature, 191, 9096 (1961). 
*Ohu, W. W. L., J. App. Phys., 30, No. 4, 2729 (1059). 
a8mith, D. 0., J. — Phys., 38, 70S (1961). 


‘Hearn, B. R., ymp, Blac. and Magnetic Prop. Thin Metallic 
Layers, —— ene 1961). 





distribution of easy direction is given by tror 


Wrru reference to the. foregoing communication by 
Peacock and Winsor, I agree that my measurements 
of the angle B’ gives values which depend on the 
dispersion of the magnitude of the anisotropy field 
Hr. Further, the method of measurement described 
in their communication would generally be considered 
to be more accurate than mine. 
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It was fully realized that the measurements were 
in faot of Hg sging’. This quantity showed such a 
large variation with film tbicokness that the effect 
could not be appreciably affected by any dispersions 
of Hx about a constant mean value 3 cerateds. Hence, 
the results of these measurements were presented as 
variations of the angle 8’ alone, this variation being as 
large as 2-3°-30° over the thickness-range investi- 
gated. 

However, by assuming the most unfavourable 
distribution in magnitude of Hx within a spread of 
40 per cent, and using the angular distribution curve 
of Peacock and Winsor (Fig. 1 above), it can now be 
shown that the error in the value of 8’, so introduced 
by the writer’s method, would have been about 6 
per cent. This error is insignificant compared with 
the experimental spread of pointe shown in Fig. 1 of 
my communication}. 

My definition of 8’, which Peacock and Winsor seem 
to have misunderstood, was that this is an angle 
such that 80 per cent of the film has an angular easy 
axis dispersion between + 6’. 

H. Crow 
Research Laboratories, 
Electric and Musical Industries, Ltd., 
Blyth Road, Hayes, 
Middlesex. 
? Clow, H., Nature, 191, 996 (1961), 
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Techniques for Melting-Point Determination 
on an Electrically Heated Refractory Metal 


THE measurement of the melting point of a 
material requires determination of temperature within 
allowable limits of accuracy at precisely the moment 
when the change of state occurs. At intermediate to 
high temperature, a disappearing filament optical 
pyrometer is the most convenient temperature- 
measuring instrument. A method which has been 
used extensively is the direct observation of a test 
fragment within a black-body furnace in which the 
temperature can be increased gradually until visual 
evidence of melting is obtained, that is, the sudden 
rounding of a jagged edge or pinnacle. A severe 
drawback in this procedure is the fact that the test 
sample is difficult to discern since ita temperature is 
essentially the same as that of its environment. 
Furthermore, it is difficult to melt the refractory 
metals in a black-body furnace. 

An alternate approach is to heat the sample by 
resistance, gradually increasing the electrical power 
until fusion occurs. The true melting point may 
be obtained by several methods involving the 
measurement of apparent temperature and/or elec- 
trical power input at and below this point. 

Tf the spectral emissivity of a metal is known, the 
melting point can be easily measured by heating a 
thin specimen electrically and transferring its heat 
by radiation to an environment at much lower 
temperature. It is sufficient to follow the outside 
temperature at the centre of the sample-resistor until 
fusion breaks the circuit. The maximum brightness 
temperature obtained is corrected to true melting 
temperature by means of Wien’s law: 


] 
> ` in g, 
m7 + O, 


T = (1) 
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where T is the true temperature (degrees absolute), 
T” is the brightness temperature (degrees absolute), 
à is the wave-length of the pyrometer filter, ta is 
the spectral emissivity, and O, is the second constant 
of Planck’s law. The differance in temperature 
between outside surface and centre should be small 
relative to the limita of error in temperature measure- 
ment. The difference in temperature between any 
two radii can be determined with the Angell equation!: 
JELI [1 r,' ra 

AT = Onk E peat e (2) 
where J is a conversion factor, Æ 18 voltage drop per 
unit length, I is the current, k is the thermal con- 
ductivity, r, is the inner radius, and r, is the outer 
radius. It is also necessary that the longitudinal 
temperature difference be small between the point of 
temperature measurement and the point of melting. 
This condition will generally obtain in a homogeneous 
material the length-to-diameter ratio of which is large 
since electrical heating produces an approximately 
constant temperature over a considerable length on 
either side of the centre. 

If the total emissivity of the metal is known, it 
is sufficient to measure the current and drop in 
voltage along a test section which is slightly below 
the fusion point. On the other hand, the current 
and voltage at the fusion point could be accurately 
ascertained by extrapolation from values obtained 
at a succession of lower temperatures. The true 
melting temperature is given by the equation: 

T = (JHI [eA (3) 
in which # is the voltage drop along the test section, 
I is the current, s is the total emissivity, o is the 
Stefan Boltzmann constant, and A is the area of the 

imen between voltage leads. The method requires 
t the test specimen dissipate its heat by radiation 
to a relatively cold black environment. 

A new method for the experimental determination 
of both spectral and total emissivities of refractory 
metallic materials has been reported by Allen, Glasier 
and Jordan’. Pyrometrico measurements of brightness 
temperature and electrical: measurements of power 
input are utilized in the caloulation. 

If the spectral emissivity of the material is not 
accurately known at or near ite melting point, an 
alternate procedure can be used. A hole may be 
drilled into a rod-shaped sample at its centre with 
depth about half the thickness of the sample. The 
rod is heated by resistance as before, but now the 
temperature at the bottom of the hole is followed with 
the optical pyrometer. The hole temperature will 
be greater than the surface brightness temperature, 
but less than the true temperature. Its magnitude 
will be determined by the geometry of the hole and 
the thermal conductivity and spectral emissivity of 
the material. The temperature of the hole can be 
corrected to true temperature by the following pro- 
cedure. <A hole of the same dimensions is drilled 
into a standard material the melting point, thermal 
conductivity and spectral emissivity of which are not 
greatly different from those of the test material. The 
hole temperature of the standard at its melting point 
is determined. Now a relationship between the true 
temperature at melting and the temperature of the 
hole is established. 


Pr = f(T) = BT (4) 
where Ta is the hole temperature of the standard, 


T is the melting point of the standard, and B is a 
constant. (This relationship will not necessarily be 
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valid over a wide temperature interval due to varia- 
tions in emissivity and conductivity.) The constant, 
B, is used to correct the hole temperature of the 
tet material at melting (using equation 4). The 
melting point thus obtained will be accurate within 
the precision of the optical pyrometer. As in the 
preceding method, the true temperature difference 
between outside surface and centre should be small. 

When a semi-infinite tube is electrically heated, 
black-body conditions are approached in the central 
portion of the cylindrical cavity. Worthing** used 
this effect to measure experimentally the spectral 
emissivities of refractory metals. If a small diameter 
hole is drilled in the wall of the tube, a temperature 
slightly less than true temperature oan be observed 
with an optical pyrometer. Therefore, an approximate 
melting pomt can be measured directly as the tube 
melts. The thickness of the wall should not be 
great enough to produce a radial temperature gradient 
in excess of a few degrees. The temperature differ- 
ence corresponding to a given wall thickness can be 
computed from equation (2). The absolute accuracy 
of this method might be improved by using a standard 
as described here. 

The spectral emissivity and standard methods 
were adopted to measure the melting point of pure 
tungsten using pure molybdenum as a standard in 
the latter method. The tungsten was manufactured 
by Fansteel Corporation from metal powder by press- 
ing, sintering and hot working. Test specimens of 
both materials were $ in. in diameter and about 5 in. 
long. For the standard method blind holes 1/16 in. 
in diameter and 1/16 in. deep were drilled at their 
centres. The specimens were electrically heated 
between massive copper terminals in a gas-tight 
enclosure through which argon flowed. Power was 
supplied by a direct-current 2,000-amp. 60-V. motor 
generator set. Temperatures were measured with a 
disappearing filament optical pyrometer using a 0-65u 
red filter. The observed temperatures were corrected 
for the absorption-effect of the quartz window with 
an experimentally determined relationship. The true 
melting point of molybdenum used in the cal- 
culation was 2,625° C. The emissivity method gave 
a melting point for tungsten of 3,410°, whereas the 
standard method gave 3,407°C. The precision of 
each experiment indicated error limits of about 
+ 0:5 per cent. The two most commonly reported 
melting points are 3,400° O. and 3,410° C. 

The selection of a method for determination of 
melting point is dependent on such factors as know- 
ledge of the spectral or total emissivity of the material, 
sample configuration obtainable, and availability of 
a suitable standard material. The precision of any 
one method is considerably increased by testing 
replicate samples. Absolute accuracy may be checked 
by using more than one method. In general, the 
methods described do not permit the resolution of 
solidus and liquidus points in alloys. However, if 
the spread between these pointe is relatively small 
it is usually unnecessary to distinguish between them. 

The experimental portion of this work was con- 
ducted under U.S. Navy Oontract at Aerojet-General 
Corporation, Azusa, . California. 

Ropert D. ALLEN 
io Science Corporation, 
South Pasadena, California. 
1 Angell, M. F., Phys. Rev., 88, 421 (1011). 
3 Worthing, A. G., Phys. Rev., 25, 846 (1925). 
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31, 1382 (1980). 
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Cyclic-induced Ductility in Zinc 


It is known that differences exist between deforma- 
tion produced in metals by steady stress and that due 
to cyolic stressing’. For example, the lattice distor- 
tions revealed by X-ray diffraction patterns and the 
laws of work-hardening produced by the two modes of 

ing are distinctly different. These two types of 
deformation have been studied extensively but 
separately. In the work reported here, both steady 
and cyclic deformation were applied simultaneously, 
with some striking effects in the resultant behaviour 
It was observed that, under the influence of an 
added cyclic stress, the metal could withstand strains 
more than 100 per cent greater than those possible 
with unidirectional straining. 

The apparatus used in these experiments is shown 
schematically in Fig. 1. It consisted essentially of 
an electromagnetic vibrator coupled directly to a 
Hounsfield tensometer, the vibrator being energized 
from a power oscillator at a frequency of 20 o. ſs. One 
end of the specimen was pulled at a constant rate of 
extension, while the other end was given a sinusoidal 
displacement of constant amplitude. Experiments 
could be conducted at the same strain rate both with 
and without the cyclic component, so that effecta due 
solely to the imposed vibration were immediately 
revealed. The cyclic load amplitude was measured 
by means of a dynamometer placed in series with the 

The ents were conducted at room tempera- 
ture on 99-99 per cent pure zine. The specimens were 
cylindrical, 1-6 mm. m diameter, with gauge-lengths 
of 10 om. The grain diameter was 0:02 mm., which 
resulted in ductile behaviour at the test temperature. 
Measurements were made of the tensile extension at 
fracture for different cyclic amplitudes and different 
strain rates. 

The stram at fracture, es, grven by the natural 
logarithm of the ratio of final length to initial length, 
is plotted in Fig. 2 against cyclic load amplitude. The 
cyclic amplitudes indicated were equal to a large 
fraction of the peak tensile load, which ranged from 
22 to 33 kgm., according to the strain rate, but the 
apecimen remained under a positive tensile load at all 
times. It is clearly seen that the addition of cyclo 
stress has produced marked increases in the total 
attainable strain. The maximum increase, obtained 
at the limit of performance of the present equipment, 
gave a consistent value for g, of 0-8, which corresponds 
to an elongation of more than 120 per cent, while 
the elongation under steady tension never exceeded 
60 per cent. At zero amplitude, that is, steady tension, 
ey varied very little with the strain rate, but under 
cyclic conditions a strong dependence on strain rate 
emerged. A further feature of Fig. 2 is that the 
additional strain induced by cycling increased 
linearly with increased cyclic amplitude. The effect 
of cyclic stress appears to be essentially a modification 
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Fig. 1. Apparatus for applying cyche stress during tensile test 
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Wig. 1. Differential — of hydrates of calcium sulphate. 

a, 100 mgm, dihydrate in an uncontrolled atmosphere; 100 

mgm. dihydrate in saturated water vapour; e, 500 mgm. hemil- 

hydrate contaming 2'6 per o oent dihydrate, in an uncontrolled 

8 here, d, a 0 mgm, — contaming 05 per cent 
dah ydrate, In eae water vapour 


vapour pressures do not result in the formation of 
substantial amounts of soluble anhydrite within com- 
parable temperature and time ranges. Hence, an 
examination of the effect of water vapour pressures 
on the temperature at which soluble anhydrite is 
formed, as well as ite rate of formation, has been 
made by differential thermal analysis. 

The differential thermogram of a sample of di- 
hydrate obtained in an uncontrolled atmosphere of 
low water vapour pressure is shown in Fig. 1, curve (a) 
together with that of the same dihydrate obtained 
in saturated water vapour at 760 mm. mercury in 
curve (b). In both cases 100 mgm. of — 325-mesh 
dihydrate diluted to 20 per cent with alumma was 
used with a heating-rate of 3° C. min.-?. A detailed 
description of the differential thermal analysis appar- 
atus is given elsewhere’. As is apparent, excellent 
resolution of the two endotherms is obtained in 
saturated water vapour at 760 mm. mercury because 
of the shift in the incipient temperature of the second 
endotherm from about 135°C. to 187°C. These 
results indicate that the temperature at which soluble 
anhydrite is formed depends on the ambient water 
vapour pressure. 

Due to the resolution of the first endothermic 
effect (dihydrate peak) from the second one (hemi- 
hydrate peak) it is now possible to determine small 
amounts of dihydrate in hemihydrate. This was not 
possible before with amounts of less than 2-5 per cent 
dihydrate, as indicated by the differential thermo- 
gram shown in Fig. 1, curve (c) obtained at low 
water vapour pressures. In Fig. 1, curve (d) a differ- 
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ential thermogram of 0-5 per cent dihydrate in hemi- 
hydrate obtained in saturated water vapour at 
760 mm. mercury is shown. The determination of 
small amounts of dihydrate is important since the 
physical properties of the hemihydrate are effected 
by the presence of traces. of undecomposed dihydrate. 

It has been reported also that under constant 
experimental conditions the differential thermograms 
of gypsum vary with the origin of the sample, 
depending on its mineralogical form and impurities'. 
Since it is known that gypsums of different origin 
have different dehydration characteristics and physi- 
cal properties an attempt has been made in the 
past to correlate this behaviour with the differential 
thermograms of gypsums. This work? was carried 
out in an atmosphere of low water vapour pressure 
and showed no differences between various natural 
and synthetic gypsums. However, the rates of the 
dehydration processes are dependent on the ambient 
water vapour pressure and consequently the differ- 
ential thermograms of gypsums obtained under con- 
ditions of saturated water vapour at 760 mm. mercury 
were compared in the course of this investigation. 
It was found that only selenite produced a thermo- 
gram that was different from that of any of the 
others. 

The investigation of the effect of water vapour 
pressure on the dehydration of the hydrates of calcium 
sulphate is actively progressing and will be published 
in detail in the near future. 


R. A. KUNTZE 


Department of Chemistry, 
Ontario Research Foundation, 


Toronto, Ontario. 
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Preparation of Lower Oxide of Sulphur 


Recent work on the lower oxide of sulphur? has 
established that disulphur monoxide (8,0) or its 
polymeric form is produced when sulphur is burnt 
in oxygen under reduced pressure. It has now been 
shown that it is possible to make use of an oxide 
of a heavy metal as a source of limited supply of 
oxygen to prepare the disulphur monoxide. For 
example, when a mixture of finely powdered cupric 
oxide and sulpbur (1 : 5 by weight) is heated under 
vacuum in a glass tube gaseous products are evolved. 
which, on cooling in a trap surrounded by liquid air, 
will give an orange-red condensate (8,0)z. This con- 
densate also gives off sulphur dioxide in stages as 
the ‘temperature is raised, finally leaving a residue of 
elemental sulphur. Copper sulphide and excésa of 
sulphur are left behind in the reaction tube. 

Other oxy-salte are also found to give off a limited 
supply of oxygen for the burning of sulphur in 
vacuum. For example, when a mixture of uranium 
nitrate and excess of powdered sulphur is heated in 
vacuum, oxides of nitrogen and disulphur monoxide 
are evolved which would condense in a trap cooled 
by liquid air. The condensate thus obtamed is 
orange-red in colour with a brownish tinge owing to 
the presence of oxides of nitrogen, which can easily 
be removed by fractional distillation. 

It is interesting to note in the above case that the 
residue left behind in the reaction tube is a mixture 
of sulphur and the black oxide of uranium (U O,). 
Thus the lower oxide of uranium is obtained in one 
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stage by heating in vacuum the uranium nitrate with 
elemental sulphur as the reducing agent. Such an 
oxide is reported’ to be highly reactive, as it easily 
undergoes hydrofluorination to give uranium tetra- 
fluoride. 
A. R. VASUDEVA Murray 
Department of Inorganic and Physical Chemistry, 
Indian Institute of Science, 
Bangalore 12. 
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Oxidation of Carbon Monoxide and 
Methyl Alcohol photosensitized in the 
Gas Phase by Zinc Oxide 


Tae well-known photosensitizing action of zinc 
oxide in oxidation reactions, where oxygen was 
considered to be the reactant photoactivated in the 
process and the sensitivity of certain gases in affecting 
and being affected by the concentration of holes or 
electrons in semiconductor catalysts led us to examine 
the possibility of carrying out the photocatalysis of 
carbon monoxide and methyl alcohol oxidations in 
the gas phase, the latter giving rise to the former as a 
secondary phase in the oxidation. This has been 
done in a dynamic reaction system containing zinc 
oxide (sulphur content = 0-01 per cent) supported 
on & quartz frit inside a quartz reaction vessel through 
which purified oxygen at atmospheric pressure 
saturated with methyl alcohol vapour at 20° O. (pareoH 
= 95-2 mm.) was passed continuously. When the 
zino oxide was subjected to radiation emitted from an 
a.c. 220-V. 2:4-amp., high-pressure quartz mercury 
vapour lamp kept parallel to the layer of zinc oxide 
powder on the quartz frit at a distance of 5 om. the 
photocatalytic oxidation of methyl alcohol could 
indeed be induced readily at temperatures S 70° C. 
In the absence of irradiation, the oxidation of methyl 
alcohol catalysed by zinc oxide under identical 
conditions was observed at and/or above 250° C. 


~ only. 


Using a Beckman GO-2 gas chromatograph in 
conjunction with a Honeywell-Brown recorder 
(1 mV.), the products of this oxidation in darkness 
and under light have been identified separately and 
estimated quantitatively, with the view of establishing 
the kinetics of the reaction. The major reactions in 
darkness and under irradiation have been found to 
be as follows: 








dark, ZnO 
CH,OH + O, 00 T CO, * H, + H,O; 
= 250° 0 
O 
light, ZnO [Hono | 
OH,OH + O, HCOOH 
* 70° 0. + H, + H,O 


HCOOCH, + CO + 00O, + H, + H,O 


Both the above reactions have been found not to take 
place up to 300° C. in absence of zino oxide and 
negligible wall reaction commenced at 350° C. slowly; 
the effect of irradiation was then practically neglig- 
ible. Kinetic measurements over wide ranges of 
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conversion of methyl alcohol have indicated that the 
oxidation processes both in darkness and under light 
are of a very complicated nature, the order of the 
reaction with respect to methyl alcohol varying with 
temperature. This may tentatively be aseribed to the 
role of carbon monoxide adsorbed on zino oxide, as 
one of the major intermediates of the oxidation and 
to inhibition of the reaction by one or more product(s). 

Experiments on the decomposition of methyl 
alcohol with nitrogen as the carrier gas on zinc oxide 
in darkness and also under identical conditions of 
irradiation have shown that photosensitization of 
zinc oxide does not produce any marked effect either 
on the temperature at which the reaction could be 
induced or on the course of the reaction which was 
observed to be: 


in darkness and under light 
OH.O——— — 00 + 2H, 


* 250° C. 


That the decomposition of mothyl alcohol in darkness 
or under light and oxidation in darkness on zinc 
oxide commenced at or above 250° C. only in com- 
parison to the remarkably low temperature of the 
oxidation of methyl alcohol photosensitized by zine 
oxide indicated that the decomposition of methyl 
alcohol is not the primary process in the overall light- 
induced oxidation. It is therefore evident that photo- 
sensitization of chemisorbed oxygen (atoms) on zine 
oxide is responsible for the low temperature of the 
photocatalytic oxidation of methyl alcohol on zine 
oxide. 

In another series of experiments, pure carbon 
monoxide and oxygen at atmospheric pressure and 
in the ratio 1: 1 approximately were>passed over 
zinc oxide in darkness and the reaction: 


dark, ZnO 
CO + O, ———>_ CO, 


was observed to start at 300° Œ. Similar effects as 
observed in the case of methyl alcohol, of inhibition of 
the reaction by the product formed and a complex 
order for the kinetics of the oxidation within wide 
range of conversion, were obtained. When the zino 
oxide was irradiated the reaction: 


light, ZnO 





OO + O, 


was readily induced at 40° C., and in the temperature 
range 200-300° C. the photocatalytic oxidation of 
carbon monoxide on zino oxide was found to be of 
zero order with no temperature coefficient and 


CO, 


+ CH,OH 
+ HCHO | 
4 CH,OH — H,O- 


140-160° C. 170~-200° C. 


+ H, + H,0 
CO + CO, + H, + H,O 


activation energy, a8 typical for an ideal photo- 
chemical reaction. It may be added that in the 
absence of zinc oxide this oxidation as a result of a 
wall reaction was not observed up to 480° C. in dark- 
ness and under irradiation, thereby leading to the 
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SPECTRA OF CYTOCHROME b-855  (Phosecirs purem) 


Fig. 1. Absolute absorption — of the oxidized — and Na,gS,0,-reduced (~ — — --) 


chrome, Laght path = 1 om. 
purification and some of the properties of this com- 
ponent are described here. 

Large quantities (for example, 200 Ib.) of 3- to 
§-day-old etiolated mung bean (Phaseolus aureus) 
seedlings were macerated in a large Waring blender 
for 15 seo. The homogenates were strained through 
cheese-cloth and pooled to give the total. crude 
extract of approximately 60 litres. In order to 
precipitate the particulate material, the pH was 
adjusted to 6 with 1 N acetic acid and the extract 
allowed to stand overnight at 5° O. The supernatant 
fraction was then siphoned off from the sediment. 
After adjusting tho pH of this supernatant to 7-0 with 
ammonium hydroxide, the material precipitated by 
ammonium sulphate between 60 and 100 per cent 
saturation was collected; this was then dissolved in 
0-01 M phosphate buffer (pH 17:5) and dialysed 
against distilled water at 5° C. The dialysed solution 
was treated with DEAE cellulose (pH 7-5) and the 
eluate obtained between 0-1 N and 0-2 N sodium 
chloride dialysed against distilled water. Further 
purification was effected by chromatography on a 
DEAE-cellulose column. After concentrating the 
pigment by lyophilization, it was further purified on 
& column of hydroxyapatite (pH. 7:5). The absorption 
bands of the reduced pigment were used to estumate 
its concentration spectrophotometrically (Cary 14). 
At all stages of purification, the effect of carbon 
monoxide on the absorption spectrum was determ- 
ined m order to detect any denatured pigment or 
contaminating peroxidase. 

Fig. 1 shows the absorption spectra of the oxidized 
and reduced forms of the pigment. The oxidized 
form shows a sharp peak at 413 mp and two small 
bands at 529 and 560 mp, while the reduced form haa 
major peaks at 423, 527, and 555 mp. The a-band is 

ical, with a pronounced shoulder at 559 mu 
at all stages of purification, and this is probably not 
due to the presence of a second oytochrome. The 


ratio of oA enaa Í Hn oe was not affected by electro- 


phoresis on starch. Treatment of the pigment with 
alkaline pyridine gives a hemochrome with absorp- 
tion maxima at 556, 524, and 419 mp, indicating 
that the prosthetic group is protohmm. Using the 
extinction coefficient of 33 mM for the «-maximum 
of the pyridine hsemochrome’, the minimum 
molecular weight of the best sample was calculated 
to be approximately 32,000. Treatment with 
hydrochloric acid-acetone at — 30° C. yields hæmin 
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chloride and the apo-protein. The 
original cytochrome can be recon- 
stituted by the addition of recry- 
stallized protohem to the apo- 
protein. The pigment can be re- 
duced by Na,8,0,, reduced mena- 
dione (vitamin K,H,), and cysteme, 
but it is only slowly reduced by 
ascorbate and reduced diphospho- 
pyridine nucleotide. The reduced 
pigment is rapidly oxidized by air 
or by ferricyanide. The oxidation- 
reduction potential (#’,) at pH 7 
and 28° C. is — 0-03 Y., as determ- 
ined by the ferri-ferro oxalate sys- 
tem. The pigment does not com- 
bine with carbon monoxide or with 
cyanide in either the reduced 
or oxidized state. It is free of 
peroxidase activity. All these pro- 
perties suggest that the pigment 
is in fact a b-type cytochrome, which can be called 
cytochrome 6-555 (Phaseolus aureus). It appears 
to be more soluble and rather more stable than many 
other pigments of this group. Examination of its 
intracellular localization mdicates that ıt is present m 
the soluble fraction. The functional role of this 
pigment has not been established. It can be readily 
reduced by reduced diphosphopyridine nucleotide in 
the presence of catalytic amounts of a soluble mung 
bean enzyme and menadione, but it does not react 
with oxygen rapidly enough to form an active reduced 
diphosphopyridine nucleotide ox:dase system. 

In the course of the isolation, two other hsmo- 
proteins were identified ın the mung bean extracts. 
One of these was peroxidase, and the other appears to 
be a second b-type cytochrome. The latter has 
absorption maxima at 561, 531, and 427 mu when 
reduced with Na,8,0,; it does not combine with 
carbon monoxide. It has been partially purified and 
can be distinguished from 6-555 on the basis of its 
pu stability as well as its absorption spectrum 

This work was supported in part by a grant from 
the U.S. National Science Foundation. 
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Dissociation of Thrombosthenin into 
Two Components comparable with Actin 
and Myosin 


Broop platelets are capable of inducing the retrac- 
tion of blood clots as well as of undergoing morpho- 
logical and structutal changes termed ‘viscous 
metamorphosis’. Both phenomena are manifestations 
of the same basic processes, and they are interlinked 
with the umportant functions of platelets in the hæmo- 
static mechanism. In 1959 we reported the isolation 
of a contractile protein from human blood platelets?. 
This material, afterwards termed ‘thrombosthenin’, 
accounts for 15 per cent of the platelet proteins, and 
most likely plays an important part in the functions 
of the platelet’. 
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An examination of different properties of throm- 
bosthenin (solubility, viscosity, sensitivity towards 
adenosine triphosphate, activities of adenosine tri- 
phosphatase under different conditions) permitted 
the conclusion that it is related to, but not identical 
with, actomyosin from striated muscle. In some 
respects, it more likely resembles the contractile 
protein isolated by Hoffmann-Berling’ from undiffer- 
entiated cells. We wish to report here on further 
work designed to obtain closer insight of the chemical 
nature of thrombosthenin; furthermore, an improved 
method of extraction from platelets will be mentioned. 

The method of extraction, as published earlier’, 
was based mainly on the mechanical homogenization 
of washed platelets in a Weber—Edsall-solution 
(0-6 M potassium chloride, 0:04 M sodium bicarb- 
onate, 0-01 M sodium carbonate). We now have 
replaced the mechanical disruption of the platelets 
by the addition of digitonin to a final concentration of 
0-01 per cent. A comparison of the yields and proper- 
ties of thrombosthenin obtained with this new and 
more convenient method shows them to be identical 
to those reported earlier’. 

Different from muscle fibres, even a detailed study 
of the fine-structure of blood platelets does not reveal 
the presence of regularly built fibres, with striations 
attributable to actin or myosin respectively. On the 
other hand, the decrease of viscosity after addition of 
adenosine triphosphate to solutions of thrombos- 
thenin strongly suggested a close similarity to the 
structure of actomyosin. Our efforts to verify this 
assumption were greatly facilitated by the observa- 
tion that fractions prepared from thrombosthenin 
showed cross-reactions with actin and with myosin 


prepared from striated muscle. 
Table 1, SENSITIVITY TOWARDS ADHNOSINE TRIPHOSPHATE (ATP) 
OF DIF¥RRENT MIXTURES OF MPONHNTS ISOLATED FROM OON- 
FRAOTILE PROTEINS FROM RABB? Muscng anp Huan BLOOD 
PLATELETS 
Mixture tested Sensitivi 
towards ATP 
1 Actin 0:022 per cant + myosin 0-018 per oant 136 
2 Thrombosthenin 4 0-080 per cent + mbos~ 
thenin Mf 0-13 per cent 120 
3 Thrombosthenm A 0-050 per cent + myosin 
0-085 per cent 117 
4 Ào 0-044 per cent + thrombosthenin M 
0078 per cent 147 
The sensittvity-values given wero calowated according to Portzebl, 
Schramm and Weber (ref. 7), and measured na ey viscosimeter 
at 20° O., at an ionic strength of 0 86u and at pH 7-0. Final concen- 


tration of ATP was 2 x 10 M. Protein concentrations are indicated 
in the table; the volume of the added ATP was 2 per cent of the 
volume of the protein solutions. 


From rabbit muscle were prepared myosin, using 
the method of potassium iodide-extraction described 
by Szent-Gyorgyi‘, and actin, according to Bárány, 
Bárány and Guba’. The component of thrombos- 
thenin corresponding to the actin from actomyosin 
will be designated as ‘thrombosthenin A’. It has 
been prepared according to the method described by 
Bárány, Bárány and Gube', extracting with sodium 
bicarbonate. We replaced, however, the centrifuging 
of the precipitates obtained by dialysis against the 
corresponding wash-solutions at low temperature in 
order to minimize losses of material. Thrombos- 
thenin M, the component which corresponds to the 
myosin-moiety of actomyosin, was obtained from 
thrombosthenin by adding polyethenesulphonate to 
e, concentration of 10-° M. This substance dissociates 
the contractile proteins already at an ionic strength 
of 0-05p, provided adenosine triphosphate (10° M) 
is present®. The resulting precipitate is redissolved at 
an ionic strength of 0-6u. In order to eliminate 
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adenosine triphosphate and polyethenesulphonate this 
solution is reprecipitated at an ionic strength of 0-05z. 
The yields, calculated on the basis of thrombosthenin, 
lie between 10 and 20 per cent. 

The viscosities of the solutions of all these prepar- 
ations, if tested alone, show no sensitivity towards 
adenosine triphosphate. However, they show 4 very 
pronounced sensitivity, whenever mixtures leading to 
combinations of the actin—or myosin (thrombos- 
thenin A or M)—moieties are tested. It is remarkable 
to note that simuar effecte are obtained when 
materials of muscle—or platelet—origin alone, or 
mixtures of both of them, are contained in the test- 
system (Table 1). 

Part of this work was supported by a grant from 
the Schweizerischer Nationalfonds zur Forderung der 
Wissenschaftlichen Forschung. 
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Separation of Substrate-specific Brain 
Esterases by Starch-gel Electrophoresis 


ZONE electrophoresis in a starch column has been 
found valuable for fractionation of proteins! and 
enzymes?. Hunter and Burstone? recently studied the 
substrate specificity of esterases of the mouse liver 
by starch electrophoresis, using thirty different 
substrates. They came to the conclusion that although 
substrate-dependent differences were found in the 
intensity of the reaction in the different bands 
obtained, the band patterns were essentially similar, 
and the differences were apparently due to differing 
reaction-rates on the part of the enzymes in the 
column rather than to all-or-none substrate specificity. 
In the kidney, one apparently substrate-specific band 
was found. The present communication aims at 
demonstrating that esterases of the brain, which have 
not previously been examined with this technique, 
can be resolved into separate bands which possess 
different substrate characteristics. 

Whole brains of albino rata were homogenized with 
an equal amount of distilled water in a glass homo- 
genizer. The homogenate was frozen and thawed 
6 times and centrifuged for 15 min. at an acceleration 
rate of 1,000g. The supernatant was subjected to 
starch electrophoresis using the technique described 
by Markert and Hunter’. 

After electrophoresis, the slabs were sliced longi- 
tudinally into three equal parte, in which the enzymes 
were made visible with different techniques, using 
alternatively the following substrates: a-naphthyl 
acetate’, «-naphthyl butyrate®, o-acetyl-5-bromo- 
indoxyl*; 2,4-dichlorophenol-indophenol acetate"; 
acetylthiocholine iodide and _ butyrylthiocholine 
iodide’. Fast blue B, fast blue RR, fest red B and 
fast red EO salts were used as couplers with the 
naphthyl substrates. To characterize further the 
different bands, the following inhibitors were used: 
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Fig. 1. Blectrophoreticall 
Hive bands (1-5) are ob 
Bands A2 and A8, as well as A4 and A5, have become fused 


separated esterases of the rat brain. 
ed with a-naphthyl acetate (A). 


together. The only band demonstrable with th acetylthiocholine 
T) corresponds to Al and is inhibited by 2 x 10-* M eserime 
A + Pa Only two bands develo p after Incubation with a- 
naphthy butyrate (B); of these, B1 does not correspond with 
Al or A2 but B2 corresponds with A5. Origin on the left 


£600 (p-nitrophenol diethyl phosphate), DFP (di- 
iso-propylfiuorophosphate), eserine, 62047 (1: 5- 
bia-(4-trimethylammoniumphenyl)-pentan-3-one_ di- 
iodide), iso-OMPA (tetraisopropyl-pyrophosphoram- 
ide) and acetylcholine. The mhibitors were contained 
both in the substrate mixture and in a phosphate 
buffer in which the starch slab was pre-incubated for 
30 min. 

Naphthyl acetate, naphthyl butyrate and avcetyl- 
thiocholine were the only substrates giving clearly 
positive reactions. Five bands were obtained with 
naphthyl acetate, and they were numbered A1-A5. 
Bands A2 and 43, as well as bands 44 and A5, often 
tended to fuse together (Fig. 1). Two distinct bands 
(Bl and B2) were demonstrated with naphthyl 
butyrate; of these, B2 occupied the same position as 
A6 in the neighbouring slab while B1 had a little 
lower mobility than A2. Only one band was obtained 
with acetylthiocholine (A771); it had the same loca- 
tion as band Al (Fig. 1 

Bands Al and AT1 always behaved in the same 
way towards inhibitors. They were totally inhibited 
by 10-° M #600, 2 x 10-* M eserine, 10 M 62047, 
107 M DFP and 5 x 10-° M acetylcholine but left 
intact by 10-8 M iso-OMPA and 10 M DFP. This 
shows that the enzyme concerned was in both cases 
specific acetylcholinesterase*:’. 

Eserine concentrations up to 10-* M failed to inhibit 
any of the other bands, which therefore were clearly 
not cholinesterases. They could be divided into two 
groups according to sensitivity against #600. Bands 
Ab and B2, which had the same mobility, as well as 
band Bl were totally inhibited by 10-5 M 2600, 
which was without effect on bands A2, A3 and A4. 
These bands required a concentration of 10-* M of 
#600 for total inhibition. 

A strong colour was seen in the origin, that is, in 
the filter paper strip to which the enzyme extract was 
originally applied, with all the three above substrates. 
The reaction in the paper was always partly or totally 
inhibited when there was a partial or total inhibition 
in the corresponding starch slab. 

The observations indicate that esterases of the rat 
brain have different substrate and/or inhibitor 
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characteristics and move with different velocities ın 
the starch slab and can therefore be separated electro- 
phoretically. This is of special interest because, with 
the same technique, similar substrate-specific bands 
cannot be demonstrated in esterase-rich organs such 
as the mouse liver, in which a variety of substrates 
produces essentially similar electrophoretic patterns’. 

Electrophoretic demonstration of separate substrate- 

specific enzymes in the brain fit well, on the other 
hand, with earlier histochemical observations on 
sections of nervous tissue, in which the sites of positive 
reactions vary with different substrates and/or 
inhibitors used’. 

We are grateful to Dr. R. L. Hunter for advice and 
for generous samples of a-naphthyl butyrate and 
fast blue ER salt. This work was supported by grant 
No. A-1725 from the National Institute of Arthritis 
and Metabolic Diseases, U.S. Public Health Service, 
Bethesda, Md., and è grant from the Sigrid Jusélins 
Foundation, Helsinki, Finland. 
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Inhibition of Kieselguhr pene. 
of Serum by Seromucoid and Pig 
Serum Glycoprotein Content 


In the course of an experiment, one of us (8. 8.) 
found incidentally that sera such as human, bovine, 
guinea pig, rabbit and dog agglutinate kieselguhr but 
pig serum does not, and the mixture of serum and 
kieselguhr remains homogeneous’. We are interested 
in the chemical mechanism involved in agglutination 
and in the species difference. The occurrence of 
agglutination is considered, at least in part, as being 
due to the ionic interaction between positively 
charged e-amino groups of lysine and negatively 
charged kieselguhr*. The inagglutinability of pig 
serum remained unexplained. 

It is known that serum glycoproteins inhibit the 
agglutination of erythrocytes by influenza virus’, 
and ovomucoid inhibits trypsin activity*. It is 
reported also that serum mucoprotein has a heparinoid 
action’. From these reports and the fact that heparin 
(in final concentrations of 0-09-0-0056 per cent): 
inhibits agglutination completely it seomed likely 
that there might be a difference in the polysaccharide 
content between agglutination-positive and negative 
sera, being higher in the latter. We expected a higher 
content of sialic acid in the pig than in others, since it 
is acidic and kieselguhr is negatively charged at pH 
values higher than about 4 (ref. 6). It has been 
found that the addition of seromucoid isolated 
from human, bovine or pig serum to agglutination- 
positive serum diminishes or abolishes its agglutin- 
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ability, and pig serum is characteristic in its high 
content of glycoproteins which is also particular in its 
high percentage of fucose content among the com- 
ponent sugars. 

Following the nomenclature recommended by 
Winzler’, 95 per cent alcohol-precipitable fraction of 
sorum is referred to as total glycoproteins and the 
perchloric acid-soluble, tungstic acid-precipitable 
fraction as seromuccid, which is one of the con- 
stituents of the total serum glycoproteins. The 
methods used for determining sugars were those 
described. by Winzler except for sialic acid, which was 
measured by the method of Werner and Odin’. 
Sialic acid used as the standard was obtained from 
bovine submaxillary mucin in crystalline form by the 
method of Blix’. Nitrogen was detormined by the 
micro-Kjeldahl method. 


Table 1. TOTAL SHRUM GLYCOPROTEINS (WGH./100 am. SERUM) 
Human *t Bovine* Pig* 

As hexose 96 9+4.24 on 91:7880 (14) 1259+858 (25) T 

As hexosamine 96-346°21 (17) 0164617 (11 95 84:75 (15 

As fucose 6-64 + 0-20 8 6 96 +048 (18 28-8 + 1-48 (21)4 

As siahe acid 670+3-88 (6) 8474678 (6 81:8 + 6:36 

As nitrogen 1,0384325 (6) 8884580 (6 955494 (6 


* The average with the standard error of the mean. The figures in 
parentheses represent the number of observations. 

+ Denotes the value is signiffcantly higher than the others at the 
1 per cent level. 


Table 2. S@ROMUCOID (afGM./100 MNL. SERUM) 
Human * Bovine * Pig * 
As hexose 12340 61 (3) 10-2101 9 17-641 81 a 
Ag hexosamine 11-6+171 (7 12640 08 (4 13°4+0-838 (12 
As fucose 075008 (9 0 48+ 0 06 (8 276+020 (8 
A sialic acid. 10 7+1:17 (6 6-77 + 0 57 (6) 15 8 1:84 at 
As nitrogen 11-44 077 (9 122+ 044 (5 1704060 © 


* and + as in Table 1. 
t Indicates the value is significantly higher than the lower one of 
the other two at the 1 per cant level. 


ca 


The results are shown in Tables 1 and 2. As was 
expected, total serum glycoprotein content of the pig 
serum was higher than those of human and bovine 
sera as measured in terms of hexose and fucose 
contents. This trend is seen also in the case of sero- 
mucoid fraction. During this work the amounts of 
precipitates formed by phosphotungstic acid of pig 
serum were seen to be lerger than the others. This is 
reflected in the nitrogen content (Table 2). Even 
calculated. and compared on the basis of the same 
amount of nitrogen the significantly higher content 
of fucose in this species is not changed. Therefore it 
mey be said that glycoproteins of pig serum are not 
only quantitatively raised but are also significant in 
their high content of fucose. With several random 
samples the spectra for fucose were compared with 
that from the standard used, 1(-+)-rhamnose, and 
they were confirmed to be identical in shape and 
location on the wave-length abscissa. Contrary to 
our expectation, no definite difference was found 
between species in sialic acid content, though it seems 
there is such a tendency like that of fucose in the case 
of seromucoid fraction. 

It is calculated roughly that about 13 per cent of 
the total serum glycoproteins consista of seromucoid mm. 
terms of total carbohydrate contents whereas about 
1-5 per cent is nitrogen content. This indicates that 
seromucoid fraction 1s rich in carbohydrates. In our 
results about 30 per cent of its weight is made up of 
carbohydrate components irrespective of the species, 
neglecting the minor constituents such as ash and 
lipids. These figures are roughly comparable with the 
literature®:1°, However, as stated before, there is a 
quantitative difference in carbohydrate composition 
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Degree of agglutination 





0 2 4 6 8 
Inorement of seromucold in serum as the result of 
its addition in terms of nitrogen (mgm. per cent) 


Bifect of the addition of seromuooid to serum on the 
~ agglutination of kieselguhr 


Fig. 1. 


© Human serum + human seromucoild - negative 
A Human serum + bovine seromucoid + questionable 
{] Human serum + pig seromucold + slightly positive 


+ + evidently poaltive 
+++ markedly 
positive 


@ Bovine serum + human seromucold 
A Bovine serum + bovine seromucold 
W Bovine serum + pig seromucold 


among the species, that is, a higher content of fucose 
in the pig. The relationship between agglutination 
and fucose has not yet been established physiologi- 
cally. 

ih is of interest, however, that the addition of 
seromucoid isolated from human, bovine or pig serum 
to a positive serum diminished or abolished ite 
agglutinability with mcressing amount of added sero- 
mucoid (Fig. 1). The enrichment of seromucoid in serum 
brought about by the addition necessary for the 
inhibition was 4-5 mgm. per cent nitrogen, that is, 
the total seromucoid content reached just below that 
of the pig. No special species difference could be 
seen; ıt depended only on the amount of addition. 
Bovine serum added with 600y of sialic acid itself 
showed no observable change in agglutination. We 
believe that added seromucoid interacts in some way 
with a certain fraction of serum proteins, probably 
with a y-globulin, thereby causing diminution of 
agglutinability of serum. 


K. SATO 
Institute for Tuberculosis and Leprosy, 
Tohoku University, 
Sendai. 
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Formation of y-Guanidinobutyric Acid 
in Pine Tissues 

In several experiments in which arginine uniformly 
labelled with carbon-14 was fed to various tissues of 
pines, one unidentified compound was found to con- 
tain most of the radioactivity incorporated into 
alcohol-soluble products. When tissue extracts were 
cleared for chromatography following the ion- 
exchange procedure of Plaisted!, the unknown was 
eluted from ‘Dowex 60’ resin with the acidic and 
neutral amino-acids. However, the & of the unidenti- 
fied compound on paper chromatography did not 
correspond with the Ry of any common amino-acid. 
Subsequent tests indicated that the radioactive 
unknown was y-guanidinobutyric acid, previously 
found in several species of higher plants, as well as in 
insects and mammals, by Irreverre et al.*, 

Evidence for the identification of the unknown from 
pine tissues is as follows: 

(1) The compound was chromatographically iden- 
tical with authentic y-guanidinobutyric acid in four 
solvent systems (Table 1). 


Table 1. Ry VALUHS OF KNOWN ros UNKNOWN y»-GUANIDINOBUTYRIO 
orp 


Solvent Ry 
Ethanol/ammonia/water (18 : 1 Be -28 
n-Butanol/propionio got — . 8) 0-48 
Ethyl acetate/acetic asidfwater (8 : 1: 1) 0 57 
Phenol/water (71 : 29, w/v) 90 


(2) The compound was electrophoretically indistin- 
guishable from authentic y-guanidinobutyric acid in 
buffers of pH 2-7, 4:0, 5-9, 8-8, and 11-5. 

(3) Hydrolysis of the unknown with barium 
hydroxide, essentially as described by Rivard and 
Carter‘, yielded radioactive carbon dioxide (as 
barium carbonate) and a second radioactive com- 
pound which was chromatographically and electro- 
phoretically identical with y-aminobutyric acid. 

In four typical experiments in which uniformly 
labelled arginine was fed to pine tissues, the propor- 
tions of total radioactivity of the acidic and neutral 
amino-acid fractions appearing in y-guanidinobnutyric 
acid ranged from 64 to 91 per cent (Table 2). 


Table 2. RADIOACTIVITY IN »~GUANIDINOBUTYRIO ACID YORMED IN 
PINE TISSUES FED UNIYORMLY LABHLLED ARGININE FOR 24 HR. 


Radioactivity in »-guan- 
idinobutyric acid as per 


Tissue and species cent of total in acidic and 
neutral amino-acid 
fraction 
Female flowers, Pinus taeda L. 64 
Callus tissue, P. clausa (Chapm.) Vasey 71 
Callus tissus, P. cluottii 79 
Yeolated roots, P. serotina hx, 91 


The apparent route of formation of y-guanidino- 
butyric acid was the oxidative pathway via «a-keto- 
§-guanidino-valeric acid. Such a pathway has been 
reported in marine invertebrates, although apparently 
not in higher plants. The radioactive products of 
barium hydroxide hydrolysis of the +y-guanidino- 
butyric acid found in pine tissue extracts were con- 
sistent with the operation of the oxidative pathway. 
A second possible pathway of y-guanidinobutyric 
acid synthesis is the transamidination reaction 
between arginine and y-aminobutyric acid, known to 
take place ın some mammalian tissues*®. In a short- 
time experiment, using uniformly labelled arginine, 
operation of the latter pathway should lead to 
radioactive labelling in only the guanidine carbon of 
y-guanidinobutyric acid; whereas, in the experiments 
reported here, the y-aminobutyric acid moiety was 
also labelled. Since 24-hr. feeding periods were used, 
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the possibility of the operation of the transamidina- 
tion pathway has not been eliminated. However, the 
labelling patterns in the tissues were more consistent 
with the hypothesis of the oxidative pathway. 

Further experiments to determine the pathways of 
y-guanidinobutyric acid biosynthesis and utilization 
in pine tissues are in progress. Regardless of pre- 
dominant pathways, however, the large amount of 
arginine converted to y-guanidinobutyric acid m pine 
tissues is of considerable interest. 

ROBERT L. BARNES 
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PHYSIOLOGY 


In vitro Effects of Prostaglandin on 
Different Parts of the Human Fallopian 
Tube 


THE occurrence, formation and some biological 
actions of prostaglandin have previously been exam- 
ined!-}. However, no work on the effect on the 
human Fallopian tube has so far been published. 

Using a modified Magnus Kehrer technique‘, we 
have investigated the action of prostaglandin on the 
longitudinal musculature from the excised human 
Fallopian tube. The tube was divided into four parts 
of equal length, the proximal one being named seg- 
ment 1 and the most distal one segment 4. For 
estimation of effects six parameters were considered 
and statistically analysed (Student’s ¢ test)‘. Prostag- 
landin, purified according to Eliasson!, was given in 
doses of 0-:0025-—0-025 unitt/ml. 

The results obtained are summarized in Table 1. It 
is interesting that the proximal segment of the tube 
responds in different way compared with the rest 
of the tube. Thus, prostaglandin exerts & stimulating 
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Fig. 1. Effect of pros din on the longitudinal musoula- 

tare from the four segments of the human Fallopian tubs, seg- 

ment 1 being the most LSE one and segment 4 the most 
one 
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Table 1. Jn vittro EXFROTS OF PROSTAGLANDIN TESTED ON THB LONGI- 
TUDINAL MIUBOULATURE VALLONIAN — FROH 33 NON-PREGNANT 
0 


Parameter t1 8 ent 2 t3 8 ent 4 
Inoldence of response 62 ==87 39 —82 44/69—76 65/98 =59 
percent percent percent per cent 
Change in peer pat- 
tern (per cent) 20 31 39 29 
noresi 67 25 7 9 
(per cent) 
Tonus unchanged 24 25 32 35 
(per cent) 
— g 60 61 56 
(per cen 
24 8 14 9 
(par cant) 
Frequency 54 41 80 88 
per cant) 
— 22 56 58 53 
per cen 
increase 18 $ 9 15 
{per cent) 
Amplitude | unchanged 44 68 32 27 
(per cent) 
decrease 48 44 59 58 
cent) 
reaso 68 22 7 9 
{per cent) 
Amplitude } un 13 12 11 15 
maximum ° (per cent) 
ecrense 24 66 82 76 
+ (per cant) 


action on the proximal segment, whereas ite action is 
inhibitory and relaxing on the distal three segments 
{Fig. 1). No difference in response between the pro- 
liferatory and secretory phases was found. 

This observation indicates that prosteglandin 
might have a special action on the mechanism of 
reproduction. Therefore, further work is being done 
with special reference to the effects of prostaglandin 
on the circular musculature of the tube. 

We are indebted to Dr. Rune Eliasson for the supply 
of prostaglandin and to the Medicinska Forsknings- 
radet for financial support. 

Finn SANDBERG 
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GUNNAR RYDÉN 
Department of Pharmacognosy, 
Kungl. Farmaceutiska Institutet, 
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Olfactory Bulb Response in the Turtle 


REOENT investigations!’ on the electrically evoked 
potential in the vertebrate olfactory bulb propose a 
precise description of the components of the potential 
and some understanding of the neural elements 
generating the observable electrical phenomena. In 
the present work the turtle, Chrysemys picta belli, was 
used, because the gross anatomical structure favoured 
investigation of some neural parameters. In this 
animal the primary olfactory fibres, easily accessible 
to the investigator, are grouped into large bundles 
terminating in different areas of the bulb. By elec- 
trically stimulating the separate bundles, spatially 
distinct areas of the bulb were activated and the 
resulting bulbar potential observed. 

Following subcutaneous injection of pentobarbital 
sodium, the turtle was firmly clamped mto a head- 
holder and the olfactory bulbs and primary fibres 
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Fig. 1. Depth — —— (mm) of olfactory bulb evoked response. 
Summated axon potential not prominent 


were exposed. <A bipolar electrode introduced the 
electrical stimulus into one of the large fibre bundles. 
The resulting potential evoked was recorded mono- 
polarly from the bulb by a steel muicro-electrode? 
with respect to an indifferent electrode on the skin of 
the head, and displayed on an oscilloscope for 
viewing and photographing. 

When one of the dorsal fibre bundles was stimu- 
lated, an evoked response of approximately 5 mY. 
maximum amplitude and 20 msec. duration with 3 
negative peaks could be picked up from the dorsal 
surface of the bulb. Each negative peak could be 
identified with a separate component: the first being 
a summated axon potential and the other two corre- 
sponding to the pl and p2 components observed by 
Ottoson in the bulb of the frog. The third component 
was often difficult to produce and had a long latency 
which precluded non-decremental following at stimuli 
of more than one per second. 

Recording at successive depths from an electrode 
lowered into the bulb yielded a series of evoked 
responses like those shown in Fig. LA when a dorsal 
fibre bundle was stimulated. These recordings illus- 
trate the bipolar nature of the field set up in the 
dorsal bulbar regions. The depth of the zero iso- 
potential at which polarity was reversed varied 
according to the size of the turtle and site of pene- 
tration. Although surface dimpling made depth 
measurements unreliable, the reversal in polamty of 
pl occurred prior to p2, indicating that the neural 
elements generating the p2 field lie in the more 
central strata. 
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If the top fibre bundle was severed or pushed aside 
to allow stimulation of the lower ipsilateral primary 
fibre bundle, a slight response with positive peaks 
could be recorded from the dorsal surface of the bulb. 
Fig. IB shows the appearance of this response as the 
recording electrode was inserted into the bulb. The 
response increased in amplitude until near the ventral 
bulbar zero isopotential, which when passed resulted 
in an evoked response with negative . This 
response from the ventral areas of the bulb had the 
same characteristics as one evoked by stimulation of 
the dorsal fibre bundle, and the same components 
were identifiable. These observations indicate that 
the electrical stimulation of the olfactory mucosa, as 
used by other investigators, could produce surface 
responses differing in appearance depending on 
which area or areas of the bulb were activated. Even 
though the responses in different areas are identical, 
a surface recording could pick up potentials of differing 
polarity or complex responses resulting from an 
admixture of activity in spatially distinct areas. 

Jamus ©. BOUDREAU 

Department of Psychology, 

WALTER J. FREEMAN 

Department of Physiology, 

University of California, 
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Electric Response of ‘Tonic’ Muscle 
Fibres of the Frog Skeletal Musculature 


As is known, the skeletal musculature of the frog 
consists of two types of muscle fibres differing both 
functionally and morphologically; they are: rapid 
‘non-tonio’ fibres which are innervated by thick nerve 
fibres and slow ‘tonic’ fibres which are innervated by 
thin nerve fibres. The basic functional destruction 
of the tonic muscle fibres from the ‘non-tonic’ muscles 
is their capacity to produce contractures. 

A. contracture of a tonic muscle fibre develops as a 
result of a local action of acetylcholine on the synaptic 
area of the muscle membrane (stimulation of the 
motor nerve or application of acetylcholine to the 
synaptic area), as woll as a result of application of 
acetylcholine to any point on the surface of the fibre. 
The membrane of a tonic muscle fibre is sensitive to 
acetylcholine along its entire length, while a non- 
tonio muscle fibre is receptive to acetylcholine only 
in the synaptic area)’, 

According to the data of Kuffler and Williams’, 
tonic muscle fibres cannot generate a propagating 
muscle potential. In response to the stimulation of 
the nerve only a local synaptic potential develops—a 
so-called small junction potential which is an analogue 
of the end-plate potential of the non-tonic muscle 
fibres. Proceeding from the conception of multiple 
innervation, the authors explain the contraction of 
the muscle fibre along its entire length by the sum- 
mation of local synaptic potentials developing in 
different points of the muscle fibre. In their opinion, 
the electric activity of the tonic fibres of the skeletal 
musculature is a purely local process. 

However, I succeeded in proving that there are 
some tonio muscle fibres which can generate a 
propagating potential, besides those which are able 
to generate the local potential only. I investigated 
the electric reaction of tonic muscle fibres in the 
central bundle of the frog’s m. ileofibularis, as well 
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Pig- 1. Electric r 
abdominis to a al 
fibre reacts exclusively by a local potential. a, time mark, 2 mses.; 


of a tonio fibre of the frog's m. rectus 
è stimulation; intracellular record. A, The 


b, 20 msec; o, control, local synaptic potential of a non-tonic 
muscle fibre, time mark, 2 msec. The duration of the local 
potential of the tonio muscle Ja considerably greater than that 
of the non-tonic muscle. B. Another fibre. After application of a 
series of single stimuh the fibre began to produce a propagating 
tential, a, Local potential, time mark, 10 mses,; b, the same 
bre produces a spike, the latter being followed by trace hyper-. 
pola tion; e mark, 20 maec.; e, the same fibre mn con- 
tions of a considerable amplification. The spike is not recorded; 
trace hyperpolarization is strongly pronounced 


as of the fibres of the thoracic segment of m. rectus 
abdominis. The common nerve trunk was subjected 
to stimulation, the potentials being led off intra- 
cellalarly by means of electrodes with a resistance of 
10-30 Mohm. 

Tbe membrane potential of rest of the tonic muscle 
fibres fluctuated between. 50 and 95 mV. (av. 68 mV.). 
After a rhythmic stimulation of the nerve there was 
often observed a spontaneous osallation of the 
membrane potential of rest within the limits of 
5-8 mV., which is highly characteristic of the tonic 
type of fibres. 

In response to a single stimulation, a local potential 
could be recorded from any pomt of a tonic muscle 
fibre. The amplitude of the local potential varied in 
different fibres, ranging from 2 or 3 mV. to 26 mV.; 
in most fibres it did not exceed 15 mV. The phase of 
the rise of local potential equalled 3—4 msec., when 
this amplitude was not less than 10-15 mV. The 
duration of half the decline varied from 6 to 10 
msec. (Fig. 14). The phase of depolarization was 
sometimes followed by the phase of hyperpolariza- 
tion. The total duration of the local potential of a 
tonic muscle fibre sometimes amounted to 250 msec. 
Thus, as regards the time factor, the recorded poten- 
tial was approximately 10 times more protracted than 
the local synaptic potential of a non-tonic muscular 
fibre. 

Along with a local potential, I succeeded in 
recording & propagating potential (Fig. 1B). In this 
case the phase of depolarization was always accom- 
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Fig. 2. Electro reaction of asingle tonic muscle Abre to a rhythmig 

stimulation; intracellular record. Rhythm of stimulation: 

a, 18 per sec.; b, 18 per sec.; o. 30 per sec.; d, 50 per seco. When 

the rhythms are slow (a, b, c), the fibre reacts with a local porn: 

tial; when they are rapid a J. the fibre generates spikes; the 

game fibre; spontaneous activity after discontinuance of the 
rhythmic stimulation. me mark, 60 cycles 


panied by the development of trace hyperpolarization 
ranging from 5 to 10 mV. In one and the same fibre 
trace hyperpolarization was always more pronounced 
after a propagating potential than after a local 
potential. The total duration of the potential, includ- 
ing the phase of hyperpolarization, amounted to 
200-250 msec. The generation of a propagating 
potential by the tonic fibres proved to be easier in 
conditions of a rhythmic stimulation. It was found 
that fibres, which in response to a single stimulation 
ag well as to a transitory stimulation effected in a slow 
rhythm (up to 30 per sec.), react only by a local 
potential, m conditions of a rhythmic stimulation 
(30-50 per sec.) already generate a propagating muscle 
potential (Fig. 2). Whereas in response to a single 
stimulation only about 30 per cent of the tonic fibres 
(out of 151 fibres subjected to investigation) produced 
a propagating potential, m conditions of a rhythmic 
stimulation such a potential was observed in 70 per 
cent of all cases. Spontaneous electric activity was 
often observed after the discontinuance of the 
rhythmic stimulation in conditions of an invariable 
membrane potential of rest; this electric activity is 
characteristic of the tonic type of muscular tissue. 
Although it is the common nerve trunk which was 
subjected to stimulation, I believe that I dealt with 
tonic muscle fibres (a considerable duration of the 
local potential of the fibres under investigation, a 
strongly pronounced offect of the summation of local 
potentials in conditions of a rhythmic stimulation, and 
manifestation of trace hyperpolarization after a 
propagating muscle potential). The muscular fibres 
of the thoracic segment of m. rectus abdominis and 
10-15 central fibres of the tonic bundle of m. ileo- 
fibularis react to acetylcholine and to a mechanical 
stimulation with a strongly pronounced contraction 
along their entire length; they have numerous nerve 
endings and with regard to their histological structure 
belong to the Felderstruktur (according to Krüger). 
Thus, by their functional and morphological charac- 
teristics the fibres under investigation are tonic 
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muscle fibres. How, then, is the double reaction 
effected by a tonic muscle fibre ? It may be assumed 
that a protracted rhythmic stimulation of the thin 
nerve fibres activates the synaptic structures. For 
example, the output of quanta of acetylcholine by 
separate spots of the synapse becomes synchronized. 
Owing to this, the level of depolarization is quickly 
reached, which is a threshold for the devolopment of 
the spike. It may be also assumed that a certain 
part of the tonic muscle fibres possess double inner- 
vation—both by the thick and the thin nerve fibres. 


N. M. SHAMARINA 
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Moscow. 
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Electrophoretic Pattern of Plasma Proteins 
in Rats treated with Trypan Blue and 
Ethionine 


Ir is now well known that the liver plays a promi- 
nent part in the biosyntbesis of the blood plasma 
proteins which is notably disturbed by every major 
hepatic injury. We have examined these phenomena 
in the Wistar rat treated by trypan blue and by 
ethionine. These substances are chemically different, 
but they have properties in common, such as hepa- 
toxicity and oarcinogenic power with a hepatic 
tropism. Trypan blue was given by intraperitoneal 
injections in a 0-5 per cent solution in sodium chloride 
9 per cent, for 8 days; the daily dose was of 4 mgm./ 
100 gm. of body-weight in a series of 7 animals and of 
8 mgm./100 gm. of body-weight in a second series of 
10 animals. These animals were male and were about 
3 months old. 

During the entire experimentation, ethionine was 
given to 16 males and to 17 females in an absolute 
synthetic feeding containing 0:25 per cent of this 
amino-acid. Saccharose, fatty elements, mineral salts, 
vitamins, 22 per cent casein, 2:5 per cent yeast and 
0-18 per cent cholme chlorhydrate were also fed; 
there was no free methionine. 

In the case of poisoning by trypan blue, the paper 
electrophoresis was carried out in a veronal buffer— 
pH 8-6 and ionic strength 0-1; in the case of ethionine 
poisoning, in a buffer iris-ethylenediamine tetra- 
acetic acid, pH 8-6 (ref. 1). For satarch-gel electro- 
phoresis, Smithies’s technique? was used. 

Table 1 shows the variations of the concentration 
in the plasma of the whole proteins and of the principal 
protein fractions individualized by the way of paper 
electrophoresis; these concentrations grow normal 


Table 1. WHOLE PLASMA PROTEINE CONCENTRATION AND PEROCENT- 
AGH OF THR DIPFBRENT PAPER HLECTROPHORETIC FRACTIONS OF 
NOEMAL RATS AND OF BATS POISONED BY TRYPAN BLUB AMD BY 


ETHIONINE 
Rats with Rats after 
Controls 8 infections of 8 months of 
trypan blue ethionine feeding 
Whole proteins 
.{100 ml. 

ie ) 8-5 + 02 67 + O04 8-3 + 0-4 
umin 58-7 +1 400 +4 56-7 + 2°6 
a,-globulins 180 + 0-8 16-8 + 1:8 0+ 068 
a,-globulns 5-0 81 + 08 560+ 0:8 
8-giobulms 12-5 + 038 125 20-5 + 1-8 
-globulins 10-5 + 038 19-9 + 2 8-8 + 1-4 

ction X 87+ 14 
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S8taroh-gel electrophoresis 


. 1. Plasma electrophoretic patterns of rata: controls (C); 
intoxicated with trypan blue (T.B) and by ethionine (ET) 


again about the 40th day after the beginning of the 
poisoning by trypan blue. 

Fig. 1 gives the paper electrophoretic diagrams. 

The fractions have been desoribed by Riou et al. 
and, in a preliminary work, by Lawrence‘. 

With regard to the trypan blue, it will be seen that: 

(a) A new protein fraction (fraction X) which is 
migrating at scarcely the same speed as the as-globu- 
lins. The higher the dose of trypan blue, the more 
rapidly this fraction appears, but it disappears about 
10 days after the end of the poisoning. It is probably 
the same as the fraction described by Yamada’ after 
paper electrophoresis; ıt does not appear in mice 
treated in similar conditions. 

We do not admit that the appearance of such bands 
might be a result of the action of trypan blue on the 
plasma; indeed, the admixture tn vutire of this sub- 
stance to the plasma does not change ite electro- 
phoretic behaviour. 

(b) Some quantitative variations occur, including: 
decreasing of the albumm and fraction No. 5 concen- 
tration, increasing of the whole «-globulins, the 
y-globulins, the fractions Nos. 6 and 7 concentrations; 
the cwruloplasmin activity is localized in this last 
one. Some pre- or post-albumin fractions, which are 
otherwise drowned in the albumins, may be individ- 
ualized because of the disappearance of some of the 
albumin substances. 

With regard to the ethionine, we can see, on the 
9th or 10th week of the poisoning: 

(a) A thin fraction localized in the same way as the 
fraction X seen previously. 

(b) A decreased a-globulins concentration, more 
especially that of the a,-globulins and of the fractions 
Nos. 5 and 6. The ceruloplasmin activity (fraction 
No. 7) is decreased too. This phenomenon was 
observed in other hepatocarcinogens’:?. We could 
observe a small hyper-y-globulinemia on starch gels. 
Histological investigations corroborated the previous 
descriptions’—10, 

From the 9th month onwards, some rata treated by 
ethionine showed hepatic tumours (4/7 in the males, 
1/6 in the females). We did not notice any difference 
in the electrophoretic behaviour of the plasma pro- 
teins between animals bearing a tumour and those 
having a non-cancerous cirrhosis. 

This work has disclosed a new «-globulin fraction 
in rats treated by trypan blue and in rats poisoned 
by ethionine. This fraction seems to be the same as 
the one described by Lawford™ in rats treated by 
heavy metals (cadmium, mercury, beryllium, copper, 
manganese). 

These poisons produce either the mduction of the 
synthesis of abnormal proteins or the stimulation of 
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the production of the plasma proteins which are 
normally reduced to, non-detectable amounts. <A 
comparison between the tissue injury detected by 
histology and the plasmatic disturbances detected by 
electrophoresis allows us to assume that these 
abnormal proteins might result from the damage of 
some cellular structures. 

Our results show that starch-gel electrophoresis, 
which gives a plasma protem fractionation more 
selective than paper electrophoresis, cannot reveal, 
however, any specific changes associated with the 
malignant process. 

O. PAOLETTI 
G. Riov - 
R. TRowAvT 


Institut Gustave Roussy, 
Villejuif, France. 
(Unités de Biochimie et de Chimiotherapie.) 
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HA:MATOLOGY 


Fibrinolytic Bacterial Metabolite 


In the course of work on auto-antibodies in patients 
suffering from multiple myeloma marked fibrinolytic 
activity was discovered in one of the sera. Further 
investigation revealed that it was contaminated with 
two kinds of bacteria, one a member of the genus 
Pseudomonas, the other a strain of Streptococcus 
faecalts. The role of Pseudomonas was shown to be the 
conversion of glucose to glaconic acid. In the presence 
of the latter compound S. faecalis would produce the 
fibrinolytic agent. 

The bacteria were grown on brain heart infusion 
agar slants at 37° C. overnight. About 2 x 10" 
organisms were collected from each slant. They were 
suspended in 2 ml. of 0-06 M phosphate buffer of 
pH 7-4 containing 1 per cent sodium gluconate. Tubes 
were incubated over night at 30° C., centrifuged, and 
the supernatants tested for fibrinolytic agent. 

Tests for fibrinolytic agent were set up as follows. 
Fibrin clots were prepared by adding from a capillary 
pipette one drop of 0-1 M calcium, chloride to 0:1 ml. 
of pooled oxalated human plasma. The fibrin was 
retracted on an applicator stick and placed in distilled 
water. After three washings with distilled water it was 
transferred to a 10 x 100 mm. test tube containmg 
0-2 ml. of material to be tested. All dilutions were 
carried out in 0-06 M phosphate buffer of pH 7:4. A 
control containing phosphate buffer only was included 
in each series of tests. To prevent the multiplication 
of contaminating bacteria, sodium azide was added 
to make a final concentration of 1 per cent. Tubes 
were incubated in a 37° C. water bath for 24 hr. The 
fibrinolytic unit or smallest amount of fibrinolytic 
agent lysing the fibrin clot under these experimental 
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conditions was found to be 0:01-0:02 ml. of super- 
natant. 

When the gluconate concentration was decreased to 
0-1 per cent, 0-1 to 0-2 ml. of su tant became 
necessary for clot lysis in 24 hr., while with 0-01 per 
cent gluconate at least 0-4 ml. of supernatant had to 
be used and the incubation period prolonged to 48 hr. 
Lactate, the principal breakdown product of gluconate 
by S. faecalis’, could not be substituted for gluconate; 
glucuronate would yield some activity, but only about 
1/50-1/100 of that obtained with gluconate. Incor- 
poration of gluconate or glucuronate m brain heart 
infusion agar did not increase the amount of fibrino- 
lytic agent produced by the bacteria. Bacteria 
washed im distilled water and then suspended in 
phosphate buffer with gluconate did not form fibrino- 
lytic agent; however, they would do so when the 
dialysate of unwashed bacteria was substituted for 
the phosphate buffer. Fibrmolytic activity coincided 
with the presence of a green pigment, which led to the 
tentative conclusion that fibrinolytic agent was a 
conjugated bacterial pigment. 

On a fibrin plate’, made up with recalcified human 
plasma, 0-03 mi. of lyophilized fibrinolytic agent, 
containing 50 units, produced an area of lysis of 
12 mm. in diameter in 24 hr. at 25° O., 0-03 ml., con- 
taining 100 unite, an area of lysis of 15 mm. One 
hundred unite in 0-1 ml. of plasma would prevent its 
clotting on the addition of one drop of 0:1 M cal- 
cium chloride. Fibrinolytic agent remained stable 
over & pH range of 5-10 for several months when 
kept at 5° C. About half of its activity was 
destroyed in 2 days at 37° C. and in 2 weeks at 25° C. 
It was unaffected by exposure to 56° C. for 30 min., 
but was inactivated in 10 min. at 70° C. or by drying 
at 25° C. 

Purification was attempted by adsorption and 
subsequent elution. Fibrinolytic agent could not be 
adsorbed on barium sulphate or calcium carbonate 
but was readily adsorbed on asbestos filter pads. Of 
various eluants tried, 1 per cent sodium tetraborate 
was most effective, but only 10 per cent of the original 
activity was recovered. When fibrinolytic agent was 
produced in serum or when a protein such as bovine 
albumin was added to fibrinolytic agent produced in 
the usual way, there was no decrease in activity of 
the filtered material. In spite of ita origin from 
dialysable constituents. fibrinolytic agent would not 
pass at all through ‘Cellophane’ or collodion mem- 
branes. However, when it was dialysed in the 
presence of serum or a heterogeneous tissue extract 
such a8 pancreatin, 5 to 10 per cent of activity was 
consistently recovered-in 3 successive 48-hr. dialysates 
at 5° O. Pancreatin was used because it was believed 
first that fibrinolytic agent might be attached to a 
bacterial protein, digestible by trypsin. Yet, crystal- 
line trypsin proved to be inactive. The best explana- 
tion for the results obtained appeared thus to be 
adsorption of fibrinolytic agent to protein and protein- 
like molecules. It is estimated by Berger, L. (personal 
communication), that the ‘Cellophane’ membranes 
used, having an average pore diameter of 48 A., will 
allow the p of molecules up to a molecular 
weight of 5,000. 

Both fresh plasma and serum proved to be strongly 
inhibitory for fibrinolytic agent, 0-001 ml. being 
sufficient to block the action of 2 units of fibrinolytic 
agent. A two-fold increase in titre of fibrinolytic agent 
was observed to occur with retracted fibrin clots 
heated in distilled water at 56° C. for 30 min. The 
water in which the clots were heated was found to be 
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inhibitory for fibrinolytic agent. This effect was 
destroyed by treatment with 8-glucuronidase or with 
0:2 N sodium hydroxide for 10 min., followed by 
neutralization, a procedure known to split glucur- 
onides’. Plasma inhibitors could be destroyed by the 
same methods. Attempts at identification of the 
fibrinolytic agent antagonist have thus far been 
unsuccessful. 

In the course of the investigation it was found that 
fibrinolytic agent would lyse fibrin clots heated at 
85° C. for 45 min. as readily as those heated at 56° C. 
for 30 min. Since the higher temperature destroys 
plasminogen‘, fibrinolytio agent could not play the 
part of a plasminogen activator. The insensitivity of 
the fibrinolytic process to sodium azide, a known 
plasmin inhibitor’, seemed to constitute further 
evidence against the participation of the latter 
enzyme. An alternative hypothesis to explain the 
mode of action of fibrinolytic agent is therefore 
required. The glucuronide present in clot extract 
could be shown to be active in fibrin formation. 
Plasma in which it had been destroyed by the methods 
described above would no more olot with calcium 
chloride. Zini‘ reported that bacterial B-glucuronidase 
was fibrinolytic. His results were confirmed, but not 
consistently, which may be ascribed to differences in 
level of enzyme antagonists in various plasmas. 
Fibrinolytic agent could be a molecule very similar in 
structure to the clot extract factor. It may displace 
this factor on the surfaces of fibrin molecules, leading 
thereby to dissolution of the threads. 

This work was supported in part by a grant from 
the Kansas Division of the American Cancer Society. 
I wish to acknowledge the assistance of Mr. Eugene R. 
Regier in certain phases of this work. Bacterial 
8-glucuronidase was obtained from Sigma Chemical 
Co., St. Louis, Mo. 

PauL H. KOPPER 
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Hemoglobins S and E in Turkish People 


Until. quite recently hemoglobins § and E were 
believed to be confined only to Eti-Turks in Turkey. 
The incidence of sickling among Eti-Turks wes found 
to be 16:8 per cent?. Therefore, numerous cases of 
sickle cell anzemia and sickle cell thalassszmia disease 
were observed in this community’. 

Recently, 1,348 blood samples from Turkish people 
living in different regions of Turkey were studied by 
means of paper and starch-gel electrophoresis and 
sickling test. The results of this investigation are 
summarized in Table 1. This shows that only five 
families with hemoglobins could be found. With 
the exception of one family, the possibility of an 
admixture with Eti-Turks was definitely excluded in 
the other four families. Three of these families showed. 
the combination form of sickle and thalassemia genes, 
namely, sickle cell thalassmmia disease. These three 
patients, 6-18 years of age, had all the clinical and 
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tologiðal ‘fndings of sickle eelt ‘thalassemia 
inehiding marked microcytosis. Genetic 
; showed that. one of the parents had the stig- 
a of thalassemia minima, including increased 
moglobin A2, and the other parent had a sickle cell 
it. The fifth family with hemoglobin 8 was found 
uring examination of an infant with marked spleno- 
wgaly. The 7-month-old patient in this family had 
l the clinical and hematological characteristics of 
sickle cell anæmia. Two of these families were 
‘Turkish emigrants from Greece. These two families 
hemoglobin § indicate. that sickle cell gene 
ig Turkish people, the case of thalassemia 
may partly be due 





























the Ottoman Empire, I 
ve examination. of | the 


en REGIONS OF TURKEY (ETI-TURKS EXCLUDED)* 






No. tested. Types of hamoglobinopathies 
s : 440 1 family with sickle cell 
ee thalasseim 
oat. Turkey 330 1 family sickle cell thalassamia 
Diyarbakir, Mardin, disease 
iverek and Stird) 
Other parts of Turkey 578 1 family with sickle cell 
— anwmia, 2 families’ with 
i sickle cell thalassemia disease 
rae and 2 families with- thal 
AA assiomia~hamogtobin E disease 
ee okai 1,348 5 families with hemoglobin-8 


and 2- families with hæmo- 
globin & 


"In this investigation, besides the sickling test, in 900 individuals 
also paper and starch gel electrophoresis were performed. 





_ On the other hand, the incidence of hemoglobin E 
—— trait.in Eti-Turks was found to be low, that is, 1-37 
per cent®. In addition to this, three cases of sickle 
-cell hemoglobin E disease, a combination. form of 
= siekle cell and hemoglobin E genes, in two: families 
— were reported from this community? +5, 
7... Recently, we have found three ¢ases of thalass@mia- 
hemoglobin E disease in two Turkish families. These 
| two families also were Turkish emigrants from 
Greece (vicinities of Salonika). In both families 
genetic studies showed that the mother had the 
hemoglobin E trait and the father had all the 
stigmata of thalassemia minima, including hæmo- 
-globin A2. Two of these patients were twins and 26 
=- years of age. They had all the clinical and hemato- 
< logical characteristics of thalassemia—hemoglobin E 
disease to a moderate degree. Their electrophoretic 
pattern was E (87--87-5 per cent) + F(9-2—10 per cent) 
“4 A (3-3-3 per cent). The third patient was a 26-year- 
old man who had a very severe pancytopenia. In 
idition to that, he had the clinical, haematological 
genetic characteristics of thalassemia—hemo- 
‘E disease. . Th the course of thalassamia— 
oglobin E disease a very severe hypersplenism 
developed. These three patients will be described 
etail in another paper. 
Iæmoglobin E is considered to be characteristic of 
ng people of south-east Asia. Outside this region 
n y occasional cases of very low incidence have been 
3:8-8, Recently, Gouttas et al.? described two 
blings with thalassemia—hemoglobin E disease in 
reece. The oceurrence of hemoglobin E in Turks, 
ti-Turks and Greek people is interesting. It is well 



























enturies from Central Asia to Asia Minor. Therefore, 
it is possible that a blood admixture with some people 
o of India or Far-East happened at the time mentioned. 
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I believe that, PET ‘to thalassemia 
cell genes, hemoglobin E was possibly tr 
the Greek people by admixture with Tu 
in the period of the Ottoman Empire: = 

This investigation was supported by a g 
the Blood Research Foundation, Washington 
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Histochemical Demonstration of Ascorbic 
Acid in the Substantia Nigra of the Cat 


By the use of histochemical methods, the enzyme _ 2 
tyrosinase has been demonstrated in eels of the 
substantia nigra in the brain stem of adult cats and 
monkeys!. The oxidation of tyrosine to 3,4- -dihy- 
droxyphenylalanine (DOPA) by the monophenolase are 
activity of tyrosinase is the first step in the synthesis ee 
of three aromatic monoamines, dopamine, nor- 
adrenaline and adrenaline, and also of melanin, which — 
is considered to be the pigment present in the adult — 
human substantia nigra. In the adult, monophenolase 
activity cannot be demonstrated in nigral cells unless 
tyrosinase is activated in vitro by some reducing agent, 
such as ascorbie acid. However, in immature animals 
--in the cat, from 2 months to 1 year—tyrosinase is 
active towards tyrosine, and during this period some 
naturally occurring tyrosinase activator must be 
present in nigral cells. Ascorbic acid has been foundin ——~ 
high concentrations in the adult mammalian brain, 
notably in certain autonomic centrés*, and ascorbie 
acid deficiency leads to interference with tyrosine 
oxidation®. This vitamin, therefore, may well fulfi 
the role of activator within the cells of the substanti 
nigra in immature animals. ) 

The histochemical method of Giroud aiid Labloni 
for the detection of ascorbic acid has been applied t 
three cats, aged 14, 16 and 20 weeks respectively 
After intravascular perfusion, first of isotonic fruetos 
solution and then acidified silver nitrate, thin slices o 
the midbrain, 3-5 mm. thick, have been removed an 
fixed in acidified silver nitrate for 30 min. Afterward 
the slices have been embedded in paraffin and section 
l0u thick have been cut and mounted in Canad 
balsam. Although the deposition of intracellule 
silver granules by the use of this technique may not t 
absolutely specific for ascorbic acid, the only othe 
agent likely to give a positive result is melanin, an 
Lilliet finds that melanin in nerve cells reduce 
acidified silver nitrate only very slowly (2-3 days). 

In all three animals silver granules were deposited 
in many cells of the substantia nigra (Fig. 1). The -< 
granules were randomly dispersed throughout the 
cytoplasm, and were not present in the nucleus (Fig. 3 
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Ascorbic acid in the substantia nigra, stained 
acidified silver nitrate method of Giroud and Leblond. 


Figs. 1 and 2. 


y 
i. Nigral cells of a cat aged 16 weeks, showing concentration 
of silver granules mainly within the nerve cells (=x 360); 2, a 
nigral cell of a cat aged 14 weeks, showing distribution of silver 
granules within the cytoplasm (x 675) 


2). The number of granules in individual cells varied 
and the resultant intensity of silver deposition differed 
from cell to cell. No quantitative difference in the 
intensity of silver deposition was observed in the three 
cats employed. 

A reducing substance, probably ascorbic acid, is 
therefore present within cells of the substantia nigra 
of young cats during the period when monophenolase 
activity can be detected. It is likely, therefore, that 
this substance is the normal activator of tyrosinase in 
immature animals. The presence of an active tyrosine- 
tyrosinase system provides the initial step in the 
possible synthesis of monoamines in the substantia 
nigra. 

Shimizu et al.* have recently demonstrated ascorbic 
acid histochemically in certain additional nuclei of 
the adult brain stem, some of which are probably 
concerned with central autonomic function, namely 
the nucleus locus cceruleus, dorsal motor nucleus of 
the vagus nerve, and area postrema. These nuclei 
resemble the substantia nigra in that they also contain 
pigment in adult life®, and it is reasonable to suggest 
that an active tyrosine-tyrosinase system is present 
in cells of these nuclei also. The presence of high 
concentrations of monoamine oxidase at these sites 
indicates that such a system may be involved in 
monoamine synthesis. 

C. D. MARSDEN 
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Histochemical Localization of Succinic 
Dehydrogenase Activity in the 
Mitochondria of some Invertebrate 
Spermatozoa 


THe mitochondria almost invariably form an 
essential component of the motile spermatozoa in the 
invertebrate’. The possible exceptions, such as the 
spermatozoon of dragon fly*, need re-investigation in 
the light of fresh reports on Lepisma®:*. The mito- 
chondria form a sheath around the axial filament, 
covering varying lengths of the flagellate spermato- 
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zoon, normally behind the nucleus; the anterior end 
of the nucleus being occupied by the acrosome. 
Exceptions to this rule are certain forms reported to 
have atypical spermatozoa'; the most commonly 
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The spermatocytes, spermatids and the spermatozoa of 
succinic dehydrogenase activity 
in the mitochondria with neotetrazolium chloride (NT) or tetra- 


Fig, 1. 
some invertebrates revealing t 
zolium blue (BT). A, Two tes and one spermatid 
Halys dentatus. M, Mitochondria; MN, mitochon nebenkern 
(NT, 1,200). B, Spermatid of H. dentatus revealing strong activity 
in the mitochondrial nebenkern only. N, nucleus; A, acrosome; 
AC, acroblast (NT, 1,600). C, Spermatozoon of Lepisma saccharina, 
Extremely fine 5 diformazan granules are present in the 
nuclear region ( er) (BT, 300). D, Spermatozoan of Cicindela, 
anterior region only, sho the diformazan granules throughout 
rs ip” E, Anterior pars of an almost ripe spermatozoon of 
alys. No enzyme activity in the head (NT, sgn F, Anterior 
part of a tick spermatozoon (NT, 1,200) 
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ples being the spermatozoa of Lepisma'.3-5 
ař:8. In both these cases the centrosome 
vard to the anterior end of the nucleus 
gging with it the axial filament having an exten- 
In Lepisma the 



















fF the mitochondrial sheath. 
arity of the nucleus is completely reversed, 
consequently the acrosome remains in the neck 
region and the centrosome. heads the spermatozoon. 
hese observations on the atypical flagellate sperma- 
oa have often been questioned as exemplified by a 
nt controversy on thysonuran spermatozoa‘:7-1°, 
more or less an establish 
brate spermatozoa fulfil their energy require- 
through oxidative metabolism. The exclusive 
he mitochondria in this kind of metabolism 
Iso well recognized')}12, < A 
s controversy about the degree of extension of the 
tochondria on the invertebrate spermatozoon, it 
was considered desirable to examine the histochemical 
ution of succinic dehydrogenase activity of the 
ondria by histochemical methods. The results 





















mmarized here, nee 
‘The spermatocytes, spermatids and the ripe sper- 
matozoa of the bugs, Halys dentatus, Dysdercus, and 
rthopteran, Chrotogonus, late spermatids and the ripe 
_ spermatozoa of Lepisma and Cicindela, the ripe 
_ tubular aflagellate spermatozoa of cattle-tick!, and the 
_ flagellate non-motile spermatozoa of a spider! were 
examined. The spider sperm was used as a control, 
since it does not have any mitochondrial comple- 
_ ment!*. Fresh smears of the testicular material were 
incubated at 37° C. for 55 min. in a mixture of 5 ml. 
0-1 M, sodium succinate, 5 ml. distilled water. or 
_ N,N-dimethyl formamide, 5 ml..0-1 M phosphate 
buffer pH 7-6, 10 mgm. tetrazolium blue, neotetra- 
-.-wolium chloride, or 2:3 : 5-triphenyl tetrazolium 
éhloride, according to the technique of Pearson et al. 
- Sometimes small bits of freshly excised testes were 
_. directly incubated. The smears of the testes were 
post-fixed in 4 per cent neutral formaldehyde and 
mounted in Farrants’ medium. The testicular bits 
_ were squashed under the coverslip while mounting. 
_. Neotetrazolium chloride and tetrazolium blue pro- 
duced best results, always reproducible. Omitting 
_ . sodium succinate from the incubation medium did not 
= produce any reaction. 
"The enzyme activity in all the cases was observed 
in the form of diformazan granules of varying dimen- 
sions. Usually the granules were intramitochondrial 
and fine (Fig. 1 A). In the elongating mitochondrial 
nebenkern the granules produced were coarsér, 
erhaps due to a higher enzyme activity (Fig. 1 B). 
the spermatozoa the diformazan granules produced 
vere extremely fine (Fig. 1 C, D) except in Halys 
entatus, where the granule size was fairly large 
ig. 1 E). In the tick spermatozoa the enzyme 
tivity clearly tallied with the distribution of the 
mular mitochondria: 1°, No reaction oceurred in 
e spermatozoa of the spider. In all cases the distri- 
on. of the diformazan was confined only to the 
tochondrial components; the nucleus, the acrosome, 
he dictyosomes and the acroblast always remaining 
ompletely negative, | 
lt is also confirmed that in the spermatozoa of 
episma and Cicindela there are always some very 
ne diformazan granules along the entire length of 
the nucleus, but not in other insects investigated (cf. 
Figs. 1 C, D and E). This clearly shows that some part 
f the mitochondrial sheath is extended by the side of 
the nucleus in Lepisma and Cicindela, and this cannot 
happen unless the centrosome moves forward and 
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As a possible solution to . 


7 and 17 days later. 











drags with it the axial filament ens] 
mitochondrial nebenkern#:*.9:1¢, 
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IMMUNOLOGY 


Impairment of Immunological Reactivity — 
in Guinea Pigs by Prior Injection of Adjuvant —_—|/ 

Ir is now firmly established that antibody produe- 
tion, delayed hypersensitivity to many antigens and 
the production of experimental auto-immune diseases. 
are all enhanced by the use of Freund’s adjuvant. 
During the past year I have made several unsuccessful — 
attempts to induce auto-immune lesions in guinea < 
pigs by inoculation of all four foot-pads with homo- 
logous and heterologous tissue antigens (lymph 
nodes, cartilage, stomach mucosa, blood vessel, ete.) 
incorporated in complete Freund's adjuvant. . How- i 
ever, a striking feature in all animals was the enlarge. > 
ment and induration of regional lymph nodes, with © o0 4. 
disruption of their architecture, and proliferation of — 
macrophages and epithelioid cells. Impressed by 
those changes in lymph nodes, and taking into accoun 
that lymph nodes play an important part in imm 
mechanisms, it was thought that such animals 
be “immunologically impaired”. They consequent 
might not be able to develop adequate delayed hyper- 
sensitive responses to an antigen later injected. - 

Crystallized bovine serum albumin and human 
y-globulin were dissolved in saline, and the protein 
concentration was determined by micro-Kjeldahl. 
One volume of bovine serum albumin or human 
y-globulin solution was emulsified with one volume of 
adjuvant containing 1-5 parts ‘Arlacel’, 8-5 parts 
‘Bayol F and 6 mgm./ml. tubercle bacilli. All 
injections throughout the experiments were given in 
four foot-pads. Male Hartley guinea pigs, weighing 
350-400 gm. were divided into two experimental 
groups. (1) A control group was injected with either 
5 ugm. of bovine serum albumin or 5 ugm. of human 
y-globulin incorporated in adjuvant, and skin te 
(2) A second group was firs 
injected with complete adjuvant. alone, and ten days: 
later guinea pigs were inoculated with either 5 vem. of = 
bovine serum albumin in adjuvant, or 5 ugm. of 
human y-globulin in adjuvant (the injection sites were 







































24 48 72 
RRO Re Tn ET Time (hr.) 
os Pige L- Effeet of prior injection of adjuvant on subsequent 
Byte aaa ‘delayed sensitivity to protein antigens, 
ooo Auman y-globulin (HGG) and bovine serum albumin (BSA) 
nooo teohnnins) represent animals injected with 5 ugm. of HOG or BSA 
ooo os Sy adinvant respectively; adjuvant-HGQG represents group of 
“2  @liimals first injected with adjuvant alone and ten days later 
oo pe-injested with 5 ugm. of HGG in adjuvant; adjuvant-BSA 
oo pepresents group of guinea pigs first injected with adjuvant 
vos SO" pone and ten days later re-injected with p ugm. of BSA in 
oy eso adfuvant: numbers in columns represent number of animals 


Seite proximal to those of the first injection). The skin test 

was performed with 10 ugm. of corresponding antigens 

-oo T and- 17 days after the injection of bovine serum 

albumin or human y-globulin, and the reactions read 
vat 24, 48 and 72 hr. 

The results are presented in Fig. 1. It is clear that 
human y-globulin produces a higher degree of sensi- 
tivity than bovine serum albumin. There is a pro- 
nounced decrease in delayed sensitivity to bovine 

serum albumin and human y-globulin in animals 
which have been previously injected with complete 
adjuvant alone. The skin reaction is also of shorter 
‘duration, disappearing within 48 hr. in the bovine 
serum. albumin group, and 72 hr. in the human 
y-globulin group, Substantially the same results were 
~~ obtained in two separate groups of animals injected 
first with adjuvant alone into two front foot-pads and 
> ten days later re-injected with either 5 ugm. of bovine 

-gorum albumin or 5 ugm. of human y-globulin incor- 

poratod in adjuvant into two hind foot-pads. 

0. In spite of the wide use of Freund’s adjuvant, the 
~.“ -q~echanism(s) by which adjuvant increases immuno- 
— logical responsiveness remains unknown!. Histo- 
logical and cytochemical studies of the changes of 
: Jymph nodes following the injection of an antigen in 
adjuvant are scarce. The morphological features of 
mph nodes of rabbits injected into one foot-pad 
ka protein antigen incorporated in adjuvant were 
ibed by White et al.* They found a widespread 
eration of plasma cell elements in lymph nodes 
remote from the site of injection, while the regional 
lymph nodes were generally replaced by histiocytes 
os and- macrophages. 
“The experiments described here demonstrate the 

=. depression of delayed sensitivity to protein antigens 
~~ “by prior injection of adjuvant alone, but shed no 
hight on mechanisms which underlie this inhibition. 
However, two hypotheses might account for these 
results. First, the Koch phenomenon may interfere 
ith the dissemination of the protein antigen incor- 
ited into the mycobacterial adjuvant. An experi- 
ut in which guinea pigs were first injected with 
to adjuvant alone, and ten days later with 








































source came from tumour fragments cultured a 


grown in organ culture on a medium containing egg 





pletely disregarded. The second explanatio 
seems to be more possible, is based on th 
morphological changes in lymph nodes. Pretreatment 
of guinea pigs with complete Freund’s adjuvant alone 
brought about the destruction of architecture, and 
proliferation of immunologically irrelevant cells. — 
(macrophages and epithelioid cells). These enlarged `. 
lymph nodes probably exhibit a decreased immuno- 
logical capacity. Therefore, because of the damage 
of a large portion of immunological apparatus, those 
animals are not able to respond adequately to the 
subsequent injection of a protein antigen. The ` 
impairment of the immunological response in guinea 
pigs by means of adjuvant, although phenomeno- 
logically similar, cannot be considered as identical. 
with immunological tolerance, unresponsiveness and — 
‘paralysis’. | 
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PATHOLOGY 


Modification of the Growth-rate of 
Sarcoma-37 during Culture i 

THERE has been a conflict of opinion in the past _ 
as to whether tumour cells are altered in their bio- < 
logical properties when grown in contact with thè 
chick embryo. Some workers have contended that 
an experience with the avian embryo does not pro- 
voke any readily recognizable transformation in the 
tumour cells’-*, while others*' take the opposing 
view. The present experimental work was designed to 
evaluate the effect of culture on one type of tumour 
(sarcoma-37) in several ways on one biological charac- 
teristic of the cells, namely, their growth potential. 
Accordingly, this tumour was cultured by three 
techniques, each having some relationship to the 
chick embryo. Some tissue, removed from 7-day 
tumours in BALB/c mice, was grown as grafts to 
the chorioallantoic membrane of 8-day White Leg- 
horn hosts for a period of 9 days. The second cell 

















38° C. as implants in isolated 7-day chick limbs: 


white as the nutritional source*. Thirdly, fragments 
of sarcoma-37, measuring approximately 2 mm. 
diameter, were cultured partially embedded in th 
same semi-solid gel used for the limb organ cultur 
Tumour tissue cultured either as implants in th 


oF directly on the agar-gel was incubated 



















m the tumours grown on the chorioallantoic 
rane of the embryonic chick were dispersed by 
ing in buffered (pH 7-4) saline. Six million of 
hese čells were injected into the right axilla of 
8 mice. After 10 days the tumours were removed, 
'eighed, and some of the tissue was used for the 
next passage. Again 6 x 10° cells were injected. 
This procedure of weighing. and transferring the 
ls was carried out on two additional occasions. 
ngth of time for tumour growth between each 

was 10 days. $ 
general procedure . was repeated with cells 
| from the cultured chick limbs and from 
; ar-gel surface as the source materials. As a 
trol experiment, the average weight of tumours 








during a similar number of passages. Again 6 x 108 
cells were injected at each transfer. In all, 288 mice 
were used in this investigation. — 

Table 1 illustrates several points of interest. It is 
clear that tumour cells from grafts to the chorio- 
allantoie membrane have a particularly high growth 
potential, when first recovered and. transferred back 
into mice. This feature, however, is transitory in 
nature, such that after four passages in mice, the cells 
-o = show the same growth- rate as do those grown in mice. 





i “Table 1. GROWTH or TUMOURS FROM CELLS RECOVERED FROM CULTURE 
— l Average tumour size + standard error (gm.)* 
Method of culture 


Passage 1 Passage 2. Passage 3 Passage 4 
coe Onorloallantoic 
oc membrane L5StO12 P42 4-18 1054011 0:63 26-00 


eee Chick limb implants 4240-08 0254010 0-22+0-07 ‘Jost 
explants 4540-14 0824011 0214009 0-26 + 0-06 
Control (mouse) O76 L015 ESSO O-75+0-19 6-6940-08 

_™ Eighteen mice. were injected at each passage in each group. 

Tumours ‘were permitted to grow for 10 days between cach transfer. 

























] It is also apparent that sarcoma-37 cells grown 
either in tissue culture alone or in association with 
chick tissues.in explanted limbs have had their growth- 
rate reduced by such treatment. The indication is 
that the recovery of normal growth. potential does 
hot occur, at least during the first four transfers in 
mice. Indeed, the tumour was lost entirely on the 
fourth passage of tumour cells recovered originally 
om the chick limbs. 

“The evidence presented here suggests that the 
utrine: tumour sarcoma-37 can be. modified with 


he chorioallantoic membrane) or retarding (on the 
agar gel) manner depending on the nature of culture. 
Enhancement of growth, however, is not a permanent 
ature, although suppression of growth appears to be 
Sarcoma-37 tumour cells grown on chorioallantoic 
mbrane have been reported previously’ to grow 


red either in limbs of.: 4n-0v0 chick embryos or 
the normal. mouse. host. ~ 
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` appearance of primitive blast or lymphoid e in the 


ter growth for 10 days in BALB/c mice was followed peripheral blood, hepatosplenomegaly and leukemic 


espect to growth-rate either in an accelerating (on 


were inoculated intravenously at birth with 


e vigorously and are larger in size than those. 
re A second control group. was observed. for the 


. AKR cell suspensions three rats died of thymic 


Fokrovekaya, J A. Bull. Exp. Biol, Med. USSR. (English trans. h . 
T AP TO. 3 days, and 15 rats (55 per cent) died of thymic 














AKR strain of mice were ered inte I 
Wistar rats'. Two consecutive intraperit 
intravenous injections, spaced one week apart, 
resulted in deaths from leukemia of 40-50 per cent 
of the recipients. Two morphological variants of — 
lymphoid leukemia, ‘early’ and ‘late’ forms, were 
observed in the inoculated rats. The early | e 
caused deaths within 4-8 weeks post p 
rapid intra-abdominal or systemie prolifer 
the injected leukemic celis. The onset £ 
leukemias was delayed to 12-24 weeks i 
injections. Morphologically, late. leukeemi 
fested as thymic lymphosarcomata followe 





lymphadenopathy. Subsequent transplantation = = 
assays disclosed a most interesting difference between ~ 
the early and late leukemias. Cell suspensions from =. 
early leukemias were readily back- -transplantable = = 
from the rat to young adult AKR mice. In: contrast, 
grafts from late leukemias failed to grow in similar = __ 
AKRE recipients but were fatal to new-born or wean- 
ling rats within 2-3 weeks after one intraperitoneal > 
injection. Thus, late leukemias were antigenically o a 
of the recipient rather than donor type. These  —_. 
different biological properties. of the leukemic cells EEC? © 
suggested a differing etiology in the two forms, Late __ 
leukemias were considered viral neoplasms possibly 
caused by the leukemogenic agent presentinleukemic 
tissues of AKR mice*. To substantiate this hypo- — ee 
thesis several criteria must be fulfilled, such as: (a) SEs 
induction of lymphoid leukewmia in rats by filtrates = 
from either AKR leukemic tissues or induced leu- 
kemias of the C,H-strain;. {b} transmissibility of the ooo 
induced leukemias by cell-free extracts in rata; (e)a = — 
very low spontaneous incidence of lymphoid leukemia — 
in rats to exclude acceleration of an inherent leukemie 
potential. This communication is concerned with < 
attempts to:transmit late leukemias in rats by serial — 
cell-free passages. ei 
Cell-free filtrates were prepared from pooled: = 
leukemic rat tissues, such as thymus, spleen and > 
lymph nodes according to the method of Gross? 
The filtrates were tested for bacterial sterility. and 
injected freshly or after storage at -- 70° C. for up 
17 days. Randomly bred Wistar rats, not older 
16 hr. after birth, were injected intravenously int 
orbital branch of the anterior facial vein? with OBES 
0:03-0:05 ml. per rat. Litter mates of these an 













inactivated aliquots.. of the same cell-free 
(60° C. for 30 min.) and served. as litter mate con 
















taneous occurrence of leukemia. This group 
chosen from alternating litters of the : same bree 
stock born on the same day as the experimental 
other control rats. Three passage experiments $i 
summarized in Table 1. 

As a result of neonatal injections with leukemic 





lymphosarcomata with systemie lymphoid. leukæmia 

at 20 and 24 weeks of age. Cell-free filtrates wer 
prepared from the pooled leukemic tissues of eac 
donor. Each of the three filtrates was given to 2. 
litters or a total of 31 new-born rats. Twenty-sey 
rats survived the intravenous injection for more 





lymphosarcomata with generalized leukemia between te 




















e OR IN re ras No ‘ieu i* 
ters “Injected No. survivors 





used —sor ‘ised (weeks) 
6 81 | 46/27 14-22 
l (55 per cent} 
3 10 4 12-19 
(71 per cent} 
5 88 27/31 6-18 
(87 per cent) 
14 $4 0/30 — 
6 54 0/52 — 


Te rats dying with NG of rats surviving neonatal 
forn more than three d 


= 14 and 2 22 weeks post partum. One rat of the first 
<- passage developed leukemia at 16 weeks and was then 
~ used as donor for cell-free filtrates to be utilized in 
<= the second passage. Ten new-borns of 3 litters received 
© eell-free filtrates from this donor. Seven rats survived 
the intravenous inoculation at birth, and 5 rats (75 
per cent) developed leukemia between 12 and 19 
weeks. In turn, the leukemic tissues from 2 rats of 
the second passage were used as filtrate source for the 
third: passage. The leukemia incidence in the third 
oo passage. experiment was increased to 84 per cent; 27 
of 31 surviving rats died or were killed because of 
lymphoid leukemia. The latent period was reduced 
to 6-18 weeks, although the majority of leukemic 
Cee deaths occurred 8 weeks after injection. 
"The course of transmitted leukemia was character- 
A ized by loss of weight, dyaspnæœa, hunched posture and 
<< a protruding anterior chest wall as the first. gross 
evidence of the disease. At autopsy the thymus was 
` regularly converted into a large, locally invasive 
cooo lymphosarcoma. While a few thymic lymphosarco- 
<o o mata were confined to the thoracic cavity at the time 
of death or killing, progression to leukemia was the 
Boos role. ‘Infiltration of the bone marrow, spleen, liver 
oo and multiple groups of lymph nodes coincided with 
the appearance of lymphoid or blast cells in the 
ee peripheral | or cardiac blood. White blood counts 
. > ranged up to 280,000 cells/mm.’. None of the rats in 
— the two control groups had developed leukemia or 















? onths post partum. 
ie results indicate that lymphoid leukæmia which 
1 red. in adult rats following neonatal injections 
h leukemic AKR cells can be transmitted to new- 
orn. rats. Three consecutive cell-free passages 
educed the latent period considerably and yielded a 
her leukemia-rate, thus suggesting the action of a 
ble, - replicating agent. (or agents). 
nt ible for the appearance- of 


















roomate and leukæmias i in our Tats is 
“the course of. de experiments, 
expressed as semilogarithmic plots (Fig. 1). 


the “Passage A virus”. This highly poten- 
is inoculum was originally derived from 
ous AKR leukemias and then serially 
ted through several generations of mice of the 
ukemic C,H f/Gs. strain. Experiments, now 
gress in our laboratory, are in accord with 
! ings. Cell-free extracts directly obtained 
neous AKR leukemias are leakemogenic 
i rats. Thus far 8 rats of 21 neonatal 
e eloped the disease: after 24 and 28 


Leukemic: Public H 
“deaths ` J 


other tumours during an observation time of up to. 


crystal connected to suitable amplifying a and record 
Whether or 93 


"Gross ‘reeently Pevaried : 
ly ym — Teukæmia i in Sprague-Dawley 


_ the results from these | eo (Fig. 1). This finding 3 
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RADIOBIOLOGY 


Total-Body Irradiation and Manganese: 
Metabolism 


IN a previous communication’ it was reported that 
glucocorticoid hormones produced a specific metabolic 
alteration of manganese in mice. This manifested 
itself chiefly by a marked change in the partition of 
manganese-54 between the liver and the rest of the | 
body: under treatment with glucocorticoids the eon- 
centration of manganese-54 decreased while the. < 
carcass concentration of the radioisotope increased. __ 
at a much faster rate than in control animals. 
Mineralocorticoids did not produce this effect. None — 
of the corticoids tested influenced the metabolism of 
another intracellular transition metal, namely, zinc-65. 

Radiation sickness from whole- body radiation has 
in part been ascribed to various effects on the 
adrenal cortex?-4.. It is common knowledge that- 
radiation and pharmacological doses of glucocorticoids 
produce severe hypoplasia of the lymphocytic organs, 
and in this respect. the glucocorticoids are radio-  . 
mimetic. It was of interest, therefore, to see if radia- 
tion and glucocorticoids influenced manganese metab- 
olism in a similar manner. The div ergence of the two 
responses is the subject of this communication. — 

Male mice of the Brookhaven strain were offered 
Purina fox chow® and water ad libitum. The whole ~ 
body was exposed to 750 rads by a cobalt-60 source: __ 
at the rate of 28:3 rads/min. The radiation was given 
either: (1) concomitantly with or (2) 48 hr. before 
or after an intraperitoneal injection of 0-5 yc. o 
carrier-free *{MnCl, in 0-1 ml. of 0-9 per cent sodium 
chloride solution... Non-irradiated mice were handled 
identically. The total-body turn-over of this. isotope 
was followed for two weeks by placing each animal 
in the ventilated well of a 4 x 5-in. sodium iodide 










ing oe The initial — burden. ofu ma an 











The ecole wer 
Cale 
tions with the aid of a nomogram® showed th 
isotope delivered non-significant doses of total-be 
radiations. At the end of two weeks the animals wel erg 
killed, dissected and the isolated organs were a: 
for radiation in the device used for the total 
measurements. 

The turn-over rate of manganese- 54 was fastet m 
the irradiated animals than in the controls, regardless 
as to whether the tracer was administered: 48 
before or 48 hr. after the radiation. In two se 
sets of experiments there was no interdigitatio 


























— ae Days after “Ma 
$ Fig. ‘4... Total-body turn-over of manganese-b4. as affected by 
irradiation of mice. ——~-, Control; ===, manganese-54 prior t 
f radiation; mo ee , manganese-54 after radiation 


which had produced no significant chango in turn-over 
rate! _ Furthermore, combination of radiation with 
cortisol (0-5 mgm./mouse/day) caused death between 


having revealed an added effect of the steroid on the 
turn-over rate of manganese-54.. 7 





observation’. 
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*3 2, The partition of manganese-54 between the liver a1 
oe ey mice 
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“had already received their tracer an 
diminution of that ratio in animals whicl 


fast ones. 
larger differences than hose reporte 
-were to pair feed control and irradiate 


| «prior to radiation might be suspected | iff 

| merely acute death of celle and subsequent e | 

. of this intracellular metal. However, the results wi 
concordant when this isotope was given after the 


marked variance to the effects of glucocorticoids | 


the tenth and twelfth day of observation without, 


“An even sharper difference was shown on determ- - 
ination of the partition of the radioisotope between 
the liver and the carcass. Administration of gluco: 
rticostoroids had resulted in a five-fold increase of 

10 carcass to liver ratio of this isotope’s concen- 
ation over that of controls at the end of 2 weeks 
3 In contradistinction to this, total- ` 


| deoxyribonucleic acid (DNA) i 
vesicle of the mouse has b 


|. labelled nuclei leyntheli index) 
 jatter than seemed. sary f 
- -metabolic activity « of DNA was suggested as the 

~~ for the high uptake of | 
| earlier experiments. è 
| > give averages of 
ee be) this commnaunicati 
— autoradiographs with 


_ stained with cing. See void t eosin ae 





























‘body ‘radiation e * -effecti 


after they had been irradiated (Fig. 2). 
quantities of manganese-54 located in the 1 
the spleens of the irradiated animals were din 
in rough proportion to the loss of tissue mass. — 
- These differences are highly significant beeav 
irradiated animals ate much less food than 
normal ones and dietary intake is -erucial 
taining the turn-over of manganeso’. H 
nutritional grounds, the irradiated mice shi 
exhibited slow total- body. turn-over rates inste 
This means. that one i might obse: 
ported he 





~The observations pertai 


acute post-irradiation necrotic phase is presumably 
completed. Therefore, it is ‘possible that a process - 
specifically linked to. the fundamental events of 
radiation damage is being mirrored in the métabolism — 
of manganese. Confirmation or refutation of this EE 


hypothesis demands much further work: 
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Incorporation of Tritiated Thymidine in ~ 
l Various Organs of the Mouse 


INCORPORATION of labelled precursors into hi 


Re anne 


in cells of the ‘semini 


and the proportic 


comparison of mitotic cour ts 
showed. mor 





l raora. into DNA? 


Male adult mice of an inbred strain were 
intraperitoneally with 0 pe. (approximatel 
gm.) of tritiated thymidine. Animals wer 
times ranging from 6 to 48 hr feri injec on 
vesicles, liver and testes were fixed for 1 ae 
acid-aleohol (1 : 3) followed. by 24 hr. 
saline, embedded in paraffin | wax and Beotio u 
5-6. Autoradiographs © were prepared b 
stripping film technique, exposed for 250 da 











njeeted with 500 ue- 


794 





Fig. 1. Autoradiograph of mouse seminal vesicle, Tritiated 
thymidine 2 uc. per gm., killed 48 hr, after injection, 250 days 
exposure (= 2,000). Note the heavy autoradiographs 





Fig. 2. Same section as Fig. 1. Note that the autoradiographs 
are considerably weaker than in Fig. 1. (x 2,000) 


The preparations of seminal vesicles show, besides 
the expected unlabelled and heavily labelled nuclei 
(Fig. 1), a number that are weakly labelled (Fig, 2). 

Grain counts (Fig. 3) reveal a group of nuclei with 
5-44 grains per nucleus, which are well separated 
from the heavily labelled nuclei shown in the block 
on the right, which are too dense for grain counts. 
The background is somewhat higher than usual after 
such long exposure times, and a few regions where 5 
grains per nucleus might have been due to background 
were disregarded. 

Weakly labelled nuclei were also observed in liver, 
in smooth muscle surrounding the seminal vesicle and 
in interstitial cells of the testis. None of the organs 
gave autoradiographs after treatment with deoxy- 
ribonuclease. 
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Variations in grain count over uniformly labelled 
nuclei might be due to absorption of $-particles in the 
section, to geometrical factors connected with sec- 
tioning, a variable rate of synthesis or the timing of 
synthesis of DNA. These factors should result in a 
continuous distribution of grain counts but this was 
not observed (Fig. 3). Asynchrony of synthesis of 
DNA in a small portion of the chromatin, for example, 
sex chromosomes, might account for weakly labelled 
nuclei, in which case the ratio of weakly labelled to 
heavily labelled nuclei should be reasonably constant. 
The results of cell counts (Table 1), however, show 
ratios varying from 21:1 to 13:1 in different 
tissues. No weakly labelled nuclei were observed in 
the intestines. 


Table 1, TRITIATED THYMIDINE-LABELLED NUCLEI IN VARIOUS 


ORGANS 
Organ Positive cells (per cent) Low/heavy Grains 
Low Heavy 

Liver 12-8 0-6 21 12 
Smooth muscle 2:1 1-6 1:3 17-5 
Seminal vesicle 2-0 1-0 2 ‘7 
Testis (interstitial 

cells) 3-3 0'4 5 l4 


Grains: average number per weakly labelled nucleus. 


The weakly labelled nuclei must therefore be regar- 
ded as belonging to cells that incorporate tritiated 
thymidine at a different rate from those showing 
heavily labelled nuclei, and there is no evidence of an 
immediate and direct connexion between the two 
classes of cells. These conclusions are supported by 
observations on the labelling in the tubules of the 
testis where, owing to the spermatogenic wave. 
synthesis of DNA and cell division are synchronized 
and the variability due to the factors discussed before 
should show up in differences in intensity of labelling 
within one tubule and among tubules. 

By comparison with grain counts after 10 days 
exposure, incorporation in the weakly labelled 
nuclei can be estimated to be at a rate of 2 per cent of 
that in heavily labelled nuclei, where the rate of 
incorporation corresponds roughly to doubling of the 
DNA content. Owing to various uncertainties, this 
figure should be regarded as an approximation only. 

Ficq and Pavan? have demonstrated considerable 
incorporation of tritiated thymidine into some bands 
of polytene chromosomes of Rhynchosciara angelae 
during enlargement of the bands* at certain steps of 
development. The authors concluded that this 
‘puffing’ of bands is due to a different activity of the 
genes at different times in larval development. 

The presence of weakly labelled nuclei in the 
seminal vesicle, interstitial cells of the testis and in 
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Grains per nucleus 


Fig. 3. Grain counts in the cells of the seminal vesicle. Same 
slides as for Fig. 1. Abscissm: grains per nucleus; ordinate: 
number of nuclei. The 934 cells in the block marked 0-4 should 
be regarded as unlabelled. The autoradiographs over nuclei 
scored in the block marked > 120 were too dense for counting 


> 120 










— equivalent ‘to 
Hof. the cells — with 

















mal proportion o of the genesi porta in differentiated 





: “Medical Research. Cound,’ 

Biophysics Research Unit, | 
<e Kings’s College, 

Strand, London, W.C.2. 


alc, 8. R. Exp. Cell Res., 14, 301 (1958): Leb. Invert, 8, 225 (1959), 
* pels, SiR; and Gahan, P. B., Nature, 188, 335 (1959). g 

3 * Fieq, A; and Pavani, { Cu Aour, 180, 983 (1957); Exp. Cell Res., 
Supp. 8,105 (1958), 

Breuer, M: By and Pavan, 
Chromosoma, 7, 371 (19 55). 


Rudkin, G. T., and Corlette, S. Li, ‘Proe. C.S. Nat. Acad. Sei., 48, 
E 964 (1957), 





» Ciencia g Cultura, 4, 141 (1962); 


_ Excessive Variation in Radiation-induced 
Chromosome Aberrations 


: Ta recent work on radiation-induced chromosome 
o 7 in mammalian cell- cultures it was 
observed that the number of aberrations per cell did 
not follow the anticipated. Poisson distribution law*. 
_ This is clearly seen in Table 1 and Fig. 1.. With 
Poisson variation the observed average number of 
aberrations at each dose-level (X = EX/n)} would 
have tended to equal the observed variance (S? = 
=(X—X)2/(n-1)). Instead the variance is consistently 
greater, exceeding the average by a factor of 2-65 at 
the highest radiation dose- level used. Associated with 
the excessive variation noted was a surplus of cells in 
which there were either none or very many aberrations 
when comparison is made with the anticipated fre- 
quency of such instances, assuming Poisson variation. 
Such effects are also noted in the work of Wakonig 
and Ford? and Bender and Wolff’. 
_ Examination of Fig. 1, relating the observed vari- 
nce to the observed average number of aberrations, 
rings out some points of interest. While all points 
above the diagonal line indicative of equality, it is 
ed that the degree of departure from the Poisson 
ries with the dose-level and is least marked at 
yielding low average numbers of aberrations 
t marked at high dose- levels (in this case with 
cale used the index of dispersion, S?/X, 
to the vertical distance by which each 
above the diagonal line). It can be antici- 
from this that where experimentation is done 
a Way as to yield only low averages it is 
‘that the results. obtained would be clearly 
stent with Poisson variation. The present 

























































EFFECT OF INCREASING: Ravtisior DOSAGE ON THE AVERAGE 
VARIATION IN NUMBER OF CHROMOSOME ABEREATIONS 


g n rads Average No, of lesions © . Variance Index of dispersion 


(¥) (S*) (SX) 
0:32 0-40 1-25 
0-72 1-02 4-42 
4-89 2-55 1-83 
2°85 
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Variance — — os lesions (log scale) 


“mammalian cell lethality which occur after a 
dosage in fractionated dose experiments. They 1 f i un 


E Ae on ‘these cells. ‘Therefore these fluctua. 
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Average (X): No. of lesions (log scale). | 

Fig. 1. Values for the mean number and variance of — — 

-induced chromatid gaps and breaks, and isochromatid deletions — 

in cells of Chinese hamster in culture. The cells were glass attached = Aa 

for 3 hr. (2. hr, at 37° C, and Ihr. at 24° ©.) prior to irradiation = 
‘with soft. X-rays. Dicentrics,; rings and recombinations show o o aoo 

a similar effect, but are pien 7 umber 4 and more complex, Bi a oe eee 
n {ré he 


results also lead to a daan as an Viaport R 
factor a particular cause for non-Poisson variation., = 
The Poisson law would not apply ifthe chromosome — 
aberrations did not oceur independently, but rather = ă 
occurred jointly sometimes from a single exciting — 
cause, as pairs, triples, etc. But it can be demons- = 
trated that if the sole cause for non-Poisson variation —— 
is the occurrence of multi-aberration processes, then = — 
the index of dispersion will be constant. at ail dose- 
levels, contrary to what has been observed. (The = 
demonstration would rest on the assumption that 
increasing dose increases only the expected numberof 
aberrations, leaving unaltered the probability that a = 
particular hit causes a particular number of aber- — 
rations.) : ; 
Most probable of the possible causes for such 
departures would seem to lie in the varying radiation 
sensitivity of cells, in different portions of the growth 
cycle, in a mixed population: Data exist for. this. 
variation both in chromosome damage and cell 
lethality*:*. Furthermore, the recent work of Elkind 
and Sutton’ have shown. interesting fluctuations. in 































that after the initial dose there was a rapidly : 
resistance until 2hr., then a small. increase - 
tivity at 4he.; still later there was a gradual 
increase in resistance to a level which they ter 
complete recovery. Since post-irradiation | semi 
synchrony is a well-known phenomenon’ it: seems 
possible that the fluctuations are due to the ear 
appearance of resistant anaphases and the la 
appearance, after a radiation delay, of cells in a m 
sensitive phase. A semi-synchrony does occu 
indicated by the appearance of increased numbers 
metaphases {Fig. 2). In total, however, the absolute 
number of metaphases in the entire cell population is. 
less than that of the controls, due to the depression of 
mitosis after the combined effects of irradiation and 
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Hours following irradiation 


oo Fig. 2. The percentage of cells in mitosis in metaphase in cells glass 

attached for 8 hr, prior to irradiation with 451 rads. . With these 

=u: egele it isnot possible to observe the early post-irradiation: uao. 
oo ghae to the lag period — —— his similar sti 

ge coccu With growing cells (16 hr. of attachment at 37°C.) reveal an 

coo o garler and more pronounced semi-synehrony. ‘The cells in the 

PE EEO — of Elkind and Sutton bie 6) were similar to those shown 
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tions ean only be taken to indicate possible ‘piling up’ 
of cells in some sensitive phase. It is of interest that 
o variations in lethality and variations in chromosome 
= eycle do coincide; and this may lend support to 
—— recent hypotheses ‘relating chromosome damage and 
aes gellar death!:5.?, 
as NATHAN MANTEL 
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Retention of Labelled Phosphate in Normal 
-= Chicks on Different. Feeds and in Normal 
~~ and Hormonally Caponized Cockerels 
= Inan earlier communication! some experiments on 
the phosphate metabolism of growing chicks were 
— -> described. Since then the material has been extended 
— and procedures modified. 
In 13 series pedigree hatched chicks (males or both 
8) were intravenously injected when 20-113 days 
ith 8-48 ye. of orthophosphate labelled with 
horus-32. 
animals were killed at suitable intervals from 
diately to eleven weeks after injection. Certain 























chick. ‘dried, ashed and dissolved in hydro- 
cacid. Radioactivity was measured on aliquots 
the solutions. In one series whole-body prepar- 
ns were made and radioactivity was measured on 
uots of ash dissolved in nitric acid. 

hen treated as given in the headings (1-3) the 
ing results were obtained : 
“hen kept. on the same. feed. 





(a) Male chicks 
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preparable ` whole bones were taken from 


d more: labelled. Phosphate than did the 7 









reached until about two weeks after injection 
biological half life-time (tʒ) was shorter for ti 
for metatarsale. (e) In general, the relativ 
retention in the skeleton diminishes with nereasir 
age. s 
o) When given. different feeds (after. ir 
retention had been reached). (a): Increasing ‘bot 
calcium and phosphate or only phosphate i in an othe 
wise unaltered diet shortened ty in bones and in the — 
body as a whole. Consequently t, is not a constant 
but depends to a great extent on nutritional con- — 
ditions. (b) Increasing only calcium prolonged ty 
probably by decreasing phosphate resorption from — 
the feed. s, 
(3) Stilbæstrol. caponized cockerels. (a) Compared 
with their untreated whole brothers, animals capon- 
ized and then injected showed less retention in skele- 
ton and higher activity in blood plasma. (6) In. 
animals injected and then caponized the disappear- ae 
ance of labelled phosphate was accelerated. ee 
This work was supported by grants from the: i 
Swedish Agricultural Research Council. É 
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Occurrence of Bismuth-207 at Eniwetok 
Atoll 


Durna March 18-30, 1961, 308 samples of soil, 
water, algae, land plants, plankton, fish and inverte- ~ 
brates were collected at Eniwetok Atoll for assay of 
radioactivity. Two of the samples, taken from the 
bottom of the lagoon, contained a y-emitting isotope | 
not previously reported at the Eniwetok Test Site. 
One sample, which consisted primarily of radiolarians, | 
foraminiferans, and small sand grains, was collected 
in a plankton net placed under the outflow of a salt... 
water supply system for marine aquaria in which the. - 
intake pipe was located on the bottom of the lagoon 
near Eniwetok Island. The other sample was a. - 
specimen of a brown alga, Dictyota divaricata 
Lamouroux, collected in three feet of water in the 
lagoon off Glenn Island on the west side of the — 
atoll. 

The algal — (wet weight 63 gm.) was dried, . 
dry-ashed at 500° C. for 20 hr. (ash-weight 10-6 gm. > 
dissolved in 500 ml. of 12 N hydrochloric acid to — 
which 20 mgm. of bismuth carrier had been added, — 
and boiled to dryness. The Y-spectrum of the residue ` 
as determined by the use of a 3-in. by 3-in. sodium | 
iodide (thallium) crystal connected to a 256-channel — 
analyser contained the photopeaks of coba 
cobalt-60, zinc-65, manganese-54 and ruther 
—rhodium- 106. In addition, photopeaks — 
energies of 0-088, 0-57, 1-064 and 1-77 were pr 
The latter correspond to the photopeaks of bismuth 
207, an isotope with a physical half-life of eig} 
years. The presence of bismuth-207 in the alg: 
sample was verified by the following methods. 

The ash, which had been treated with hydroc! 
acid and dried, was dissolved in 50 ml. of 6 N h; 























gh swarming bears — Santas 
iosis**, the following points indicate the two 
enomena differ fundamentally in origin and 
ture. Swarming is characterized by: (a) an innate 
morphological modification of the cuticle in non- 
warmers, which probably originates during its 
cretion by the hypodermis; (b) an active physio- 
sical state induced by favourable environmental 
litions; (c) participation of all stages of worm 
lopment; (d) the breadth ‘heiterkeit’ of nematode 
ms encompassed, including. the Dorylaimoidea. 
This evidence is suggestive. of a hypothesis that 
ning and anabiosis represent the bipolar extremes 


logical states between activity and dormancy. Work 
has been interrupted for one year, beginning Septem- 
ber 1961. Preseat. emphasis is being placed on the 
_ Investigation of taxonomic aspects of species speci- 
_ fieity and possible relations between physiological 
; tates and pathogenicity. | 
oe Joun P. Horns * 
_ Department of Plant Pathology, 
-Louisiana State University, 
Baton Rouge, Louisiana. 
3 * Present address: Scott Agricultural Laboratory, Nairobi, Kenya. 
4 Hollis, J. P., Nature, 182, 956 (1958). 
* Hollis, J. P., Phytopath., 50, 639. (1960). 
zit Pairbairn, D., Ban. Parasitol., 6, 491 (1957). 
z ; ‘ a re Proc, Third Intern. Cong, Microbiol., New York, 434 
ae Steiner, si Proc, Fourteenth Intern, Cong, Zool, Copenhagen, 368 


~: Territorial Function of Chin Gland 
: Secretion in the Rabbit, Oryctolagus 
cuniculus (L.) 


INVESTIGATION of wild rabbits confined in experi- 
¿o mental enclosures of approximately 2 acres at 
Gungahlin, near Canberra, and at Albury has 
established the existence of diserete social groups, 
gach with its own territory and dominance hier- 
<- archy*, In the enclosure at Gungahlin, rabbits have 
<:> been observed to mark objects in their territories 
- with the secretion of the chin gland, as well as with 
urine and fæces. Features such as the edges of posts, 
. tips of grass blades and branches, edges of burrow 
o> entrances, walls and ceilings of cages, and even kittens 
~- and does during amatory behaviour, are subjected 
to ‘chinning’ during which they are smeared with 
nall amounts of secretion. _ 
A survey of the literature on the secretory glands 
der the skin between the rami of the mandible of the 
bit indicated that both the histology and function 
this gland complex would repay further investiga- 
ion. The superficial mandibulary gland, which has 
on wrongly classified as a salivary gland}-8, 
resents only the antero-lateral portion of the organ. 
references have been found to the much larger 
itral glands. Mislawsky’s thesis which, according 
uschke!, deals in detail with the superficial 
bulary gland is not available. 
chin gland of the full-grown buck rabbit is 
ys larger than that of the doe of corresponding 
and may weigh ten times as much. The weight 
5 elated with age. At three months, when sexual 
turity is reached, rabbits can be sexed from the 
ppearance of the chin region. The fur on the chin 
the: female is smooth, with only slight traces of 
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f a hypothetical (perhaps real) series of physio- 
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is matted with a yellowish incrustatio 
glands can be palpated easily, and drops o 
secretion can be pressed from the semicire 
of pores. The largest glands are found in the dc 
bucks which are mainly responsible for the main 
ance and defence of the territory. . 
The marking behaviour of domestic rabbita ha: 
been examined, and it has been found — Jes 
mark almost ten times as often as females. . 
individuals that marked most frequently in isola 
dominated weaker markers when brought in 
tact with them. Castration reduced the $ 
activity of the gland, and also inhibited thed 
mark. Implantation of testosterone resto: 
functioning of the gland in castrates, stimulat 
secretion in females, and also increased the. urg a. 
mark. —— * 
Chin glands were found to be much less developed 
in the hare, Lepus europaeus Pallas, which has a. 
much larger home-range than the rabbit. “This aa ete 
observation lends support to the view that territorial ee 
marking is of value among gregarious species by 
advertising that the area is at present occupied, thus — 
minimizing aggressive fighting. TEI 
A histological study of the chin gland is in progress, — 
in collaboration with Dr. A. G. Lyne, of Ian Clunies o 
Ross Animal Research Laboratory, C.S.1R.0., 
Prospect, New South Wales. eee 
R. Myxyrowycz 
Commonwealth Scientific and 
Industrial Research Organization, 
Wildlife Survey Section, 
Canberra. 
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Morphology of the Cetacean Reniculus 


A DISTINCTIVE feature of cetacean morphology is 
the disposition of the renal tissue as a conglomeration = os 
of anatomically discrete units (renculi, reniculi, | 
renules) to the number of some hundreds or even. | 
thousands. Each such reniculus comprises a medùl- 
lary pyramid, a surrounding cortex and an indepen- 
dent calyx leading by means of an infundibulum intoa - 
ureteric tributary. The renicular blood vessels lie 
on the calyx and enter the reniculus at the cortico: © 
medullary junction. 

Attention has been directed! to a hitherto: ande 
scribed morphological peculiarity of the cetacean 
reniculus, namely, the presence of an intrarenicular 
prolongation of the muscle and collagen components 
of the calyx wall in the form of a basket (sporta — 
perimedullaris musculosa) which surrounds and 
partially embraces the single medullary pyramid.. 
The intrinsic renicular arteries lie to the outside of this 
sports and their branches to the base of the medullary . 
pyramid enter through the interstices thereof. These | 
histological particulars are shown diagrammatically in 
Fig. 1. 

This peculiar histological feature of the cetacean _ 
reniculus was first noted in the pigmy right whale ~ 
(Caperea (Neobalaena) marginata) and thereafter inthe — 
sperm whale (Physeter catodon), the common porpoise 
(Phocaena phocoena) and the crucigerous dolphin =. 
(Lagenorhynchus cruciger). = 




































— Longitudinal section (diagrammatic) of the sporta (S, S} 
intrinsic vasculature, cortex (C) and medullary pyramid (MP) 
of the cetacean reniculus 






‘Recently, Dr. Age Jonsgard, of the Statens Institutt 
-Hyvalforskning, University of Oslo, generously 
provided for examination freshly preserved kidney 
tissue from a 652-ft.-long fin whale (Balaenoptera 
= physalus): The reniculus of this form was found to 
manifest an obtrusive and well-developed sporta, 
<< readily visible to the naked eye in 10g sections and 
-conformable in all essentials to that observed in the 
i cetacean forms previously studied. 
To date a sporta perimedullaris musculosa has 
— been found in all cetacean species examined, but has 
not been observed in the kidneys of terrestrial 
mammals (Homo, Papio, Canis, Oryctolagus, Mus, 
<: Qama, Ursus) nor in those of semi- -aquatic mammals 
= (Lutra, Zalophus) or of wholly aquatic mammals 
Gugonq). in all of which the muscle tissue of the calyx 
wall effects no penetration of the renal substance. 
‘Phe sporta would therefore appear to be a cetacean 
_. ppecialization associated with the maintenance or 
-< enhancemen: of renal function in a group of animals 
ears which are devoid of sweat glands, subsist on an 
-excessively saline dietary and sustain life at variable 
(often considerable) ocean depths. Its true signifi- 
o canco awaits determination, but that its function is 
other than that of a mechanical support to the intra- 
renicular blood vessels is made evident by the observ- 
able interposition of renal tissue between the sporta 
and these vessels. | 
A. J. E. Cavs 


F. J, AUMONIER 
Dieparhmente of Anatomy and Physiology, 

t. Bartholomew's Hospital Medical College, 
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a abolic Changes in Ripening Tomato Fruit 
wurrs display unique physiological action during 


respiratory rate may be related to the acceler- 
rotein synthesis which is observed with con- 
t build-up in concentration of phosphate 
eptors and several enzymes?. Ethylene appears 
to play an important part in fruit ripening since it 
; not only one of the constituents of fruit emanation 
; also is capable of inducing the onset of the 
pening process. Although the exact mechanism of 
he climacteric rise is not yet known, several investi- 

rs have suggested thet the phenomena may be 
sted to basic changes in the carbohydrate catab- 
E fraite. 








. dJ. E., and Aumonier, F. J., J. Roy. Micro. Soe., Ser. 3, 80, l 


pening phase. It is known that the climacteric - 


| O24 ue., 3,4-C-gincose, 2-1 mgm., 0-09 ae. ; 





: y 
— used | in the e wore greon nhous 
tomatoes of the Michigan State Forcing variet 
and they were selected on the basis of uniformity in 
size and stage of maturity. The fruits were stored 
in two respiration chambers. The chamber at 
spheres were continually replaced respectivel h 
stream of air and a stream of air containing 0-1 pet 
cent ethylene by volume. The respiratory rates o 
the fruit in the individual chambers were monitored 
periodically throughout the ripening process, which 
amounted to 8 days for the ethylene-treated fruit 
and 13 days for the control fruit. Representative 
samples were removed from each chamber ab the 
prescribed stage of ripening for the radiorespir 
metric experiments carried out according to- the 
method described by Wang et al.*-”. Glucose labelled _ 
with carbon-14 was administered into the vascular _ 
bundle of the fruit by means of the vacuum infiltra- 
tion technique.. The time-course of production of | 
labelled carbon dioxide from fruit metabolizing — 
specifically labelled substrate was then measured to- 
gain insight into the nature and participation ofo- 
major pathways in glucose catabolism. Examination 
of the results obtained in the radiorespirometric: 
experiments revealed that the catabolism of fruit.) — 
ripened naturally and those ripened under the in- =. 
fluence of an ethylene-air atmosphere were essentially = 
the same in every respect. The time-courses of pro- 
duction of labelled carbon dioxide from the fruit 
stored in a natural atmosphere (the average of three 
identical experiments) are given in Table 1. Each of 
the radiorespirometric experiments was terminated _ 
whenever the rates of production of labelled carbon)”. 
dioxide subsided to a steady low-level. Analysis- 
of these results leads to several conclusions. ae 
With full-ripe tomatoes most of the labelled carbon: 
atoms of glucose were converted to respiratory car- 
bon dioxide at a slower rate, but eventually to a 
greater extent than those with mature green samples . 
at the end of the respective experiments. = 
There exists significant difference with respect to _ 
pathway participation when glucose catabolism of 
mature green tomatoes is compared with that of the. 
full-ripe fruit. It appears that as ripening progresses, fee 
the hexose monophosphate pathway plays an in 
creasingly important part in the catabolic breakdown | 









































Table 1. RADIORESPIROMETRIC DATA OBTAINED WITH RIPENING 
TOMATO FRELT ac — SUBSTRATES LABELLED, WITE 
ARBON] £ 


E C atom of Cumulative #4CO, yield (per cent) 
Stage of glunoge (elapsed time in hr. 1, ots 
ripening * labelled 5 16 15 20 30 40 
i 4:0 7-6 0-0 9-6 
2 1-38 3°5 4-6 53 
Mature green 3,4 70 130 162 16:5 
6 25 64 62 67 
G 2R 6-0 701 TT 
a i 24 7-2 12-5 16-4 20-3 
2 0-8 2-5 4-7 7-0 12:0 
Medium ripe 3,4 1-2 58 9-8 14-6 23-6 
6 0-8 4-0 7:5 10-4 13-6 
U 1-3 4-3 7 10-2 14°56 
1 1-2 4-3 8-9 14-1 22-0 20-0 
l 2 0-3 0:5 0-9 2-0 ti 10-4 
Full ripe a, 4 0-6 1-6 4-2 7-7 170 232 
6 0-2 0-5 0-8 1-7 #6 Ot 
U 0-7 2°3 5:7 9-5 16-2 18-40 


* — erage weight of the mature green fruit was approximately 


70 ied substrates were administered to the fruit in the folowing- 
amounts: 1-4C-glicose, 2-1 mgm., 0°22 pe, 2-“C-glucose, 2-1 mem. 
6-¢C-gincose, 2 "i mgm. 


0-16 ue.: U-MCegiucose, 21 mgm., 3-04 ue. 





r — Biale’, ise m edeno for the 
ehment of glycolytic enzymes (carboxylase and 
3 plate) in Pipenine — m by a 
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Young and Biale™ indicates that there is no 
ge in the activities of triose-phosphate dehydro- 
se, a-glycerol phosphate-dehydrogenase, and 


of bananas. Either of these reports would seem 


‘his work is supported by the U.S. Atomie Energy 
A mmission under contract. No. AT(45-1)-573. 
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_ Inheritance of Susceptibility to Internal 
Browning of Brussels Sprouts 


. A DISORDER of Brussels sprouts known as ‘internal 
. browning’ is causing some concern to vegetable 
_ growers. The symptoms are a necrosis of the distal 
ends of the leaves within the sprout, generally of 
_ those in a region centred on a line through the axis 
of the sprout “and mid-way between its growing point 
_ and exterior surface. From a practical aspect ‘internal 
browning’ is especially troublesome because it cannot 
usually be detected from an external examination of 
the sprouts, yet quite a small number of affected 
sprouts may taint a large sample—especially when 
ey are blanched for quick-freezing. 

The symptoms of ‘internal browning’ are similar 































he United States in 1946 as ‘internal breakdown", 
dater in Holland as ‘rand’? or ‘internal tipburn’’. 
1ere is no evidence that the symptoms are caused by 
thogens either in Brussels sprouts or in cabbage 
id it is probable that the disease may be classed as a 
rysiological disorder. 

Field trials of Brussels sprouts at Invergowrie‘* 
we indicated that varieties differ consistently in 
eir susceptibility to internal browning. To confirm 
hether susceptibility to internal browning is 
erited, plants with high and low incidences were 
pollinated in 1958 and 28 S, plants from each 
were examined in 1960 for the presence of this 
r. Random samples of 5 sprouts from each 
ii ‘were. examined internally on four different 
8, and the numbers of sprouts and plants which 
wed the presence of internal browning were 
ded (Table 1). 





However, a more. ie GOA A aN a 


os0-6-phosphate dehydrogenase during the ripen- 


x not in line with the observation described here. 


_ plants in each of the progenies were affected, 


no internally browned sprouts'in 1958. ‘However, a 


‘those of a disease of cabbage which was deseribed | 
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Torana DOTON E Was ay prevalent. at 
gowrie in the autumn and winter of 1960.2 


those progenies from the parent plant which pr 


close relationship between the occurrence of internal _ 
browning in the parent plants and their progenies 
can be detected. This clearly indicates that proneness — 
to internal browning is inherited, and further studies == 
on the mode of inheritance arè being made at Mylne- 
field. Similar results on the inheritance ofatendency > 
to internal tipburn in cabbage have recently been o = — 

reported by Poerink®. These findings suggest that = 

practical difficulties with internal browning might be PERIE 
overcome by breeding resistant strains. SE eta 
W. GRETA PRIESTLEY See 
C. Norra a 

Scottish Horticultural Research Institute, 

Mylnefield, Invergowrie, By Dundee. CESSES 

i rr and Sayre, C. B., Proc. Amer. Soc. Hort. Set., 47, 840-0000 


* Jensma, J. R., Zaadbelangen, 8, 196 (1954). 

* Nieuwhof, M., Euphytica, 8, 203- (1980). 

* North, C; Frith, L. H., and Taylor, H., Hert. Res., 1, 37 (0981); 
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Separation of Anthocyanins by Cellulose 
Column Chromatography ee 

Parrr chromatography has greatly facilitated oe 
the separation, isolation and identification of antho- > 
eyanins and other water-soluble plant pigments. 
Large-scale separations have been accomplished by — 
means of adsorption chromatography on cellulose 
or magnesol* columns. Attempts to obtain distinct 
bands of anthocyanins using cellulose column chrom 
atography according to Endo’s* procedure were un 
‘successful. A method used by Chorney® to separate 
sugars quantitatively by means of cellulose column. 
chromatography has proved to be eminently satis- 
factory for large-scale separation of a mixture o 
anthocyanins, 5 

The column (3-0 cm. diam. and 65-0 em. length) 5 
was packed with dry cellulose powder (Whatman 
standard grade) and washed thoroughly first with. 
water and then with the upper phase of the solven! 
— of butanol: glacial acetic acid : wate 
(5:1:4, v/v) used both to develop and to elut 
the — The column was irrigated with 
methanol and dried by drawing air ———— it. 10 gm. 
of cellulose powder was then removed from the — 
column. 5 ml. of a methanol—hydrochloric acid — 
extract of anthocyanins from flowers of Collinsia _ 
heterophylla Buist® was adsorbed on about 5 gm. of =. 
the dried washed cellulose powder and dried witha = 
jet of warm air, added to the column, and packed to 
give a thin uniform layer. The remainder, approx- 
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imately 5 gm., of the dried washed cellulose powder 
from the column was then added and also packed 
to give a thin uniform layer. A wad of acid-washed 
glass wool was added and packed to retain the 
cellulose in the column. 

The column was inverted in the solvent and gentle 
suction was applied to the orifice to permit the solvent 
to rise through the glass wool and to make contact 
with the cellulose. The suction was then discontinued 
and the column was developed ascendingly. After 
development was complete (20-22 hr.), the column 
was again inverted and the anthocyanins were eluted. 
By this procedure, it was possible to obtain five well- 
defined bands of anthocyanins. It was possible to 
use the column repeatedly by ensuring that all the 
anthocyanins had been eluted before removing the 
cellulose powder which had contained the extract at 
the top of the column. The column was then irrigated 
with methanol and dried by drawing air through it. 

Two different batch numbers of cellulose powder 
gave the same satisfactory results. No overlapping 
was detected, and it was not necessary to use a 
fraction collector to ensure clean cuts. In this 
respect the present procedure appears to offer distinct 
advantages over previously available methods. 


This work was carried out in part under the. 


auspices of the U.S. Atomic Energy Commission. 
E. D. GARBER 
W. F. REDDING 
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Argonne National Laboratory, 
Argonne, Illinois. 
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CYTOLOGY 


Sexing of Skins in East Africans 


THE determination of chromosomal sex by the 
microscopic examination of epidermal cells was first 
done by Moore, Graham and Barr'. Since then many 
other workers*~’ have confirmed the usefulness of this 
technique for sexing skins. All these workers, how- 
ever, used only White skins the epidermal cells of 
which contain very little melanin pigment. In the 
epidermal cells of most East Africans, there are large 
amounts of melanin pigment which tends to obscure 
nuclear detail. Unless this pigment was removed 
prior to staining, it would make chromosomal sex 
determination either very difficult or impossible. It 
was this fact which convinced me that it would be 
worth while finding out whether the technique for 
sexing skins, as originally used by Moore et al.', 
would be useful or practicable in East Africans and 
other dark-skinned races. 

Fresh White and Negro skins were first obtained 
from female cases in the operating theatre and were 
fixed in 20 per cent formol acetic for 24 hr. The skins 
were then dehydrated, cleared and embedded in 
paraffin-wax. The 10-u sections which were after- 
wards cut were divided into four groups. In the first 
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group, each section was stained with Delafield’s 
hematoxylin and eosin in the usual way. In the 
second group, after de-waxing and hydrolysis in N 
hydrochloric acid at 60° C. for 10 min., each section 
was stained with Feulgen stain for 2 hr. In the third 
group, prior to staining with hematoxylin and eosin, 
each section was demelanized by immersion in 10 per 
cent hydrogen peroxide’ for 24 hr. Finally, in the 
fourth group, each section was stained with Feulgen 
stain after demelanization with hydrogen peroxide as 
in the third group. In each of the four groups, both 
the White and Negro skin sections were examined for 
sex chromatin in the epidermal cells. 

The results of this work have shown that, even in 
hematoxylin and eosin sections, sexing of skins in 
dark-skinned people is possible, provided that the — 
epidermal melanin deposit is not too heavy and 
provided the skin sections used are not too thick. 
Fig. 1 is a photomicrograph of a female Negro skin 
section which satisfies both the above criteria. In this 
section, sex chromatin is very clearly shown in two of 
the cells in the field. In very dark-skinned individuals, 
however, particularly if the sections are much thicker 
than 104, the melanin almost completely obscures 
nuclear detail even in the stratum spinosum and it is 
then quite impossible to sex such skins. Fig. 2, which 
is a photomicrograph of a 10u female Negro skin 
from a very dark-skinned individual, illustrates this 
point very well. It was found in the course of this 
work that the above general conclusions regarding the 
practicability of sexing Negro skin sections stained 
with hematoxylin and eosin also apply to the Negro 
skin sections stained with Feulgen stain. 

In the demelanized sections stained with hæma- 
toxylin and eosin as well as in those stained with 
Feulgen, sexing of Negro skins was just possible, but 
it was noticed that the sex chromatin and other 
chromatin masses were not as sharply stained as in 
the undemelanized sections. Control sections from 
White skins which had been subjected to the demelan- 
izing agent prior to staining also showed the same 
reduction in the staining intensity of chromatin in 
general. This strongly suggests that the hydrogen 
peroxide in some way alters the staining reaction of 
chromatin. 

The most significant result which emerges from this 
work is that even in very dark-skinned people, 





Fig. 1. Photomicrograph of a 10-# skin section of a light-skinned 


st African. oO nuclei in the stratum spinosum show sex 
chromatin very clearly (hæmatoxylin and eosin, x 690) 
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he 2. Photomicrograph of a or skin section of a very dark- 

skinned East African. Note the impracticability of seeing any 

sex chromatin in the B r A (hematoxylin and eosin, 
x ¢ 


provided the melanin pigment is removed with a 
suitable chemical reagent, sexing of skins by the 
examination of either hematoxylin and eosin or 
Feulgen sections is possible. It is, however, empha- 
sized that the optimum length of time for the applica- 
tion of each demelanizing agent has to be determined 
by trial and error. Prolonged exposure of the skin 
sections to the action of the demelanizing agent 
would tend to give unsatisfactory results probably 
through oxidation of the deoxyribonucleic acid which 
is an important constituent of sex chromatin. 

I thank Prof. A. Galloway and J. D. Boyd for 
their encouragement in this work. 

W. K. CHAGULA 
Department of Anatomy, 
Makerere College Medical School, 
Kampala, Uganda, East Africa. 
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SOIL SCIENCE 


Low-Temperature Research on Nitrate 
Release from Soil 


Previous._y, Mack and Barber! found that phos- 
phorus fractions in soils are affected by freezing. 
They showed that more water-soluble phosphorus 
was released from soil which had been previously 
frozen at — 20-5° C. than from one incubated at 2-7° C. 
To examine the effect of temperature (from + 24 
down to — 196° C.) on nitrate release a brown forest 
soil (Grenville silt loam) having an organic matter 
content of 5-6 per cent was selected. The soil was 
sampled in the field and stored in a moist state 
in a controlled temperature room at + 1° C. until 
required for three experiments. 
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In the first experiment duplicate samples were 
transferred for 14 days to temperature treatments of: 
+ 5, + 1, — 1 and low-temperature freezing, the last- 
named representing freezing at — 196° C. in liquid 
nitrogen for 10 min. only followed by packing in dry 
ice (b.p. — 78° C.) for the remainder of the 14-day 
period. The amount of nitrate released and the 
amount of carbon dioxide evolved during a subse- 
quent incubation period of 11 days at 24° C. was 
greatly increased by low-temperature freezing over 
that for the other temperature treatments (Table 1). 
The number of bacteria was higher in the soil which 
had been frozen (low-temperature freezing) than in the 
other soils. However, the number of fungi were 
reduced. 

The effects of repeated freezing and incubation 
were studied in & second experiment. Duplicate 
samples of soil were subjected to 4 cycles of tem- 
perature treatments followed by incubation at 24° C. 
The samples were preconditioned in control rooms at 
— 1°C., + 1° C., and 24° C. During the fourth day, 
half the samples from the — 1° C. and 24° C. rooms 
were frozen in liquid nitrogen at — 196° C. for 10 min. 
and packed in dry ice for 10 days prior to the first 
incubation; the unfrozen samples were kept in the 
temperature rooms for an additional 10 days. For 
the second, third and fourth cycles the temperature 
treatments were as described for the first four days 
and then incubated at 24° C. 

To show the effect of repeated freezing on evolution 
of carbon dioxide, the amount of carbon dioxide 
evolved immediately following each conditioning 
period is presented in Table 2 from two treatments: 
(a) + 1° C. and (b) — 1° C. followed by freezing at 


Table 1. BIOLOGICAL ACTIVITY OF SOILS INCUBATED AT 24° C. 


FOLLOWING TEMPERATURE TREATMENTS 
Temperature Amount of Total CO 


treatment s-N evolve x 100,000 per gm. soil 
(14 ay (11 days) (11 days) Bacteria Fungi 

(° ©. (mgm./kgm.) (mgm./kgm.) Ohr. 48hr, Ohr. 48hbr 

+5 272 197 184 190 026 0-34 

+1 28:3 207 182 220 026 0-34 

—1 26-5 210 180 246 020 0-46 

L.T.F,* 40:3 232 230 — 01l? — 

S.E. 2-8 2:2 


* Low-temperature freezing: container with soil in liquid nitrogen 
for 10 min. then packed in dry ice for 14 days. The soil used was at 
+1°C, prior to freezing. 


> 


Table 2. AMOUNT OF CARBON DIOXIDE-CARRON EVOLVED FROM 
SUCORSSIVE INCUBATION PERIODS FOLLOWING TEMPERATURE PRE- 
TREATMENTS 


Amount evolved on the first day Total carbon 
Temperature pre- of each incubation period dioxide — car- 
treatments * 1 2 bon evolved 
(mgm. carbon dioxide—carbon 
per kgm. soil) 
+1° 0. (4 days) 40:5 17:3 18-2 15:2 620 
—1°C. (4 days) 
and then frozen 
at — 196° C. 62-9 290:9 20-7 16-0 631 
S.E. 2:12 4-29 2-08 2°56 


* Prior to each incubation period. 


Table 3. BIOLOGICAL ACTIVITY AND PLANT YIELD AS INFLUENCED 
BY PRECONDITIONING TEMPERATURE PRIOR TO FREEZING AT — 196° C 
FOR 10 MIN. AND SUBSEQUENT INCUBATION AT 24° C.* 


Amount of Plant 

Preconditioning NO,-N yield Count x 100,000 gm. soil 

temperature (mgm./kgm. (gm./pot) Bacteriat Fungit 

(4 days) of soil) 

24°C, 37 0-82 162 2-54 
24 plus — 196° C, 

for 10 min. 50 0:97 124 0-42 
—1 28 1-07 — 3-06 
— 1] plus —196° C, 

for 10 min. 50 1:25 207 1-90 
S.E, 4-7 0-048 


* The soil samples were subjected to four cycles of temperature 
treatments and incubation peériods, 
t Plated 72 hr. after the fourth temperature treatment. 







— iho s same as that fom the — one. A 
de tailed Study of the — not T shows 


a a sore 

ne oe effects of freezing a warm soil (24° C.) and 
chilled soil (— 1° C.), the amount of NQ,, bacterial 
id fungal counts, and plant yields are presented in 
able 3 for four of the treatments previously des- 
jed; 24° C., (b) aa C. followed by freezing at 
196° C, (e) — 1° ©, (d) — 1° C. followed by 







eld of plant material were higher for the soils which 
ad been frozen at — 196° C. than for the two soils 
hich had not been so frozen. The nurnber of fungi 
‘was reduced greatly in the soil which had been 
frozen at — 196° C. and especially so in the sample 
which had been at 24° C. prior to freezing. Chilling 
the soil to — 1° C. for 4 days prior to freezing at 
196° C. appeared to increase the resistance of the 
fungi to the effects of low-temperature freezing. 
. dn conclusion, the results show that the amount 
of nitrogen transformed to NO,-N on incubation 
9 is strikingly increased in soil which has been pre- 
= o viously frozen to a low temperature. It is suggested 
that freezing affects the organic matter which in 
turn affects the nutrient supply for the miero- 
“organisms. 
T acknowledge the assistance of Dr. K. C. Ivarson. 
A. R. MACK 
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Resin Impregnation of Soil Samples 


"Tr sections of clay soils containing finely divided 
‘calcite could not be made satisfactorily unless 
‘completely impregnated with resin. The resins most 
‘successfully used were ‘Marco Resin SB 28C’ (an 


and Co., Ltd., Wollaston, Wellingborou gh, Northants.) 
and ‘Araldite MY 750 (an epoxy resin supplied by 
O. I. B. A. (ARL), Ltd., Duxford, Cambridge) (Table 1). 
. They are both isotropic, have convenient. refractive 
indices (‘Marco’, 1:55-1:56; ‘Araldite’, 1:54-1:55), low 
viscosities and, being thermo-setting, allow long 
saking times to be used. 


Table 1. RECIPES FOR RESIN MIXTURES 
Parts by weight 

1 ‘Marco Resin S&B 280 100 
Monomer C {modified ‘Styrene’) 40 
Catalyst paste B 1 
2 ‘Araldite MY 750’ 100 
Hardener HY 905 100 

Plasticiser DY 061 0-5 


Preliminary trials established that long soaking 

Coo times improve impregnation, but do not compensate 
<o for poor initial entry of resin, that is, at the stage 

< when the viscosity is lowest. For rapid and deep 
_ penetration, impregnation in vacuo is preferable to 
“pouring resin over the sample and then evacuating. 
rhe vacuum. one be released within 10-15 min. of 













y that will not 





eezing at — 196° C. The amount of NO,-N and the. 


‘unsaturated polyester resin supplied by Scott Bader 














1 ar ‘bubbles of vapours bei 
> trapped inside it. For the ‘Marco Resin’ m 
critical value is about 250 mm. pressure, but it 
ENA less for ‘Araldite’ (“Hardener H Y 9 
and ‘Styrene’ have vapour pressures of 1. mr 
105° C. and —7° C. respectively). : 
_ The technique aims at avoiding contact bet 
the resin and substances like grease or rubber. 
delay or inhibit its setting, to remove as much 
as possible, to encourage uninhibited access 
resin into the smaller pores, and to allow time for 
further penetration by capillarity. —— = : 
Samples are dried at 105° C. and pat u 
(0-05 mm. pressure) while still hot. ‘The 
is evacuated separately under the moder 
of a water pump (12 mm. pressure) before | 
admitted in vacuo into the sample container Fi 
(Lead containers, supplied by Betts and Co. 
Elthorne Road, London, N.19, were used for impreg 
nations with ‘Araldite’.) As soon as the sample | 
been covered the vacuum is released. It is allowed 
soak for several days and can be made to set at any 
time by heating the ‘Marco Resin’ to about 80° C. 
and the ‘Araldite’ to about 120°C. To take advantage — 
of the steep fall in viscosity of ‘Araldite’ at higher 
temperatures, as much of the process as possible from 
resin mixing onwards is kept at 80° C., but ‘Marco’ 
impregnations are done at room temperature. S 






















































_-~ Resin mixture 


— — 


For many samples both resins appear equ 
satisfactory, but ‘Araldite’ proved superior for 
very fine-textured soils and for samples contain 
organic matter. The choice depends partly 
convenience, refractive index and the necessity 
otherwise to use glass containers. ‘ 

Details of the method will be available later f 
the Commonwealth Scientific and Industrial Researe 
Organization, Division of Soils, Adelaide, Sout 
Australia. 
C. B. Wris 
Pedology Department, i 
Rothamsted Experimental Station, 

Harpenden. 
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(Meetings marked with an asterisk * are open to the public) 


Monday, February 26 


UNIVERSITY COLLEGE, Lonpon (in the S nn cs Theatre, 
Gowor Street, London, "ay — at 5 P. m.Pr Massey, 
ea ‘Rolentifo Research in Space. 7: Lunar and Planetary Phy- 
oa", ¢ 


UNIVHESITY OF LONDON (at 8 —— Strand, London, W.0. ra 
at 5 p.m.—Prof. 0. A. Coulson, F.B.S. termolecular Forces 
(Fourth of six lectures commemorating ‘olor —S 


Barrigh SOOLETY FOR THE HISTORY o¥ Soraxon (in the Science 
Museum, Exhibition Road, London, §.W.7), at 6.80 p.m.---Prof. 
Bichard, 8. Westfall: “Newton and his tices on the Nature of 

ours”, 


TNBTITUTION OF MPOHANIOAL ENGINEHRS, STHAM 
at 1 Birdcage Walk, Westminster London, 8.W.1), 
tsouselon on “How Far Can Power Station Practice 
66 A 


PLANT GROUP 
at 6 ‘acing 


elp the 


ROYAL Sooty OF ARTS (at John Adam Street, Ad a ae London, 
WOD,, at 6 p.m.—Sfir Patrick Linstead, F.R.B.: e Solentific 
Professions’. (Second of three Cantor Leoures on “The Influence of 
the Profeasions on Economico Life’’.) 


ROYAL GROGRAPRIOAL Boonty (at 1 
—— at 8.30 p.m.—Air. E. H. Leok: 
ds New Guines”, 


Kensington Gore, London, 
“Stone Age and Off Age m 


Monday, February 26—Wednesday, February 28 


INSTITUTION oF RLRCTRIOAL ENGINEERS: and the ROYAL AFRO- 
NavtioaL Socirery (at Bavoy Place, London, W.0.2)—Joint Con- 
ference on “The Importance of Hlestrioity in the Control of Aircraft” 


Monday, February 26—Thursday, March | 


Om AND COLOUR CHAMISTS’ Association (at the — Horti- 
Technical ition, * 


Tuesday, February 27 


Univarnsrry GOLLEGB, LONDON (in the Physiology Theatre, Gower 
Street aai, W.O. 1), at & p.m.—Prof. Desnuelle (Université 
d'Aix-Marseille): ‘Pancreatic Lipase’. * (Further lecture on Mareh 1). 


UNIVERSITY fe LONDON (at 8 College, Strand, London, W.0.2), 
at 5.80 p.m.—Prof, L, Apostel (Univeraity of Ghent): — 
as a Strict Smence, In relation with General 8 Theory 

Axlomatization of Empirical Science”’.* (Further lecture on March 1 1. $ 


UNIVERSITY OF LONDON (at the Institute of Arohæology, 31-34 
yet Square, London, W.C.1), at 5.45 5 p.m.—-Mr. Q. de G. Bieveking: 
e Character of Neolithic Britain”. 


eho FOR ANALYTIOAL — PHYSICAL METHODS GROUP; 
and the POLAROGRAPHIO BOIE in the Large Lecture Theatre, 
School of loots 20-89 B ck Square, London, W.C.1), a 
6.16 p.m.—Prof. A. Laitinen aU Mase? of Illinois): "Some 
Surface Effeots kes Blectroanalytical Chemustry’’. 


INSTITUTION OF MSBOHANIOAL ENGINEERS, GRADUATES’ paren 
at 1 Birdoago Walk, Westminster, London, 8 .W.1), at 6.80 
T, A. R. Matthews: “utphite Digesters for the Production o Wood 
p. 


ROYAL INSTITUTE OF OHENISTEY Goint meeting with University 
Chemical and Physical — at — College, Gower 

Street, London, W.0.1), at 6.80 — Prof. 0 . Bawn, F.R.8.: 

“Recent Developmenta in the vnthesls of High Polymers”, 


Soormry OF INSTRUMENT TEOHNOLOGY (at same House, 26 Port- 
land Place, London, W. Pen at 7 p.m.—Mr,. J. F. Roth: “On-Line 
Computers for Process Control”. 


Wednesday, February 28 


BOOLETY OF TEA — FOOD AXD MICROBIOLOGY Groups 

——— ihn Sbr A — Of EAH 
ee on ‘“Miaroblo of Raw 

for — seing op 


BRITEH NUCLEAR BNERGY Soormry (at the Institution of Civil 
Engineers, 1-7 Great George Street, London, | 8.W.1), at 6.80 p.m.— 
Mr. J. A. Williams and Mr. P. O. Davidge: ——— at Windsaale 
and the Effect of the Civil Power 


STITUTE OF FURL (at the Institution of Civil Engineers, Great 
George Street, London, S.W. ak do at 5.80 p.m.—Dr. W. Idris Jones: 
“Smokeless Fuel from Low- Ooal Carbonixed in a Fluidized Bed”. * 


INSTITUTION OF RLBOEIRIOAMI NGINRERS, EYLBOTRONIOS AND OOM- 
MUNICATIONS SECTION (at pea Place, London, W.O. 2) at 5.30 p.m. 
—Dr. F. Graham Smith: ‘The Application of Low-Nolse Reception 


INSTITUTION OF MIRGHANICAL ENGINEERS (at 1 Birdoage Walk, 
Westminster, “London, S.W —* at 6 p.m.—Mr. D, J. Pull: “Moech- 
anical Engineering in a Modern Oil Refinery”. 


ROYAL SOOLETY OF ARTS (at John Adam Street, Adolph, London, 
W.0.2), at 6 p.m.—-Ais Jane B. Drow: “The City of the Future’ 
(Alfred Bossom. Lectures), 
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Thursday, March I 


Socurry oF CHEMICAL INDUSTRY, PLASTIOS AND POLYMER GROUP 

t 14 Pplgrava 8 , London, 8; wW. — at 4.80 p.m.—Dr. K. W. 

epper, Dr. alentine and Watson: — 
Be ence and i Research A n o (Geral Disousai 


‘Insrrrurg OF REFRIGERATION (joint meeting with the Low TEM- 
PHEATURS GROUPE of the Lystrrurs oF PHysios and the PHYSICAL 
SOCIETY, at the Institute of Marine — The Memorial Bufld- 

, 76 Mark Lane, London, Per 8), at .m,-~~Mr, O. F. Barber: 

he Construction of a Practical kaaa at Bub-Zero 
Toman nto: Dr, A, 0. Rose-Innes: hs Control of Temperature 
at Low rel Enie 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SROTION (joint meeting 
with tho LONDON SEOTION of the BOOIETY OF CHEMICAL INDUSTRY, 
at tho West Ham College of Technology, Romford Road, London, 
E.15), at 7 p.m.—Dr. J. W. Mullin. “Crystallization as an Industrial 


Friday, March 2 


Seata Secor! oF LONDON (at Burlington House Picoadiiy, 
London, W at 10.50 a.m.—8ymposium on ‘The Experimenta 
Taxonomy o P lowering Planta”. 


INSTITUTION OF ELEOTRIOAL ENGINEERS, MHDIOAL BLEOTRONIOB 
DISCUSSION GROUP (at Savoy Place, London, W.0.2), at 6 p.m,- 
Discsusaion on “Methods of — s Environment Tempera- 
ture” opened by Dr. R. H. Fox and R, Underwood, 


eae OF CHEMICAL INDUSTRY, — —— oo (at 14 
ve Square, London, 8.W.1) at 6.80 p.m Prof. H . N. Bydon: 
tides in Relation to Medtenl Research”, 


— INSTITUTE OF CHEMISTRY, LONDON SKoTION (joint mee 
with the BRIGHTON TROHNIOAL LLEGE CHEMIOAL BocrerI, pi 
Brighton Technical College, path grit Sussex), at 7 p.m. —Dr. H, 8. 
Marshall: “The Chemistry and Application of Silicones”. 


ROYAL INSTITUTION (at = — Strest, London, W.1), at 
9 p.m.---Dr. E. R. Lalthwaite: “Hiectrical Mac of the Future”. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the caos mentioned: 

RESAAROH ÅBSISTANT (Man or Woman 
for freæhwater phytoplankton inves 
Mason. College (University of Lon 


uate of any 
ons-—The Prinelpal, poh ae ld 
), Englefield Green, Surrey 


— LECTURER (preferably with interests in microwave or 
metal physics) IN PHysios—The Olerk to the aoe Ba 
College of Technology, London, 8.W.11 (March 

LIBRARIAN/ABSTRAOCTOR (pre referably with a — degree in 
biology and a reading knowledge of foreign ma for the Radilo- 
biclopical Laboratory—The Seoretary, A Council 
tae Laboratory, Letcombe on Wantage, Berkshire 


LEOTURER IN PHILOBOPHY—Tho Registrar, The Univer- 


ABSBISTAMT 
sity, Hull (March 8 
TIPER l — — — RBSRAROA FELLOWS IN PHYSBICEH. 
OENE. BIOOHEMISTRY, — METALLURGY AND 
PHARMACOLOGY or any related dea re e e Registrar, The Univer- 
{508/N (March 3). 
oLoay—The » The 


ane Liverpool, quoting Ref, No 
Ref. No, CV/11/N 3). 


University, Liverpool, quoting, 
ve , Live o 
pe Le Or RASTA. OTURER IN INORGANIO CHEMISTRY, 
a ee esata or ASSISTANT LEOTURER Sey special qualifications in 
e a eae, the University, Hull 
RGARIO -The trar, “The University, Hull 
; tenable in the Newcastle 


CHAIR OF AGRIOULTURB (Boil Sclence 
Division of the University-—The Depu , University Office, 
n Terrace, Newca upon- 


Cog ed of —— LA Kens 
yne 

RRADXR IN Ai BIOCHEHISYTRY in the Newoastle Division 
of the Universit i Deputy Registrar, University Office (Univer- 
ny of ae EA , Kensington Terrace, Newcastie-upon-Tyne 2 


ee or ASSISTANT LEROTURER IN MATRHEMATIOS at the Univer- 
sity College of The West Indiee—The Secretary, Inter-University 
Council for er Education Overseas, 29 Woburn Square, London, 


W.C.1 (March 7). 

LEOTURER/ASSISTART LYWOTURER (qualified in either pure or 
applied mathematics) IN MarHuwatics—The Registrar, The Univer- 
mty, Keele, Staffs (March o 

ARSISTANT LECTURER or CTURER (with an honours degree in 
eithear oceanography, physics or mathematics, and prepared to spend 
several weeks cach at sca) IX THE DHPARTMENT OF OOBANO- 


GRAPHY-—The , The University, Liverpool, quoting Ref. 
RV/15ff (March 10). 
LEoTURHR or SHNIOR LROTURRR IN MATHEMATICAL STATISTICR— 


The Registrar, The Universit (Maroh 10}. 

LECTURERS or ASSISTANT — referably qualified to 
conduct experimental research on some oe of solid Ap physics, 
especially on the physics of samiconduotors) in Puysiros—The Regis- 
trar, The University, Bheffleld h 10). 

ÅRSISTANT LECTURER (prefera bly with a research interest in some 
branch of pure mathematics) Iw PURRE MATHRMATICS—The — 
The Queen’s University, Belfast, Northern Ireland (March 12). 

RBADER IN PSYCHOLOGY—The "Registrar, Trinity College, Dublin 2, 
Republic of Ireland (March 12). 
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LBOTURER IN OHEMISTRY at Fourah Bay College, The University 
College, Sierra Leone—The Seoretary, Inter-University Counoul for 
aur oo Overseas, 29 Woburn Square, London, W.C.1 

SENIOR LECTURER (with s medical degree and advanced training 
in physiology and preferably experience in research in human physto- 
logy} IN TEHA DPARTNENT OF PHYSIOLOGY, principally for por 
graduate teac for F.R.0.8.B., ete.—The Becretary, The Univer- 
sity, Edinb oh 14). 

Lxorcaun IN PALBSTIMIAN ARCHAOLOGY—The Director, Institute 
of Archwology (University of London), 31-84 Gordon Square, London, 
W.0.1 (Alarch 15). 

RESEAROH OFFICERS (at loast 2) IN THE VETRRINARY RESRAROH 
LABORATORY, Department of Agriculture, Dublin—The Secretary, 
Civil Service Commussion, 45 Upper O'Connell Street, Dublin, Republic 
of Ireland (March 15). 

OF GEOGRAPHY, AIATHEMATIOS, PHYSICS, CHEMISTRY, 
BOTANY, ZOOLOGY, FIDUCATION, MECHANICAL ENGINEBRING and 
ARGHITECTURE in Ahmadu Bello Univermty, Tho University of 
Northern Nigeria—The Secretary, Inter-Unrveraity Councll for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (March 20). 
or ASSISTANT LBOTURER IX THE DEPARTMENT OF PHYSICS 

—The Registrar, The University, Leeds 2 (March 23). 

LECTURER or ASSISTANT LEOTURER (with special interesta in 
tructures or solid mechanics) ty CIVIL EXGINEERING—Tho Secretary 

and Registrar, The Univermty, Southampton (March 24). 

.  ZAHAROFY OF AVIATION at Imperial College—The Academic 
ree University of London, Senate Ilonse, London, W.0,1 

LECTURER IN BIOOHEMISTRY at the University of Western Australia 
—The Secre , Association of Universities of the British Common- 
wealth (Branch Office), Marlborou House, Pall Mall, London, 
8.W.1 (Australa and London, March 80). 

OF ORGANIC CHEMISTRY ın the University of Cape Town, 
South Africa-~-The Seare , Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1; and The Univeraity of Cape Town, Private 
Bag, Rondebosch, South Africa ch 81). 

WOTURRR IN GEOGRAPHY—Tho Secretary, The Queen’s Univer- 
alty, Belfast, Northern Ireland (March 81). 

LACTURER IN ORGANIO CHEMISTRY at the University of Melbourne, 
Australis—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlboro House, Pall Mall, 
London, 8.W.1 (Australia and London, March 31), 

CHAIR OF PATHOLOGY at St. Bartholomew's Hospital Medical 
College—The Academic Registrar, University of London, Senate 
House, London, W.0.1 (Apri 2). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FRLLOWS (preferably 
with a PhD. degree or equivalent research experience) IN BIO- 
OHEMISTRY, CHEMISTRY, CHEMOTHERAPY, HNGINEMRING, METALLURGY, 

COLOGY or PHysics~~The Academic Registrar, University of 
London, Senate House London, W.C.1 (April 14). 

LECTURER (with an honours degree in psychology and a pro- 
fessional qualification in olinical psyohology) IN PSYCHOLOGY at the 
University of Canterbury, Christchurch, New Zealand—The Recre- 
tary, Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (New Zealand 
and London, April 14). 

OF ALATHEMATIOS; and CHAIR OF ZOOLOGY In the Univermty 
of 8 pore--The Seare , Inter-University Oounol for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (April 16). 

COMPUTER MANAGER, to supervise the o tion of the Ferranti 
ATLAS computer which 18 to be installed in the University of London 
Computer Unit in 1963-64—The Director, University of London 
Computer Unit, 44 Gordon Square, London, W.0.1 (Apml 19), 

LECTURER (Grade IL) (preterably with research experience ın 
Magnetic resonance or m tic relaxation) IY Parsros—The Regle- 
trar, The University, Bristol 8 (April 23). 

LECTURERS (2) (with research interests m the field of nuclear and 
higher energy physics) IN THR DEPARTMENT OF PuHyYsios of the 
a to Science—The Registrar, The Univermty, Manchester 13 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree or equiva- 
lent, or if under 22, G.C.E. “A” level in two sectentiflc subjects) IN 
THB NUTRITION DEPARTMENT, to assist in the development of micro- 
biological methods for evaluating the quality of protein foodstuffs- 
The Secretary, National Institute for Research In Dairying (Univer- 
sity of Reading), Shinfield, Reading, Berks, quoting Ref. 62/1. 

ASSISTANT EXPERIMENTAL OFFICER (with a pags degree or equiva- 
lent qualification) IN THE DEPARTMENT OF POTATO GENETICS, for 

assistance in the conduct of entas in laboratory, glass- 
ouge and field-—-The Secretary, John es Inatitute, Bayfordbury, 
Hertford, Herts. 

ASSISTANT LECTURER or LECTURER IN GANETIOS—The Registrar, 
The University, Sheffield. 

CHEMIST or BIOOHENMIST (Basic grade) (preferably with previous 
experience of steroid analysis), for r on steroid therapy of 
oe colitis-——-Ths Group Secretary, The Royal Hospital, Wolver- 

MPO, 

LEOTURER or ASSISTANT PROFESSOR IN ZOOLOGY; and a Saxton 
DEMONSERATOR IN ZoOoLOGyY——Prof. J. M. Honeyman, Sir George 
Williams University, 1435 Drummond Street, Montreal, Canada. 

LECTURER or SENIOR LECTURER (with good academio qualifications 
and preferably teaching experience in schools up to A and 8 level) Ix 
PHYslos—Tha Warden, Goldsmiths’ College (University of London), 
London, S. R.14. 

PHYSICAL CHEOET and a BIOCRHEMIST (with a Ph.D. or equivalent 
research — for research on the structure and pro es of 


wheat protein; and a PHYSICAL OHRMIST (preferably with some 
research experience), for work on the rheol of dough—The Director 
of Research, Cereals Research Station, Old London » St. Albans, 


RESEAROH ASSISTANT for work on densification of ceramic materials 
at high temperatures—Dr. A. J. B. Welch, Chemistry ——— 
Imperial College of Sclence and Technology, London, 8.W.7. 
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RESEAROH ASSISTANT (with a good degree in botany or horticulture, 
with or without research experience), for work on the effects of wave- 
length of light upon plant growth, with special reference to growth 
substances—-Prof. O. V. 8. Heath, F.R.S., Horticultural Research 
PA DOPALOFIES University of Reading, Shinfield Grange, Shinfleld, 

Reskancn BIOOHEMIST uate or student about to uate 
in chemistry or bloohemistry), to collaborate with the Prinmpal 
Blochemist in — amne metaboliam in patients with hyper- 
tension—The Group Pathologist, South Warwi Hospital Group 
(No. 14), Group Pathological Laboratory, Lakin Road, Warwick. 

SOIBNTIZIO OFFICER (with a first- or good second-class honours 

), for work on the persistence of superconductivity at magnetic 
fields in excess of the t odynamic critical fleld—The Personnel 
Department (A4.2107/84), Atorme Energy Research Establishment, 
Harwell, Berks. 

SENIOR LEROTURER IN PHARMACOLOGY; an ASSISTANT LECTURER, 
Grade B, IN PHYSIOLOGY AND PHARMACOLOGY, and a RESEARCH 
PARN IN PHARMACOLOGY ---The Registrar, College of Technology, 

SENIOR TECHNICIAN — with goneral experience in hospital 
physics, workship practice and electronics, but equivalent experience 
m apphed physics considered), to asatst the — in the Rado- 


therapy Department—The Surgeon Superm ent, Pembury Hos- 
pital, Pembury, near Tunbndge Wells. 
TECHNICAL AssigTants (Senior and Junior) (preferably with ex- 


ence and/or qualifications ın organic, analytical or food ohemustry), 
or research studies on ondized fa Prof, A. C, Frazer, Department 


of Medical Biochemistry and Pharmacology, Medical School, Burm- 
ıngham 15. 


REPORTS and other PUBLICATIONS 


(not tneluded in the monthly Books Supplement) 


Great Britain and Ireland 


Department of {culture and Fisheries for Scotland. Spaced 
Plant Trials at East Craigs. 8: Varieties of Tall and Meadow Fescucs 
Festuca arundinacea Schreb, and F. pratensis Huds., 1956-1958. Pp., 


542 — Gedinbureh; Department of Agricnitaure and e3 
for Scotlsad, 1961.) 2711 


Privy Counal Medical Research Counoil Special Report Series, 
No. 801: Refraction and ita Components d the Growth of the 
Eye from the Age of Three. By Arnold Sorsby, É. Benjamin and Mı- 
chael Sheridan, with the assistance of Janet Stone and G. Leary. 
Pp. vili+67. (London: H.M. Stationery Offices, 1061.) Os 6d. net. [2711 

British Iron and Steel Industry Translation Service. Iron and Steel 
Translations 1958-60. . 20-58. (London. British Iron and Steel 
Industry Translation Service, The Iron and Steel Institute, 1961.) [2711 

The Fabian Somety. Fabian Tract No. 384: The Structure of Higher 
Education., By a Fabian Group. (Soolallam in the Sixties.) Pp 20. 
(London: The Fabian BSoolety, 1961.) 28, 6d, [2811 

Institute of Personnel ement. Occasional Papers, No. 17 
Employing Married Women. y Viola Klem, Pp. 61. (London 


itute of Personnel nt, 1961.) 7#, 6d. [2811 
Agricultural Research Institute of Northern Ireland. Thirty-fourth 
Annnal Report, 1960-1961. Pp. 49. (Hillsborough, Co. : Agri- 
cultural Research Institute of Northarn Ireland, 1961. [2811 


Other Countries 


East African High Commission East African culture and 
Forestry Research Organization. Record of Research for the perlod 
lst January to 31st December, 1960, Annnal Report 1960. Pp. vt 


107. (Kikuyu: East African Agriculture and Forestry 

Oo tion, 1861) 5e. [2711 
+ Ko e De ent for Industri og Handverk. Norsk 

Polarinsiitutt. 8 r Nr. 121: Cristobalite-Trachytes of Jan 


Mayen. By Harold Carstens. . 10. (Olso: Norsk Polarinstitutt, 
1961. Distributed by the Oslo University Press.) 8 kr. [2711 

Bulletin of the Astronomical Institutes of Netherlands. Vol. 
16, No. 509, (1961, November 16)- Surface Photometry of ———— 
lactic Nebulasa. By C. J. Van Houten. Pp. 61-70+4 plates. Vol 16, 
No. 510, (1861 November 20): The Acoustic Rmergy Flux of the Bun 
and the Formation of the Corona. By O. de Jager and M. Kuperus. 
ip oDer VoL 16, No. 511, 1981 November Yi Radio Character- 
is of Solar Flare Families. By A. D Forker and J. Roosen. Pp. 
83—98. eigen: Bulletin of the Astronomical Institute of the Nether- 
lands, 1061.) 2711 

Sixteenth Annual Report of the Counoll of the Queensland 
of Medical Research for the year ended 80th June, 1961. 


tute 
Pp. 18. 
(Brisbane: Queensland Institute of Medical Research, 1961.) 
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No, 4818 


CAPE CANAVERAL AND 


N February 21, Colonel John Glenn circled the 

Earth three times in a space-vehicle and, about 
five hours later, landed safely at a pre-determined 
apot (seo also p. 827 of this issue). 

The congratulations of all should be extended to 
the United States, and especially to their brilliant 
scientists and technicians; but the personal bravery 
of Colonel Glenn must not be overlooked. As a 
scientist and as a man, Colonel Glenn now stands 
side-by-side with the Russians, Gagarin and Titov. 
The fact that the Russians were first in this field is 
of scant scientific importance—claims for priority 
in this, ag in other scientific fields, add little or nothing 
to the advancement or dignity of science. 

The American scientists and technicians, and by 
no means least Colonel Glenn himself, must at times 
have felt exasperated at what appeared to be interm- 
inable cancellations and delays—due to technical 
difficulties, meteorological conditions, ete. In the 
long run, this will count as nought, for from the 
first, at any rate to the scientists of the world, it 
was obvious that the Americans would eventually 
succeed. 

Fundamentally, this feat is a further triumph for 
science. Colonel Glenn’s achievement is, of course, 
of great significance; but even greater is the way the 
entire project was conceived, prepared and eventually 
successfully carried out. During the past months, 
indeed years, peoples of the world (mainly politicians 
and other laymen) have been heard to say: “Why 
cannot the Americans keep quiet until they actually 
have put a man into orbit and successfully retrieved 
him?” This is quite a wrong attitude. In fact, 
the very policy of the United States is the one for 
which that country can be congratulated and thanked. 
They have adopted the real spirit of scientific endeav- 
our. Freedom to carry out research is only part of 
the policy of science; freedom to publish one’s results 
is equally as important. The United States has 
kept the world informed not only of her successes 
but also of her failures or set-backs. One learns 
from the latter as well as from the former; and 
science owes it to the world to be the universal teacher. 
It should never be the catspaw of nationalism. 

We may be sure that Colonel Glenn has been the 
first American to orbit the Earth. On the other hand, 
the U.S.S.R. still persiste in wrapping much of its 
scientific endeavour, especially in the flelds of physics 
and engineering, in secrecy; so that country can have 
no cause for complaint about the rumours that 
Gagarin was not the first Russian to go into orbit, 
though no doubt he was the first to do so succeasfully. 
Nature has noticed this attitude over a very long 
period (long before space research had achieved the 
proportions that it enjoys to-day), and has made 
every endeavour to bring it home to our Russian 
colleagues that it is not in the interests of science to 
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hide one’s light under a bushel. Until the beginning 
of the Second World War Russia (and eventually the 
U.S.S.R.) did not hesitate to publish her scientific 
results in Nature—which aims at being an inter- 
national journal recognizing no national boundaries. 
The most recent consequence of our endeavours to 
rectify matters has been an assurance from one of 
the leading present-day Russian scientists that 
they are prepared to publish scientific discoveries in 
the “natural history”? of their country. There is no 
need to stress the significance of this decision. 

Therefore, although the fact that Colonel Glenn 
and the scientists and technicians behind him have at 
last succeeded in their endeavours will bring satis- 
faction and pleasure in most parts of the world, of 
greater significance, especially to the scientists, is 
the fact that the Americans insisted and persisted in 
publicizing their endeavours in this branch of science 
from the very beginning—not just when success was 
being and had been achieved. 

In the long run, and while history is being made, 
truth cannot be suppressed. Priority does not 
necessarily bring prestige. All that basically matters 
is that scientific discovery, no matter when or by 
whom, should add to the advancement of science and 
of mankind. One British newspaper on the day 
following this American achievement banner-head- 
lined ite feature article thus: “But I say 5-1 against > 
an American. first on the Moon”. Perhaps the time 
will come when the lay Press and laymen recognize 
that our scientific and technical laboratories are not 
race tracks. 

It has been said that “the Americans are spreading 
their money and manpower to advance along a 
broad front into space”. That is just as ıt should be, 
for in that, and only that, way can the world hope to 
reap rich rewards and benefits. On the other hand, 
now having already orbited the Earth, the Russians 
seem to be concentrating on reaching the Moon, 
mainly because of its tremendous prestige possibili- 
ties. If being the first on the Moon really gives 
prestige to any one country, that reflects sadly on the 
general appreciation of science, and cannot, in the 
long run, add to its advancement. Political prestige 
should have no part in scientiflo endeavour; what is 
badly needed is comprehensive world collaboration in 
scientific research, not only to avoid duplication of 
effort (and thus save much of the public’s funds), 
but also to ensure that science is carrying out ite 
true function—addition to knowledge—and, in its 
own peculiar way, contributing to man’s never-ending 
attempt at revelation of the truth. Offers and prom- 
isos concerning closer international collaboration 
periodically made by leading statesmen will bring 
greater satisfaction to the scientists when there are 
more tangible signs of such promises being imple- 
mented. 
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Vou. 193 


THE SCIENTIFIC CIVIL SERVICE 


To major part of the report of the Committee 
on the Management and Control of Research and 
Development examines the existing organization for 
controlling such ressarch and development, first in 
the civil field and then in defence, so far as it is 
wholly financed by the Exchequer, and its recom- 
mendations in both those fields have already been 
considered (Nature, 193, 710; 1962). The Committee 
is confident that, while the general structure of 
research and development appears to be appropriate, 
adoption of certain procedures which it recommends 
should assist the nation to obtain appreciably better 
value for its expenditure. The key factor, on the 
defence and the civil side alike, is staff, and the final 
section of the report is concerned primarily with the 
measures desirable both to ensure that staff of the 
high quality required are forthcoming in the numbers 
needed and that the working conditions are such as 
to enable them to give of their best and to provide 
them with a career which offers them reasonable 
satisfaction. 

First, the Committee considers questions of 
organization which influence more particularly the 
- management of staff and the maintenance of effective 
working conditions. Of these the size and location of 
research establishments merit more consideration than 
they sometimes receive. Both vary widely among 
Government establishments, from several hundreds 
in large establishments, like the Royal Aircraft 
Establishment of the Ministry of Aviation, to units 
of two or three workers, often built around the work 
of some outstanding investigator. Of scientific 
officers under the Medical Research Council 75 per 
cent are in establishments with fewer than thirty 
research workers; for the Agricultural Research 
Council, the figure is 54 per cent, for the Department 
of Scientific and Industrial Research, 15 per cent, 
and in the three Defence Departments, 8 per cent. 

There is serious danger that the geographical 
isolation of small research establishments, with as 
few as one or two research workers in any particular 
discipline, may lead to intellectual stagnation and to 
a general deterioration in the standard of work, 
particularly when staff spend most of their potentially 
creative yeara in such establishments, while small 
establishments also provide far less opportunity for 
countering this by moving staff from one field of 
research to another, either as changes occur in the 
programme of work or to prevent individuals getting 
mto a rut. Opportunities for frequent personal 
contact between research workers in related and 
unrelated fields are essential to the health of a research 
department, as was fully recognized by the Barlow 
Committee in 1943, and Sir Solly Zuckerman and his 
colleagues direct fresh attention to a factor which 
Sir Alan Barlow’s Committee placed first in impor- 
tance among the conditions of general service. 


They recommend first that the Office of the 
Minister for Science should assume the responsibility 
of ensuring that accessibility to a university or other 
establishments working on kindred problems is given 
proper weight in determining the siting of new 

, laboratories so that there are reasonable opportunities 
for frequent personal contact between the research 
staff of the laboratory and other research workers. 
Like the Barlow Committee, the Zuckerman Com- 
mittee is here thinking primarily of extra-mural 
contacts, but beyond this it suggests: the Research 
Councils and Government departments could help by 
creating large multi-discipline research esteblish- 
ments, with at least half a dozen research workers 
in each of a number of specialized fields, and by 
locating establishments close to each other or on the 
same campus. This has already been done to a 


_ limited extent at Porton and with some research 


associations, and the development of colleges of 
technology may widen the opportunities. Further, 
some of the stations and institutiona under the 
Department of Scientific and Industrial Research 
and the Agricultural Research Council seem too small 
and isolated, and the Committee recommends that 
the possibility of amalgamating or grouping small 
establishments should be examined. 

For the rest, in this matter of organization the 
report recommends that, from the point of view of 
attracting the best talent alone, it would be wise to 
provide means whereby the directors of at least the 
larger establishments could participate effectively in 
the meetings of the Research Councils and their main 
policy committees. The Committee also recom- 
mends, where such arrangements do not already exist, 
the formation of advisory boards attached to research 
establishments, or, as alternative, the appointment 
for short periods of independent specialists to act as 
consultants on & part or the whole of an establish- 
ment’s research programme. It also recommends the 
use of ad hoc visiting groups, already practised by the 
Agricultural Research Council, as a valuable means 
of obtaming an independent assessment every five 
years or go of the work of research establishments. 
The Steering Committee tried by the Department of 
Scientific and Industrial Research is not regarded as 
satisfactory as a normal feature. Some further 
thought should be given to the means by which close 
liaison could be achieved between Government 
establishments and academic institutions, including 
the colleges of technology, and it is obvious that this 
applies also to the arrangements for making and 
controlling research granta in general, and in con- 
sidering ways in which links with users could be 
strengthened the Committees recommends that the 
possibility of applying the development group 
techniqhe in fields outside those involving capital 
investment is worth examining. 
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Coming now to questions of staff management the 
Committee looks first at the Scientific Civil Service as 
it emerged from the re-organization of 1945 and the 
recommendations of the White Paper of September 
1945, and problems presented by the 4,300 members 
of such staff in Government Departments and the 
Agricultural Research Council, supported about 
7,000 in the experimental officer class and some 6,400 
in the assistant (scientific) class. The Committee 
formed the impression that in the thought and 
effort given to ensuring that the best use was made 
of scarcer staff with the highest scientific qualifica- 
tions the Civil Service was ahead of most other 
research organizations. Too little attention, however, 
has been paid to the fact that, from the point of view 
of staffing, important differences will always exist 
between scientists engaged in research and develop- 
ment and administrators who deal with the more 
general affairs of a Government department. For 
example, while some research scientists remain 
productive in one or more fields of research for most 
of their careers, the majority do their best research 
early in their careers, while the quality of administra- 
tion usually improves with age and experience. 
Again, in most types of research, once a man has 
established himself, nothing like the same measure 
of supervision or reference upwards is needed or 
justified as is required in the administrative class. 

The Committee points out that these differences 
imply that the intrinsic importance of the work done 
at an early age by research workers should be appro- 
priately recognized in terms of pay and promotion, 
and that deliberate provision should be made for 
transfers at appropriate stages either to other types 
of work or to other classes in the Civil Service, or to 
industry or education. These considerations must be 
constantly kept in mind in devising the methods used 
to achieve the general staffing objectives for the 
Scientific Civil Service. These objectives still remain 
the recruitment and retention of sufficient staff of 
the necessary quality, including a reasonable propor- 
tion of exceptional ability, and the creation of 
conditions in which research staff can do their best 
work. The latter includes ensuring that the best use 
is made of exceptional ability, offering a reasonable 
and stimulating career to the average. man, and 
recognizing at the earliest possible stage those who 
are unlikely to have further success as research 
workers. 

The Committee is frankly doubtful whether the 
present structure of the Scientific Civil Service or the 
manner in which it has been administered enables 
these objectives to be attained. Too many young 
scientists are committed prematurely to a permanent 
career in Government research, and those in their 
‘forties and ’fifties have no option but to stay on as 
research workers long after they have made their 
main contribution to research, and in a period of their 
careers when their experience and ability would be of 
value in other activities. There is also insufficient 
movement of research staff between establishments, 
or from one line of research to another, and there 
appears to be an absence of any planned arrange- 
ments for exchange or secondment of research staff 
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between Government research establishments on 
one hand, and the universities or industry on the 
other, or even with other branches of the Civil 
Service. As a result the members of the Scientific 
Civil Service have fewer opportunities than they 
should of broadening their experience in a way 
beneficial both to themselves and to their Govern- 
ment. 

It is on these criticisms, which fully recognize that 
industry and the universities have also failed to deal 
adequately with the problem of mobility and also 
that competition for scientifo manpower remains 
strong, that the Committee bases ita final recom- 
mendations. First, regarding premature commitment, 
the Committee believes that some of the better- 
known Government research establishments could 
help themselves and the Scientific Civil Service as a 
whole if they made greater use of short-term and 
medium-term contracts to fill research posta now 
regarded as permanent. It recommends therefore 
that the Treasury should discuss with departments 
and staff representatives the possibility of giving 
directors of certain research establishments greater 
powers to recruit a proportion of their staff on such 
short-term or medium-term contracts at all levels up 
to, and including, the principal scientific officer grade. 
It also recommends a greater effort to attract scien- 
tists from outside the Service to research fellowships, 
the maximum. value of which should be reviewed, and 
that all concerned, including the immediate super- 
visor {and first reporting officer) should be reminded 
that it is in the interests not only of the Service but 
also of the probationer himself that anyone thought 
unlikely to have a reasonably successful career in a 
Government research laboratory should not be 
retained in the Scientific Civil Service. The practice 
of employing research staff in a temporary capacity 
before they become established through the Civil 
Service Commission should be extended, but the 
Committee might have been wise to add the recom- 
mendation that on establishment such temporary 
service should carry full pension rights. 

The Committee has no doubt that the problem of 
distinguishing adequately between the above-average 
and the mediocre research needs further examination 
and as an interim measure it recommends that all 
organizations where staff are in the Scientific Civil 
Service, or who operate under similar conditions of 
service, should take steps to encourage the above- 
average research worker. Departments should also 
review the standard of “proved ability’? which they 
apply for promotion from senior scientific officer to 
principal scientific officer, and should not promote 
anyone who they are not fully satisfied will give 
satisfactory service in the latter or higher grades for 
the rest of his career. The principle of flexibility in 
grading research posts should be recognized up to 
and including the principal scientific officer grade. 

On mobility, the Committee believes that head- 
quarters should exercise a greater degree of control 
than it appears to do at present. Exchanges between 
establishments, between establishments and head- - 
quarters, and between departments and other 
Government organizations should be encouraged, and 
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every assistance given to the individual in such 
moves, and for this purpose it recommends that the 
principal organizations concerned should work out 
accepted practices on this aspect of staff manage- 
ment, possibly through the medium of the Inter- 
departmental Scientific Panel. It comments here on 
the need for attention to the arrangements for 
selecting staff for headquarters, where there appears 
to be a serious failure at present to make the best use 
of the highly qualified expert staff available. 
Secondments are also desirable between Government 
research organizations and industry, the universities 
or colleges of technology, but a radical revision of the 
Scientific Civil Service would be required to facilitate 
permanent transfer on any significant scale and this 
could only result from a more extensive enquiry than 
that made by the Committee. 

Meanwhile, much could be done within the Civil 
Service iteelf, and the report directs attention to two 
ranges of openings for the more mature but less 
creative acientist. One is in the dissemination of 
results of research and in advisory work generally 
and the other lies in management, either within a 
research establishment, at headquarters or in the 
administrative Civil Service. The Committee would 
like to see these three groups of managerial staff more 
interchangeable and it makes two immediate recom- 
mendations. . The development of a scientist as a 
good „administrator is @ matter of training and 
‘ Management, and it recommends that all those 
responsible for the management of the scientific 
officer class should review their present arrange- 
ments for traming and job rotation within this class. 
Secondly, noting the negligible number of transfers of 
scientific staff to the administrative class, in spite of 
the recommendation of the Barlow Committee and 
the emphasis of the Royal Commission on the 
value of such transfers, the Committee recommends 
that departments, in consultation with the Inter- 
departmental Soientific Panel, should consider 
whether more transfers could be arranged of research 
staff before their middle years to posta normally filled 
by members of other Civil Service Classes. 

The Committee explicitly hopes to see a much 
greater overlap between the scientific and the 
administrative (and indeed the executive) class of the 
Civil Service than now exists, and this hope is one 
which will be widely shared. It was long held by 
Sir Richard Gregory, who firmly believed that there 
are posts held by members of the administrative class 
which could be filled as well by scientists, and some 
perhaps better, though the Committee’s view that 
some poste at present held by scientists could be 
filled as well by members of the administrative class, 
if doubtless also true, finds less frequent expression. 
Nature at least, like the Committee, has looked 
forward to the day when men who began in the 
Scientific Civil Service will become Permanent 
Secretaries, and when others who started in the 
administrative class will occupy some of the senior 
posts in research organizations. 

Generally, the Committee recommends that every- 
thing possible should be done to encourage inter- 
change between posts in the scientific officer class 
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and in the other Civil Service classes, particularly the 
administrative class, but it also refers especially to 
the practice of allowing civil servanta to undertake 
part-time teaching. It recommends extension of this 
practice and also the consideration of occasional 
secondments for limited periods to full-time teaching. 
Here again is a matter where the Minister for Science 
and his Advisory Council may be able to play a use- 
ful part, and the hint that siting of new universities 
or colleges of technology near new Government 
establishments, as well as the reverse process, should 
not be overlooked is obviously intended for the same 
quarter. The new general review, now overdne, of 
the structure of the Scientific Civil Service, which the 
Committee recommends in conclusion, while primarily 
a matter for Treasury and departmental officials, as 
involving General Service problems outside the 
Committee’s terms of reference or highly technical 
staffing issues, is one to which the Minister for 
Science should pay the closest attention, quite apart 
from its bearing on certain specific suggestions in the 
report affecting the mobility of staff. 

. Criticism of the recommendations of the report will 
undoubtedly be encountered, but whether or not 
those recommendations are adapted in their entirety 
and as they stand, Sir Solly Zuckerman and his 
colleagues have earned the gratitude of scientists and 
technologists generally for a stimulating and percep- 
tive report. Its constructive proposals could do 
much to eliminate waste of highly skilled manpower 
and to promote the conditions of service which are 
most conducive to creative work. Not the least in 
importance are those proposals designed to encourage 
mobility and transfer of staff, for these are as much 
in the interest of the individual scientist or tech- 
nologist as they are of the research establishments 
themselves. They should receive the closest study 
and attention from all those responsible for the 
management of scientific staff and not least from the 
Minister for Science and his immediate advisors, whose 
authority could go far to move many of the existing 
details. 
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CHAOS, LYSENKO, OR DNA 


Life : Its Nature, Origin and Development 
By Prof. A. I. in. Translated from the Rusman 
by Ann Synge. Pp. xi+ 207. (Edinburgh and Lon- 
don: Oliver and Boyd, Ltd., 1961.) 21s. net. 


HE metaphors or analogies used by scientists to 

explain Nature have, of necessity, a contemporary 
style. What we see and read about influences our 
thinking and that of the people to whom the explana- 
tion is addressed. Thus Descartes and La Mettrie 
explained life in terms of clocks and mills; m the 
nineteenth century heat engines, and so the processes 
of energy exchange in organisms, gained importance; 
now we are familiar with electronic controllers and 
computers so that replication and the mechanisms 
of copying, with or without error, make up much of 
present-day discussion on the origins and nature of 
life. Life can only be interpreted in terms of all the 
metaphors mentioned—that is to say, we strive for 
understanding of the substances from which organisms 
are made, the processes by which they persist, and 
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the activities that lead us to apply the word ‘living’ 
to some systems rather than others. 

Prof. Oparin has been writing on this theme for 
more than thirty years; the changes in outlook in 
that period have made him sceptical of explanations. 
In 1870 Pasteur wrote: “La vie ne peut se definir”. 
Oparin thinks the same though he quotes a non- 
sensical definition; he argues that systems cannot be 
arranged in a logical sequence on which a point can 
be marked as the origin of life, and, not unexpectedly, 
he has no use for such ideas as ‘entelechy’ and ‘life 
force’. So far so good; but he often argues as if the 
widespread use of certain substances by contemporary 
organisms proved that they are essential for life. 
This is odd, for he realizes, as Darwin did, that all 
we can now study are the successful end-producta of 
evolution and that, once the world was fully colonized 
by organisms, it would be difflcult if not impossible 
for radically new types to arise. There is no foresight 
about natural selection; it is a basically opportunistic 
mechanism that would weed out what should ultim- 
ately be a better form of metabolism if it arose in 
an organism too primitive in other ways to compete 
with the existing types. Moreover, it may have 
weeded out many metabolic variants in the past. 

A brief introduction sets out, with excusable dog- 
matism, the generally held view that the probiotic 
environment contained water, ammonia, carbon 
dioxide, hydrogen sulphide and some other substances 
characteristic of volcanic gases. The presence of 
hydrocarbons is more uncertain, but Oparin discusses 
their presence in ancient rocks and makes the useful 
point that they have hitherto been neglected because 
they are widely dispersed in quantities too small for 
commercial exploitation. From these raw materials 
it is reasonable to assume that ultra-violet light, 
electrical discharges, radioactivity and regions of 
localized high temperature would build up complex 
molecules. He does not streas the part cyanide may 
have played m these processes, though Pfluger gave 
it a prominent part in biopoesis and it is now getting 
welcome attention. Liebig and Kelvin assumed an 
environment of this general character and thought 
that biological processes would start in it only when 
an organism arrived from some other part of the 
Universe. Oparin argues that biopoesis could have 
started here without cosmic intrusion, and the most 
interesting part of the book is an account of the forms 
that evolution could take in the primitive emulsions 
that he postulates. 

Scientific metaphor easily degenerates into fairy 
tale. The one that is now common, in articles on the 
origins of life, takes the form “Once upon a time, 
ATP met DNA... and soon”. The idea that the 
cell was designed by a feeble-minded code-clerk is a 
corollary of this. Oparin will have none of it. He 
may not see enough possibilities but he sees more 
than these. This welcome scepticism is marred by a 
couple of discrete references to Lysenko; whatever 
bearing his views may have on the selection and 
breeding of present-day large animals and plants, 
they are not much use aa a guide to events in the 
primitive chaos before the formation of the structures, 
apparently the remains of organisms, now found m 
rocks about 2 G years old in many parts of the world. 
Until work in the laboratory gives more information 
on the behaviour of mixtures comparable with those 
that it is reasonable to assume in a probiotic environ- 
ment, agnosticism seems the most prudent course; 
with that goes the acceptance of chaos. 

N. W. Pram 
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IN AND AROUND THE LIVING 
CELL 


Explorations into the Nature of the Living Cell 

By Robert Chambers and Edward L. Chambers. Pp. 
xxiv+ 352. (Cambridge, Mass.: Harvard University 
Press; London: Oxford University Press, 1961. 
Published for the Commonwealth Fund.) 8 dollars; 
64s. 


HE late Prof. Robert Chambers was, as all 
‘i biologists know, the world champion of micro- 
manipulation; the last ten years of his life, after he 
retired from New York University to Woods Hole, 
were devoted to the preparation of the present book; 
it summarizes thirty years of careful observations 
meade on living cells which were submitted to all 
kinds of treatments with micro-needles and micro- 
pipettes. Robert Chambers died in 1957, and his 
son, Edward L. Chambers, has brought the book up 
to date. Thus, the present book stems out of a close 
and pious collaboration between father and son. 
There is no doubt that Edward L. Chambers has 
not betrayed the spirit which Robert Chambers 
wanted to impart to his last and important con- 
tribution to biology. The additions, which are usually 
found in footnotes, bring in many recent facts and 
they usefully complete the overall picture. But the 
emphasis remains strongly on Robert Chambers’s 
favourite methods of attack for the study of the 
living cell: micro-manipulation, particularly micro- 
dissection. 
After æ short, but thoughtful, introduction, the 
authors desoribe their object: i 


marine invertebrate Extranoous coats are 
studied in both plant and animal cells, the importance 
of the intercellular cement in cell organization being 
duly emphasized (Part 2). Part 3 is concerned with 
the cell surface iteelf; its physiological and physical 
properties are analysed in detail. The action of salts 
on the protoplasm is the subject of the following 
Part 4: striking differences are observed when cells 
are immersed in salt solutions or, on the other hand, 
micro-injected with the same solutions. Part 5 deals 
with the measurement of intracellular pH by the 
micro-injection of suitable indicators. A good deal is 
said about the production of the now almost forgotten 
acid of ‘injury’, which is formed by the injured cyto- 
plasm, but never by the nucleus. Penetration of dyes 
by diffusion and metabolic activity and vital staining 
are treated in Part 6. The following part (Part 7) 
deals with cell division: the aster and the spindle are 
attacked with micro-needles in echinoderm eggs as 
well as in many other cells. Many of the described 
experiments retain considerable interest for the cell 
physiologist of to-day; the discussion of the respec- 
tive role of the asters and the cortex in cell division 
is especially worth ing. Finally, Part 8 and two 
appendixes deal with the technical aspects of micro- 
manipulation. The book ends with an impressive 
bibliography, which includes all the papers published 
by Robert Chambers, and with a subject index. 
There is unfortunately no author index. 
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The book is very well presented, pleasant to read, 
and remarkably free of typographic and spelling 
errors (even when full titles are given m French or 
German in the bibliography). There are a few con- 
spicuous omissions and errors: for example, the name 
of the father of micro-manipulation (the French 
pharmacist Chabry, 1887) is not mentioned, full 
credit for the origin of the technique being given to 
M. A. Barker (1904). Among the more recent papers, 
one wonders why the interesting work of Goldstein 
and Plaut (19565) is not quoted. These authors suo- 
ceeded in transferring radioactive nuclei by micro- 
manipulation into the unlabelled cytoplasm of 
amœbæœ. 

The reading of this book is most refreshing for 
present-day ‘biochemical cytologiste’: they will find 
very little, if anything, about cytochemistry, electron 
microscopy or micro-cinematography. One of the 
results of this approach is that centrioles (the existence 
of which cannot be doubted any longer on the basis 
of recent work with the electron microscope) are not 
even mentioned; instead, we find an ‘astral lake’ in 
the centre of the aster. The authors obviously do 
not trust cytological methods involving fixation and 
staining. But they do not believe in homogenates 
either. This means that their living cell has almost 
no biochemistry: no nucleic acids, no protein syn- 
thesis, no ribosomes, no cytochrome oxidase in mito- 
chondria to worry about. Thus, the authors definitely 
refused to follow modern fashions. But this reaction 
against modern trends has its important counterpart: 
the cell, as studied by Robert and Edward L. Cham- 
bers, is really alive, and it always reacts gracefully 
to the micro-instruments. The reading of the book 
can be especially recommended to present-day mole- 
cular biologists, who will discover that the living cell 
is more complex than viruses and bacteria; they will 
perhaps be shocked in finding in this book no theories 
which ‘predict’ a lot of important consequences. 
Instead, they will find a more modest statement in 
Edward L. Chambers’s preface, namely, that his 
father’s most important contributions were the 
result of ‘hunches’. Nevertheless, Robert Chambers 
was a great experimentalist, and his many contribu- 
tions to cell physiology will remain for ever. 

J. BRAOHET 


PROGRESS IN PHYSICAL 
ELECTRONICS 


Advances in Electronics and Electron Physics 
Vol. 13. Edited by L. Marton, assisted by Claire 
Marton. Pp. x+454. (New York: Academic Press, 
Inc.; London: Academio Press, Inc. (London), Ltd., 
1980. } 13.50 dollars. 


Vol. 14. Edited by L. Marton, assisted by Olaire 


Marton. Pp. x+341. (New York: Academic 
Press, Inc. ; London: Academic Press, Inc. (Lon- 
don), Ltd., 1961.) 11 dollars. 


LTHOUGH reports in this series have occasion- 

ally dealt with electronic circuits and systems 
and with some empirical work, they have been 
primarily devoted to electron physics, in particular 
that of the key electronic components of new instru- 
ments and communications systems. By not 
extending the coverage to all that ‘electronica’ vaguely 
means, the editor has ensured that readers interested 
in one article of a volume will find several others of 
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interest also. The two volumes recently published 
maintain the physical, device and instrumentation 
bias. 

Thus in Volume 13, E. W. Muller, who developed 
the field emission microscope more than twenty years 
ago, describes the ionization of atoms in intense 
electric fields and, with excellent illustrations, ite 
use in the field ion microscope which can reveal 
individual atomic sites of surfaces. Electron probe 
analysis, using an X-ray spectrometer to analyse K 
(or L) radiations emitted from a solid under teat 
scanned by a finely focused beam of electrons (dia. 
meter ~ lu), is described by ita pioneer, R. 
elements lighter than silicon are not easily dealt — 
but the fine-structure composition of many surfaces 
can now be examined. J.B. Hasted describes experi- 
mental work on inelastic collisions between atomic 
systems (unexcited, excited or ionized) and attempts 
a theoretical basis for estimating cross-sections for 
collisions—a difficult subject because the conditions 
needed for straightforward measurements are not 
easily obtained. P. A. lindsay analyses the velocity 
distribution of electron streams, modified by space 
charge and applied fields; this too is not an easy 
subject, but one of much practical importance. P. K. 
Weimer summarizes the development of television 
camera tubes, the electron optical problems introduced 
by the use of low-velocity beams and some funda- 
mental design limitations. 

The slimmer Volume 14 is dominated by a long 
article by A. Septier on strong focusing lenses, some 
of which, designed for CERN, are intended to focus 
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. beams of high-energy protons. They are systems of 


four cylindrical electrodes (or poles) parallel to an 
axis through whioh are four planes of symmetry; 
their aberrations are analysed m detail. The article 
18 for specialists, but readers hitherto unaware of this 
development (for example, ee can appre- 
ciate the main achievements. G. G. B. Garrett 
adequately summarizes the role of the electron as 
a chemical entity in doped semiconductors, and, in 
an article deserving wide readership, P. Gorlich 
discusses some of the less-obvious features and un- 
solved problems of photoconductivity. 

The construction and operation of hydrogen 
thyratrons, first developed as fast-operating switches 
for radar modulators, are well described by 8. Gold- 
berg and J. Rothstein; as with so many electronic 
devices, unwanted effects modifying the initial 
performance and limiting the life of the device can 
require more attention than exploiting the basically 
simple wanted effect. The problems common to 
all high-powered axial-beam tubes, for example. 
cathode material and the design of electron gun and 
output window, are analysed by T. Moreno, before 
he describes advances made with klystrons—peak 
powers of more than 1 MW. are now possible—and 
travelling wave tubes with their more exacting con- 
struction. The amount of technology included in 
these two articles on devices will suit many readers. 
In the remaining article H. Lashinsky considers the 
prospects of producing Cerenkov radiation at micro- 
wave frequencies by a theoretical investigation, which 
may be suitable for experts only, and makes a 
survey of possible devices. 

The quality of all the articles leaves little to 
criticize; they illustrate the calls which the subject 
makes outside its own field, particularly on mathe- 
matics and vacuum technology and for improved 
materials, as well as the return it makes to many 
branches of science. J. R. TOLMAN 
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Proceedings of the Vilth International Conference 
on Low Temperature Physics 

University of Toronto, Canada, 29th August—3rd 

September, 1960. Edited by G. M. Graham and A. C. 

Hollis Hallett. Pp. xviii 725. (Toronto : Univer- 

sity of Toronto Press; Amsterdam: North-Holland 

Publishing Company, 1961.) 114s. 


Progress in Low Temperature Physics 

Vol. 3. Edited by Prof. C. J. Gorter. (Series in 
Physics.) Pp. xii+495. (Amsterdam: North-Holland 
Publishing Company, 1961.) 966. 


Progress In Cryogenics 

Vol. 2. Pp. viiit280. 638. net. Vol. 3. Pp. 
viit1738. 45s. net. Edited by Dr. K. Mendelssohn. 
(London: Heywood and Company, Ltd., 1960 and 
1961.) 


Problems of Low Temperature Physics and Thermo- 
dynamics 

Proceedings of the Meeting of Commission 1 of the 

International Institute of Refrigeration, Delft, The 
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Netherlands, 1959. Pp. ti+342. (London and 
New York: Pergamon Press, 1959.) 70s. net. 
Cryophysics - 
By Dr. K. Mendelssohn. (Interscience Tracte on 


Physics and Astronomy.) Pp. vili+183. (New York: 
Interscience Publishers, Inc.; London: Interscience 
Publishers, Ltd., 1960.) Cloth 4.50 dollars; Paper 
2.50 dollars. 


Low-Temperature Techniques 

By Dr. F. Din and A. H. Cockett. (Newnes Practical 
Science Books.) Pp. viiit+216+4 plates. (London: 
George Newnes, Ltd., 1960.) 40s. net. 


CAMBRIDGE physicist is fond of saying that 

there is no longer any such thing as low-tempera- 
ture physics, and therefore presumably no need for 
the word ‘cryophysics’, a word in any event not comed 
in Cambridge. Certainly many more physicists 
now use liquid helium and it has been applied in an 
increasingly wide variety of fields so that it has ceased 
to be the preserve of a small band of devotees. Or 
perhaps there are just that many more low-tempera- 
ture physicists. 

The field of very low temperatures has widened 
from the problems of helium itself and of super- 
conductivity and a few restricted parts of magnetism 
to become a fundamental working area of the whole 
of solid-state physics. In so doing it has acquired a 
very diverse and sophisticated technology, from the 
cubic millimetre cryotron to the fifty thousand 
gallon liquid hydrogen or helium road tanker. In the 
present list of books we find just such a range of 
technical subjects and an equally wide range in pure 
physics. First there is the proceedings of the confer- 
ence held in Toronto in 1960, covering 214 papers 
and tangible evidence of a most efficiently edited 
conference. It is not a book for the beginner since 
most of the contributions are only a page or two long. 
But the ‘rapporteur’ system adopted at the confer- 
ence has meant that the introductory paper to each 
chapter forms a summary of ite subject. One thus 
gete a series of snapshots of great clarity of all the 
physios carried on below 4° K. in 1960. Outstanding 
among many excellent articles are Pelam’s laureation 
of Landau on the oceasion of the Fritz London 
Award, Shoenberg’s report on Fermi surfaces and 
Kiirti’s report on nuclear orientation, in the course 
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of which he makes a laudable attempt.to coin yet 
another new word—pexophysics—including a short 
note on its correct pronunciation. í 

Prof. Gorter continues, with reluctance, he says, 
but with profit to its readers, his series of Progress in 
Low Temperature Physics volumes. As in the pro- 

of the Toronto conference the elegant 
imprint of the North-Holland Press is unmistakable. 
Here in place of the conference vignettes we have 
eleven substantial survey articles which -take the 
reader straight to the frontiers of the subject. Select- 
ing rather unfairly, the Bardeen—Schrieffer article on 
supercondustivity illustrates admirably the great 
flowering of theory and experiment that has followed 
the enunciation of the Bardeen—Cooper—Schrieffer 
theory. 

Volumes 2 and 3 of Progress in Cryogenics cover the 
more technological aspects of eryophysics. The com- 
ing revolution in the handling of liquid hydrogen and 
helium through the development of ‘superinsulation’ 
is described by Zenner. It will be a great day when 
one oan carry in one hand a container of 15 1. of liquid 
helium ! One is only sad that progress in the handling- 
of units is not so marked. I refer, of course, to the 
regrettable addiction of British and American re- 
frigeration engineers to such things as ‘thermal cort- 
ductivity (B.T.U. ft. hr.-! deg. F.) 1 One is also 
pleased to see in Volume 2, by Kohler, a full account 
of the now ubiquitous Philips liquefler, and there are 
thorough and detailed accounts by Schultz-du 
Bois of the three level solid-state maser (following 
Kurti this ought to be called a pexomaser), and by 
Ambler of nuclear orientation. These are really 
small monographs in themselves. 

Volume 3 maintains the same high -technical 
standard and variety, from rocket fuels to dynamic 
nuclear orientation. I had thought that all the 
refrigeration cycles were known and worked through, 
but Gifford has produced several new and very 
interesting ones. Í 

Commission 1 of the International Institute of 
Refrigeration forms the soientifie branch of the 
Institute. Among its annual meetings that of 1058, 
held just in advance of the Leyden conference mark- 
ing the fiftieth anniversary of liquid helium, was 
considered worthy of special publication of its pro- 
ceedings. It covers 46 papers which are either tech- 
nical or ‘applied physics’. Among them one might 
single out for special mention Reich and Garwin’s 
helium-3 refrigerator, and the liquid helium bubble 
chamber of W. M. Fairbank e al. This is a 
book that all cryogenic experimenters should 


possess. 

Dr. K. Mendelssohn’s Oryophysics is intended for 
the lay scientist or the undergraduate whose appetite 
for low temperatures needs whetting. The accounts 
of the usual low-temperature phenomena are lucid, 
and in particular (and this is typical of the book) 
there is a neat and unsophisticated explanation of the 
de Haas—van Alphen effect. 

Finally, a book which is beamed directly at the 
cryogenic technologist is that of Din and Cockett. 
It contains a good deal of quantitative information 
useful to the cryogenic operator, but the unite are 
often a strange mixture of F.P.S. and 0.4.8. It is a 
pity that in the historical round-up no mention is 
made of MoLennan or Toronto. There is a good deal 
of unevenness in treatment, and the style is some- 
times a little turgid. There is an elaborate derivation 
of the centigrade and absolute gas scales of tempera- 
tare, when simple reference might have been made to 
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Roberte’s Heat and Thermodynamics, where the same 
derivation is given almost word for word. There is one 
instance where the information may be misleading; 
on p. 137, where a list of superconductors and their 
‘critical fields’ is given, there is nothing in the text 
and only a vague implication in a diagram on the next 
page to show that the critical field varies with temper- 
ature and that the quoted values are extrapolations 
to absolute zero. A brief mention of metal Dewars 
by Jones on p. 99 caused me to look up the index, 
where it merely said “Jones, 99°. A bibliography 
would have been helpful. J. F. ALLEN 


ANALYTICAL CHEMISTRY IN 
THEORY AND PRACTICE 


Treatise on Analytical Chemistry 

Edited by I. M. Kolthoff and Philip J. Elving, with 
the assistance of Ernest B. Sandell. Part 1: Theory 
and Practice, Vol. 2. Pp. xx+811-1308. 1208.; 16 
dollars. Part 2: Analytical Chemistry of the Elements, 
Vol. 1. Pp. xxi+ 471. 1208.;16 dollars. Vol. 3. Pp. 
xvii+380. 100s.; 13.26 dollars. (New York: Inter- 
science Publishers, Inc.; London: Interscience Pub- 
lishers, Ltd., 1961.) 


NE of the greatest problems which must confront 

the editors of an encyclopedia is the variable 
rate of progress of the authors of the constituent 
sections. The speed of publication is governed by 
that of the slowest author, and very often this resulte 
in the sections of the more industrious authors being 
out-dated by the time they appear. It would seem 
that the editors of the present encyclopedia have had 
troubles of this kind, because we find that in Part 2, 
Analytical Ohemistry of the Dlements, Volumes 1 and 
3 are available but not Volume 2. This observation 
does not in any way detract from the excellence of 
those parta that are available, and if the present 
standard is maintained in later volumes, this will 
undoubtedly become the foremost reference text on 
analytical chemistry. 

In Part 1, Volume 2, Theory and Practice, there 
are two main sections: “‘Applications of Chemical 
Principles to Analytical Chemistry (continued)’’ and 
‘Separation: Principles and Technics”. 

The first section consists of an extensive treatment 
of reactive groups as reagents (L. Schubert and I. 
May) both in organic and inorganic analysis. The 
second section consists of principles of separations 
(L. B. Rogers), the phase rule in analytical chomus- 
try (L. O. Case), the decomposition and dissolution 
of samples: ‘Inorganic’ (H. H. Willard and C. L. 
Rélfs) and “Organic” (E. C. Dunlop), mechanical 
methods (H. C. Mattraw and F. D. Leipziger), 
diffusion methods (A. L. Jones and G. R. Brown), 
electromigration and electrophoresis (J. R. Cann), 
distillation (A. Rose), and vacuum methods (W. C. 
Horton). 

In Part 2, Volume 1, Systematic Analytical Ohemis- 
try of the Elements, appear useful introductory sections 
on principles of inorganic nomenclature (W. C. 
Fernelius) and general concepts of the determmation 
of the elements (J. I. Hoffman), after which are 
detailed monographs on hydrogen (H. F. Beeghly), 
water (J. Mitchell, jun.), the inert gases (G. A. Cook), 
and the alkali metals (5. Hallman). 

This systematic treatment is continued into Part 2, 
Volume 3; the constituent sections are copper (W. C. 
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Cooper), magnesium (C. B. Wengert, P. F. Reigler 
and A. M. Carlson), zinc (J. H. Kanzelmayer), 
cadmium (Q. Fernando and H. Freiser), mercury 
(J. F. Coetzee) and tin (M. Farnsworth and J. 
Pekola). 

It is not possible to refer to all these sections except 
to state that all are of high standard. The section on 
reactive groups as reagents provides a remarkably 
good and systematic coverage of the subject, when 
it is considered that this is achieved in about one 
hundred pages. Similarly, the section on principles of 
separations is the best that I have seen. The later ~ 
sections on individual separation methods are incom- 
plete in this volume and are due to appear in Part 1, 
Volume 3, which is to describe mainly chromato- 
graphic methods. 

The section on decomposition and dissolution of 
samples is valuable; again this appears to be the most 
comprehensive account yet published. It is interesting 
for a change to find the oxygen flask method being 
ascribed to investigators pre-dating Schéniger; but 1t 
has still been overlooked that this procedure was 
studied over the period between 1892 and 1925 by 
many others and was then revived by Mikl and Pech 
in 1952. 

The determination of hydrogen is written mainly 
from the point of view of the inorganic chemist, and 
emphasis is placed on vacuum freezing and hot- 
extraction methods. A combustion method is 
described, but details are scanty; the tube is packed 
with copper oxide and lead chromate, long abandoned 
in organic analysis except by the most conservative. 
A complete account of the reactions of molecular 
hydrogen would have added to the value of this 
section. The only reactions mentioned are those 
with molybdenum trioxide, spongy palladium and 
with anthraquinonedisulphonic acid in the presence 
of colloidal palladium, and this last reaction is of 
doubtful value. 

The accurate determination of water is one of the 
more difficult operations of analytical chemistry, 
and the method used is influenced by the nature of 
the material with which it is associated, and the 
form in which it is combined. There is an extensive 
section on this determination, which describes the 
available methods and their applications. Detailed 
descriptions of recommended laboratory procedures 
are then provided. 

Methods for the analysis of the inert gases have 
undergone striking changes during the past twelve 
years. The two main techniques now used, 
chromatography and mass spectrometry, then only 
found occasional application. Although emphasis is 
placed on these procedures, alternatives are described 
or are referred to but details of the laboratory 
procedures are confined to mass spectrometry and 
gas chromatography, and are recommended on the 
basis of the author’s experience. 

The classical analytical chemistry of the alkali 
metals has always been limited owing to the lack of 
characteristic reactions. During post-war years many 
physical methods have been developed and this is 
reflected in the space allotted to them; the whole 
section contains almost 150 pages and it is the most 
comprehensive account that has yet appeared in the 
English language. Although considerable attention 
is naturally directed to physical methods, the classical 
chemistry is given exhaustive treatment. Neverthe- 
less, the author cannot have had any personal 
experience with the use of methoxy phenylacetic 
acid as a sodium reagent, for this is one of the poorest 
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of the many useless organic reagents for metals. Some 
advances have undoubtedly been made in the develop- 
ment of new reactions and reagents, but without the 
availabilty of physical methods, the determination of 
alkali metals would still be a major problem in many 
industrial and biochemical laboratories. 

Every aspect of the analytical chemistry of the 
six metals described in Part 2, Volume 3, copper, 
cadmium, Magnesium, mercury, tin and zine is 
detailed in the same thorough way. As with the 
section on alkali metals, determinations of the 
metal in a wide range of industrial and other materials 
are described. It is somewhat surprising to find that 
the shortest sections are on copper and tin which 
have about forty pages, whereas mercury has about 
one hundred pages. Although the two shorter 
sections cover the ground quite well, more space 
should have been devoted to the subjects. For 
example, probably more spectrophotometric methods 
have been described for copper than for any other 
metal except iron, and a critical assessment of the 
more recent would have enhanced the value of this 
section. Only the well-known standard procedures 
are described. Similarly the reagent N-benzoyl-N- 
phenyl-hydroxylamine appears to have advantages 
over oupferron in the determination of tin and has 
been known for a sufficient number of years to warrant 
assessment, but only the uses of cupferron are 
described. 

The editors and authors of these volumes deserve 
the highest praise for the volumes which have 
appeared so far. The general lay-out of each section 
has obviously been the subject of considerable thought 
and planning. Future volumes will be awaited with 
interest. R. BELOHER 


No, 4819 


FURTHER ADVANCES IN 
FLUORINE CHEMISTRY 


Advances ın Fluorine Chemlstry 

Vol. 2. Edited by Prof. M. Stacey, Prof. J. C. 
Tatlow and Dr. A. G. Sharpe. Pp.iv+220. (London: 
Butterworth and Co. {Publishers), Ltd., 1961.) 
45s. i 


HE second volume in this series continues with 
six selected topics in fluorine chemistry. 

“The Thermochemistry of Organic Fluorine Com- 
pounds” (C. R. Patrick) deals with those general 
topics associated with the thermochemistry and 
thermodynamics of materials. Emphasis is given to 
the properties of the C—F, C—H, C—C and C—X 
(halogen) bonds in organic fluorides. The problems 
of the dissociation energy of fluorine and the so-called 
thermal decomposition of fluorine-containing poly- 
mers is reviewed. The impression is made that some 
of the available data in these areas is still less precise 
than is desirable and that considerable experimental 
work remains to be done. 

The section on “Fluorine Resources and Fluorine 
Utilization” (C. G. Finger) is based on a paper pre- 
sented by the author at the First International 
Symposium on Fluorine Chemistry. It is a statistical 
and technological review of the current world-wide 
sources of the basic fluorides and their use in the 
manufacture of fluorine-containing products for 
industrial and commercial uses. 

A third article is on “Mass Spectrometry of 
Fluorine Compounds” (J. R. Majer). This selection 
compiles and correlates mass spectrometric, ionization 
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potential and appearance potential data of a large 
number of perfluoro and polyfluoro organic deriva- 
tives. A short section on the nitrogen and fluor- 
ides completes this exceedingly thorough presenta- 
tion. 

“The Fluorination of Organic Compounds Using 
Elementary Flourine’’ (J. M. Tedder) is concerned with 
the theoretical aspects, experimental techniques and 
the reactions of a large variety of organic compounds 
with elemental fluorine under different, conditions. 
Work in this field in the past ten years has seen a 
“shift of emphasis from attempts to develop prepara- 
tive methods towards a study of the course and 
mechanism of the (direct) fluorination process”. 

The main emphasis in “The Fluorides of the 
Actinide Elements” (W. Hodge) is on the more 
readily available elements, thorium, uranium and 
plutonium. The elements actinium, protactinium, 
neptunium, americium and ourtum are treated 
more briefly. The conditions for and the methods of 
preperation of the various fluorides and oxyfluorides 
are discussed. Where applicable, the physical 
properties of the simple and complex systems are 
encountered and considered in the light of theoretical 
considerations. 

The final section, “The Physiological Action of 
Organic Compounds Containing Fluorine” (B. C. 
Saunders), considers the toxicological, neurological 
and therapeutic effecta of a number of classes of 
fluorides, organic and inorganic, on plant and animal 
life. Antidotes are d for some toxico agente 
and the relation of structure to metabolism and other 
physiological effects is treated in the case of some 
substances. It is pointed out that many of the 
materials were prepared originally for use as potential 
chemical warfare agents, which, fortunately, were 
never used for that purpose, but that “an attempt 
has been made to explain the uses to which these 
compounds have been put and the applications 
provide a striking example of beating the proverbial 
swords into ploughsharea’’. 

The second volume of Advances in Fluorine 
Chemisiry, like its predecessor, is a more than adequate 
publication that continues to demonstrate that the 
field of fluorme chemistry traverses the science of 
chemistry at every intersection and implies that 
it will continue to do so with increasing prominence. 

RIOHARD DRESDNER 


DAYLIGHT ILLUMINATION 


The Science of Daylight 

By Dr. John W. T. Walsh. Pp. x+285. (London: 
Macdonald and Co. (Publishers), Ltd., 1961.) 40s. 
net. 


AYLIGHT technology developed initially as an 

aid to the settlement of rights-of-light cases in 
courts of law, and this origin has influenced both its 
methods and its character up to the present day. 
The preoccupations with refinement have put the 
science of daylight in a special enclave in the wider ' 
field of illumination technology. Architects con- 
cerned with the design .of buildings for.function and 
amenity find the nice distinctions between one 
theoretical treatment and another not only difficult 
to follow but also of little consequence to their basic 
need to design for good daylighting. It is fortunate, 
therefore, that the first attempt to take a synoptic 
view of the science of daylight has been made by an 
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author who has a balanced understanding of the 
problems to which the techniques will be applied. 
Dr. Walsh has written a work of scholarship which 
will serve for many years as a standard of refer- 
ence. 

The daylight illumination which comes direct from 

-the sky through a window to a point in a building is 
determined initially from a goometric theorem known 
as the ‘unit-sphere principle’. The point is considered 
as being on a plane at the centre of a hemisphere of 
unit radius with the plane as base; the illumination 
at the point can then be shown to be proportional to 
the area, projected on to the plane, of that part of the 
surface of the hemisphere enclosed by a cone having 
the point as apex and the window as base. This 
basic theorem has proved to be capable of limitless 
development, with the result that the devising of 
‘daylight diagrams’ for the simplification of daylight 
calculations has become a last infirmity of noble 
mind. Every daylight expert has his own calculating 
device, but there will be few which do not receive at 
least a reference in Dr. Walsh’s bibliography. ‘These 
i , however, aid the computation of the direct 
light only, which, in a deep room in an urban area, 
will be only a fraction of the total daylight. Because 
the calculation of the direct daylight lends iteelf to a 
wide variety of method, it receives a greater propor- 
tion of space in the book than indirect reflected 

daylight. 

The detailed description of the more general 
methods for the graphical or mathematical computa- 
tion of direct daylight is as complete as the subject 
demands, and the section on sunlight will prove 
valuable as a source for the study of the orientation of 
buildings for town planning. The treatment of the 
glare problem is brief, and it comes as a surprise to 
read that the disability glare function cannot be 
integrated over the surface of a large window. The 
section on the legal protection of daylight will serve 
as a sound introduction to the more specialized 
treatises already available from the various experte 
in matters of easements of light. 

The style is most readable, and gives pleasure m 
the skill in expression. ‘The form of the narrative is 
successful. The author has assimilated hundreds of 
references, but has written his way through the 
subject without interrupting the flow by introducing 
the contradictory arguments of his different authon- 
ties, all of which, however, are given reference in the 
text and listed at the end of every chapter. The 
bibliography is as near complete as human endeavour 
can make it, and for this reason alone the book will 
remain & standard work of reference to the physical 
and mathematical aspects of daylight technology. 

R. G. Horxmson 


FISH AS A FOODSTUFF 


Fish as Food 

Edited by Georg Borstrom. Vol. 1: Production, Bio- 
chemistry, and Microbiology. Pp. xvi+725. (New 
York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1961.) 171s. 6d. 


ESPITE the increasing attention to fish as a 
foodstuff during the past quarter century, there 
is no book in English that presents a comprehensive 
picture of its composition and properties and the 
status of fish technology. For this reason alone one 
should be grateful for the present compilation. In 
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planning and commissioning contributions, Prof. 
Borgstrom has undertaken a huge task. One can 
only regret that with all the fish authorities of the 
world presumably willing to assist in such an ambiti- 
ous and much-needed work, the result is so unbalanced 
and uneven as in this volume. 

Throughout, fish is unscientifically, but sensibly, 
taken to include crustaceans and molluscs, and, less 
sensibly and consistently, whales. Volume 1 has 
seventeen chapters, each by different contributors 
In dealing with fish production, it might have been 
hoped that a clear picture would be presented.of the. 
biology of fish and fisheries as it impinges on the 
interests of fish technologists. Unfortunately, this 
opportunity has been missed, and three out of the 
five chapters in this section are about freshwater 
fish farming in various parts of the world, which 
accounts for only a very small percentage of present 
production. One of these, on pond cultivation in 
South-East Asia, could well have been relegated to 
the publication under different auspices of all the 
other regional commercial contributions. 

In view of the enormous amount of analytical data 
that have accumulated on the composition of the 
many species of fish it is not surprising that the section 
on fish biochemistry occupies half the book. The 
longest chapters are by R. Jacquot on “Organic 
Constituents of Fish’ (including vitamins and, 
surprisingly, minerals and water) and H. Higashi on 
“Vitamins in Fish” again. Similarly, the chapter by 
T. Tsuchiya on “Biochemistry of Fish Oils”, which 
includes oxidation, and is mostly based on Japanese 
work, overlaps O. Notevarp’s on “Recent Findings 
in Fatty Acid Composition of Marine Oils”. “Fish 
Proteins with Special Reference to Freezing”, by 
W. J. Dyer and J. R. Dingle, is one of the best. W. 
Simidu, in ‘‘Non-protein Nitrogenous Compounds’’, 
makes no mention of recent British and Japanese 
work on purines, nor is there a reference anywhere to © 
nucleotides. Despite two chapters on fish poisoning 
forthcoming in Volume 2, “The Histamine Problem” 
has a special chapter here by M. Kimata, which, 
incidentally, does not recant the Japanese ‘discovery’ 
of ‘saurine’. In concluding the chapter entitled 
“Rigor Mortis in Fish”, E. Amlacher recommends 
“paralysing the fish by means of electric shocks 
immediately after catch’? without commenting on ite 
commercial practicability. 

The microbiology section contains an excellent 
chapter on sea-water fish by J. M. Shewan and another 
on “Chemical Control of Deterioration” by H. L. A. 
Tarr, with others of less merit on the spoilage of 
freshwater fish and shellfish. 

There are disturbing errors, such as ‘Greenland 
halibut (a turbot)”, and editorial oversights, such as 
the tabular arrangement on p. 149. 

There is an acceptable subject index of 11 pages and 
a 32-page “List of Common Food Fishes’’, which 
includes the minnow. The Latin names do not always 
agree with those in the British Museum (Natural 
History) lists. References at the ends of chapters 
take up 130 pages. 

It is perhaps too easy in Britain to feel better 
informed on fish. Despite its price, this work will 
no doubt find a place on fish technological shelves. 
throughout the world, and one cannot easily envisage 
any attempt to replace it. It is to be hoped that 
Volume 2, “Nutrition, Sanitation, Utilization”, and 
Volume 3, ‘“‘Handling and Processing”, will meet 
the requirements more successfully. 

C. L. Currie ` 
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isting ships. 
complex hydrodynamically in two particular direc- 
tions in recent years. >) 
The first concerns the ‘dabinarive, the submerged 
speed of which has very greatly. increased since. the 
‘Second World War, with the consequent need for 
more precise and close attention to dynamie stability 
and control. The. problems set are similar to those 
or aircraft but different by reason of the strict 
imitation in operating depth-range, which may be as 
mall as three. times the length of the submarine. 
‘Such problems can only be solved completely by using 
cial facilities to measure the deviational tendencies 
on submerged models, serving this information into 
mathematical theories to. predict motions, and 
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purpose of the meee arm is to solve similar problems 
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and while doing so to remain reasonably. dry for 
navigation, to withstand the forces due to impact of 
the sea and to oscillate as little as possible in an 7 
direction. To solve all the problems in this connexion 
requires a facility capable of generating scaled-down _ Bee 
versions of the seas, usually irregular, that occur in =- _ 
the several oceans of the world. Highly complex — oe 
measuring equipment is needed to conduct the experi- ue 
ments. cee 
This is the main purpose of the wävēmaking ” z 


installation which occupies the other half of the new | 


manceuvring tank.. ‘Though much experimental work 
has been done in this field using regular waves in the 
ship tanks, the ultimate ‘solution demands model __ — 
experiments in the irregular seas met by ships on 
trial. To do this, actual seas must be carefully meas- | 
ured and faithfully reproduced in the manæuvring S 
tank. : 
The effort which may be: devoted by” any. one 
establishment possessing such new facilities as these, ee 
however, is not adequate to solve the- tremendous oe 
problems involved. quickly enough to. meet the 
pressing demands of the designer. The closest 
possible co-operation is being maintained with other 
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within the next decade of many problems. Thereafter, 
the ship designer will be more promptly and con- 
fidently served with the hydrodynamic information 
which ships of the future will inevitably require. 


The Manceuvring Tank 


The general layout of the new manceuvring tank 
building, accommodating the rotating arm and 
wave-making facilities under one roof, is illustrated 
in Fig. 1. The main basin is 400 ft, long, 200 ft. wide, 
20 ft. deep and contains 40,000 tons of fresh water. 

The site of the building being just above high-tide 
level, it could be expected that settlement of the 
structure would occur, and the basin therefore incor- 
porates piling at the positions of heavy loads such as 
the rotating arm centre-post and the wave-making 
plant. In the event the structure settled uniformly 
about 1 in., when filled with water. The roof steel- 
work is welded and comprises nine main trusses having 
16-in. diameter tubular rafters and booms and a span 
of 218 ft. across the waterway. 

The concrete tank structure is surrounded by 
buildings in red brickwork, which include drawing 
offices, scientific laboratories, computer rooms, 
workshops, plant rooms and store rooms. A separate 
boiler house is provided for the heating arrangements 
and an electrical sub-station is incorporated in the 
peripheral buildings. 

Arrangements for natural and artificial lighting of 
the waterway are provided and have proved satis- 
factory for photography. Several photographic 





The rotating arm 


recording positions and model remote-control positions 
are arranged on catwalks in the roof. 

The building is entirely self-contained as regards 
the preparation of models and their instrumentation, 
photography, and analysis of results associated with 
all experiments conducted with the new facilities. 

The rotating arm. The main components of this 
facility are shown in Fig. 2. The arm is of tubular 
steel cantilever construction, supported only on the 
centre pivot, and is driven by an electric motor with 
Ward Leonard control. A carriage for the model 
can be set at any position on a track which is sus- 
pended from the lower booms of the arm. The 
carriage can be run off the track on the arm on to a 
shorter length of track over the dock position where 
the model can be rigged, in the dry, for any experi- 
ment. 

The arm is being used for investigations into the 
dynamic stability and contro] of submarines and the 
mancuvrability of surface ships. In the former case 
the model, up to 20 ft. long and 2 tons weight, is 
submerged to a depth of 6-8 ft. For simulating the 
conditions of the full-scale submarine in the vertical 
plane, the model is held captive on its side via the 
test balance inside it by means of a horizontal 
streamlined strut, branching off from a vertical strut 
attached to the carriage under the arm. For simulating 
the full-scale conditions in the horizontal plane a 
single vertical strut is used holding the model in the 
upright position. With this arrangement the peri- 
scope depth condition can be simulated. 








ng surface ship models, the latter are 
tached through the test balance to the 
the carriage and in this case the model is 
take up its correct running sinkage and trim. 
results of these surface model experiments, in 
onjunction with those from free-turning model 
xxperiments and correlated with full-scale trials, are 
ed to ascertain the manceuvrability characteristics. 
In either case, submarine or surface ship model, the 
operation of the arm and ofthe driving machinery 
dcontrol surfaces in the model is carried out remotely 
he control cabin, and all measurements taken 
iring a run are recorded remotely in the cabin. 
Models can be tested at any radius between 20 
d 90 ft. at speeds of rotation up to 0-60 radians/sec., 
but. for most routine testing the speed will not exceed 
0:35 radians/sec. The principle is to accelerate the arm, 
take records, and decelerate the arm in one complete 
-= revolution, thus avoiding any difficulties due to the 
—— model running into its own wake or wave system. 
~The wave-making installation. The installation 
| for generating regular and irregular wave systems 
-. eomprises 10 wedge-shaped plungers each 40 ft. 
_ long, one group of 5 plungers being arranged along 
one end of the tank and a second group of 5 plungers 
-along an adjacent side. Each end plunger can be 
used for generating waves from 5 ft. long x 6 in. 
high to 40 ft. x 2 ft. high, while each side plunger 
< cocan generate waves from 5 ft. long x 6 in. high up 
 to20-ft. long x 1 ft. high.. 
=- Regular or long-crested irregular wave syste 
ean be produced by running either group of 5 plungers 
-in unison in response to a signal fed into the electronic 
~- control system. Short-crested wave systems can be 
produced by running both groups of plungers together 
— or by operating the 10 plungers independently, each 
being fed with a different control signal as requisite. 
Recessed into the walls of the tank facing the 
_ plungers are large beaches built up of wooden slats 
and. designed to absorb most of the wave energy 
| v reaching the wall and so prevent reflected waves inter- 
fering. with the generated wave pattern. Closing 
_ plates to the side beach can be raised to prevent the 
_ beach distorting the wave system from the end wave- 
_ makers when the latter only are in use. 
_ The principle of the method of recording motion 
of the model and of driving it is to accommodate all 
_.. the appropriate instruments and mechanisms within 
_ the model itself. The measurements taken will also 
= be recorded within the model and will be afterwards 
digitized to facilitate analysis. 
































40 mark the completion of its new facilities for 
A carrying out research on oil exploration and 
roduction, Shell Internationale Research Maat- 
shappij N.V. held open house at the new laboratories 
1 Rijswijk, The Netherlands, on November 24. 
‘This is the newest of the laboratories, which number 
nineteen in all, which are engaged in petroleum 
esearch on behalf of the companies making up the 
oyal Dutch/Shell Group. | | 
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THE ROYAL DUTCH/SHELL GROUP 
NEW RESEARCH LABORATORY 
By HUGH HARVEY 


there is a large pool. 
value, this pool is used as the reservoir for water. 














water. In addition to the specialized faci 
described, the large enclosed. waterway is 
investigation of turning, mancevring an 
stability of surface ships and submarines, 
models. Before the tank became avail 
experiments were performed on a nearby lak 
susceptible to weather conditions. Only a 
of wind were sufficient to prevent any exp 
the model seale, 0 o 50 a 
Models are ballasted. to the correct 
draughts and statie stability conditio 
equipped with battery-operated main. dris 
and rudder or hydroplane operating ` 
propeller revolutions (ahead and astern 
rudder movements are controlled by a 6- inne 
high-frequency radio link between the model and | 
control position situated on top of the wave-maker < 
control room, Recording apparatus within the = 
model is also controlled by radio. Pa re ee 
The path of the model is recorded photographically 
by a time-lapse camera situated in the roof structure. — 
The effect of obliquity is removed from the resulting —__ 
composite photograph by a correcting grid. Direct 
mechanical plotting apparatus is under development 
to replace the correcting grid. Within the model, __ 
records of heading, heel, propeller revolutions and 
rudder or hydroplane forces and torques arè taken on 
photographic roll film. l Reece eee oy 
Turning experiments include the measurement of 
geometric path data at various rudder angles and 
initial ship speeds. Manceuvring or ‘response 
experiments comprise a number of zig-zag manwuvres — 
at various rudder angles, heading change angles and — 
initial ship speeds. Directional stability is determ- Pe 
ined by performing Dieudonné spirals in which the — 
steady rate of change of heading is measured as — 
rudder angle is first increased and then decreased in 
chosen steps. For small rudder angles, the direc: 
tionally unstable ship will continue to swing in the | 
initial direction of rotation despite reversal of rudder 
angle, so that it is not possible to steer such a ship on 
a reasonably straight course. UN, Tae Ont is 
The building for the new manceuvring tank was 
designed by the Civil Engineer-in-Chief, Admiralty 
(now the Director-General, Navy Works). The = = 
construction was under the supervision of the Civil oe 
Engineering Manager, H.M. Dockyard, Portsmouth. | 
The design and manufacture of the rotating arm ae 
and wave-maker installation were the responsibility © 






















of the Chief Engineer, Ministry of Works. — 


The new laboratory (Fig. 1), which is under the 
direction of Dr. H. H. Mooy, was built on an 18-aer 
site in Plaspoelpolder, the industrial part of Rijswijk, 
about 3 km. from The Hague. The buildings form a- 
low-lying complex, the centre of which is a hollow 
square surrounding an inner courtyard in which 
In addition to its msthetic 





needed for cooling and fire-fighting, and serves as a. : 
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Fig. 1. General view from the north of the Royal Dutch/Shell Group Exploration Production Laboratory, Rijswijk, The Netherlands 


settling tank. A special feature in the design of 
these laboratories is two research halls: in these halls 
experimental installations up to a height of 60 ft. 
can be housed. Apparatus of this height is needed, 
for example, in the study of fluid flow in tall columns 
simulating bore holes. The floors in these halls are 
designed to permit laying special foundations for 
heavy equipment, such as the 50-ton presses used in 
investigations of drilling techniques. 


Exploration Research 


Since the first requirement of the exploration and 
production function is to find crude oil, the laboratory 
is engaged in continuous research on the geological 
factors affecting the origin, migration, underground 
accumulation and preservation of oil. The geological 
work carried out in the laboratory is naturally closely 
related to the observations and techniques used by 
teams in the field. In fact, laboratory personnel are 
at present active along the shores of the Netherlands, 
the Mediterranean, the Gulf of Guinea, and the 
Persian Gulf. In general, the work programme is 
aimed at increasing the knowledge the field geologist 
can bring to bear in deciding the locations for explora- 
tory wells. 

The accomplishment of this aim entails not only 
the analysis and critical examination of both pub- 
lished and unpublished work but also geological 
observation in the field. Core samples from a forma- 
tion far underground and lacquer-film impressions 
of strata exposed at the surface are continually being 
received by the laboratory from all over the world. 
In Rijswijk advanced techniques are used to determ- 
ine their characteristics and to discover previously 
unsuspected criteria. 

Palwontologists help to trace the geological history - 
of these samples by examining them for remains of 
animal and vegetable life. One of the more recent 
exploration techniques, to which scientists working 
in the laboratory have made many contributions, 
is the application of palynology or the study of 

ossilized pollens and microspores. Alone, or in 


combinations, palzeontology and palynology, are used 
by the laboratory to determine the geological ages 
of oil-bearing sediments and the conditions under 
which they were formed. 

These samples from the field are also objects of 
study for the geochemists, who determine their 
chemical characteristics, and geophysicists who, 
among other things, use paleomagnetism to obtain 
indications of the physical factors responsible for 
their formation. This picture of a formation’s history 
is supplemented by the research carried on in the labor- 
atories by sedimentologists and petrographers. 

A large part of exploration research’s effort is 
devoted to the development and improvement of the 
instruments used in making geophysical surveys of 
the sub-surface. As would be expected, the work is 
largely concerned with the technique of seismic 
exploration. In this connexion, considerable research 
is being done on methods for eliminating so far as 
possible spurious signals, or background noise, that 
interfere with the desired signals on the seismogram. 
This requires developing and constructing improved 
seismometers, electronic amplifiers, recording cameras 
and other apparatus which will satisfy ever more 
stringent requirements for distortion-free recording, 
portability, ease of operation and maintenance. The 
sealing-down of existing circuits to take advantage 
of the compactness of transistorized circuits is also 
in hand. Complete seismic instruments with their 
ancillary equipment are fabricated at the laboratory 
for seismic parties in the field. 


Production Research 


Whereas exploration research is concerned with the 
finding of oil deposits, production research is con- 
cerned with the methods of extracting the oil from 
the ground and bringing it to the surface. Thus, 
production research looks into the improvement 
and development of drilling techniques; the physical 
properties of the strata bearing the oil; and the 
problems encountered in completing a well and bring- 
ing the oil to the surface. 
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information on the factors that determine 
ration-rate. Determining the most suitable 
ë of bit for different formations and establishing 
riteria for bit load and speed of rotation are covered 
1. this work. Hand in hand with this work go 
ivestigations of the properties of drilling fluids. 
these fluids, it will be recalled, not only lubricate the 
, but also plaster the walls of the hole, transport 
tings to the surface and provide a pressure within 
ore hole to prevent water, gas and oil from 
ng during drilling. High-quality muds are 
ntial for deep drilling, and one of the aspects of 
he work is to design muds of the necessary quality 
— to improve the drilling-rate. In one of the research 
__ halls several drilling machines have been set up to 
enable experiments to be carried on above ground 
under the sort of conditions that are encountered at 
< the bottom of deep wells. With this equipment it 
© has recently been shown that the reduction in the 
penetration rate of bits at extreme depths is not so 
~ much a function of the increasing strength of the 
formation, as was suspected, but of ted 
| effects of chip hold-down under the conditions 
existing at these depths. The chips or rock cuttings 
are held against the bottom under great pressure 
_ and the bit is continually regrinding material which 
_ @t shallower depths would have been carried away in 
the mud stream. 
= = The kind of strata penetrated by a well is estab- 
— lished by taking samples of these strata and sending 
_ them to the laboratory for analysis. The object 
_ here is to obtain information on the porosity, permea- 
bility, and pore-diameter of oil-bearing rocks. With 
— these data it is possible to estimate with a fair degree 
-of accuracy the amount of oil present and the ease 
___ with which it can be produced. 
However, the taking of core samples during drilling 
— operations is an expensive and time-consuming 
_ operation, and indirect methods of assessing the 
characteristics of the formation are to be preferred, 
where possible. Such methods are based on making 
Physicel measurements in the well hole. The labora- 
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A MODEL FOR PROTEIN SYNTHESIS 


By Dr RICHARD W. HENDLER 


Laboratory of Cellular Physiology and Metabolism, National Heart t Institute, PS 
< -< National Institutes. oF Health, Bethesda, Maryland 
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tory contributes to these selec by deve 
methods applicable in the well on the one han 
on the other in carrying out measurements 
samples to assist in the interpretation of field 3 
For example, the investigation of the porosit 
underground strata has been greatly facilitated b; 
the successful application of an acoustic well- -loggin 
method. : 

A phenomenon sometimes encountered in. ‘th fie 
which may have disastrous effects on a well’s 
tion performance, is the invasion of the we 
sand carried with the flow of oil. Chemist 
laboratory have developed a most promising te 
for this condition which uses the consolidatio 
the sand into a hard, firm, yet porous: struct Lr 
the injection of a plastic solution. me 

In order to predict, with greater accuracy, the” 
behaviour of reservoirs during what is known as the 
primary phase of production—that is when oil is = 
being produced by the inherent reservoir pressure— < 
the laboratory uses models for studying the flow = ~ 
of fluids through porous rocks. These models also 
provide the basis for an appraisal of the attractiveness. 
of applying secondary recovery methods, such asthe 
injection under pressure of gas and water into the =- 
formation. Ono of these models in the new produc. 
tion laboratory measures 36 ft. by 18 ft. in diameter. - 
and weighs 100 tons. The simulated formation is — 
in the form of a shallow oblong box filled with sand 
into which are inserted at regular intervals tubes ESE ae 
representing producing wells. The formation can  ă 
be subjeeted to pressures of up to 100 Ib.jin, and 
it is possible to observe the mechanism by which ol ee 
is driven by water and gas through the formation ee 
under the influence of gravity. ee 

One of the major problems which is occupying Hes eS 
much of the laboratories’ time, and will continue to — 
do so in the future, is that of determining methods of — 
increasing ultimate recovery. It is well known that, 
particularly in the case of viscous oils, up to 70 pro. 
cent of the oil originally present remains in the — 
formation. Thermal methods, including the injection —_ 
of steam and in situ combustion are possible solutions ee ee 
that are receiving attention in the laboratories. E o 
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<c Hunter and Godson®; 
suggested seem premature at this time. The role of the 
= membrane in protein synthesis receives substantial 
























small, kinetie stuc 
an intermediate since a very small fraction of the 
analysed nucleic acids might have adequate kinetic 
- characteristics that are obscured by associated non- 
functional amino-acid-nueleic acid complexes. Never- 


— theless, these results with intact cells stand out in 
sharp contrast to the general results obtained in 
acellular systems. 
the amino-acid-activating ability of a tissue does not 

_. seem. to reflect the amino-acid composition of the 

| -proteins synthesized by that tissue +1, 
there have been described alternate amino-acid- 





It should also be mentioned that 


Finally, 


- incorporating systems not involving activation and 
J 8. RN ASEL, 

A further indication of the importance of cellular 
structure in the process of protein synthesis can be 
obtained from the work of Halvorson snd Cohen”, 
Reiss, Kipnis and Helmreich®*.*4, and Cowie and 
Kempner”, In all these studies involving microbial 
and mammalian cells, evidence is presented to show 
that external amino-acids can by-pass a large intra- 
--eellular pool and be incorporated directly into 
protein. That is, without mixing with an appreciable 
pool of amino-acids inside a cell, external amino-acids 


have an independent route of access to the protein- 


synthesizing machinery. Since the amino-acid- 
.§-RNA-forming enzymes are thought to be cyto- 
“plasmic and soluble, the free amino-acid pool in the 

cytoplasm should have been more accessible to the 

ribosomes than the external amino-acid pool. 

In several papers from this laboratory observations 
have been made concerning the rapid and dynamic 
association of amino-acids with lipid complexes!.2#.27 
and compounds**. Several other laboratories, working 
with a wide variety of tissues, have published similar 
findings'2*.°5, These, and other observations which 
wore available at the time, focused attention on lipid- 
phase reactions in cellular membranes. The sugges- 
tion was offered that proteins may be formed on, or in, 
a: membrane under the direction of ribonucleoproteins 
(ribosomes) intimately associated with the mem- 
A. similar idea was later proposed by 
but the additional details 


= -experimental support from the work of Galo and 
-= Folkes®**, Butler et al.3*, Beljanski and Ochoa, 
Wachsman et al.*!, and Spiegelman. Additional 
. support for the concept of the membrane as the 
“major site of protein synthesis in intact cells comes 


| | from work on the formation of a DNA-like RNA in 


E. coli cells directly after phage infection. Volkin and 
‘rachan®* and Nomura, Hall and Spiegelman*’ have 
nstrated in experiments with phosphorus-32 


. radioactivity was associated with the mem- 
fraction. In other work, examination of mem- 
fractions has revealed an intimate association 
onucleoprotein with membranes**-**, Siekevitz 
alade* have a that, in E cells, 
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Fig. 1. (1) Protein is synthesized at an interface between a Hpo- = > 
proteit membrane and a ribonucleoprotein film. (2) Amino-acid o 0 
preferentially approaches the interface from the lipoprotein: =” 
membrane side, either from the outside or inside of the. cell. . 

(3) Amino-acid from the interior pool could — from the 

RNA side pata S-RNA reactions. RNP = ribonucleoprotein 

or ribosome; NA = soluble ribonucleic acid. Cytoplasmic 
membrane is i he representative of any cell membrane such as 

endoplasmic reticulum or nuclear membrane 


the above observations focus attention on the need 
for study of the relationship between cytology and 
biosynthesis. Many reports in the literature lend 
support to the idea that the cellular site of protein 
synthesis may involve a ribosome and membrane ~ 
surface in intimate association. The generality of 
this suggestion is not necessarily lessened by observa- 
tions of amino-acid incorporation in isolated ribosome 
preparations*:*-45-48, The efficiency of such systems is 
dramatically lower than that of intact cell systems, 
and activity may be due to a small fraction of particles 
associated with a sufficient fragment of membrane 
structure and uncompleted peptide chain. Such a 
unit might not be disrupted by deoxycholate. 

With these facta in mind, a model for protein 
synthesis is proposed which takes into account the 
points discussed, and which might clarify several 
observations which at present pose a dilemma. 

This model would explain why destruction of the 
cell structure drastically reduces the efficiency of 
protein synthesis since the reactions of protein 
synthesis would be dependent, to a large extent, on 
structural orientation inherent in the membrane. 
According to the model, the importance of the S-RNA =- 
route would be magnified in acellular systerns.since . . 
the main route to the site of synthesis would be from = 
the water-soluble pool to the microsome fragments — oe 
suspended in the aqueous medium. The modelis 
consistent with the findings that some systems require: = 
S-RNA for amino-acid incorporation while others do. 
not. The model wolune a direct route for r the move 
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acid-associated phase. Finally, the model isa basi 
for further experimentation. 
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SKIN ADAPTATIONS OF SOME RODENTS TO LIFE IN 
THE DESERT 


By Dr. W, SOKOLOV 


Department of Vertebrate Zoology, University of Moscow. 


-> FE conditions in the desert put a certain stamp 
{Zona number of physiological and morphological 
Lope peculiarities of its inhabitants. I undertook the task 
of examining the cutaneous covering of some rodents 
— dwelling in the deserts of Central Asia and to ascertain 
the adaptive characters in its structure. 
-Samples of the skin of Spermophilopsis leptodactylus, 
oe ‘Rhombomis opimus and Meriones meridianus were 
investigated. For comparison some inhabitants. of 
the forest, steppe and semi-desert zones were used, 
ar ly, Citellus pygmaeus, Citellus suslicusand Seiurus 
! Sampl 
























pecies obtained in summer, and from Sp. leptodactylus 
and R. opimus during the. winter period as well. 
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u les of skin were taken from different 
aria oF the bodies of two adult specimens of each 


amples from M. meridianus. were taken only, . in. detected. 
Pieces of skin were fixed in 10 per. ‘cont 


rmalin and embedded in celloidin—-paraffin. Sections 
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œ summer they remain active even during the hottest- 


possesses some peculiarities. The epidermis of these 
forms and its corneous layer in particular was found ae 
to be thickest. ake 
That feature is obviously connected with: the A 
necessity of protecting the organism from a loss of 
moisture in an extremely. dry atmosphere of the > 
desert. It is interesting to note that in M. meridianus 
the pelage of which is very well developed, the epider- 
mis and its corneous layer reached a considerable _ 
thickness. In mammals, on the contrary, the density 
of their pelage and the thickness of. epidermis are 
usually in an inverse proportional dependence. No 
peculiarities in the structure of the skin der: 
of the animals examined which might be conne 
with the conditions of their desert ife coul 




























The distribution of pigment in 1 the. epi lermis 
Sp. leptodactylus, C. suslicus and G. pygmaeus a 
as in the dermis of R. opimus { rovod tobe un C 
Many investigators suppose at th 





brates by causing a pathologic 
and of the organism on the whole et i 
others). > 

The results obtained in the present wor 
explained by the above hypothesis. Exe 
of the penetrability of the skin to light rays 
on a spectrophotometer has. shown that, excep 
leptodactylus, in all animals studied the pelage sei 
as a a ohier oa for their — — Met c 
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hours of the day. But feeding in the Sun they often 
- run into their burrows for a short time or rest under 

_ the shade of bushes. Furthermore, the need to give 
off a surplus of heat from the organism has obviously 
. caused their pelage, short and coarse in itself, to 
become much rarified, It may be that the latter 
< feature is due to some other reason; but somehow or 
other the pelage of Sp. leptodactylus is much less 
_- developed than in other rodents studied by me, and 
it cannot diminish the light permeability of their 
` skin... In this connexion it becomes necessary for the 
foregoing rodents to acquire a supplementary pro- 








 .. -teetive formation which undoubtedly consists in an 
inteonso skin pigmentation. The number of melano- 

phores in the skin of Sp. leptodactylus is much higher 
- than in R. opimus, C. pygmaeus and CO. suslicus. 





The. pigment cells are abundantly distributed in 
< the epidermis, being mostly concentrated in its basal 
<< layer. Some individual variations can be found in 
«the intensity of pigmentation. I failed to establish 
4 Seasonal variability. The skin of young animals, 
3-4 months old, is more pigmented than in the 
adults. 
In C. pygmaeus and C. suslicus the character of the 
location of pigment cells in the skin is like that in Sp. 
. leptodactylus, but they are much less numerous. In 
‘summer C. pygmaeus and C. suslicus are active in 
==.. ¥elatively cool morning and evening hours, while 
in the middle of the day they do not leave their 
“burrows. Thus these rodents are less exposed to the 
action of the Sun. 
R. opimus are likewise active in summer, in early 
morning and evening hours. Their skin pigmentation 
is not deep, but it is interesting to note that their 
pigment location is quite different from that in 
Spermophilopsis and Citellus, namely, large melano- 
phores are present only in the dermis, being absent in 
the epidermis, Therefore, the mode of the disposition 
Of pigment may serve as a character of the family. 
In the skin of Se. vulgaris the pigment is absent, 
.. being found exclusively in the bulbs of growing hairs. 
Taking into account the fact that Sc. vulgaris dwells 
<o- in constantly shadowed spots, it is evident that it 
=o > vequires no supplementary protection from radiation 
from. the Sun. Thus, the presence of pigment in 
_. the skin cannot be a character distinguishing the 
~~. whole family of Sciuridae. 
Im MM. meridianus, M. tamariscinus and Dipus 
=> o gagitia leading a nocturnal mode of life, the skin 
Pigment is entirely lacking, as well as in M. erithrou- 
o <o rus, rodents which in summer are active chiefly at 
‘night. (Skin samples of M. tamariscinus, M. erithrou- 
w and D. sagitta were kindly given to me by Prof. 


















atitude to him.) | | 
pectrophotometric examination has confirmed the 


serious obstacle to the passage of light rays. 
hairs are removed from the skin, its penetra- 


cept Sp. leptodactylus (Table 1). It may be 
ed that in Se. vulgaris and M. meridianus with 
pigment in their skin the permeability of the skin 
auch increased. 
the character of the skin pigmentation of the 
an interesting peculiarity was noted in males of 
odactylus.. On the back, abdomen and sides 
how approximately the same intensity 
tion, but there is littl in the soles 
The skin of the scrotum is in particular 
mated, melanophores being distributed 
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s thickness up to the corneous 
ne time they are most numerous — 
ra of the epidermis, forming there a 
continuous black background. The skin of the — 
scrotum proved to be more impenetrable to light rays 
than that of the trunk, sparse hairs offering no. ~ 
obstacle for their passage (Table 1). An intensified —_ 
pigmentation of the scrotum skin secures a better © 
protection of testes against radiation from the Sun 
An analogous formation guarding the gonads from 
the rays of the Sun was found in some diurnal > 
reptiles, the peritoneum of which is pigmented  _ 
in black (that of Sp. leptodactylus females has no 
pigment). F 

These investigations reveal that an intense skin — 
pigmentation of Sp. leptodactylus is a protective —— 
formation of the organism against the penetration of _ 
rays of the Sun. Possibly the pigment of the cutane- 
ous covering possesses a number of other functions. 
However, if we are to suppose, as was done, for 
example, by Shimanko‘, that the pigment is one of — 
the metabolic end-products stimulated by sunlight, |. 
the presence of pigment in the skin of young Sp. 
leptodactylus and that it remains unchanged in 
animals kept in captivity over a year without the 
access of sunlight seem incomprehensible. A confirm- —- 
ation of the above statement may be found in the fact > 
that only in Sp. leptodactylus the dura mater of the | 
brain and spinal cord is so profusely pigmented that it 
absorbs to a considerable degree the long-wave rays 
reaching it through the hairs, skin and skull (the 
pigmentation of the dura mater found by me in 
Sp. leptodactylus is the only case as yet known in 
mammals). 

No peculiarities were noticed in the structure of 
the subcutaneous fat tissue of the desert animals 
examined. In summer it is characteristic for R. 
opimus, C. pygmaeus and C. suslicus to accumulate 
in their subcutaneous cellular tissue large fat deposits 
of great importance for them during the winter period. 
This is connected with the fact that the above-named = 
susliks go into dormancy in winter. CO. pygmaeus . 
does the same even in dry summer months, and R: 
oprmus in case of a severe winter. In Sp. leptodactylus 
and M. meridianus subcutaneous fat deposits are — 
less developed. They do not hibernate, though. 
Sp. leptodactylus remain in their burrows for several. 
days without going out. M. meridianus and Sp... 
leptodactylus in particular lead a much more active > 
life than R. opimus, C. pygmaeus and C. suslicus. A 
thick layer of subcutaneous fat would but hinder: 
their movements. i — — 

Sebaceous glands were found to be of the greatest ` 
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these glands. © l 
In all species studied sweat glands are present on 
on the soles of paws. They reach their greatest 
development in Sp. leptodactylus, the diameter of 
the gland lumen of which attains 50u; in C. pygmaeus 
45u; in C. suslicus 35u; in R. opimus 35u; and in Se 
vulgaris 30u.. If those glands are considered as 
their larger dimensions in 
Sp. leptodactylus depend on this animal being the 
most active of all and usually going far away from its 
burrow. A e f É 
In winter the pelage of animals examined reaches 


its highest development in M. meridianus, a nocturnal 





rodent which remains active even during the mo 


severe frosts. Besides, its dimensions are le 

































animals, and it is wol — thet i in 
23 heat: delivery. from a unit area of the sur- 
hoir. bodies is greater than in largo species. 
onsequently, the pelagi. of M. meridianus is of the 
‘atest density and height, and the sebaceous 
glands and m.m. arrectores pilorum are well devel- 
oped. By the density of its fur (as many as 280 
airs per 1 mm.*) M. meridianus surpasses many 
other animals; for example, the Castor fiber has 230 
airs on the same skin area, Myocastor coypus 150, 
vulgaris 100 hairs, and so on. The composition 
hair tufts in M. meridianus is as follows: 1 axial 
3-5 intermediate and 8-11 wool hairs. 

n 2 winter, R. opimus does not leave its burrow at 
w temperatures. Its fur is thinner than in M. 
eridianus (180 hairs per 1mm.* of skin), the com- 
position of hair tufts being as follows: 1 axial hair, 
-5 intermediate and 5-9 wool hairs. 

Although Sp. leptodactylus are less sensitive to cold 
than R. opimus, on frosty days they either remain 
in their burrows or leave them for a short time only. 
Their pelage is also rather rare (130 hairs per 1 mm.,’) 
and the hair tufts consist of 1 axial, 2-5 intermediate 
and 4-5. wool hairs. 

The deserts of Central Asia are characterized by 
_ sharp seasonal changes of their climate, according to 
- «which the structure of the cutaneous covering becomes 
altered in desert animals... I have examined the 
seasonal variability of the skin only in Sp. lepto- 
dactylus and R, opimus. Their epidermis is thinner in 
- winter than in summer; for example, on the back of 
— Sp. leptodactylus it reaches at an average 204 in 
‘winter, while in.summer it is 40u thick, In R. opimus 
the epidermis is only Tu thick in winter, rising to 
tiu in summer. The number of cell rows in the 
_ Malpighian layer increases twice or three times in 
summer. However, the corneous layer is thicker in 
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winter than in summer, iene nearly 
thick in Sp. leptodactylus and three times thi 
R. opimus. The same is known to occur 
mammals. Sweat glands in the skin of the 
paws are not large in winter, the diameter of the 
lumen averaging llu in Sp. leptodactylus and 5 
R. optimus. In summer the lumen diameter. i 
leptodactylus increases roughly five times, £ 
R, opimus seven times. The glands- 
become much larger and more sinuous ; th 
their secretory parts grow likewise in si 
dermis and in the subcutaneous cellular 
number of large blood vessels increases in 
At that time there are many cellular eleme 
upper sections of the dermis. The pelagi 
much rarified in summer. It is nearly th 
sparer in Sp. leptodactylus, having 130 
mm.? in winter and 50 in summer. In R. 0 
twice as thin: 180 hairs in winter and 90 in 
Such a reduction occurs chiefly at the expense 
wool hairs. Thus, i in Sp. leptodactylus there remains 
only 2 hairs in the hair tuft in summer instead of = 
4-5 hairs present therein in winter; in R. opimus € =< 
also only 2 instead of 5-9, in O. pygmaeus 2-8, and = = 
in C. suslicus 4-9 hairs. In summer the hairs. are 
much reduced in size. In Sp. leptodactylus, aso 
distinct from most mammals, the axial and partiou- — 
larly the directing hairs increase considerably in € 
breadth during summer. They decrease 3-4 times — 
in length, but become either twice as broad (directing - ae 
hairs) or 1-1—1-7 times broader (axial hairs). : ee 
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OBITUARIES 


Prof. A. M. Tyndall, C.B.E., F.R.S. 


ARTHUR MANNERING TYNDALL, whose death at the 
age of eighty oceurred at his home in Bristol. on 
October 29, 1961, devoted the whole of his adult life 
to the University of Bristol and especially to the 
development within it of the Henry Herbert Wills 
Physical Laboratory in the foundation of which he 
layed a decisive part. 
“Tyndall was born in Bristol in 1881 and went to 
ool there. His only early instruction in science 
vas restricted to a few lessons in chemistry in his 
ast two terms at school, and it was with the inten- 
ion of studying that subject that he entered what 
then University College, Bristol, in 1898, after 
uecessfully gaining the only scholarship offered at 
hat time by the City of Bristol for admission to the 
ollege. He soon found himself under the influence 
fan outstanding teacher, Prof. A. P. Chattock, by 
thom he was profoundly impressed, and he was led 
to transfer his main interest to physics. He read for 
the external degree of the University of London with 
onours in physies, taking chemistry and mathe- 
1aties in addition. 
Soon after graduating, Tyndall was appointed 
assistant lecturer in physics in the University College, 
ristol, and later, lecturer in the University when 
it Was founded i in 1909. He was acting head of the 
































Department of Physies during 1910-1919, ‘and Henry E e 
Overton Wills professor in the University from 1919 
until his retirement in 1948. For more than twent 
years, from 1927 until 1948, ho was director of th 
Physics Laboratory, and after his retirement, + 
professor emeritus, he maintained a constant an 
creative interest in the Laboratory and its men } 
until the day of his death. 
Most of Tyndall’s scientific work was in. thë fiel 
of the discharge of electricity in gases. Whilst. 
lecturer, he had worked with Chattock to. determir 
the masses of the gaseous ions by observing tł 
differences of pressure set up as a result of a point- 
discharge in hydrogen at atmospheric pressure. They 
reached the conclusion that the negative ions ar 
electrons—-thus confirming a result arrived at ind 
pendently by Townsend--and that the posters ior 
are charged atoms. — 
In the early 1920'8s, Tyndall began a long. ser 
experiments on the mobility of the positive ion 
The subject at that time was very confused, fi 
all the early experiment ers had used apparati 
sealed with wax, in which it was impossible - to 
maintain a gas in a state of high purity, Tyndall 
and a number of young colleagues” developed several 
original methods for measuring the mobility, and, — 
taking advantage of the newly developed vacuum © 5o 
teohniques, they constructed apparatus which could. 









































he rigorously degassed. Significant measurements in 


large number of pure gases wiih a ‘variety of ions 
-> of known types were thus made, and effects due to 
the attachment of molecules of polar impurities, such 
_.. 48 had vitiated the early work, were clearly demon- 
strated. It was for this work that in 1933 he was 
elected a Fellow of the Royal Society. The main 
“results of these studies were described by Tyndall 
in a monograph on The Mobility of Ions in Gases. 
occ i Even more important than Tyndall’s scientific 
as work. was his contribution to the foundation and 
- development of the Henry Herbert Wills Physical 
Laboratory. It is a long and fascinating story which 
began with his daily walk to the Laboratory in the 
company of the donor. The original intention was to 
build a small structure to house a badly needed new 
_ battery; but with the growth of mutual confidence, 
~ .the programme was enlarged, and it eventually led 
= to the gift of the present building. 
At the formal opening of the spacious new Labor- 
es atory, ‘Tyndall was warned by some of the eminent 
ooo visitors that what makes a good laboratory is not 
bricks and mortar alone, but the quality of the men 
<o in it. He sometimes referred to this incident with a 
> — trace of irony, but it was indeed largely owing to his 
< vemarkable personal qualities that the Laboratory 
developed and flourished. He created an atmosphere 
of ease and warm humanity which helped people to 
do their best, and he showed a constant disinterested 
solicitude that the work of his colleagues and students 
should. receive proper recognition. 

Tt seems unlikely that in modern conditions in 
Great Britain another laboratory will again owe so 
much in its foundation and development to a single 
man. -Certainly British physics will owe him a debt 
for a long time to come for the example which he 
set and for his influence on his colleagues and pupils 
who included, to name only a few, L. P. Bates, C. R. 
Burch, F. C. Frank, H. Fröhlich, R. W. Gurney, W. 
Heitler, W. Herzberg, L. C. Jackson, J. E. Lennard- 

=- Jones, H. London, A. C. B. Lovell, N. F. Mott, S. H. 
Piper, H. W. B. Skinner and W. Sucksmith. 
| ©. F. POWELL 





Dr. W. B. Turrill, O.B.E., F.R.S. 


Tax sudden death of Dr. W. B. Turrill, who col- 
lapsed and died in his house at Richmond on Decem- 
ber 15, 1961, has removed one whose record of 
->> achievement placed him fairly in the line of succes- 
ooo gion of great Kew botanists. For more than fifty 
Coo years he was actively associated with the Royal 
Botanic Gardens to which he gave devoted service 
oe and gained wide recognition and high distinction. 
uxrill was born at Woodstock on June 14, 1890, 
: and there is no doubt that in his boyhood he drew 
ispiration and delight from the countryside around 
which afforded fruitful hunting and excellent 
ae ning for his bent towards natural history. He 
“was educated at Oxford High School where he was a 
contemporary of Lawrence of Arabia of whom he 
had vivid recollections. When he was sixteen he 
started work in the Fielding Herbarium of the Univer- 

sity of Oxford and here, with the special encourage- 

- - ment of the late Dr. G. Claridge Druce and under the 
guidaneo of sympathetic colleagues, Dr. Turrill’s 
Jove of plants was greatly stimulated and his botanical 
bitions were fired. Three years later, in 1909, he 
ntered the Kew Herbarium as a technical assistant, 
sorting and handling specimens from all over 
d pander the supervision of the leading botan- 
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xcellent DA of all ip laat : 


groups and a reputation for concentrated and 


thorough work. In his first year at Kew he published — 
his first botanical | paper and, except for two years 
during his military service, he maintained a steady 
and increasing flow of publications right up to the 
time of his death. In all he was responsible for more 
than 500 published botanical contributions. 

During his early years at Kew, Turri) attended 


classes in botany at the Chelsea Polytechnic and 


these studies led to the degree of B. Se. with first-class 
honours in botany in 1915, followed by the M.Sc. 
in 1922 and eventually the D.Sc. in 1928, the last 
for his extensive studies of the plant-life of the 
Balkans. 

In 1915 he became a permanent member of the 
Kew staff, but his career was soon interrupted when 
he joined the Forces and was sent on active service — 
to Macedonia. It was there that he made his first 
acquaintance with a new flora, and this experience 
determined his main botanical interest. Whenever 
he could escape from his military duties he engaged > 
in plant collecting and in a close study of the vegeta- 
tion around him. Only after the First World War 
was he able to make several expeditions to other 
parts of the Balkans and the consolidated results 
were published in his magnum opus, The Plant-Life 
of the Balkan Peninsula in 1929, a work which estab- 
lished his reputation as the leading authority on the 
flora of south-east Europe. 

At Kew he was placed in charge of various plant 
families including the Cyperaceae, of which he gained 
an expert knowledge, but latterly he became botanist 
in charge of the European Mediterranean collections. 
From his close observation of plants in the field and 
in the experimental garden, Turrill was convinced 
that for proper taxonomic understanding compre- 
hensive and intensive studies of living and herbarium 
material was necessary. He developed this theme in 
a long succession of publications and lectures of 
which the most notable contributions were the two 
volumes written in collaboration with the late E. M. 
Marsden-Jones on British Knapweeds (1954) and 
Bladder Campions (1957). He also published exten- 
sively on Ranunculus, Saxifraga and Taraxacum, and 
his studies on the British flora culminated in his 
British Plant Life (1948). Other notable works were 
his Pioneer Plant Geography (1953), The Royal 
Botanic Gardens, Kew (1959) and Vistas in Botany 
(1959) which he devised and edited on the occasion 
of the bicentenary of Kew. In 1946, Turrill was 
appointed keeper of the Herbarium and Library, 
and he held that position until his retirement in 
1957. : 

Turrill’s knowledge, derived from his personal 
researches and very wide reading, was amazingly 
extensive and he delighted in discussion on all kinds 
of botanical topics with the many experts who 
habitually visit Kew. He was also a gifted teacher 
and for a time he lectured in the evenings at Chelsea 
Polytechnic on evolution, heredity and ecology, and 
for many years he taught these subjects to the student 
gardeners at Kew. 

Turril’s outstanding services to his science were 
fitly recognized in 1958 when he was admitted to the 
fellowship of the Royal Society and when, in the 
same year, he received from the Linnean Society the 
Linnean Gold Medal. He was honoured by the Royal 
Horticultural Society for his active interest in horti- 


culture, particularly for his work on Lilium and 


Fritillaria, and he also edited Curtiss Botanical 
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Magazine for the Society. In 1953 he was awarded 
the Veitch Memorial Gold Medal and in 1956 the 
Vietoria Medal of Honour, the Society’s highest 
award. He gained the O.B.E. in 1955. 

Until the last two years of his life Turrill belied his 
years both by his comparatively youthful appearance 
and by his activities. He was good-humoured and 
generous in helping those less gifted than himself. 
Recreation, apart from reading, seemed to come 
from change of work and his remarkably full life 
would have been impossible but for the devoted and 
constant companionship of his wife (née Florence 
Emily Homan), whom he married in 1918 and for 
whom much sympathy will be felt. 

GEORGE TAYLOR 
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Mr. Charles S. Durst 


CHARLES §. Durst was born in 1888. After 
graduating in mathematics at Pembroke College, 
Cambridge, in 1910, he worked in Malaya as a sur- 
veyor, but on the outbreak of the First World War 
joined the Royal Engineers, with whom he served in 
the Middle East. He came to the Meteorological 
Office in 1919, and was posted to the Marine Branch, 
where he helped to set up the world’s first punched- 
card installation for dealing with meteorological 
statistics. In 1928 he moved to Cardington to take 
part in the broad programme of investigations neces- 
sitated by the Empire Airship Scheme. The death of 
his superintendent, M. A. Giblett, in the R 101 crash 
left Durst with the task of winding up the programme, 
and he was the leader of the team which produced 
the massive Geophysical Memoir No. 54, “The Struc- 
ture of Wind over Level Country”, based on experi- 


mental work done at Cardington, a separate section 


of which was devoted to Durst’s own theory of 
eddies. 
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After an interval as a forecaster, he was placed in 
charge of a newly created Special Investigations 
Branch in 1940, and was able to devote the rest of 
his working life to the kind of study which best 
suited him. The main body of his work was of the 
pattern set by his period at Cardington, and was 
concerned with such topics as aerial navigation, the 
climatology of air routes, and the effects of turbulence 
on aircraft; but he also studied such diverse subjects 
as the efflux of gases in mines, the structure of wind 
associated with fronts, the meteorology of radio 
propagation, vector statistics, and friction at the 
Earth’s surface. His pioneer work on statistical 
methods of forecasting has had a profound effect on- 
forecasting methods in Britain; it also gave him 
great entertainment, for he had a lively sense of 
humour and enjoyed demonstrating how closely his 
procedures could rival the more elaborate and 
laborious methods of the synoptic forecaster. 

Durst retired from the Meteorological Office in 
1957, but continued active as a private consultant. 
His success in so many fields was based on his genius 
for handling intractable data. No masses of observa- 
tion, however unreliable or heterogeneous, daunted 
him. Indeed, he liked to surround himself with dusty 
piles of papers so enormous that on entering his 
room one could rarely see whether he was there or 
not. But he worked with great patience, concentra- 
tion, and a quick eye for essentials, and somehow 
managed to extract his solutions surprisingly quickly. 
He was the kindliest of men and, though he was 
rather hesitant of speech, his humour and the acute- 
ness of his observation made him a most entertaining 
companion. l 

Durst died suddenly on Christmas Day 1961. He 
leaves a widow, née Mary Helen Blakiston, whom 
he married in 1921, and a son and daughter. 

B. ©. V. Oppre 
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Lieutenant-Colonel John M. Glenn 


The First American Manned Earth-Satellite 


On February 20 at 14.47 u.r. the Atlas D rocket 
was successfully launched from Cape Canaveral 
carrying the first U.S. astronaut, Lieutenant-Colonel 
John Glenn of the U.S. Marines, in the Mercury 
capsule, Friendship VII (see also p. 807 of this 
issue). The satellite, which weighed 2,970 Ib. 
(1,350 kgm.), excluding its rocket booster, was 
projected into an orbit inclined at 32-5° to the 
equator, and having an orbital period of 88-6 min. 
Its height above the Earth varied between 100 and 
162 miles (161 and 261 km.). The satellite, designated 
1962y1, made three revolutions around the Earth: 
its deceleration by retro-rocket began west of Los 
Angeles at about 19.20 u.r. and it descended safely 
into the Atlantic some 200 miles north-west of 
Puerto Rico at 19.43 v.r. after a flight of 296 min. 
The Atlas rocket booster 1962y2 remained in orbit 
for about nine revolutions. During the voyage 
Colonel Glenn was able to keep in touch with his 
fellow astronauts at various tracking stations around 
the world, and people in many countries were able 
to listen to him by radio. On his return Colonel 
Glenn gave an account of his experiences and reac- 
tions. On February 23, he, and Dr. Gilruth, director 
of the project Mercury, were decorated at Cape 
Canaveral with the Distinguished Service Medal of 
the National Aeronautics and Space Administration. 







_ Physical Laboratory on January 31 to take up an 
appointment as scientific adviser to the Commanding 
Miicer and Director of the David Taylor Model Basin, 
hington, D.C. Dr. Todd joined the Ship Division 
‘of the National Physical Laboratory in 1928, having 
„graduated from Armstrong College, University of 
Durham, with a first-class honours in naval archi- 
ure. In 1946 he helped to prepare provisional 
s for a new large towing tank and a new water 
101 for the Laboratory, but in 1948 was offered 
ost of chief naval architect, and later technical 
irector, of the Hydromechanics Laboratory at the 
David: Taylor Model Basin. He returned to the 
iboratory in 1957 as superintendent of the Ship 
<o o Division, a post which had become vacant by the 
death of Dr. J. F. Allan. During his absence, plans 
_. for the-new facilities had gone ahead, and when Dr. 
Todd returned, the new buildings at Feltham were 
<o calready well in hand and occupation began in 1958. 
While in Britain Dr. Todd has held other important 
positions in the field of ship research. He is vice- 
< =- -president of the Royal Institution of Naval Architects 
and was chairman of the Standing Committee of the 
International Towing Tank Conference. He was a 
i o. member of the Research Board of the British Ship- 
building Research Association and chairman of 
. several of its technical committees. His published 





























-papers have been numerous and have covered a wide. 


range of subjects, such as resistance and propulsion 

of coasters, ship vibration, frictional resistance and 
submarine tankers. He has recently published a book 
on ship hull vibration. He has been awarded the 
-oo Gold Medal of the North-East Coast Institution of 
- Engineers and Shipbuilders for his work on vibration 
and twice received the Captain Joseph H. Linnard 
Prize of the Society of Naval Architects and Marine 
© Engineers (New York) for work on hull form series. 


Mr. A. Silverleaf 


“Mp, ALEXANDER ŞSILVERLEAF has been appointed 
to succeed Dr. Todd. Born in London in 1920, Mr. 
oo Silverleaf graduated from the University of Glasgow 
with first-class honours in naval architecture and 

was awarded the Sir William White Postgraduate 

Research Scholarship in 1941. He worked with 
Messrs. William Denny and Bros., Ltd., shipbuilders, 
at Dumbarton, and in 1942 became a member of 
Experimental Tank staff. He had risen to chief 
» designer when he left the organization in 1951 
gin the National Physical Laboratory as a prin- 
scientific officer in the Ship Division. In 1959 
vas promoted on special merit to senior principal 
ntific officer. Mr. Silverleaf has been in charge of 
he group responsible for investigating problems of 
propulsion, vibration and cavitation. He has made 
.. important personal contributions to the advance of 

knowledge in hydrodynamic problems associated with 

the operation of propellers and hydrofoils under 
cavitating conditions. In particular, he has developed 
experimental techniques in using water tunnels and 
hus improved the methods by which ship performance 
ean be predicted from model results. He has been 
‘ely responsible for the basic design of the new 
water tunnel at the Ship Hydrodynamics 
tory of the National Physical Laboratory and 
en closely concerned ‘with the development of 
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| which make this Laboratory 
est-equipped establishments in 
hip research work. In addition to 
taking over responsibility for the research of the 
ship hydrodynamics laboratories at Feltham and 


the hydrodynamies of the propulsion of high-powered, 


high-speed ships. 


Entomology at East Malling, Kent: 


Dr. A. M. Massee, O.BE 


Dr. A. M. Masser retired from the headship of 
the Entomology Section at East Malling Fruit 


Research Station, Kent. He has been on the staff of | a 


the Station since 1921, indeed, for the major part of 


that Station’s existence and for the whole of his | 
professional life. Massee has strong family interests. — 
in applied biology (his father was G. Massee, some- 
time mycologist at Kew). After a course of entomo- — 


logy at the Imperial College of Science and Tech- 
nology and a preliminary study of mites with F. V. 
Theobald of Wye College, Massee was awarded a 
scholarship by the Ministry of Agriculture to under- 
take advanced study in Vienna with Dr. Nalepa, 
one of Europe’s great acarologists. On his return 
to England Massee was appointed to the staff of 
East Malling when Hatton, Amos and others were 
investigating reversion in black currants and his 
assistance was needed to determine the part, if any, 
played by the big-bud gall mite Cecidophyopsia ribis, 
which was suspected of transmitting the disease. 
Massee's investigations added much to the knowledge 
of the biology and behaviour of the mite but evidence 
was not then forthcoming that it transmitted the 
disease-—indeed, conclusive evidence that it was the 
vector was not obtained until 1944. Pressure from 
fruit growers for information on the control of the 
many insect pests of tree fruits and berry fruits 
meant that Massee became fully involved in routine 
work on insect biology and the framing of spray 
programmes—work for which he has become well 
known both in Great. Britain and abroad. Massee’s 
informative book The Pests of Fruits and Hops 
(Crosby Lockwood), first published in 1937, is now in 
its third edition. His work has received recognition 
by the award of the O.B.E. in 1951 and the Ridley 
Gold Medal of the Worshipful Company of Fruiterers 
of the City of London in 1953. Nothing will separate 
Massee from his insects and mites, and his friends 
know that retirement will only allow him still further 
opportunity for their study. 

o Dr. G. H. L. Dicker 


Dr. MASSER is succeeded as head of the Entomology 


Section at East Malling by Dr. G. H. L. Dicker, who _ 
has participated in the work at East Malling k 


since 1937. He has some useful papers to his credit 


on the pests of berry fruits and a wide experience of — 


insect control. In his hands it can be safely pre- 
dicted that chemical control measures for fruit pests 
will be intelligently used, and due regard be paid to 
the conditions necessary for the survival of beneficial 
species. 


The Atlantic Community and Scientific Co-operation 
Tae debate on the North Atlantic Treaty Organ- 


ization in the House of Lords on January 31 was not ` 


confined to the military or naval aspects of defence 


but touched on some points of more specific scientific — 


interest. Apart from the question of standardization 


of arms and equipment which was particularly: 
stressed by Lord Ogmore and Lord Shepherd, Lord- 


Teddington, he hopes to continue his own work into | os 
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Carrington maintained that the United Kingdom had 
always been in the lead in offering ita research and 
development programme to the Organization. He 
said that Britain had recently proposed to accelerate 
progress by concentrating on a selected number of 
major weapon projects, some of which were already 
moving from the planning to the implementation 
stage. Referring to the establishment last November 
of the Atlantic Institute, the Earl of Dundonald said 
that considerable debate in Paris led to the con- 
clusions that language was a major obstacle to 
furthering a real Atlantic Community, being par- 
ticularly prejudicial to scientific co-operation. The 
sub-committee which reached this conclusion eon- 
sidered also that any modified organization should 
include from member countries high-level repre- 
sentation of education, scientific affairs, universities 
and scientific research organizations. An Atlantic 
Plan for Youth had been suggested with the aim of 
promoting the study of languages and the exchange 
of students, teachers and youth leaders. A pro- 
gramme of scientific co-operation among the scientists 
and scientific institutions of the whole Community of 
the Organization was also proposed, and in particular 
it was hoped to abolish anomalies which prevented a 
student taking his degree in another country and 
then returning to his own country to practise, as well 
as to encourage exchanges of teachers and research 
workers. All this was strongly supported by 
Baroness Elliot of Harwood, who also referred to 
the vital importance of information services and to 
the position of the under-developed countries and the 
need both to help them and to enable them to 
understand what were the aims of the free world. 
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Dragon Reactor Pressure Vessel 


THE pressure vessel for the Organization for 
European Co-operation and Development high- 
temperature gas-cooled reactor experiment, Dragon, 
arrived at Southampton from Germany on February 
25, and was then transported to Winfrith, where it will 
be installed for the Atomic Energy Establishment. 
The vessel, manufactured in two parts by Mannes- 
mann-Export G.m.b.H., Germany, to the standards 
of leak tightness used in high-vacuum techniques, is 
shaped lke a gigantic bottle. The vessel weighs 
48 tons and is made from mild steel 2 in. thick. It 
is 58 ft. high altogether, the bottom part 22 ft. long 
having a diameter of 114 ft., the middle part 22 ft. 
having a diameter of 64 ft., while the neck of the 
vessel has a diameter of 2 ft. The vessel is designed 
to operate with an internal gas pressure of 350 Ib./ 
sq. in. absolute, and a gas temperature against the 
walis of 350° C. The Dragon Project, which is spon- 
sored by the European Nuclear Energy Agency and 
was set up in 1959 (see Nature, 184, 24, 942; 1959), 
is staffed by an international team drawn from 
Austria, Denmark, the Euratom Countries, Norway, 
Sweden, Switzerland and the United Kingdom. The 
Projects two main objectives are to carry out 4 
programme of research and development in con- 
nexion with high-temperature gas-cooled reactor 
systems and to develop, design, construct and operate 
a 20-MW. (thermal) high-temperature gas-cooled 
reactor experiment at the United Kingdom Atomic 
Energy Authority’s Establishment at Winfrith, 
Dorset. ; 


The Colour Group (Great Britain) 


Tue Physical Society Colour Group was founded 
in 1941 to meet a widely felt need for a forum where 


NATURE 


829 - | 


problems of colour could be discussed. Since then it 
has developed into an authoritative body along 
several lines in keeping with the width of interest 
which its object commands. As a result of various 
administrative changes its coming of age coincides 
with a re-formation of the original group on an 
independent basis. It was incorporated a short time 
ago under the name the Colour Group (Great Britain), 
and continues the pursuit of all its previous activities 
under the chairmanship of Dr. R. W. G. Hunt. 
Membership is open to all who are interested in 
colour in its various applications, whether technical, 
scientific, artistic or psychological. Further informa- 
tion can be obtained from Mr. F. J. B. Wall, honorary 
secretary, the Colour Group (Great Britain), Ramsden 
Colour Laboratory, Ilford, Ltd., Brentwood, Hssex. 


Heavy Mineral Prospecting 


Tun systematic mineralogical study of heavy con- 
centrates panned from alluvium has long been 
accepted as one of the most rewarding methods of 
exploration for ore deposits, and in recent years the 
application of these traditional techniques in the 
U.S.S.R. has resulted in suth successes as the dis- 
covery of the Yakutian diamond fields. It is there- 
fore not surprising that, despite the competing claims 
of geochemical prospecting procedures more capable 
of being operated by semi-skilled staffs, heavy- 
mineral analysis continues to attract much attention 
in Russian institutions. Of the half-dozen text-books 
on this topic lately issued in the U.S.S.R., two 
are particularly noteworthy. An excellently produced 
Atlas of Placer Minerals, by N. N. Trushkova and 
A. A. Kukharenko (Pp. 437. Moscow: Gosgeol- 
tekhizdat, 1961. 608.), presents 102 quarto plates, 
nearly all in colour, illustrating the appearance of 
183 species of detrital minerals (principally economic 
minerals) as seen under the microscope, with an 
explanatory text in English, French and German as 
well as Ruasian. The work has been colour-printed 
in Budapest for the All-Union Geological Research 
Institute, and it is evidently intended as a prestige 
publication. It should prove useful to university 
departments and economic geologists alike. A com- 
panion monograph on the mineralogy of placera 
(Mineralogiya Rossypet, by A. A. Kukharenko. Pp. 
318. Moscow: Gosgeoltekhizdat, 1961. 253.), which 
is available in Russian only, provides a compre- 
hensive compilation of the properties and techniques 
of identification of placer minerals, making cross- 
references to the Atlas, together with a lengthy essay 
on the genesis of placer ore deposits in which, perhaps 
for the first time, due attention is given to the effect 
of climate on alluvial mineralogy. 


Awards for Study Abroad 


Tue Department of Scientific and Industrial 
Research is offering up to one hundred awards to 
scientists and technologists for study abroad, either 
through its own scheme of awards or through the 
North Atlantic Treaty Organization science student- 
ship and fellowship scheme. The awards, which will 
be tenable for two to three years at universities, 
colleges and other approved institutions in any part of 
the world, may be at either postgraduate student- 
ship or postdoctoral fellowship level. Details of these 
awards are given in D.S.I.R. Studentships and Fellow- 
ships 1962 (H. M. S. O., 28.), and application forms can 
be obtained from the Department of Scientific and 
Thdustrial Research, State House, High Holborn, 
London, W.C.1. 
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University News: Belfast 

Dr. Doveras Bond has been appointed senior 
lecturer in civil engineering. , 

Birmingham 


Træ following titles have been conferred: Reader, 
on Dr. J. C. Bevington (chemistry of polymers), Dr 
G. A. Gilbert (biophysical chemistry) and Dr. J. 
Sheridan (physical chemistry); Universtty Research 
fellow, on Dr. B. Brémond (mathematical physics), 
Dr. J. J. Willard (chemistry), Dr. J. Erikson (chem- 
istry), Dr. M. Petravio (physics) and Dr. V. W. 
Woodward (microbiology). The following appoint- 
menta are announced: J. P. Barton, to be Nuffield 
Research Fellow in the Department of Physics; E. J. 
Hughes, to be Research Fellow in the Department of 
Physical Metallurgy; Mrs. L. G. Kuo-Petravie, to be 
Research Fellow in nuclear physics in the Department 
of Physics; Dr. J. Low, to be lecturer in nuclear 
physics in the Department of Physics; R. J. Sury, 


to be lecturer in the Department of Engineering - 


Production. 


* — 


Cambridge 


Tam following have been elected to fellowships of 
Ohurchill College: Title A, Dr. D. W. Cameron, 
University demonstrator in organic chemistry, and 
from October 1, 1962, College lecturer in organic 
chemistry; Dr. A. B. Callear, Emmanuel College, 
University demonstrator in physical chemistry, from 
October 1, 1962, and College lecturer in physical 
chemistry; Title F (overseas fellowship), Dr. F. H. 
Westheimer, professor of chemistry in Harvard 
University (Morrell lecturer), from October I, 
1962. 


Hull 


Dr. P. A. Artinson has been appointed lecturer 
in physics, and Dr. M. E. P. Hopper Research Fellow 
in chemistry. 


London 


Tue title of professor of mathematics has been 
conferred on Dr. C. H. Dowker, and that of reader 
in mathematics on Dr. P. Vermes, in respect of their 
posts at Birkbeok College. 


` The following readerships have been announced: 

Dr. Alastair Cameron (mechanical engineering), 
tenable at the Imperial College of Science and 
Technology; Dr. K. Fotherby (chemical pathology), 
tenable at the Postgraduate Medical School. 


The title of professor of theoretical physica has 
been conferred on Dr. Paul Taunton Matthews, in 
respect of his post at the Imperial College of Science 
and Technology. The titles of reader have been 
conferred on: Mr. J. L. Stollery (aeronautics, Im- 
perial College of Science and Technology); Dr. J. C. 
Anderson (electrical engineering, Imperial College of 
Science and Technology); Mr. O. H. Lack (bacterio- 
logy, Institute of Orthopedics); Dr. J. E. Prentice 
(geology, King’s College); Dr. C. E. Gordon (virology, 
London School of Hygiene and Tropical Medicine); 
Dr. J. C. Greatorex {veterinary medicine, Royal 
Veterinary College); Dr. F. W. O’Grady (bacterio- 
logy, St. Bartholomew’s Hospital Medical College); 
Dr. G. L. Watson (mathematics, University College); 
Dr. M. Schachter (physiology, University College) ; 
Mr. J. Maynard Smith (zoology, University 
College}. 
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Spherical Projection Photographs of the Moon 


Mr. B. WARNER writes: “In my review of V. A. 
Firsoff’s Moon Atlas (Nature, 192, 1111; 1961) I 
refer to spherical projection photographs and mention 
that few such photographs are available. It seems 
worth while expanding this point a little. Spherical 
projection photographs as a whole are readily obtain- 
able (for example, Endeavour, 19, 87; 1960; Pub. 
Astro. Soc. Pacific, 67, 246; 1965). Firsoff’s photo- 
graphs, however, are of a type not usually attempted: 
they show the lunar surface as seen from directly 
above the apparent limb. His examples represent 
the only compilation of these limb photographs so far 
published. .The published photographs of the ‘Wright 
Sphere’ (Griffith Observer, May 1955) include one taken 
directly above Grimaldi (virtually on the limb) and 
it is to be hoped that further limb photographs, 
obtained using the Wright sphere technique. will be 
published, as this method seems superior to all others 
for the more conventional spherical projection photo- 
grap +4 
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Announcements 


Pror. F. W. Sears, chairman of the Depacnedt 
of Physics at Dartmouth College, has been awarded 
the Oersted Medal of the American Association of 
Physics Teachers, for his contributions to physics 
teaching and his oe to improve college education 
in science. 


Tas Clough Memorial Research Fund of the Edin- 
burgh Geological Society is offering awards, covering 
the period of one year commencing on April 1, to 
facilitate geological research in Scotland and the 
North of England. Further information can be 
obtamed from the Secretary, Clough Memorial 
Research Fund Committee, Edinburgh Geological 
Society, Grant Institute of Geology, King’s Buildings, 
West Mains Road, Edinburgh 9. 


THe spring meeting of the Parasitology Group of 
the Institute of Biology will be held at the Molteno 
Institute, Cambridge, during April 3-5. Further 
information can be obtained from the honorary 
secretary, Dr. J. R. Baker, Department of Parasito- 
logy, London School of Hygiene and Tropical 
Medicine, Keppel Street, London, W.C.1. 


THe British Pharmaceutical Conference will be 
held at Liverpool during September 10-14. Papers 
intended for presentation should be submitted to the 
Honorary General Secretaries of the Conference before 
May 23. Further information can also be obtained 
from the Honorary General Secretaries, British 
Pharmaceutical Conference, 17 Bloomsbury Square, 
London, W.C.1. 


THe third internatiqnal symposium on “‘Rarefied 
Gas Dynamics” is to be held in Paris during June 
26-29. The subjects under discussion will include: 
recent developments of general theoretical concepts; 
kinetic theory of gases, particularly attempts to solve 
the Boltzmann equation; free molecular flow of 
neutral and ionized gases; surface interactions 
between gases and solids, including applications of 
molecular beams; intermediate and slip flow; ex- 
perimental techniques and instrumentation. Further 
information can be obtained from Prof. E. A. Brun, 
Laboratoire d’Aerothermique, 4 ter, route des Gardes, 
Meudon (8. et O.). 
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BRITISH COLONIAL RESEARCH 


LONIAL Research 1960-61*, shorter again, 

this time by some thirty pages, a reduction of 
16 per cent in two years, appears later than ever, 
although some of the reporta included were presented 
to the Colonial Secretary last July and none later 
than mid-October. Of the Overseas Research Council 
there is no mention, and with the explanation that 
the functions transferred to the Department of Tech- 
nical Co-operation include those previously performed 
by the Colonial Office Research Department and its 
advisory committees and council, it is blandly 
announced that the present volume will be the last 
to be published. Besides the brief annual report on 
colonial research and the seotion dealing with 
research matters not covered by the reporta of the 
specialist advisory bodies, it includes the sixteenth 
annual reporta of the Committee for Colonial Agri- 
cultural, Animal Health and Forestry Research and 


of the Colonial Medical Research Committee/Tropical _ 


Medicine Research Board, the seventeenth annual 
report of the Colonial Social Science Research Council, 
the fourteenth annual reports of the Colonial Econ- 
omic Research Committee and of the Colonial 
Pesticides Research Committee, the annual report on 
fisheries research of the Colonial Fisheries Advisory 
Committee and reports from the Tsetse Fly and 
Trypanosomiasis Committee and from the Director 
of the Anti-Locust Research Centre. 

The annual report on Colontal Research notes a 
decrease in expenditure from Colonial Development 
and Welfare Funds during the year from £1,483,192 
in 1959-60 to £1,364,637, although the Committee 
for Colonial Agricultural Animal Health and Forestry 
Research expresses anxiety about the provision of 
finance for inter-territorial work in East Africa, the 
East African Agricultural and Fisheries Research 
Council in particular continuing to feel financial 
stringency. The 117 new schemes and 56 supple- 
mentary schemes made during the year from Colonial 
Development and Welfare Funds, totalling £2,186,869, 
brought the total commitment since 1940 to about 
£21 million, about 49-6 per cent of which has been 
for agricultural, animal health and forestry schemes, 
18-3 per cent for medical research, 10-2 per cent for 
tsetse fly and trypanosomiasis research, 7:2 per cent 
for social science and economic research, & per cent 
for fisheries research, 2:6 per cent for pesticides 
research, 1-2 per cent for anti-locust research, and 
5-9 per cent for miscellaneous schemes, including 
building research. About 40-6 per cent of the 
allocation during the year has been for schemes to 
benefit the East African territories, 4-5 per cent for 
the West African group, 2'3 per cent for South-East 
Asian territories, 23-6 per cent for the West Indian 
Colonies, British Guiana and British Honduras, 6-6 
per cent for the Central African territories (Northern 
Rhodesia and Nyasaland) and 22-4 per cent for other 
territories and for schemes of general interest. 


* Oolontal nay teers 1980-61; Reports of the Committes for Colon- 
ial Agricnitural, Animal Health and F Reasearch; Colonial 


Soctal Bente Couneu; 
Committee ; "Director, Anti-Locust 
Matters not coverin by the above Reporta of the "Spectalst ———— 
Bodies, Pp. 353. (Cmnd, 1684.) (London: H.M, Stationery Office, 
1961.) 188. RE, 


Four new appointments were made to the Research 
Branch of the Overseas Civil Service, and with 5 
officers retiring and 31 resignations, the total stood 
in March 1961 at 106 compared with 199 in March 
1960, though the latter figure included officers serving 
with the West African Research Office who are not 
now serving under Research Branch terms. Two 
research fellowships were awarded during the year: 
one to study some aspects of medical parasitology in 
Kenya, and the other to undertake a study of the 
Mombo Forests in Tanganyika, and three research 
studentships were awarded, two in agriculture and 
one in medicine. One Research Fellow completed his 
study of the freshwater algae of Lake Victoria and 
other lakes in the region, and another continued a 
plankton survey of the Western Indian Ocean. There 
are several references to shortage of scientific staff 
in the other reporte: for example, staff shortage 
retarded the work of the research section of the 
Sierra Leone Fisheries Research and Development 
Unit and ef the East African Veterinary Research 
Organization; the East African Trypanosomiasis 
Research Organization was short of research officers; 
meteorological research is also handicapped by staff 
shortages; and improved recruitment to the Director- 
ate of Overseas (Geodetic and Topographical) Surveys 
was again offset by wastage. 

More than a third of the report is occupied by the 
report from the Committee for Colonial Agricultural, 
Animal Health and Forestry Research, which includes 
accounts of the work of the East African Agriculture 
and Forestry Organization and the East African 
Veterinary Research Organization, of the Imperial 
College of Tropical Agriculture, of the West Indies 
Regional Research Centre, the West African Cocoa 
Research Institute and the West African Institute 
for Oil Palm Research, as well as research based in 
the United Kingdom and that carried out by Colonial 
Departments of Agriculture, Forestry and Animal 
Health. Reference may be made to the continued 
work in East Africa on the stomatal behaviour of the 
leaves of crops and trees as water shortage becomes 
more acute, in which this year attention was given 
to the behaviour of finger millet or wimbi (Eleusine 
coracana) and bulrush millet (Pennisetum typhotdeum) 
and to @ new programme of work with maize aimed 
at discovering a simple and reliable test for classifying 
a group of fairly similar maizea according to ability 
to withstand drought without too severe loss of 
yield. Other work in East Africa was concerned with 
sorghum breeding, streak disease of maize, rust _ 
disease of beans, the nutrition of indigenous cattle, 
while further progress was made in research on East 
Coast fever and allied theileriases, while the West 
African Institute for Oil Palm Research records 
advances in pioneer oil-mill processing in general as 
well as in small-scale processing and in oil bleach- 
ability. 

Next in length is the last report of the Colonial 
Medical Committee as such, though it is indicated 
that the Tropical Medicine Research Board will 
continue to function under the Department of Tech- 
nical Co-operation. This, too, includes reference 
to the work of tne regional organizations and to 
work undertaken and financed by the medical 
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departments of Colonial territories, but by far the 
greater part of the report reviews the work in pro- 
gresa by subjects. Of the work on helminthiasia, in 
that on loiasis in the Cameroons, a method has been 
developed for testing ‘Banocide’ as a prophylactic in 
human volunteers, while work on onchocerciasis has 
been developed at Kumba in the Cameroons and 
the onchocerciasis research station at Bo : 
Ghana. From the East African Institute for Medical 
Research, Muranza, Tanganyika, surveys were made 
of the incidence of Schistosoma mansoni and S. haema- 
tobsum in school-children in the Western and Southern 
Highland Provinces of Tanganyika, and studies on 
all natural waters within the Usagara area, near 
Muranza, over the past twenty months have shown 
that the transmission of S. haematobium is largely 
from small collections of water, of seasonal duration, 
in which Bulsnus (Physopsis) nasutus productus 
breed. The East African Institute of Malaria and 
Veotor-borne Diseases reports that the most impor- 
tant vector of human bilharziasis in north-east Tan- 
ganyika appears to be Bulinus (Physopsts) globosus, 
‘while studies in Nairobi by the Bilharzia Research 
Unit of the Medical Research Council indicate that 
monthly injections of antimony dimercapto-succinate 
suppress egg production in urinary bilharzia. Work 
on the biology of malaria vectors continued and 
further studies on the causation of liver necrosis in 
yellow-fever have been made on the livers of African 
monkeys inoculated with this virus. 

An epidemic of a disease, o’nyong-nyong, caused 
by a mosquito-borne virus previously unknown in 
‘Uganda, where about a million cases, but no deaths 
directly attributable to the disease, were reported, 
gave the East African Virus Research Laboratory, 
Entebbe, one of ite busiest years. The virus is a 
member of Group A of the arthropoid-borne viruses 
and work on identification is steadily progressing. 
There is clear evidence of persistence and multiplica- 
tion of the virus in both Anopheles funesius and A. 
gambitas, but not in Aedes aegypti. An important 
advance reported from the study of the genetics of 
A, aegypit at the London School of Hygiene and 
Tropical Medicine is the isolation of a partially sex- 
linked gene producing a bright red eye colour, 
revealing a sex-determining mechanism similar to 
that in Palex pipiens. Work on nutrition in Colonial 
territories under the Human Nutrition Unit of the 
Medical Research Council includes studies of the 
various forms and manifestations of malnutrition, 
especially of the effects in man and animals of low 
protein, high carbohydrate dieta; of protein require- 
ments and protein values of foods; and of nutritional 
status in relation to food processing and its effect on 
the nutritional value of the food. 

The two shortest reports are those of the Colonial 
Keonomic Research Committee and of the Colonial 
Social Science Research Council, allocations for which 
for the year were £21,402 and £50,613, respectively, 
but to the latter are appended reports of the East 
African Institute for Social Research and the West 
Indian Institute of Social and Economic Research, 
to which further grants of £31,434 and £79,549, 
respectively, were made, as well as reports from the 
Nigerian Institute of Social and Economic Research, 
University College, Ibadan, and the Rhodes-Living- 
stone Institute for Social Research. The Research 
Council views with great concern the break between 
the United Kingdom and overseas territories likely 
to ensue in social science research on the attainment 
of independence by colonial territories, and urges 
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that it is of the greatest importance to adopt measures 
to provide facilities for United Kingdom research 
in this field in colonial territories which become 
independent and to provide liaison between the 
United Kingdom and independent territories. For 
this purpose the Council suggests that it should be 
reconstituted as ‘an advisory body on matters relating 
to social science in this wider context. 

The annual report on fisheries research of the 
Colonial Fisheries Advisory Committee reporte briefly 
on the work of the Sierra Leone Fisheries Research 
and Development Unit, the East African Freshwater 
Fisheries Research Organization, Jinja, the East 
African Marme Fisheries Research Organization, 
Zanzibar; the Northern Rhodeman~Nyasaland Joint 
Fisheries Research Organization (which had an. 
extremely busy year), the Tropical Fish Culture 
Research Institute, Malacca, and the Fisheries 
Research Station, Hong Kong, but total expenditure 
during the year was only £113,458. Some significant 
changes are reported by the Colonial Pesticides 
Research Committee, the Research Unit at Arushe 
becoming the Tropical Pesticides Research Institute, 
while the home-based unit at Porton becomes the 
Tropical Pesticides Research Unit, Porton. Both 
these are co-operating with the research programme of 
the World Health Organization for the evaluation of 
insecticides. The Agricultural Research Council 
Unit of Experimental Agronomy, Oxford, has investi- 
gated the potentialities of 4-chloro-2-butynyl-N(3- 
chlorophenyl) carbonate as a herbicide for control of 
Avena fatua, and a Weed Research Organization 
has been formed from the Unit. Work carried out at 
the Long Ashton Research Station, Bristol, on 
spraying techniques and the determination of spray 
residues, and by the Rothamsted Experimental 
Station on insecticide pick-up is also reported, while 
the Tsetse Fly and Trypanosomiasis Committee 
reports a ‘major advance in the discovery that 
Glossina palpalis is responsible for tha transmission 
of T. rhodestense sleeping sickness in the Busoga 
area, of Uganda, and this species may be responsible 
for long-term persistence of the disease in Leke 
coast environments. Much information has also been 
obtained regarding the sociological factors influenc- 
ing the transmission of the disease. 

The Anti-Locust Research Centre report refers to 
serious financial and structural problems confronting 
the International African Migratory Locust Organiza- 
tion in view of the acquisition of independence by 
several territories for which Belgium, France and the 
United Kingdom were formerly responsible, and it is 
also necessary to make further plans to ensure 
maintenance of control of the desert locust in East 
Africa, including preservation of research work. 
Meanwhile, representatives of the meteorological 
services of six centres concerned with the desert 
locust have undertaken to add reports of rainfall 
and temperature at a further 25 stations in potential 
locust-breeding areas to the monthly CLIMAT 
signals already received at the Centre. 

Of the research matters not covered by the reports 
of the specialist advisory bodies, Overseas Geological 
Surveys report an outstanding year, with significant 
Increases in the work of the headquarters divisions 
for geophysics, mineral resources and photogeology. 
Specialist assistance continued to be given with 
geochemical, palæomagnetio and seismic research 
projects. While the Colonial Board Research Com- 
mittee has been disbanded, a new Overseas Road 
Research Committee has been constituted to advise 


March 3, 1962 


the Road Research Board on matters of research 
connected with problems of roads and road transport 
overseas and Colonial Research includes some account 
of work carried out by the Tropical Section of 
the Road Research Laboratory. There is also a 
_report on the work of the Tropical Products Institute, 
on surface-active agents derived from sugar, vege- 
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table protein for the relief of malnutrition, the 
unsaponiflable constituents of banana skin wax, the 
bleachability of palm oil, constitution of tang oils, 
the development of new sources of essential oils, 
physiologically active substances from plants, the 
biological activity of pyrethrum and the biochemistry 
and physiology of the pyrethrum plant. 


MANAGEMENT AND SCIENTIFIC MANPOWER 


T a conference at Princeton University during 

November 1960, which was sponsored by the 
National Science Foundation, Prof. F. H. Harbison, 
director of the Industrial Relations Section of Prince- 
ton University, described some of the problems his 
department are investigating in connexion with 
research on the utilization of scientific manpower *. 

Prof. Harbison explained that, despite the advan- 
tages offered by industrial research laboratories and 
their opportunities compared with research depart- 
ments in academic institutions, the industrial research 
centres often suffer from schizophrenia. The goals 
of the corporation and the goals of the professional 
scientist are not always the same. The scientist- 
managers of industrial laboratories have, pressing 
on them, expectations of the corporation for new 
processes and products and expectations of their 
subordinate colleagues for professional advancement. 
Thus, the laboratory must face in two 
directions and understand and speak two languages. 
This places on them the complex task of engendering 
enthusiasm in acting as a transmission belt of com- 
munication. The top corporation officials do not 
know how to treat an organization of individuals 
with sometimes queer but more often indispensable 
thought processes. Moreover, they find it difficult 
to measure the contribution of the laboratory to the 
profit and loss statement. 

The industrial research laboratory is under pressure 
to produce results from new applications of science, 
and strives to attain status m the scientific commun- 
ity. It must. do this in order to attract high-level 
manpower. The high-status industrial laboratories 
invariably are those which can claim to be conducting 
at least some basic research. The laboratories which 
engage only in applied research are not rated highly 
in the community, and cannot expect to attract first- 
class scientists. 

The Government or quasi-Government laboratory 
is a relatively new organism in American society. It, 
too, has many assets. It may devote its energies 
primarily to basic research, or to research of critical 
importance. Thus, it escapes, in part, the conflict 
of goals which so often persists in the industrial 
research centre. Ib can also command resources for 
expensive equipment and adequate supporting techni- 
eal and clerical personnel. 

Yet the scientist in this kind of laboratory is not 
necessarily a ‘happy man’. He lives in the most 
insecure of scientific environments. In many cases 
he is a ‘transient scientist’—on leave for two or three 
years from a university or an industrial research 
centre to work on some important project. He may 
be free to pursue his basic scientifle interests, but 
only for a limited period of time—perhaps insufficient 
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to complete his programme of research. He may 
become a permanent member of the organization, 
but there is always the question of how permanent 
the Government-financed organization may be. 
Moreover, as a scientist, he may long to be a generator 
of future scientific manpower. The Government 
laboratory, however, is not usually a teaching 
organization, and it.is not a good place for the 
scientist who wants also to be a professor. 

The managers of quasi-Government research 
organizations, therefore, are under pressure to take. 
on a teaching function if they are to achieve renown 
as permanent homes for the creative scientist. They, 
like their other organizational counterparts, must 
develop a managerial system and outlook appro- 
priate to their particular role. The managers of 
these institutions, as intermediaries between the 
scientista and Government officials, are faced with 
unusually frustrating problems of communication. 
The U.8.8.R. has probably been most successful in 
building up this kind of organization. 

The university has many advantages as an organ- 
ization to carry on basio research. It also has ite 
problems and shortcomings. In theory, the academic 
environment offers the scientist free choice of ‘path- 
ways of research’. The university scientist need not 
be overtly concerned with the application of scientific 
knowledge to practical problems, nor does the univer- 
sity hire him and tell him what to discover. In the 
university, the scientist is under no pressure to become 
a manager, and, most important, the academic 
scientist has the twin prerequisites of tenure and 
professorship—a guarantee of freedom of inquiry and 
a commission to educate a future generation of 
scientists. 

The university environment, however, is in practice 
not always what it is claimed to be in theory. First 
of all, teaching takes time, and the scientist may 
become particularly annoyed with grading papers, 
attending committee meetings or typing his own 
letters. More important, he may spend a great deal 
of time in the applied field as a consultant to Govern- 
ment or industry. In consequence, he may have 
little time left for basic research. Finally, the 
scientist in the university, as in other organizations, 
may need whole new laboratories costing millions of 
dollars and employing hundreds of people. At this 
point, the scientist cannot be a free agent any longer 
—he must become a acientific organization man. 
His work must be scheduled and integrated with the 
efforte of others. The unfamiliar problems of engin- 
sering, construction, and supervision of & large staff 
of technicians bear down on him. He must become 
a manager of sorts, and a reluctant one, since in the 
academic community, the ‘manager-type’ may not 
be near the top of the totem pole of status. As is 
often the case, the university research organization 13° 
most likely to fail in management of sub-professional 
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and non-academic personnel—areas in which industry 
appears to have a comparative advantage. 

These observations lead to certain conclusions. 
First, neither the industrial research centres, the 
quasi-Government laboratory, nor the university is 
the ideal organization for basic research; all are 
undergoing rapid expansion, and all can be improved. 
All need to examine both their objectives and their 
operation critically and should make basic studies 
about ‘organizational design’ as well as scientific 
research. For example, the industrial research 
centre may need to take on some additional activities 
in fundamental science, or to co-operate more 
closely’ with universities in basic research. In 
return, the universities might consider turning over 
to industry some of the activities which contribute 
only marginally to basic research. The quasi-Govern- 
ment organizations need to find a more secure role 
for themselves and their people. All these organiza- 
tions draw on the same pool of human capital, and 
Prof. Harbison emphasizes that it is in the American 
interest that there be rational thinking about how 
best to use this precious form of capital. 

Secondly, the selection and development of 
managers in all three types of organization needs 
more careful attention. Management, in iteelf, is a 
kind of profession, in that a successful administrator 
to-day needs some basic knowledge of principles of 
organization, human behaviour, motivation and 
techniques of personnel administration. He cannot 
acquire these on the job by experience alone. He 
must study these systematically, although the 
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concepts of management which are used in admini- 
stration of corporations are not always appropriate 
for the administration of laboratories. 

The third and final conclusion stems from the 
other two. The effective selection and development 
of managerial personnel is dependent on a basic 
understanding of the nature of research organization, 
the expectations of different kinds of scientists, and 
the improvements in design which are necessary for 
building an effective organization. Only when this 
is done is there any reliable basis for selection of 
managers and for the kind of traming required to 
improve their effectiveness. 

Systematic analysis of organizational design and 

rial development, therefore, is fundamental 
for effecting better utilization of scientific manpower. 
To enable this to be done, Prof. Harbison recommends 
that every sizeable laboratory, whether industrial, 
Government or university, should have at least one 
highly competent person devoting his major energies 
to analysis of organizational and manpower develop- 
ment problems. This, man should not be involved 
in the routine operations of personnel administration. 
He should report directly to the chief executive 
officer of the laboratory as a top policy adviser. 
If possible, he should have had some experience 
with managerial problems. More important, he 
should know the laboratory, enjoy the unqualified 
respect of its scientific personnel, and possess the 
capacity and interest to analyse human relation- 
ships systematically with both insight and imagin- 
ation. 
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UNIVERSITY OF OXFORD SOUTH CASPIAN EXPEDITION 


PARTY from the University of Oxford, with the 
support of the University of Tehran, made a 
biological survey of the eastern Caspian coast of 
northern Iran and the neighbouring Elburz Mountains 
(long. 52°-54° E., lat. 35° 40’-37° N.) during August- 
September 1961. The primary objective was to 
discover the extent and pattern of bird and insect 
migration through the region. 

Detailed observations of bird movements and 
fluctuations in numbers were made on the Mian 
Kaleh peninsula, on the Firuz Kuh and Imamzadeh 
cols, and in the intervening mountain passes and 
coastal plain by R. W. Arnold, R. §. Bailey, P. P. 
Feeny and R. J. Olliver of the University of Oxford, 
and Dr. E. Etemad of the University of Tehran. 
Altogether, 200 species of birds were recorded from 
the region during the period of fieldwork. Southerly 
day-migration through the mountain cols involved a 
variety of species, but generally small numbers. On 
the coast, by contrast, both variety and numbers 
were far greater, and extensive movements of duck, 
waders, terns and hirundines were regularly noted. 
Largest concentrations of passerine night-migrante 
were found in the hedgerows and woodland of the 
coastal plain, and included both south-westerly 
migrants, exemplified by Sylvia borin and S. com- 
munis, ee south-easterly migrants such as Muscicapa 
parva, Phylloscopus nitidus and Emberiza aureola. 
This last species has probably not been previously 
recorded from northern Persia. The significance of 
the observations is at present being examined, with 
particular reference to weather, topography and the 
distribution of the various species. 


A small and selective collection of bird skins was 
made, chiefly comprising wheatears, Oenanthe spp., 
and yellow wagtails, Motacilla flava, of which at least 
three races are represented (almost certainly M. f. 
lutea, M. f. thunbergt and M. f. melanogrisea). In 
addition, 226 birds of 38 species were trapped with 
mist-nets and marked with British Museum rings, in 
the hope of obtainmg further information about the 
directions of migration. 

Daily observations of insect migration were carried 
out by 8. L. Sutton, who also tock nightly samples 
with the aid of mercury vapour traps, powered by a 
portable generator. Many of the Lepidoptera species 
were definitely migratory, while others were probable 
migrants. In particular, the butterfly Danais 
chryssppus chrystppus, previously thought to have a 
much more southerly distribution, was found in 
numbers, with some movement to the south. It was 
seen to come in from the sea, and was also noted 
moving through the Elburz Mountains at 7,000 ft. 
The moth Utetheisa pulchella appeared in large 
numbers on the Caspian coast at the end of August 
and was afterwards found inland. Many of the other 
species recorded are well-known migrants of cosmo- 
politan distribution. A collection of more than 500 
specimens of Lepidoptera and other insects is at 
present being examined at the British Museum. The 
collection meludes several little-known species from 
9,000 ft. in the Elburz Mountains, where mercury 
vapour trapping was highly successful. 

Although botanical collecting was not one of the 
main objects of the expedition, it was decided to 
collect a limited number of plants from the region for 
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the Royal Botanic Garden at Edinburgh, in connexion 
with work being carried out there on the flora of 
Middle-eastern countries. The area has been little 
visited by botanists, particularly during the late 
summer. C. J. C. Rees collected 200 species from a 
wide variety of habitats. A predominance of com- 
posites and caryophyllaceous plante was noticeable 
at high altitudes, and many plants at 8,000—9,000 ft. 
showed xerophytic adaptations. Below the mainly 
deciduous rain forest zone, no particular family 
preponderance could be seen, though the variety of 
species was here much greater. The collection is 
largely composed of Compositae, Papilionaceae, 
Scrophulariaceae, Labiatae, Gramineae and Caryo- 
phylaceae, though about 27 other families are repre- 
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SWISS SOCIETY FOR 


HE one hundred and forty-first annual session 

of the Swiss Society for Natural Sciences was 
held at Bienne (Biel) during September 22-24, 1961. 
While the majority of members approached the town 
by river steamer up the great Rhine tributary Aar, a 
small group, already in Bienne, were privileged to see 
over one of the famous watch factories of the district, 
Omega, which leads the world in the degree of auto- 
mation already introduced. As is now traditional, a 
nearby beauty spot had been chosen for the first 
general assembly: Douanne (Twann), reached by 
lake paddle-steamer, passing the beautiful Isle Saint- 
Pierre, part wildly wooded, part vine-clad, Switzer- 
land’s largest island, made famous by J.-J. Rousseau 
since his stay during September 12—Ooctober 25, 1765, 
and a place of pilgrimage from that time forth for 
admirers of his passionate philosophy of Nature. 

At the opening administrative session, the central 
president, Prof. Gian Tondury (Zollikon), reported, 
inier alta, his attendance as delegate at the Royal 
Society’s Tercentenary Celebrations, but regretted 
the lack of contact there with Royal Society members, 
a disappointment afterwards offset by a return 
delegation from the Royal Society to Switzerland. 
Prof. Tondury dropped into his native Romansch to 
announce the invitation from Schuls (Engadine) for 
the annual session 1962, under the direction of Dr. 
Th. Zingg (Davos). 

The general proceedings opened with the address 
of the annual president, Dr. H. Schilt (Bienne), on 
the central theme of the session, “Symétrie et Forme”. 
Illustrating the ssthetic aspect for both artist and 
intellectual, he stressed the simplification due to 
symmetry in mathematical problems and the charac- 
teristic dissymmetries contrary to expectation, such 
as between electric and magnetic fields. His con- 
cluding remarks on music and on the discovery by 
Walther Frey, the psychologist, of hidden symmetries 
in Bach’s works ushered in a most apposite and 
fascinating performance of the “‘Art of the Fugue” by 
a local amateur quartet. 

The invited speeches (which will appear in full in 
the Actes) were ‘Symmetrie in den Naturgesetzen”’, 
by Prof. J. M. Jauch (Geneva); “Symmetrie und 
Unordung in der Kristallwelt”, by Prof. F. Laves 
(Swiss Federal Institute of Technology, Zurich); 
“Symmetrie und Form der Tiere’, by Prof. F. E. 
Lehmann (Berne); “Sur la génése des formes symé- 
triques et asymétriques chez les végétaux supérieure”, 
by Prof. L. Plantefol (Paris), together with a striking 
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sented. The opportunity was also taken, at the 
request of the Royal Horticultural Society, to collect 
about 100 bulbs. ‘These, mamly Liliaceae, were 
found by C. J. C. Rees at 7,000 ft. near Firuz Kuh. 
More than 5,000 ft. of colour 16-mm., ciné film was 
exposed in the region. In addition to the fieldwork 
of the expedition, the film shows many of the birds 
and insects, as well as some of the activities of the 
local population, including sturgeon-fishing, cotton- 
picking and rice-harvesting. The work of the expedi- 
tion has been further documented with a large collec- 
tion of colour transparencies and black-and-white 
photographs. P. P. Freny 
8. L. SUTTON 
C. J. C. REES 


NATURAL SCIENCES 


film on the disposition of leaves presented by Prof. O. 
Schluepp (Reinach), epitomizing his now well-known 
life-work. All these speakers leaned on the ancient 
idea of symmetry as law in general, an invariance in 
time, rather than a geometrical mirror principle in 
particular, and they underlined the approximateness 
and elusiveness of its embodiment in Nature, by 
contrast with the abstract structures of man’s mind. 
Even in these structures, as Prof. Jauch pointed out, 
ancient preconceptions on the inner harmony of 
Nature had to go before progress became possible 
and a more subtle symmetry was revealed. It is 
important, too, to realize that although natural laws 
may show symmetry, initial boundary conditions do 
not; moreover, noticeably in newest nuclear physics, 
the symmetry of the existing laws is never fully 
exploited. 

On the concrete side, Prof. Laves showed with the 
aid of slides how in crystal growth distortion and 
geometrical symmetry are allied, preserving ‘ration- 
ality rules’. By entertaining juxtepositions, he 
exhibited the resemblance between spontaneous 
crystal formations and specimens of modern art 
The esthetic appeal of a deliberate combination of 
order with disorder was even more strikingly demon- 
strated in the old masters, notably Dürer. Prof. 
Lehmann stressed tho analogy between faunal 
evolution and crystal formation, with the two added 
characteristics of adaptation and a huge time-factor, 
involving an enormous number of purely repetitive 
generations. For the examination of the 892,000 
species in the major divisions of the animal kingdom, 
classical morphology, though now out of date, must 
of course not be discarded out of hand; but shape 
must be related to environmental features. A. total- 
ization process must displace the meticulous attention 
to detail in observation; in the laboratory, recon- 
structed forms of life, developed from plankton, 
have already demonstrated the feasibility and fruit- 
fulness of experiment where observable specimens are 
lacking in the evolutionary scale. The same point of 
view for the realm of plants was taken by Prof. 
Plantefol as had been stressed by Prof. Lehmann for 
the animal reign, namely, the basic status of each 
individual kind as a systematic carrier of life. His 
exposition, with slides, gave a vivid account, closely 
reasoned, of his historic discovery (now known to 
every botanist) that growth is not from one vegetative 
point at the plant apex, but from a ring around it. 
Both symmetries and dissymmetries were explained 
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by his theory. The recurring thesis throughout his 
talk, amply illustrated by it and eloquently summed 
up in the peroration, was that scientific research is 
unfinished without proof by experimentation. Where 
experiment is excluded, as at present with flower 
growth, theory, which is akin to poetry, may explain, 
but cannot prove, and the investigation, in a scientific 
sense, is incomplete. 

During the sectional proceedings, speakers appear 
to have taken little account of the advocated general 
theme, preferring to report on recent research, how- 
ever disconnected. An exception was the paper by 
Dr. R. C. H. Tanner (London) in the mathematical 
section, not (as might have been expected) on any of 
the obvious aspects of formal symmetry in mathe- 
matics already referred to by the principal speakers, 
but on a type of local approximate symmetry dis- 
covered by W. H. Young in 1908 in a context of real 
function theory and of what Caratheodory, in his 
famous text-book, called Georg Cantor’s immortal 


creation, the theory of sets of points. This surprising .- 


result, largely overlooked despite the efforts of H. 
Blumberg, who rediscovered it in 1918 in a context 
of mathematical logic, has recently been brought to 
the fore again by E. F. Collingwood in a context of 
complex function theory. The account (“La symétrie 
locale des fonctions et ensembles quelconques”) will 
appear in the Enseignement mathematique, together 
with the other mathematical communications, on 
hyperquadratics associated with the Rayleigh—Poin- 
caré principle, by Dr. J. Hersch (Geneva); on 
surfaces with assigned principal curvatures, by Prof. 
K. Voss (Munich); on group-theory and on analytic 
seta, by Mile 8. Piccard, among others. 

The Physics Section had provided for three major 
reports, of which the most remarkable proved to be 
that by Prof. L. Van Hove (Cern) on recent progress 
in the N-body problem of quantum-theory. The 
others were by Prof. H. Maier-Leibnitz (Munich) 
relating to present-day researches on the Mossbauer 
effect, and by Prof. J. P. Blaser (Swiss Federal 
Institute of Technology, Zurich) on the high-energy 
project of the Swiss Federal Institute of Technology. 
Shorter papers were so numerous that four parallel 
sessions had at first been provided for, but were 
reduced to three by the fusion of general and applied 
physics, with twelve papers ranging from maser 
theory to the mechanics of human movement. The 
other two, more specialized, divisions comprised 
respectively eleven papers on nuclear physics proper 
and fifteen on solid-state physics, to which last two 
Americans, J. G. Daunt and K. Kreitman, of Ohio 
State University, contributed (on the independence 
of the oritical current from fleld-orientation in super- 
conducting alloys). 

The Chemical Section followed a similar pattern, 
with three major lectures: “Biochemische Aspekte 
der Blutstillung”, by Prof. E. F. Lüscher (Berne), 
“Analyse par activation aux neutrons des isotopes à 
courtes periodes”, by Prof. D. Monnier (Geneva), and 
‘“Korrelationsreaktionen bei den Calebassen- und 
Strychnos-alkoiden und Versuche zu ihrer Nachah. 
mung an Modellverbindungen”’, by Dr. K. Bernauer 
(Basle), and two parallel sessions for the short papers, 
fourteen mainly on organic-preparative topics and 
thirteen on inorganic chemistry, physical chemistry 
and radiation chemistry. 

The Section for Geophysics, Meteorology and 
Astronomy, besides a number of papers on ice, snow 
and atmospheric conditions, heard a report by Dr. 
O. Fleckenstein (Basle, and Milan Observatory) on 
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the highly controversial and widely varying estimates 
by different authorities (including his own) for the 
period of rotation of Venus, the ‘veiled planet’, an 
account of special topical interest since the true value 
would be crucial for landing a space-probe. 

The Geological Section was occupied by a series of 
short papers of which the most interesting was a 
joint one by J. Frey, W. Jung and 8. A. Uhr on the 
sedimentary cover of the St. Gotthard on the south 
side, and with a three-day excursion in the Préalpes 
of the Valais under the guidance of the sectional 
president, Prof. H. Badoux (Lausanne). 

The Section for Geography and Cartography, under 
the chairmanship of Prof. H. Gutersohn (Zurich) 
concerned itself primarily with specific problems in 
cultural geography, including its status as a subject 
within the curriculum of the new Town and Country 
Planning Department of the Swiss Federal Institute 
of Technology, reported on by Prof. E. Winkler 
(Zurich). Among other topics, the ancient Roman 
town of Aventicum was discussed by M. Perret 
(Avenches), the Chinese in Vietnam by Dr. W. 
Kundig (Zurich) and commuter problems in the Berne 
metropolitan area by W. Kuhn (Berne). Afterwards, 
E. Grosjean (Gimlingen) led a tour of the town of 
Bienne, and Prof. H. Liechti (Porrentruy) a field trip 
to the Jura Mountains. 

The Section for Anthropology and Ethnology was 
presided over by Dr. E. C. Buchi (Schaffhausen), who 
in his own communication controverted, with a con- 
siderable degree of probability, on the basis of blood 
genetical investigations, the commonly held theory 
that the Toda of Nilgiri (South India), a tribal people 
of fair skin, are descendants of the Aryan immigrants. 
Another invasion, unknown to history, may be 
involved. Certain facts point to the Near East. Prof. 
H. Huber (Fribourg) explained the death rituals of 
the Osu (Ghana), Dr. K. Henkin (Berne) aspects of 
the Polynesian conception of the world, Dr. H. 
Dietachy (Basle) a plate in the Atlas von Castelnan in 
connexion with the Caraja of Brazil and their cultural 
variability, with special reference to the ‘house of 
men’. Four papers, by Prof. M.-R. Sauter, Dr. H. 
Kaufmann and Dr. P. Moeschler of Geneva and J. 
Cl. Bouvier (Porrentruy), dealt with researches on 
Neolithic men in west Switzerland. Resemblances to 
the pygmies of the Ituri were demonstrated. Dr. 
P. A. Gloor discussed, in one paper, probable reasons 
for the drop in cephalic index for the population of 
the Valais and, in a second, the main distribution of 
the four ‘races’ in Switzerland, the ‘Lapponoid’ south 
and east, the ‘Mediterranean’ south-west and east 
of Canton Grisons, the ‘Armenocid’ south-east, and 
the ‘Nordic’ north and north-east, with centre in the 
Bernese Oberland. A. colour-film of the daily life of 
a North African tribe was shown by Henry Brandt 
(Cortaillod). 

The Entomological Section was presided over by 
Dr. R. Wiesmann (Binningen, Basle), who also con- 
tributed a paper on an ‘equilibrium organ’ in the 
house fly, Musca domestica L., which excited con- 
siderable discussion, as did also an account by Dr. 
F. Schneider (Wädenswil) on theories and problems 
of insect migration, and one by Prof. P. Bovey 
(Swiss Federal Institute of Technology, Zurich) on 
the problem of orange forms in Zygaena ephtaltes L. 
Prof. E. Handschin and Dr. Bittiker (Basle) spoke 
on the great Asiatic mantispids and South Rhodesian 
melolonthids, respectively. 

In the Historical Section, the most interesting 
cormmmunication was that of Prof. E. H. Askerknecht 
















; ; as. & panacea, a conception that 
the Continent from England via Göttingen. 
tenthaeler (Leysin) continued his contribu- 
ions to the study of Hippocratic medicine. Dr. J. 
irmann (Liebefeld-Berne) spoke on a little-known 
‘mineralogist, von Wartensee, of Lucerne (1750-84), 
„and also on theories and controversies of 1874-1909 
-over the ripening of hard cheese. The beginnings of 
industrial medicine were touched on by Prof. H. 
311088 (Basle) in his talk on F. A, Roeber (1765- 
827). 





symposium, which, could have been related to 
the central theme of the session, on “Form- und 
fusterbindung bei Tieren”, was organized by the 
Zoological Section under Prof. M. Liischer (Bern) as 
president. But after the general introduction by A. 
oao Portmann (Basle), only very special points were dis- 
cussed, including the effects of reaggregation of cell- 
oo mixtures of Drosophila, by the chairman, Prof. E. 
Hadorn (Zurich), the standpoint of evolutionary 
4 physiology, by Prof. F. E. Lehmann (Berne), and the 
2o =o formative function of competition and inhibition for 
invertebrates, by Dr. P. Tardent (Naples), who also 
gave a short separate paper on the action of dinitro- 
phenol on the regeneration of Tubularia, in the after- 
noon session under Prof. Rosin (Berne). This session 
"included a film on the behaviour of herds of deer, 

oo and concluded, in association with the Genetic 

_. Section, with two major leetures, by Prof. J. Brachet 
(Brussels), on “Le role des acides nucléiques dans le 
transfer de Vinformation génétique”, and Dr. F. 

_.. Vogel (Berlin), on ‘Die. spontane Mutabilitat mensch- 
> Neher Gene”, under the chairmanship of Dr. E. 
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Oehler (Lausanne). Both gave an accou 
latest state of their subject and showe 
problems still unsolved. 

A symposium arranged by the Section for 
and Philosophy of Science on “Reiz und Empfind 
unfortunately clashed with the preceding. The pi 
gramme was: “Prof. 8. Weidmann (University. 
Berne), “Physiologie der Sinnesorgane’ 
König (director, Federal Office of. 
Measures, Berne), “Messungsprobleme 
und Farbenempfindung”’; Prof. K. Miese 
metry Laboratory, University of Basle) 
Metrik in der Beziehung Farbe-Reiz’ 
Gonseth (Lausanne), “Erkenntnistheoretiscl 
Reiz und Empfindung”; discussion led by. Prol 
Meyer (University of Zurich). 

Nothing outstanding has to be reported of th Nene 
three remaining Sections (Mineralogy and Petro- < 
graphy, Paleontology, Botany). Between ten and E 
fifteen shorter communications were scheduled. for o — < 
each, and excursions led by Prof. E. Niggli (Berne) to 
the Grimsel region and by E. Berger (Biel) to tho — 
nature reserve in the Freibergen. : 

Once again a fascinating unscheduled tailpiece was —— 
provided for foreign participants at the gateway of = 
Switzerland, Basle: the spectacular Urachtenfest, 
breaking up on the same day, filled the streets and —_- 
station to the echoing of yodel, horn and drum with 
its extraordinary multiplicity of meticulously recone > 
structed costumes from country, town and village of — 
Switzerland, gracefully and picturesquely worn, a = 
display of joyful colour, art and national piety: not one 
easily matched elsewhere. R. ©. H. TANNER a 


THE SCIENCE ASSOCIATION OF NIGERIA 


rT HE fourth annual conference of the Science 
— Association of Nigeria, held at Enugu during 
December 14-18, 1961, showed clearly that this 
young and vigorous Association is fulfilling a need. 
-= Thero were about 180 registered conference members, 
- and about twice this number attended the opening 
-ceremony at which Dr. M. I. Okpara, Premier of 
_ Eastern Nigeria, in an inspiring oration, showed 
what an important part science has to play in the 
development of Nigeria. ‘This point was also emphas- 
ized by the. 1961 president of the Association, Dr. 
© J.-C. Edozien, professor of chemical pathology at 
_ University. College, Ibadan. It is not, he said, 
_ simply a matter of applying known scientific methods 
and technology to Nigerian problems, but also of 
pursuing, in Nigeria, original research on a host of 
ew problems and on many old problems which are 
yet. unsolved. 
. The Science Association of Nigeria was also fortun- 
“ate to have Sir Julian Huxley as a guest speaker. In 
-a lecture after the opening ceremony, he traced the 
— in scientific knowledge which followed 
~Darwin’s theory of evolution. This emphasis on 
on was most relevant to scientists working 
this rapidly developing country. Indeed, Sir 
Julian observed that West Africa now is developing 
ta speed unprecedented in the world’s history. 
The Association has members of many disciplines, 
‘and the annual conference provides an excellent 
opportunity for them to hear up-to-date reviews of 
various branches of science. Although the number 
-of scientists in Nigeria is rapidly increasing, it is 
3 still quite small, and the stimulus of these fairly 
























general conferences is considerable. An encouraging : 
feature of Nigerian science is the co-operation: 
between scientists of different disciplines, which often 
leads to real advances in knowledge. E 
The highlight of the conference was a symp Ja 
on protein. Under the chairmanship of Prof. Eni 
Njoku, medical doctors, chemists and agriculturists 
contributed short papers which were followed by a — 
stimulating discussion. Dr. J. G. Beetlestone spoke ee 
about the chemical composition of protein; Prof. =< 
J. C. Edozien, Dr. W. R. F. Collis, Dr. J: Watsone = 
Wiliams and Dr. E. M. Poulton spoke about protein _ ee 
deficiency, which is still very serious in most Nigerian o 
children, even in apparently prosperous villages; 
Prof. V. A. Oyenuga, Dr. W. R. Stanton, Dr. 8. G. Wil: 
son and Mr. J. A. Akinrele gave papers on the produc 
tion of protein in animal and vegetable foodstuffs, 
Some people have commented on the strong. repre 
sentation of agriculturists and medical men in the 
Science Association of Nigeria, but this is surely quite 
appropriate in a country where improvements 
diet and health are of such crucial importance to the 
welfare of the rapidly growing people and the 
progress in the modern world. The physical, chemi 
and industrial aspects of science are not, howev 
being overlooked and “The Place of Science ini 
Industrial Development of Nigeria” has been chot 
for the theme of the next annual conference, due 
be held at Lagos in December 1962. l 
At the annual general meeting, Mr. R. W, J. Ke eay 
was elected president for the year 1961-62, and Dr 
O. I. O. Olaniyan was elected honorary garetts 
R. W. 
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TOPOGRAPHY OF OXIDIZED GRAPHITE CRYSTALS 
By Miss E. E. GLENDA HUGHES and Dr. JOHN M. THOMAS 


Department of Chemistry, University College of North Wales, Bangor 


PRESENT-DAY trend in the study of gas-solid 
reactions has been the increasing use of various 
techniques to examine changes in surface properties 
of the solid during or following reaction. ‘This 
approach yields direct information concerning the 
dependence of chemical reactivity on the nature 
and density of crystal imperfections. 
graphite oxidation, for example, it is hoped that 
by this means the location of the ‘active sites’ at the 
surface and hence an understanding of the mechanism 
of the gasification may be obtained. Hennig et al.'-*, 
by examining the changes in the topography of single 
erystals of graphite using optical and electron micro- 
scopy, have demonstrated that, under conditions 
which are still imperfectly understood, oxidation may 
often commence at surface atoms in the basal plane 
and proceed in a direction perpendicular to it, that is, 
along the c-axis. In so doing, well-defined hexagonal 
pits are formed. 
the oxidation of Ticonderoga graphite crystals with 
particular reference to the behaviour, and the condi- 
tions necessary for the production, of the hexagonal 
pits. Pronounced differences have been observed in 
the mode of graphite attack by oxygen and by carbon 
dioxide, and the way in which hydrogen pretreatment 
modifies subsequent oxidation by oxygen. 
Crystals of Ticonderoga graphite were purified by 
extensive alternate treatments with boiling hydro- 





Fig. 1. Basal plane {0001} surface of purified Ticonderoga graphite 


crystal. Twin bands run parallel or intersect at 120°. (x 100) 


In the case of 


This article deals with a study of 





Fig. 2. 


at 830° C. 


Topography of graphite crystal after oxidation by oxygen 


for 2 hr. All hexagonal pits oriented parallel to twin 


bands. (x 100) 


chloric acid and hot hydrofluoric acid followed by 
outgassing in an argon atmosphere at 2,750° C. The 
crystals were cooled in argon at an average rate of 
about 0-3° C. '. Mass spectrometric analysis of 
a number of individual crystals revealed that their 
total impurity content ranged from 30 to 180 p.p.m., 
w/w, the chief impurities being boron and silicon. 

The graphite-gas reactions were carried out at 
various temperatures in a high-vacuum system con- 
sisting of a quartz reaction vessel containing a 
platinum boat to hold the crystals, and an all-glass 
circulating pump to facilitate reaction. Spectro- 
scopically pure oxygen, carbon dioxide and hydrogen 
were purged of traces of moisture using outgassed 
Linde 5A molecular The crystals were 
outgassed at 10-* mm. mercury for 15 hr. at 1,000° C. 
and, after attaining working temperature, the gas in 
question was circulated over the graphite for 2 hr. 
at an initial pressure of 1 cm. mercury and at a rate 
of about 1,500 c.c. min.-'. The topography of the 
crystals was examined and photographed using an 
optical microscope fitted with a specially designed’ 
illumination system. 

Fig. 1 shows the basal plane {0001} surface of 
a purified graphite crystal. The bright, straight lines 
which run parallel to one another or intersect at 120° 
are twin bands. The other bright striations, which 
tend to be randomly oriented, are surface steps of 
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Fig. 3. Development of pore along the a-direction during oxidation 
by oxygen at 830° C, for 8 hr. (x e. 80 





Fig. 4. Topography of graphite crystal after oxidation by oxygen 
at 800° ©. for 15 min. (x c. 80) 


different heights and bend planes of varying angle 
with the axis of bending lying in the basal plane’. 

At temperatures greater than 700° C. the carbon 
atoms in the basal planes, as well as those at their 
periphery, are attacked freely by oxygen. Fig. 2 
shows the basal surface of a crystal oxidized at 830° C. 
It can be seen that, without exception, all the con- 
centric hexagonal pits are oriented such that two of 
the pit sides are parallel to the twin bands. The 
hexagonal pits were observed always to assume this 
orientation when the graphite was oxidized by oxygen 
in the temperature range 700°-900° ©. These 
hexagonal pits are similar in type to, but different 
in orientation from, those obtained by Hennig! when 
graphite crystals were purified by pretreatment with 
chlorine and with nitrogen at 3,000° C. 

After prolonged oxidation at 830° C., the pits grow 
deeper, and tend to merge. Fig. 3 illustrates how 
coalescence results in pore formation along the 
a-direction. The stepped pits seen in Fig. 3, and in 
Fig. 2, confirm that the terminating edges of the 
basal planes at the pits burn at different rates'. 
Comparison of Figs. 1 and 2 suggests that, besides 
pit formation, the surface irregularities of the 
original graphite are removed by oxygen treatment. 
That this removal occurs rapidly is proved by Fig. 4 
which shows the basal surface after 15 min. oxidation 
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by oxygen at 800° C. At this stage of oxidation, 
small hexagons oriented ‘parallel’, in the sense 
described above, have formed. These hexagons are 
not concentric. 

When carbon dioxide is used instead of oxygen, 
none of the above effects is observed. Even after 
5 hr. contact with graphite, and at temperatures of 
800°-900° C., carbon dioxide does not produce 
hexagonal pits or any other discernible evidence of an 
attack perpendicular to the basal planes, In fact, 
the topography of graphite treated with carbon 
dioxide appears to be identical with that of purified 
graphite. 

Hydrogen, also, in the temperature-range 900° 
1,000° C., does not appear to modify the surface of the 
purified graphite, but when the graphite was exposed 
to hydrogen at 1,000° C. for 2 hr. prior to oxidation 
at 850° C. two effects were observed. First, the 
tendency for oxygen to produce hexagonal pits was 
markedly reduced, and, secondly, an appreciable 
number of these pits were oriented perpendicular to 
the twin bands (Fig. 5). 

The significance of the orientation of the hexagonal 
pits has been explained' on the basis of the fact 
established by Sjögren’, Palache’®, and Laves and 
Baskin" that the faces of the twin planes on graphite 
have a very strong propensity to assume the form 
{1121}. The recent crystallographic description by 
Freise and Kelly® of the twins in Ticonderoga graphite 
confirms that, in the great majority of cases, the 
habit plane is {1121}. In Fig. 6, the heavy lines 
delineate the directions in which the twin planes 
{112/} intersect the basal plane {0001}. It follows 
from Fig. 6 that a ‘parallel’ pit grows by gasification 
of the ‘arm-chair’ carbon atoms, whereas the growth 
of a ‘perpendicular’ pit involves the gasification of 
the ‘zig-zag’ carbon atoms. 





PPE, n ¢ 


Fig. 5. Topography of graphite crystal after exposure to hydrogen 
at 1,000° C. for 2 hr. and to oxygen at 850° C. for 2 hr. Pits tend 
to be oriented perpendicular to twin bands. (x 100) 





Fig, 6. 


Significance of hexagonal pits oriented ‘parallel’ and 
‘perpendicular’ to twin bands, 


Two types of lattice defect, the screw dislocation 
and the single lattice vacancy (point defect) in the 
basal plane, are thought* to favour formation of pits 
when graphite burns in oxygen. We are inclined to 
the view that the first type, screw dislocation, is 
responsible for the occurrence of pitting, because we 
have evidence for the existence of such dislocations 
in Fig. 7 which shows a left-handed growtb spiral 
with large Burgers vector, and because it appears 
unlikely, on the basis of Hennig’s work*:*, that the 
low impurity content of our graphite is adequate to 
stimulate pitting by the lattice vacancy mechanism. 
The precise reasons for the ‘parallel’ pit formation 
during oxidation, that is, attack on the ‘arm-chair’ 
carbon atoms rather than on the ‘zig-zag’ atoms 
(Fig. 6), and for the re-orientation following hydrogen 
pretreatment are, at present, unknown. One factor 
that could favour re-orientation is hydrogen chemi- 
sorption. Another could be the deposition on the 
graphite surface of minute traces of impurities such 
as platinum silicide or platinum carbide, which are 
believed!** to be formed when platinum and silica 
are heated under reducing conditions. Further work, 
designed for investigating such possibilities and to 
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Fig. 7. Left-handed growth spiral with large Burgers vector 

perpendicular to basal plane. The surface was etched by oxygen 

at 830°C. for 2 hr. (Large bright spots are dust particles.) 
(x ¢, 200) 


account for the disparity in behaviour of oxygen 
and carbon dioxide, is in progress. 
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THERMAL CONVECTION WITH WIND SHEAR 
By E. K. WEBB* 


Commonwealth Scientific and Industrial Research Organization, Division of Meteorological Physics, 
Aspendale, Victoria, Australia 


URING the past decade, considerable progress 
has been made? in establishing the behaviour of 
thermal convection in the atmospheric boundary 
layer (the lowest few tens of metres). In this context, 
the height z can be normalized as © = 2z/|L|, 
where L is Obukhov’s* stability parameter L = —u, °/ 
(kgH/cp98,) with the usual notation. 


* Present address: Department of Meteorology, Pennsylvania State 
University, University Park, Pennsylvania. 


Priestley? has predicted theoretically, assuming 
buoyant motions with local similarity and negligible 
effect of wind shear, that the profile of mean potential 
temperature § would follow @0/dz a z-*’*, that is, the 
corresponding dimensionless heat flux: 


H = Hiepp(g/0)*"* 2* 1090/32/3" 


would be constant. He established*:’ from observed 
heat flux data that the height where the lower region 
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of effectively forced convection merges into the 
buoyancy-influenced region is approximately 


x 
č = 0-03, and that for © > 0:03 the observed H 
is in fact approximately constant with value about 
0-9. Observed temperature profiles* are close to the 
form d6/dz a z+” over a height range limited, how- 
ever, to thirty-fold above ¢ = 0-03: at about ¢ = I, 
the gradient ¢6/dz vanishes abruptly and remains 
small or zero for € > I. 

The vanishing of @0/dz, at a height which drops 
when tiẹ decreases, implies that the presence of some 
wind shear is necessary for the existence of the z-*? 
region. In fact it indicates* that wind-shear (mechani- 
cal) turbulence is substantially responsible for the 
mixing which diffuses heat from rising buoyant 
elements into the environment. A theoretical 
approach using this consideration is outlined here; 
a full description will be published later. 

The theory starts from Priestley’s’ equations for the 
vertical speed w and temperature excess T of a 
buoyant element: 


w = (g/0_)T — pw (1) 
P = — wd0/de — pT (2) 


Here the dot signifies time differentiation and u the 
mixing-rate u = cK/R*, where K is the transfer 
coefficient, Z the linear dimension of the element, and 
c a numerical factor roughly 6. Š 
Buoyant elements are assumed to start upwards 
from any height za. The dynamical effect of the 
ground is expressed by taking R = agza with a a 
number of order unity. The heat flux at any given 
height is taken to be that of the particular elements 
which make it a maximum; the requirement of 
constant H will then make |@0/dz| a minimum at 
all heights. Wind-shear turbulence is taken to 
provide the initial properties of elements, thus: 


wa = kta (U/dz)a Ta = — kza(ðð/ðr)a (3) 


where U is the mean speed of the wind. 

An element of size R will be diffused most effectively 
by mechanical eddies of size oR say, where a is 
perhaps around $. Now the ordinary mechanical 
transfer coefficient’ k? z* 0U/dz is effective on a size- 
scale equal to z; therefore the transfer coefficient on 
the scale oR is taken to be K = (6R/z)4* + k? z3 0U//dz, 
using Richardson’s* length-scale (similarity*) con- 
version. The mixing-rate then becomes: 


u = M(2/2a)*8 DU de (4) 
M = okt ot/8/q4/ 


The mixing coefficient M determined by the 
geometry of the buoyant and turbulent motions is 
effectively the only numerical parameter in the 
theory, apart from k. M is to be evaluated by com- 


parison with experiment; as a very rough a priors 

estimate using the numerical magnitudes quoted 

above, M is found from its definition to be about 0-4. 
Eliminating T from (1) and (2) gives 
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where: 


3 d d 29 
gato) + wet twa - (Ete) 0) 


the solution of which and substitution into (1) to 
obtain T gives the heat flux H = cp pw T. However, 
(5) is nonlinear and does not appear to possess relevant 
closed solutions. 
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There are several ways of proceeding. For small 
¢, power series solutions may be obtained after 
expressing the profiles as Monin—Obukhov series?*, 
that is, 39/?z and <dU/dz proportional to <3 
[1 + a,(z/L) + a,(z/L)* + ...]. From observations 
a, is about 5, and with this value the solutions show 
that, for heat flux to be constant with height, M must 
be 0-24. At large 0, approximate solutions show, 
on using the observation that € = 1 is the height 
of the vanishing temperature gradient, that M must 
be approximately’ 0-3. (Some increase of M with 
height is to be expected, on grounds that will not be 
elaborated here.) 

In order to investigate the 4/3 region, some pre- 
liminary approximate solutions have been obtamed 
pean i differential analyser, taking 00/dz a z-*’8, 
ðU joz is taken to have similar form, which it can be 
shown is consistent with the theory, and which 
observations indicate!-4, With M = 0-24 increas- 
ing to 0-3 at the greater heights, the heat flux carried 
by elements starting at various heights is sketched in 
Fig. 1. There the non-validity of the 4/3 law is, 
apparent below € = 0-03, in the region of forced 
convecitton where mechanical turbulence dominates. 
Nor is the 4/3 law valid above ¢ = 1, in a region of 
essentially fres convection where buoyancy dominates 
and the effects of mechanical turbulence are minor. 
Clearly 00/dz must in reality diminish sharply at 
¢ = lin order that the heat flux remain constant. 

In the region 0-03 < © < 1, the solutions in Fig. 1 
are particularly interesting. Arising element is 
subjected to three influences during its history: (1) 
initial boost provided by mechanical turbulence, 
(2) buoyancy, and (3) diffusion by mechanical turbu- 
lence. In the lower parts the initial boost is mainly 
responsible for the heat flux, and the elements are 
diffused so rapidly that buoyancy is not. very effective. 
With increasing height, the effects of diminishing 
Initial boost, and diminishi mixing allowing 
increasing path lengths under the influence of 
buoyancy, are in approximate counterbalance; and 





J 
w 
0-2 4 06 I 2 
Å 
Fig. 1. Approximate solutiona with ə0/əs and 9U/oz proportional 
to z+" throughout 


~= m, initial boost; ...., heat flux 
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the resulting theoretical H remains approximately 
constant, olosè to’ the value 0:9 found by Priestley 
from observations. It follows that with constant H, 
the theoretical temperature profile will be close to 
dO/dz x z4. In this region the process would 
appropriately be called ‘composite convection’. 

In laboratory convection between two horizontal 
plates (no wind shear), the temperature gradient is 
virtually zero in the central region of the fluid’, for 
essentially the same reason as 00/ðz vanishes in the 
atmosphere, namely, the transfer between ascending 
warmer and descending cooler currents is negligible. 
The region of molecular transfer with strong tem- 
perature lapse near each plate becomes shallower as 
the Rayleigh number is increased, because smaller 
scales of cellular motion then bring the convective 
influence nearer to the platet’. This is analogous to 
the atmospheric case when the magnitude of the 
Richardson number is increased, that is |Z! is 
decreased. 

The most important distinction between the, two 
cases is that the laboratory convection currents suffer 
diffusion on the molecular scale, but have no eorre- 
sponding mitial (macroscopic) boost. It is for this 
reason that the laboratory convection does not set in 
until a much larger Rayleigh number is reached'* 
than corresponds to z/|Z| = 0-03 where buoyancy 
effects appear in the atmosphere. 

Above © = 1 in the atmosphere, the buoyant 
plumes continue to rise, free of further influence of 
the ground. The present theory will indicate the 
characteristics of the plumes as they pass through the 
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level % .= 1, and thus will provide the lower boun- 
dary condition for the region above, in which a 
different type of theory would be required. Experi- 
mental records continumg to heights much above 
this are meagre. They suggest that the plumes become 
unstable and disintegrate at € = perhaps 10, 
spreading out and amalgamating in a layer of chaotic 
small-scale temperature fluctuations of small magni- 
tude. It seems reasonable to te that when 
sufficient heat has accumulated in this layer, it gives 
rise to a new generation of much larger buoyant 
plumes; these may in turn become unstable and 
disintegrate at a much greater height, and so on until 
— an inversion is reached or cumulus clouds 
orm. 


1 Priestley, O. H. B., Turbulent Transfer in Lower Atmosphere 
(Chicago Univ. Press, 1959). * 
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NEW AROMATIC RING-SPLITTING ENZYME, PROTOCATECHUIC 
ACID-4 : 5-OXYGENASE 


By Dr. R. B. CAIN* 
Department of Blochemistry, University of Leeds 


N 1957, Dagley and Patel‘ isolated a new deriva- 

tive from aromatic ring fission, later identified 
by Trippett ef al.2 as 2 : 4-lutidinic acid. The pyrid- 
ine nucleus was formed by the reaction of ammonium 
ions, present in the incubation mixture, with a com- 
pound p ing reactive carbonyl groups, produced 
by oxidation of protocatechuic acid with Pseudomonas 
extracts, which was tentatively identified as 8- 
formy]-4-carboxy-2-oxohex-4-eneoic acid («-hydroxy- 
y-carboxymuconic semialdehyde)*. The acid was 
the result of a mode of ring fission not previously 
described for protocatechuic acid, namely, attack at 
the bond adjacent to an hydroxyl group and not 
between two ortho-hydroxyls as was usual; the 
enzyme responsible was called protocatechuic acid- 
4 : 6-oxygenase 


COOH 


2 ; OH 


OH 
Kew mode of fission Established mode of fistion 





*Im erial Chemical Industnes Fellow. Present address: Depari- 
ment oF Botany, King’s College, Newcastle upon Tyne. 


An analogous mode of ring fission has also been 
described for catechol by Dagley et al.’ and Kojima 
et alt, 

During a survey of the enzymatic patterns of more 
than 70 strains of micro-organisms representing a 
wide range of genera, only three strains were found 
which attacked protocatechuic acid by this new 
method, all of them Pseudomonas species. This 
article describes briefly some of the properties of the 
ring-opening enzyme in strain O (ref. 5). 

Extracts of Pseudomonas O, prepared in a Hughes 
press from ceils grown for 24 hr. with forced aeration on 
p-hydroxybenzoic acid as source of carbon, oxidized 
protocatechuio acid rapidly but did not yield 8-keto- 
adipic acid which would be expected in an organism 
utilizing the established mode of ring fission. Proto- 
catechuic acid (5 moles) was completely oxidized in 
Warburg flasks in about 5-10 min. by fresh crude 
extracts (10 mgm. protein) with the production of a 
compound giving a bright yellow colour on addition 
of 0-1 ml. 3:5 M potassium hydroxide; this colour 
disappeared on acidification. The product had 
absorption maxima at 293 my (acid) and 410 mu 
(alkaline) identical with those of the material de- 
scribed by Dagley et al.? (Fig.1), and on addition of 
0-2 ml. concentrated ammonis solution and standing 
at room temperature for 1 hr., it irreversibly formed 
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Fig. 1. Absorption spectra of the initial -fission product 
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Fig. 2. The initial ring fasion product after incubation at 80° 
for 1 hr. with 0-2 ml. pone: n, ammonia so eee @ --; authentlo 
4-lu o acid 


a compound the spectrum of which was — similar 
to that of 2 : 4-lutidinic acid*? (Fig. 2). This product 
has since been isolated and fully characterized from 
a large-scale preparation. 

On further incubation (1—3 hr.) the initial oxidation 
product (I1) was further metabolized by concentrated 
crude extracts to give pyruvate and oxaloacetate 
among other products. «-Hydroxy~y-carboxymuconic 
samialdehyde was not further attacked by extracts 
dialysed against water at 2-5° for 5-10 hr.; but subse- 
quent attack, even by fresh extracts of Pseudomonas 
O with the incubation times used here (less than 6 
min.), was so slow that removal of IT was negligible; 
fresh extracts were therefore used. Enzymatic activity 
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was assayed in cuvettes containing 200 pmoles 
phosphate buffer, pH 7-0; 1-0 umole substrate; 0-05 
ml. extract (about 0-5 mgm. protein); total volume 
made to 3:0 ml. with water; incubated at 22° for 
3-5 min. after addition of substrate. 0-1 ml. 3-5 M 
potassium hydroxide was then added to both blank 
and experimental cuvettes and the extinction of the 
yellow colour measured at 410 mu. Preliminary 
experiments had established a linear rate of synthesis 
of the oxidation product (II) over the first 5 min. at 
least. 

Fresh extracts, alone or supplemented with Fe**, 
were rapidly inactivated both at room temperature 
and at 0° in air or oxygen. More than 50 per cent of, 
the original activity was lost in 24 hr. under these 
conditions. Storage under nitrogen in Thunberg 
tubes conserved activity for much longer periods 
and after 3 days at 0°, 80 per cent of the original 
activity was still present. The protocatechuic 
acid-4 : 5-oxygenase activity of freshly prepared 
extracts of Pseudomonas O was very susceptible to 
heat-treatment in air; 5 min; at 55° resulted in 90 
per cent inactivation compared with a similar sample 
held at 0° and even 6 min. at 35° produced 55 per 
cent inactivation. The enzyme is adaptive in nature 
and was not found im extracts prepared from all three 
Pseudomonas strains if they were grown in peptone 
media or with succinate or malate as the sole source 
of carbon. 

Protocatechuic acid-4 : 5-oxygenase activity was 
completely inhibited by freshly prepared cysteine 
(1 mM), reduced glutathione (0-1 mM) and sodium 
thioglycollate (1 mM) at pH 7:0. The sulphydryl- 
binding agents sodium iodoacetate (1 mM) and sodium 
p-chloromercuribenzoate (0-1 mM) caused 55 and 
85 per cent inhibition respectively; sodium azide 
and sodium arsenate were less effective. The metal- 
chelating compounds 1: 10-phenanthroline and 
æ : «a’-dipyridyl caused substantial inhibition after 
preincubation with the extract for 30 min., suggesting 
a possible metal re ment. 

Dagley and Patel! and Stopher! found a ferrous- 
iron requirement for Pe strains, grown on 
p- and o-cresol, which oxidized protocatechuio acid 
and catechol respectively. The 4: 5-oxygenase 
activity of Pseudomonas C, even in fresh, crude 
extracte, was markedly stimulated by Fe* at 0-1 mM. 
Dialysis of such extracts against water or 1 mM 
phosphate buffer for 2—4 hr. at 5° reduced the 4 : 5- 
oxygenase activity to 16 per cent of its original value, 
but this was restored completely by Fe*t and to a 
lesser extent by Co% and Mn*+; other ions were with- 
out significant effect (Table 1). The Fe% concentra- 
tion for maximal enzyme activity was 0:2 mM. 
Enzyme activity was optimal at pH 7-0. 

Protocatechuic acid-4 : 5-oxygenase showed pro- 
nounced substrate specificity. Recrystallized and 
chromatographically pure samples of the following 
isomers and analogues were not attacked: vanillic 
acid, catechol, 2:3-, 2:4- and 3: 5-di-hydroxy 
benzoic acids. Catechol, 2: 3- and 2 : 4-di-hydroxy | 

benzoic acids, however, ‘almost completely 
inhibited the enzyme at concentrations 10 


COOH A an times that of the natural substrate (3 : 4- 
+0; CH +NH,,—2H,0 S dihydroxybenzoic acid) and vanillic (3-meth- 
eS (enzymic) CHO — Cnon—enzy mic) z oxy-4-hydroxybenzoic) acid caused some 45 
S MOH — N” “COOH por cent inhibition under these conditions. 
OH The catechol inhibition, which was pronounced 
; : even at concentrations equal to that of the. 
sar ia muconic — form) a substrate, was competitive in nature. All 
I Ir III these inhibitors have at least two substitu- 
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Table 1. FERROUS IRON REQUIREMENT OF PROTOOATECHUIO ACID- 
4 : 5-OXYGRNASH 


Exp. Metal ion added Rxtraot AB, 410 my (0-5 min.) 
1 None Bolled, crude 0 
None Crude 0-522 
Fe Crude 2-80 
2 None Dialysed 0-085 
Fe Dislysed 0-640 
Cu?+ Dialysed 0:070 
MR Dialysed 0-088 
Disiysed 0'095 
Mn* Dialysed 220 
Oo% Dialysed 02665 
Fe" Dialysed 0:110 
Cuvettes contained: 200 amoles phos — buffer, pH 70; 10 
er mlj: ion solutions 


#mole protocatechuic euros — 3 mgm. TO 
a give a final concentrat ; water to volume of 
8-0 mi. Incubation waa i oe for 5 min. after addition of substrato, 
then 0-1 mi. 8-5 M potassium hydroxide were added to stop the 
reaction. Fixtinetions were read at once to avold interference from 


alkah 
of extract was Pi brs both experiments, in Exp. 2 after d Gialysis 


were ed as their sulphates exoept ferris chloride. 
ents in the ring in the same position as in protocate- 
chuic acid. 

Experiments with fresh and with dialysed Fe*- 
supplemented (0-1 mM) extracts have given a mean 
Ey for protocatechuis acid-4 : 5-oxygenase of 4-5 x 
10° Af, a value very similar to that of the ‘meta- 
pyrocatechase’ of Kojima et al.‘, where there is also a 
marked affinity of enzyme for substrate. 
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Essentially similar results were found for the other 
two strains of Pseudomonas examined, A and D, 
although activity in the latter seems even more 
susceptible to denaturation in air than that of strain 
O, which makes systematic investigations difficult. 
It may not be out of place here to direct attention 
to the resemblances and differences of the Pseudo- 
monas protocatechuic acid-4 : 5-oxygenase and ‘mete- 
pyrocatechase’ (catechol-2 : 3-oxygenase)*, inasmuch 
as they bring about an analogous type of ring 
fission in their respective substrates. In contrast to 
‘metapyrocatechase’, the protocatechuic acid e 
was inhibited by metal-chelating agents, sulphydryl- 
bindmg compounds and especially by typical sul- 
phydryl compounds themselves, and exhibits a 
metal-requirement satisfied by ferrous iron. The 
two enzymes are similar in the sensitivity to oxygen, 
their pH optima near neutral and the high affinity 
for their own substrates for which there is marked 
specificity. 
t Dagley, 8., and Patel, 3L D., Biochem. J., 88, 227 (1957). 
— 8., Dagley, 8., and Stopher, D. A., Biochem. J., 78, OP 
5 Evans, W. C., and Ribbons, D. W., Nafere, 188, 560 
s Kota E Itada, N., and Hayaishi, O., J. Biol. Chem., 2838, 2223 


* Bachrach, U., J. Gen. Mrcrodtot.,17, 1 (1857). 
t Stopher, D. A.. Ph.D. thesis, University of Leeds (1960). 


INTRA-CELLULAR RECORDING FROM RESPIRATORY MOTONEURONES 
OF THE THORACIC SPINAL CORD OF THE CAT 


By ROSAMOND M. ECCLES, T. A. SEARS* and C. N. SHEALY+ 
2 Department of Physiology, Australian National University, Canberra 


HE emphasis placed on the integrative role of 

the ‘respiratory centres’ m the nervous mechan- 
ism of respiration has led to the neglect of the integra- 
tive function of the respiratory motoneurone. The 
results of intra-cellular recording from more than 300 
motoneurones of the thoracic spinal cord of the 
spontaneously breathing anmsthetized cat indicates 
that an integrative function should be assigned to 
respiratory motoneurones. 

Movement of the spinal cord was the greatest 
obstacle to stable intra-cellular recording from 
thoracic motoneurones, which are smaller than those 
of the lumbo-sacral spinal cord; nevertheless, the 
following procedures were adequate to achieve this 
in the majority of quietly breathing animals. All the 
experiments were on cats initially anesthetized with 
sodium pentobarbitone (40 mgm./kgm. intraperiton- 
eally). Supplemental anmsthetic was given, when 
required, 10 mgm./kgm. intravenously. The depth 
and rate of respiration varied considerably owing to 
changing levels of anmwsthesia. A laminectomy was 
made between 7.8 and T.10 following complete 
removal of the overlying longissimus and spinalis 
dorsi muscles. The vertebral column was stretched 
tautly between flat-jawed clamps on the spinous 
processes of 7.6 and 7.7 and pincer clamps gripping 
under the mammillary processes of T.11. The 7.8 
and 7.9 vertebrae were fixed rigidly by pressing against 
their lateral processes with pairs of side clamps, the 


+ Visiting Welloome Research Fellow. 
+ National Institutes of Health Postdoctoral Fellow. 


capsules of the tubercle articulations of these and 
other ribs (T'.7-T.10 on both sides) having been 
opened. Various intercostal nerves were freed for 
stimulation. The remaining nerves between T.T 
and T.10 on both sides were usually divided close 
to the intervertebral foramen, thereby abolishing all 
active contraction of respiratory muscles in this 
region. 

The techniques for intra-cellular recording have 
been described in other investigations from this 
laboratory?. The electrodes were filled with 3 M 
potassium chloride or 3 M potassium chloride con- 
taining l per cent agar, or 2 M potassium citrate. 

In the thoracic region, the ventral horn is a thin 
column of grey matter occupying a relatively medial 
position. Motoneurones were located by searching 
for the potential fields of their antidromic soma- 
dendritic spikes evoked by stimulating various inter- 
costal nerves; these were two branches of the ventral 
spinal ramus and cccasionally a medial muscular 
branoh of the posterior ramus, the distributions of 
which are shown schematically in Fig. 1. The largest 
branch of the ventral ramus is the main intercostal 
nerve which gives off amall branches along its entire 
length to the internal intercostal muscles, a lateral 
branch to the abdominal oblique muscles, and a 
ventral branch to the rectus abdominis muscle, as 
well as cutaneous branches. These three muscles 
are expiratory muscles, and it is to be noted that the 
periodic efferent discharges which may be recorded 
from the main intercostal nerve during normal 
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1. Distribution of interoostal nerve branches (7.8). (a) Mam 

intercostal nerve; (b) nerve to external intercostal muscle 

(g) cutaneous branches; c, d, ¢, f, Internal intercostal, external 

teroostal, abdominal oblique and rectus abdominis muscles. 

White area of the mam Intercoastal nerve and the nerve to the 

external intercostal muscles denotes — position of 
stimulating cath 


respiration are in phase with expiration’. The smaller 
branch of the ventral ramus, the nerve to the external 
intercostal muscles, penetrates the internal inter- 
costal muscle and in @ position immediately posterior 
to the rib, passes between the internal and external 
intercostal muscles providing small branches only 
to the latter. The external intercostal muscle is an 
inspiratory muscle and the periodic efferent dis- 
charges recorded from the nerve to this muscle occur 
only during inspiration’. 

A wide range of membrane potentials was en- 
countered in different cells. In those in which the 
mean membrane potential remained steady for more 
than 10 min. and the soma-dendritic spike immedi- 
ately terminated in an after-negativity, the mem- 
brane potential was invariably greater than 50 mV. 
The mean membrane potential of approximately 
55 mV. was lower than the value of 70 mY. given for 
lumbosacral motoneurones*. Furthermore, the ampli- 
tude of the soma-dendritic spike of thoracic motoneur- 
ones never exceeded 75 mY., even with high-frequency 
compensation, and generally showed a reversal 
potential of only a few millivolts. The duration of 
the after-h larization was about 90 msec., and 
the amplitude approximately 5 per cent of the spike 
amplitude, values which are similar to those described 
previously**, One explanation of the low amplitude 
of the spike potentials could be ‘inactivation’ of the 
sodium carrier by the low membrane potential. 
However, it remains uncertain whether these low 
values of the membrane and spike potentials consti- 
tute a genuine difference from lumbosacral moto- 
neurones, perhaps due to the different functional state 
of respiratory motoneurones in the anathetized 
animal, or whether they Indicate a greater liability 
to damage by impalement. 
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Motoneurones were often firing repetitively with a 
respiratory periodicity during penetration with the 
microelectrode. The firing of motoneurones of the 
nerve to the external intercostal muscles (as identified 
by antidromic soma-dendritic spikes) always occurred 
during inspiration whereas that of motoneurones of 
the main intercostal nerve occurred during expiration. 
Some motoneurones fired repetitively throughout the 
oycle, but increased their frequency of discharge 
during either inspiration or expiration according to 
whether they were motoneurones to the external 
intercostal muscles and the main intercostal nerve 
respectively. 

Periodic spike discharges arise from a slow depolar- 
ization of the membrane, as is seen in the record from 
an inspiratory cell (Fig. 2) and the first part of the 
record from an expiratory cell (Fig. 3). The slow 
potential, on which is superimposed synaptic ‘noise’ 
augmenting in amplitude, persists throughout the 
period of discharge and causes the membrane to 
depolarize rapidly following the after hyperpolariza- 
tion of each spike. In many cells slow potentials 
were present without the cell firing. In the record of 
Fig. 3, an increase in the mean membrane potential 
and a diminution in amplitude of the slow potential _ 
occurred spontaneously and resulted in a transition * 
from a phase of firing to one of slow potentials alone. 
The phase of spike discharge in respiratory moto- 
neurones was followed by a phase of repolarization. 








Fig. 2. A and O, intra-collular recording from inspiratory moto- 

neurone (7.8) do. amplifloation, O recorded 10 sec. after A. 

D, same as O recorded with low-gain condenser coupled ampli- 

fication with short-time constant (0-02 sec.); spikes retouched. 
B, EMG diaphragm recorded simultaneously with A 


ea 
> om, 





Fig. 8. A, intra-callular recording from sl oa TA motoneurons 
(7.9), d.o. amplification. B, EMG diaphragm, Note prominent 
synaptic ‘noise’ 
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The synaptic ‘noise’, particularly of expiratory 
cells, often showed two phases of augmentation during 
each respiratory cycle. Using electrodes filled with 
potassium chloride, a phase of’progreasive hyper- 
polarization in expiratory cells during inspiration, 
has been seen gradually to be transformed to a 
depolarization although the phasing of the synaptic 
‘noise’ remained unchanged. This effect is attributed 
to the diffusion of chloride ions from the micro- 
electrode causing inhibitory (hyperpolarizing) synaptic 
potentials to be converted to depolarizing potentials‘. 
A similar conversion occurred following the injection 
of chloride ions into the cell by current passed in the 
appropriate direction through the microelectrode. 

The depolarizing phase of the slow potential in the 
motoneurones of the nerve to the external intercostal 
muscles always occurred during inspiration, whereas 
that in the motoneurones of the main intercostal 
nerve occurred during expiration. This consistent 
relationship as well as other evidence excludes the 
possibility that the slow potentials are movement 
artefacts. We believe that the slow potentials are 
normal occurrences in respiratory motoneurones 
during spontaneous breathing. Slow potentials were 
present in cells which were deafferented by a denerva- 
tion extending beyond those segments which, as 
described below, exert monosynaptic excitatory 
action on the respiratory motoneurones. Thus it is 
concluded that they are of ‘central’, rather than 

roprioceptive, origin and it is suggested that they 
Ds called ‘central respiratory drive potentials’. 

Stimulation of intercostal nerves evoked both 
monosynaptic and polysynaptic excitatory synaptic 
potentials in motoneurones of the nerve to the external 
intercostal muscles and the main intercostal nerve. 
Volleys in the lowest threshold afferents in the ipsi- 
lateral intercostal nerves of the same segment evoked 
monosynaptic excitatory potentials ranging from 0-5 
to 52 mV. in different motoneurones. Smaller 
excitatory synaptic potentials were evoked in moto- 
neurones of the main mtercostal nerve from either or 
both of the immediately adjacent nerves, but never 
from contralateral nerves. The depolarization of the 
excitatory synaptic potentials often caused ortho- 
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dromic soma-dendritic spikes; and in some moto- 
neurones it summated with the depolarizing phase 
of the central respiratory drive potentials to cause 
firing with a respiratory periodicity. 

Inhibitory synaptic potentials were also evoked by 
stimulation of intercostal nerves, but the stimulus 
had to be stronger than for the monosynaptic excita- 
tory synaptic potentials. Nevertheless, the inhibition 
has been sufficiently early and effective to prevent the 
firing that otherwise would be caused by the excitat- 
ory synaptic potential set up by the lower threshold 
afferents. 

The presence and distribution of monosynaptic 
reflexes provide a possible basis for the effects of 
dorsal root section on the Hering-—Breuer reflexes 
previously reported®. During the expiratory pause 
caused by tracheal closure at the end of expiration, 
it was found that the recruitment of expiratory motor 
units in an intercostal muscle was abolished or 
greatly reduced by sectioning the dorsal roote of the 
same segment. Evidently segmental reflexes, which 
presumably are evoked by stretch afferents, play an 
important part in the activity of respiratory muscles. 

These experiments show that the respiratory 
motoneurones are the sites of convergence for 
inhibitory and excitatory pathways of ‘central’ and 
segmental reflex mechanisms. Hitherto, the various 
concepts of the function of the ‘respiratory centres’ 
have been formulated without regard for the integra- 
tive function of the respiratory motoneurone itself. 
Furthermore, either implicitly or explicitly, it was 
envisaged that the respiratory motoneurones receive 
periodic barrages solely of excitatory impulses, the 
site of interaction of inhibitory mechanisms being 
located in the ‘respiratory centres’. The experiments 
described here render these concepts untenable. 


1 Ecoles, J. C., The Physiology of Nerve Cells (Johns Hopkins Press, 
Baltimore, 1957), 

‘Sears, T. A. (unpublished resulta). 

* Brock, 1. G., Coombs, J. 8., and Ecoles, J. O., J. Physiol., 117, 481 

“ Bocles, i. O., Eccles, R. M., and Lundberg, A., J. Physiol., 148, 275 

‘ Coomba, J. 8., Ecoles, J. O., and Fatt, P., J. Physiol., 130, 326 (1955). 

‘Sears, T. A., J. Physiol., 148, 385P (1958). 


DISCRIMINATION BETWEEN STRONTIUM AND CALCIUM IN THEIR 
PASSAGE FROM DIET TO THE BONE OF ADULT MAN 


By Dr. J. D. BURTON and E. R. MERCER 


Agricultural Research Counci! Radloblologlca! Laboratory, 
Letcombe Regis, Wantage, Berkshire 


F the dose of radiation delivered to the human 

skeleton by strontium-90 deposited therein is to 
be assessed from measurements of the average ratio 
of strontium-90 to calcium in human diet, it is neces- 
sary to know the relationship between the ratio of 
strontium-90 to calcium in bone and that in diet, 
that is, the observed ratio (bone/diet). This cannot 
be estimated by comparing the ratio of strontium-90 
to calcium now present in the bone of adults with that 
in diet because a steady-state condition has not been 
attained in the transfer of strontium-90 from diet to 
bone. A more satisfactory approach is to compare the 
ratio of stable strontium to calcium in the average 
mixed diet of adults with that in bone. As there is no 


evidence of large changes in the composition of the 
diet in the United Kingdom during the past ten or 
more years it is reasonable to regard a steady-state 
condition as existing between diet and bone in the 
transfer of stable strontium and calcium. It is 
considerably more difficult to derive the observed 
ratio for infants by this method; the ratio of stable 
strontium to calcium is considerably lower in milk 
than in the vegetable components of diet (Table 1), 
and milk makes a large but variable contribution to 
the total intake of calcium by infants. 

Two vious assessments of the observed ratio 
(adult bone/diet) have been made for the United 
Kingdom?!*, As more extensive data are now avail- 
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Ox 
Conten$ 
of 1958 11959 
calofum 
in mean Mean Estimated Mean Estimated 
Food diet of tlo Sr ratio Sr 
adults Sr/Ca ingested Sr/Ca ingested 
(mgm./ (mgm./ (mgm./ mgm;  (mgm./ 
day) } day) gm.) day) 
Milk and ofeam 615 0 29 015 O86 0'19 
Cheese * 129 0 29 0-04 0-68 0 09 
poot Mh a ne 24 2°68 0-06 296 0-07 
vege ea, 
ete., ang — 60 229 0-16 2-18 015 
Flour and cer: 
ofall types 58 8-53 0-19 8°91 0 21 
Eggs t 28 0°75 0-02 1°61 08 
Moat 24 0-56 0-01 0°72 0-02 
nr at GRO ee ae 
Oreta raia 270 2: ' . 
Water 60 3 0-18 8-09 019 
Other sources 18 — — — — 
Total 1,207 1 53 1°67 


Mean daily intake of strontium, 1958 and 1959: 1-60 mgm. 
Mean marred of strontium to calolam, 1958 and 1959: 1-33 mgm /gm, 


* 1958, home-produced only; 1069, Imported and home-produoed. 


+ 1958, based on analysis of small samples (ref. 2); 1959, based on 
analysu of representative bulk samples. 


+ Based on indireot estamates or analysis of small samples (for 
details see ref. 2). 


$ From Stewart et al. (ref. 18) and Crooks et al. (ref. 19). 


All ratios of strontiam to calcium are based on analyses of repre- 
sentative bulk samples except when ‘otherwise indicated. 


the content of calcium In the a e diet have been cal- 
— (ref. 3) from the results of the National Food Survey (ref. 4). 


able a new assessment has been attempted. The 
sources of calcium in the average diet of adults in the 
United Kingdom have been calculated? from the 
resulta of the National Food Survey* (Table 1). In 
the country-wide survey of diet in the United King- 
dom, undertaken to assess the intake of strontium-90 
by the population?.*, stable strontium has also been 
; thus, the mean ratio of stable strontium to 
calcium in the diet of adults can be calculated. The 
values for 1958 and 1959 (Table 1) are in reasonable 
ant, and part of the difference between them is 
due to the fact that foods which contribute little 
stable strontium were sampled more extensively in 
the latter year. In view of other uncertainties in the 
estimation of the observed ratio, the results for 1958 
and 1959 are considered an adequate basis for calcula- 
tion; more limited measurements of stable strontium 
in diet during 1960, however, show similar relation- 
ships to those in the previous years. l l 
Estimates of the ratio of strontium to calerum in 
the bone of adults in the United Kingdom are pro- 
vided by Bryant et al*-1* for 56 individuals and by 
Sowden and Stitch?* for 19. The latter data are in 
the form of ugm. strontium/gm. ash and have been 
converted to mgm. strontium/gm. calcium on the 
assamption that calcium comprises 39 per cent of the 
bone ash. The mean ratio of strontium to calcium 
in the bone of adults (over 20 years) derived from these 
analyses is 0-31 + 0:0087 mgm./gm. Since the mean 
ratio of strontium to calcium in the national diet is 
1-33 mgm./gm. (Table 1) the observed ratio (human 
bone/diet) is 0-23. This value is in close agreement 
with earlier estimates!»? which were, however, based on 
considerably less extensive data. l 
Unfortunately, there is no adequate basis for 
assessing the limita of accuracy of the present calcula- 
tion. It is not possible to sample human bone on 4 
statistical basis, but because the samples examined 
came from numerous parte of the country, and both 
the domicile and sources of diet of adults are fre- 
quently subject to changes, the samples may be 
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regarded as reasonably representative. The standard 
error of the mean quoted above cannot, however, 
be regarded as indicating the precision with which 
the country-wide mean value has been estimated. 
The ratio of stable strontium to calcium in diet is 
based on the analysis of bulk samples prepared from 
over 6,000 sub-samples in each year. The principal 
object of the investigation was to measure the 
content of strontium-90 in diet, and milk is the most 
important food from this point of view. Milk was 
therefore more extensively examined than other foods 
and it is the only one for which the standard error 
of the country-wide mean can be estimated. Because 
milk is a minor source of stable strontium the accuracy 
with which the content of stable strontium in the total 
diet has been measured cannot be assessed. Further- 
mors, the magnitude of errors in the estimation of the 
composition of the diet of the population is unknown 
but as the estimate is based on extensive studies it 
should be relatively small. There is thus no basis for 
deciding whether the observed ratio (adult bone/diet) 
estimated for the United Kingdom differs significantly 
from the values of 0-18 and 0-16 calculated respec- 
tively for the United States! and Japan". 

The present assessment, in common with other 
investigations of this subject, assumes that strontium 
and calcium in all components of diet are equally 
available; more detailed investigation of this aspect is 
desirable. Furthermore, differences in dietary habits 
may cause variations in the observed ratio in adulta’, 
The present results, however, support the view that, 
in the interpretation of the results of surveys of 
strontium-80 in human diet, it is reasonable to 
assume that the mean ratio of strontium-90 to calcium 
in the new bone of adults is about one-quarter of that 
in the total diet”. 

We wish to thank Miss D. F. Hollingsworth for the 
calculatien of the content of calcium in the average 
diet of the adult population., 
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ESTIMATION OF RISKS OF HEAT-STROKE 


a 
By P. WINER, J. S. MARITZ* and C. H. WYNDHAM 


Department of Mathematical Statistics and Applied Physiology Laboratory, 
Transvaal and Orange Free State Chamber of Mines, 
i Iohannasbure 


STIMATES of risks of heat-stroke in a population 

of individuals working under given environ- 
mental conditions can most conveniently be based on 
measurements of body temperatures of a suitable 
sample of the population in question when exposed. 
to the ‘test’ conditions, in the following way. A 
level of body temperature is chosen at which there is 
a high probability of heat-stroke and the risk is then 
estimated of this critical temperature being exceeded. 
by the population under consideration. A rectal 
temperature of 106° F. is generally accepted as 
carrying a high probability of heat-stroke; an 
‘experimental difficulty, however, is that, for reasons 


of safety, no man can be asked to continue until the , 


body temperature reaches the danger limit. A 
statistical technique is therefore needed by means of 
which a reasonable extrapolation can be made beyond 
the range of measurements. 

Wyndham e? al.1, in examining the temperature 
reactions of mine labourers to work in hot, humid 
conditions underground, noted that, as in all their 
previous observations on men working experimentally 
in hot conditions, the distributions of body tempera- 
ture were skew. This skewness is always positive, 
that is, towards high and therefore dangerous levels 

_of body temperature. To estimate the risks of hoat- 
stroke among the populations investigated Wyndham 
et al. fitted third-degree polynomials to the body 

ture data and extrapolated the curves to the 
arbitrary limit, referred to above, which was beyond 
the highest recorded during the experiment. The 
risk of an individual exceeding this limit was then 
calculated. However, it is not a satisfactory procedure 
to extrapolate a polynomial fitted in this way to a 
value beyond the range of measurements. 

It has been found that the double exponential 
distribution fits data of this kind satisfactorily and 
facilitates the analysis of the data. 

The double exponential distribution is of the form: 


p(x) = 1/8 exp(— y — e) (1) 
_with a cumulative distribution: 
p(x) = exp(— e) (2) 


where 





(3) 


and o and @ are a location and scale parameter 
respectively. y is called the ‘reduced variate’. 
Liebleim’ has derived least squares estimates of the 

parameters « and B, using order statistics. The 
estimates, which are unbiased, are of the form: 

A n 

a= È uzti 

*1 


vs 


A bad 
B= Z bixi 
iel 


* Now at the University of Melbourne. 


where 2%, < % <... <S Zya are the ordered obgerva- 
tions, and œ, bi are tabulated constants, depending 
only on size of sample. 

A. x* goodness of fit test was applied to a number of 
samples of the type given in Table 5 of the paper by 
Wyndham et al. The observations in each sample 
were reduced to the form given in equation (3), after 
estimating « and 8. The expected proportions are 
obtained from Table 1 of Gumbel’s® tables for the 
double exponential distribution. Two typical cases 


are given in Table 1. The results show that the distri- 





Standardized temperatures 





Cumulative probability 
Fig, 2 
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Table 1. GOODNESS OF FIT 
‘Reduced’ tom Example 1 Example 2 
class interval 0 E 0 E 
~20 — —1-5 8 1-1 1-2 
—15 — 10 2 5 6 1 5-8 
~10 — —0°5 12 12-9 15 18 2 
—~O05B — 0-0 14 17-9 24 18-5 
00 — 05 24 18°1 20 18-6 
05 — 10 12 16 0 18 15:4 
10 — 1:5 14 11 0 8 11°8 
15 — 2-0 9 75 10 TA 
20 — 25 6 4-9 4 5-0 
25 — 8 0 1 8-1 4 8-1 
80 — 3°5 8 1-4 2 20 
$5 — 4-0 2 1-2 8 1:3 
40 — 46 1-8 1 07 
45+ 1% 
Totals 102 102 105 105 
X'e 6 78 4:77 
: 8 7 


bution fits the data well. In Figs. 1 and 2 the observed 
cumulative proportions are plotted on double expon- 
ential probabuity paper. Aes the y? tests would lead 
one to expect, the plotted proportions lie close to 
straight limes. The straight lines drawn in the figures 
represent the cumulative distribution of the theoreti- 
cal ‘reduced’ double exponential distribution, that is, 
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the double exponential distribution with a = 0, 
B= 1. 

This distribution can sasily be used to estimate the 
risk of a fixed temperature outside the range of- 
measurements bemg exceeded since the estimator: 


y= a + YÊ 
is the estimated value of the temperature having a 
cumulative probability P, where: 
P = exp(— 6?) 
P has been tabulated for a wide range of values of 
Yp in Gumbel’s® tables. 
Then the estimated risk of an individual from the 
population reaching or exceeding an oral temperature 


1 
of zp is 1 in — An. objective statistical test for 
comparing heat-stroke risks estimated in this way 
has been devised and will be reported elsewhere. 


1 Wyndham, 0. H., Strydom, N. 8., Cooke, H. M., and Marits, J. 8., 
Int. Z. angew. Physiol. einschl. Arbeidsphysiol., 18, 112 (1960). 

1 Tieblein, J., Nat. Advisory Comm. Aeronaut. Tech. Notas, 8058, 

* Gumbel, E. J., Nat Bur. Stand. App. Math., Ser. 22. 


CONTINUOUS RADIO TELEMETRY OF HUMAN ACTIVITY 


By LEONARD RUBENSTEIN 
Alian Memorlal Institute, Department of Psychiatry, McGill University, Montreal 


HE purpose of this work was to develop a 

system to measure objectively the continuous 
behavioural activity of patiente hospitalized in a 
psychiatric institution. However, the techniques 
presented here can be used in any situation to record 
continuotisly human activity at a point remote from 
the subject under study. 

In an earlier work!, where slow-motion picture 
techniques were utilized, it was reported that the 
angle of the trunk axis in sitting down seemed to 
alter with the energy output of a group of psychiatric 
patients under examination. Thus, the inclination 
of the body in the process of sitting down and getting 
up from a chair appeared to reflect changes in the 
total condition of the individual. 

In the present work, specific “body movements of 
the subject were converted to an analogue signal and 
telametered to a distant receiving station so that the 
continuous behavioural activity of the subject under 
examination can be measured objectively. 

Experiments showed that the relative angle between 
thigh and trunk, plotted against a suitable time-base, 
produced a number of characteristic wave-forms 
from a combination of body and leg movements. 
Further experiments revealed a characteristic wave- 
form for each activity, such as walking and sitting 
down in a chair. 

Objective investigations of body movements are 
found mainly in the literature related to physio- 
mechanics’, and time and motion study techniques’, 
where the stop-watch and photographic methods are 
usually used in the analysis of body movement. 
This investigation is based on the working hypothesis 
that specific body movements, even when apparently 
largely automatic, actually show characteristic 
patterns of movement, and that these are related to 


particular aspects of locomotion which can be identi- 
fied from the telemetered wave-forms. 

The instrumentation was composed of a specially 
designed body-movement transducer and a tele- 
metering transmitting and receiving system. The 
body-movement transducer (Fig. 1) consisted of two 
flexible arms made of 1/16-in. ‘Plexiglass’ pivoted 
about @ sub-miniature 5,000-ohm wire-wound poten- 






p otentiometer 
SS 


Wig. 1. Diagram showing location of body movement transducer 
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— (3) halt; (4) climbing stairs, the base- 
=e line has shifted as vigorous thigh- 

A — action increases; (5) Ing at 
ae — o top of the stairs; (6) halt; (7) de- 
— — — Pte et ae scending the stairs, less body but more 
a —— — CES ares eer — leg movement is typically employed in 

12 9 ¢ 86 7 a 910 11 — this activity ; (8) walking ; (9) sitting 
SALIIN at STAIRS «DORN KIM o — down in & chair, the thigh—trunk angle 











THE EFFECTS OF A DRUG 
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—— — — 
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Ai: Full 7 = = —— ee — — — 
Wig. 2. Behaviour activity graph. Distance between adjacent horizontal lines 
correspond to 5° change in the thigh-trunk angle 
Chart speed: 1 mm./seo, 
tiometer. The lengths of the transducer arms used 


ranged from 44 to 64 in. according to the physique of 
the subject, and were taped to the upper thigh and 
lower trunk so that the potentiometer rode over the 
centre of the hip joint. The subject carried in his 
pocket a miniature FM/F.M transmitting unit smaller 
than a package of cigarettes. The transmitter, 
operating on a frequency of 108 Mc./s., was modulated 
by a voltage controlled oscillator (centre frequency 
1,300 o.p.s.) which was coupled to the potentiometer. 
A change in the thigh trunk angle of 1° thus produced 
a corresponding shift in the sub-carrier oscillator 
frequency of 2 c.p.s. Equipment. located centrally, 
recorded the information on a chart recorder and 
magnetic tape. 

Fig 24 shows a graphic record of movements trans- 
mitted over a single telemeter channel from subject 
X walking normally over a pre-arranged course. The 
ordinate indicates the relative thigh—trunk angle; the 
greater this angle, the smaller the excursion of the 
pen. Hence, a subject standing upright will chart a 
base line along the abscissa. 

Movements in Fig. 2A are as follows: (1) walking, 

‘each complete cycle records the swinging movement 
of the leg; (2) mounting the step, a combination of 
thigh-trunk action produces this characteristic peak; 





BEFORE TREATMENT 


decreases rapidly as he feels for his chair 
and increases again (10) as he settles 
back in the chair; (11) the subject stands 
up once more. 

Other typical wave-forms of various 
activities are illustrated in Fig. 2B. 

The effects of a drug (sodium amytal) 
are shown in Fig. 20. In this case gub- 
ject Y repeatedly walks over the same 
course as subject X, Fig. 24 (except 
for a shorter walking sequence near the 
chair), before and after administration 
of the drug. Seven minutes after treat- 
ment, subject Y walks over the pre- 
arranged course. His movements are 
slow and disorganized as he rises from 
the chair, exhibiting an imco-ordinate 
gait. The overall shift in base-lino— 
smaller thigh-trunk angle—indicates 
that the body is bent forward, producing 
a. lower centre of gravity somewhat 
indicative of the fatigued gait described 
by Steindler*. The whole action ıs 
retarded and it is not until 4 hr. later 
that the thigh-trunk angle increases 
and the rate of movement is comparable 
with the period before treatment. 

Accuracy of the angular measure- 
ment is primarily dependent on the 
ability of the adhesive tape to hold the 
transducer in a fixed position. Repeated 
testa have shown that for normal day- 
to-day activity no significant dislodg- 
ment of the transducer occurred. One 
simple calibration test for checking any 
possible change consists of taking a 
reading from a frequency counter 
while the subject is standing erect against a 
wall. 

The preliminary results of this work suggest various 
possibilities. While the behavioural wave-forms 
—chosen from a number of records taken over a 
period of nine months—present a small facet of 
human behaviour (Birdwhistel* states that up to 
10,000 bits of information per second may be trans- 
mitted from each human), initial results indicate 
that minute-by-minute activity of the psychiatric 
patient can be studied including rate of locomotion, 
the nature of his activity, and the relative amount 
of effort involved in a particular activity. More 
work is indicated in correlating behavioural informa- 
tion to psychiatric assessment and physiological 
date. 

I thank Dr. D. E. Cameron, Chairman, Depart- 
ment of Psychiatry, Allan Memorial Institute, McGill 
University, for his support. 


1 Cameron, D. H.. Levy, L., and Rubenstein, L., J. Mental Sei., 106, 
4418, 742 (1960). f 
*Steindler, A., Kinesiology of the Human Body (Thomas Springfield, 


A. 
New York 1955). 
H and Sepmarten, G, J., Time and 
New Yor ). 


t Lowrey, S. M., Mavnard, H. B. 

Motion Study (McGraw-Hill, 
‘ Birdwhistel, R. L., tn Sekizophrenia, edit. by Averback, A., 99 
(Ronald Press Co., New York, 1959). 






the past fifteen years many investigators'-* have 
described, and have variously interpreted, the 
apparent inability of neonatal animals to respond to 
potent antigens with a specifically altered reactivity, 
particularly the appearance of circulating antibody 
and of homograft rejection. Not only is the usual 
|. primary response lacking, but also the animal may 
- fail to exhibit a typical response when re-challenged 
-o ata later date, and this effect may persist for many 
months. Several workers have proposed. that this 
ee phenomenon i is due to immaturity of the organisms’ 
o oo immunopotent apparatus, and Campbell’ has pointed 
out the similarity between this embryonic—neonatal 
 immube unresponsiveness and the absence of 
various enzymes in early life. The work reported 
here demonstrates that the opossum embryo can 
react to antigenic stimulation with the production of 
antibody. 
In order to be able to utilize repeatedly the same 
= embryos for treatment and serial bleedings, a primi- 
tive marsupial, the Virginia opossum (Didelphys 
<o virginiana) was used. This animal gives birth about 
>. 124 days! after copulation to young so immaturo 
. — that-no organ system is definitively formed although 
the vital ones are functional. They are incapable of 
`~ controlling their own body-temperature until they 
are about 65 days old. (post-partum) and cannot be 
weaned until 80-90 days. Lymphopoiesis begins in 
the thymus 5 days after birth, with the appearance of 
_ oceasional lymphoblasts. and stem cells; similar 
es development begins in lymph nodes at ten days, 
=o cand. in the spleen at about twenty-five days’. The 
animals used were wild, field-caught, and with babies 
already in the pouch. The ages of the pouch-young 
were estimated aecording to Hartman’s data*. The 
ages. were estimated from body-weight and are prob- 
ably accurate plus or minus one day up to about age 
= 25 days, and perhaps plus or minus 1-5-2 days, over 
age 25. These data, of course, do not permit establish- 


— ment of a precise relationship between age, cytological 


_. maturation of specific lymphopoietic organs and the 
_ production of antibody, but are sufficiently accurate 
; justify the conclusions.. (Correlative histological 
data will be published later. ) 
~The antigen used was the small bacteriophage 
»9X-174. Use of this extremely sensitive antigen- 
antibody system permitted the utilization of 
minute blood specimens — (1-25 ul.), so that serial 













elimination. An abruptly accelerated rate of elimina- 
-tion was assumed to be due to the appearance of anti- 
‘body. and this was proved by ØX -neutralization tests 
in all but the youngest litter, which did not survive 
sufficiently long. Whole-blood specimens for phage 
determination were diluted in 10 per cent rabbit or 
„beef serum (previously heated to 56° C. for 30 min.) 


oos Post-doctoral Fellow of the Arthritis and Rheumatism Founda- 
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ANTIBODY PRODUCTION IN THE OPOSSUM EMBRYO 
By Dr. SHELDON E, KALMUTZ* 


Department of Medicine and Study Group for Rheumatic Diseases, New York University School of Me i 


leedings could be obtained in order to follow antigen . 











and were stored at 5° C. up to 10 day 
All specimens from the same individual we 
at the same time. The presence of neutr 
antibody was determined by adding 0-1 ml. to. 
of the lowest serum (previously heated to 56° C. for — 
30 min.) dilution to 1-0 ml. containing 1,500 OX 
plaque-forming units, incubating for 6 hr. at 37°C. 
and the plating 0-1 ml. of the mixture using stan- S 
dard technique’. — 
Plates containing less than 50 per cent: of the — 
number of plaques found in controls incubated with 
normal opossum serum were considered to contain — 
antibody. Additional controls substituting an un- 
related bacteriophage, 7-2, for OX, failed to show 
evidence for a non-specific phage-inactivating factor. 
To be certain that antibody was not passively acquired = 
through the mother’s milk, sera from two mothers, 9 
obtained just prior to injection of the litter, and 4 
and 14 days later, failed to demonstrate the presence — 
of neutralizing antibody against DX. These maternal 
specimens were also negative for the bacteriophage ee 
itself. —— 
Each pouch-young was given a nominal dose. of — 
2-5 x 10 PX plaque-forming units per gram of body- PE 
weight, injected subcutaneously into each side, iùn __ 
four sites (two sites for the smaller ones), For the: 
smaller babies these weights were estimated from _ 
snout—rump measurements related to Hartmans — 
data, because detachment from the teat for weighing 
at this age precluded the possibility of re-attachment 
and the young would have died. When these pouch- | 
young were weighed at later ages, it was noted that 
for the 22-, 27- and 30-day (by weight) litters, the _ : 
age using length as the indicator was an, average o x 
19 per cent in excess of their age by weight. The. — 
ll-day litter was 19 days old as estimated by fonath ee 
and the three litters from 42 to 75 days showed very 
close agreement between ages estimated by both 
methods.. The weights of the smaller babies, as __ 
determined from body-length measurements at the 
onset of the experiments, were corrected in accordance =| 
with the actual weights obtained later, and the 
nominal dosages were corrected accordingly. - ‘For 
this reason there are slight differences in the dosages 
of the several litters, as. can. be seen in Table 1. - 
Usually five blood speeimens were obtained fro 
the younger litters 40-140 hr. post-injection 
a final. specimen for antibody determination 
obtained within 4 days of the time at. wk 
extrapolated elimination curves reached zer 
Because this schedule resulted in a high early 
tality in the youngest litter, there are no sati 1 
early data for this early developmental group. 
of the three survivors were bled every 24 hr. from 
144 to 268 hr., when they succumbed. The two 
oldest groups permitted more frequent sampling, _ 
and nine specimens were obtained between 17 and ae 
140 hr. — 
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elimination | 
Dosage: Time of during Antibod 
total No. ‘onset 100-120 hr.  deterte 
Age ŒX per accelerated after within 
dual (days) gm. body- eana Gon injection four days 
weight* (br. after (No. ofhr. elimination 
injection) for log, falt completed 
in titre} 
11 46% 10° Seetext 23 (for the NDS 
144-190 240-268 hr. 
28, period) 
- dt 8x 10% Seetext 24% (for the X.D.ę 
i 144-168 240-268 hr. 
F period) 
22 37 x 10° 72-98 35 (13 for -+ 
120~-140-hr. 
5 . period) 
22 3-7 x 10° 73-1006 13 + 
27 42 x 208 — oe + 
27 4:2 «x 108 88-95 104 + 
- BO 84 = 10° 69-93 12 + 
30 3-4 ™« 104 69-93 12 + 
42 Bx 108 62-88 6 (for + 
— &9-120-hr 
period) 
* 42 3-0 x 10° §2-89 12 (for + 
ae ance 89~120-hr 
period) 
oss BORD 54 25 x 108 65-92 8 + 
ee (92~-138-hr 
M period) 
om A 25x10% 65-92 12} + 
— 1761 75 70 x 104 57-62 10-13 + 
“pee aS ae 75 FQ) x 10" 67-62 10 + 
n H$ 75 70 ™« 10° 57-62 7 + 
455e 809 70 x 10* 74-102 6 + 


oo She tots] number of @XY equals the number of plaque-forming 
a pe coe body-weight + fraction of the preparation used that was 
| i + the first p period showing a sharp and continued increase in the 
yate of elimination. The early data on the 54-day-old and younger 
pouch-young are not sufficient to indicate the precise timie of accelera- 
tion, ‘The figures are, therefore, maximum times. 

-$ Maximum rate of elimination, obtained during last period alive; 

no. h sclmens were obtained during the 100-120-hr, period. 

ot done; no survivors. 

— significance of the data obtained can be 
- appreciated by comparing, for each experimental 
<o animal, the time of onset of accelerated elimination, 
and also comparing the rate of elimination after 
-initial acceleration, during similar periods (100-120 
< hr. after injection). The rates of elimination are 
< expressed as the time in hours required for the OX 
titre of the blood to fall one log,, (that is, a 90 per 
eent decrement). As Table 1 and Fig. 1 show, each 
- litter except the earliest showed an abruptly acceler- 
“ated elimination of PX at 57-74 hr. after injection. 
The 57-hr. figure is probably the most accurate be- 
Gauge it was obtained with the last litter in this group 
-and it was possible, using the earlier results, to time 
the. bleedings for establishing more accurately the 
neet of immune elimination. Because the rate of 
imination from the circulation, prior to the acceler- 
ed phase, was so slow, the sum of the errors involved 
btaining, diluting and plating the samples makes 
ble any assumptions about the non-immune 
iination-rate other than very gross ones. Despite 



























the required time for the phage titre in the cir- 
ion to fall 90 per cent is of the order of 225 hr. ; 
animals for which the data are obviously i incom- 
. plete and with bleedings poorly timed to depict this 
o early period, seldom gave values less than 90 hr. On 
_the other hand, when accelerated elimination is well 
— -under way the time required for a 90 per cent fall in 
_ titre is always less than 14 hr. The accuracy of these 









f these errors is small relative to the large 
in titre due to thè rapid rate of immune 
Me ‘The rae tests for antibody were 


“considerations, the most complete data suggest 


latter data is not appreciably affected by the errors | 
inherent in handling the specimens since the magni- 


results of all litters — 22-75 days, as TODE 
well as one 300 gm. (quarter grown) opossum, are: 
similar, the eleven-day-old litter is somewhat. different. E 
Compare the elimination curves for representatives 
of all age groups, in Fig. 1. Unfortunately, the 
mortality from handling and bleeding these very 
delicate ‘embryos’ was so great that those individuals 
in the 11-day litter which were bled at the beginning. 
of the experiment died after 1-3 bleedings. The two 
survivors show that the amount of ©X present in the 
circulation at 140 hr. is about 2 x 10° plaque-forming 
units per ml., which is quite different from levels of 
0-10? plaque-forming units per ml. which occur with | 
the older litters after the same period. Although . 
the rate of elimination is slower than that seen in the ee 
older babies, it is at least twice as fast, for the 144- = = 
190-hr. period, as the approximated pre-immune rate =o 
of elimination seen in the older pouch-young. This, = 
plus the progressively increasing rate of elimination 
for the following 80 hr. for which specimens were 
available, suggests that antibody production had 
been occurring during at least part of the 144-190-hr. 
period, and is cogent evidence for immune elimination 
during the remainder of the period for which data 
were obtained. 

It is interesting to note that the 27- and 30-day 
babies, which are only 2 and 5 days after the begin- 
ning of lymphoid infiltration of the spleen, neverthe- 
less show an immune elimination curve that cannot 
be distinguished from those older animals that have 
fully functional spleens, as well as lymph nodes and 
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Fig. 1. Elimination of oY from the blood of pouch-young, and |. - 
older, o ums. Two representatives from each of the two 


younges litters s ae one representative from each of the other —- 
Utters are dopiste d. The two circled points, J—>o and J-+0, are 
presumed valnea for 193-8 and 193-7 at 44-hr. post-injection, ~ 
which were obtained by extrapolating the 144-hr. titres, using =~ 
the avera g -pre-acceleration slopes of the three members of the 
75-day-old litter. The 142-hr, titre marked with (7) is probably 
due to an error, since no. other elimination eurve of all those 
plotted shows a decrease in elimination-rate after the accelerated 
phase of elimination has begun 
I and J represent 193-3 and 193-7 (11 days old); G and H = 
186-1 and 186-8 (22 days); A = 455-1 (about one-fourth adult- 
size; estimated to be‘about 300 days); B = 176-1 (75 daya) 
C = 300-1 (54 days); D = 192-1 (42 days); E = 427-2 id 
ore F = 437-2 (30 days) se 
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thymuses. The 22-day-old pouch-young also show a 
similar time of onset of immune elimination (although 
one of the two shows a slight delay in developing the 
final rate), despite a definite absence of a splenic 
contribution at this stage. For the youngest litter, 
injected at 11 days of age, the date indicate that an 
immune response occurs no later than the first period 
for which there are data (144-168 hr.), at which time 
the animals are 17 days old and the thymus is well 
established as a lymphoid organ. At this stage 
(17 days) islands of small lymphooytes appear in the 
lymph nodes for the first time, although scattered 
stem cells and lymphoblasts appear initially on day 
10 and increase progressively thereafter’. 

This makes it possible that the initial response 
by the earliest litter had its origin in the thymus; 
however, proof of this must await additional experi- 
ments with younger babies since the present date are 
only suggestive. The more gradual acceleration in 
the rate of elimination at this stage of development 
probably only reflects the small mass of immuno- 
competent tissue available to respond. This is given 
additional support when it is noted that by the time 
the ll-day animals are approaching the maximum 
rate of elimination seen ın the 22-day opossums, 
they are 21-22 days old (23 and 24 hr. per logio- 
decrement for the younger ones at 240-268 hr. and 13 
and 18 hr. for the older, 22-day, group at 100-120 hr.). 

The conclusions derived from the preceding con- 
siderations that physiologically mature and immuno- 
potent lymphopoietic tissue exists practically as 
soon as lymphoid elements can first be identified 
in the developing embryo (additional experiments 
are planned to determine whether other lymphoid 
aggregations exist and whether they (or other 
cells) contribute to antibody production in these 
extremely immature animals), are sharply at 
variance with the most prevalent explanation of 
‘immune tolerance’. That is, that ‘immune tolerance’ 
is due to immaturity of the immuno-potent system, 
that this system is unable, therefore, to disti i 
‘self from non-self’, and for that reason cannot respond 
to antigens with the production of antibodies or the 
rejection of homografts. How then can we explain 
the well-documented examples of apparent neo-natal 
and embryonic refractoriness to antigenic stimulation? 
An excellent clue is to be found by comparing the 
foregoing results with, for example, those of Smith 
and Bridges’, Garvey et al., and Dixon and Maurer’. 
In each case the amount of bovine serum albumin 
required to induce tolerance in neonatal rabbits was 
200-1,000 pgm./gm. body-weight. In contrast, the 
dose of ®X protein given in the experiments described 


No. 4818 


NATURE 


853 


above is about 0:002 pgm./gm. body-weight. (OX is 
a single-strand deoxyribonucleic acid virus the protein 
coat of which consists of identical sub-units with a 
single antigenic specificity". The particle weight 
of the protein is 4-5 x 10° (ref. 12).) These differ 
by a factor of 100,000-500,000. This suggests that 
the amounts of antigen that have been used to nvoke 
‘tolerance’ in reality produced an immune unre- 
sponsiveness similar to that produced in mature 
animals given large amounts of heterologous serum 
proteins’, and probably is similarly analogous to the 
immune paralysis obtained with pneumococcal poly- 
saccharides#. In support of this hypothesis some 
additional experiments" show considerably prolonged 
non-immune elimination of OX with doses that are 
not very much larger than the doses used in the work 
reported here. 

Present experiments using a wide dosage-range of 
bacteriophage in the opossum (especially during 
earlier developmental stages) and im conventional 
laboratory animals, and using other antigens, includ- 
ing skin grafts, in the opossum, should indicate 
whether these results and conclusions can be applied 
to antigens in general and to all animals with immuno- 
logic competence. If this is generally demonstrable 
in the higher vertebrates, as is likely to be the case, 
it will be imperative to review critically the present 
practice of withholding active immunization of 
infants until the second or third month of life. 

I wish to thank Dr. Currier McHiwen, who made it 
possible to initiate this study; Dr. J. W. Uhr, for 
making available the facilities of his laboratory; and 
Drs. Colin McLeod, Albert Coons, and C. A. Stetson, 
for helpful criticism. 

I also thank Drs. E. 8. Lennox and R. L. Sinsheimer 
for generously providing the X used in these 
experiments. This work was supported by grant 
G15845 of the National Science Foundation. 
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AUTORADIOGRAPHY OF BACTERIA AND STREPTOMYCETACEAE 
BY THE STRIPPING FILM TECHNIQUE 


By Dr. ERNA GROSSBARD 
Grassland Research Institute, Hurley, Near Maldenhead 


RACER techniques have been used extensively 

in the study of microbial physiology, but the 
specific method of autoradiography for the detection 
and location of the tracer in various cells has been. 
used comparatively little. The stripping film 
technique as developed by Pelo? lends itself to miero- 
biological preparations, since it allows the micro- 


scopic observation of the distribution of the tracer. 
The presence of the latter manifests itself by the 
formation in the film of black grains, resulting from 
the ionizing radiation. 

A microbial preparation containing the tracer is 
fixed on a microscopic slide, covered with a section of 
stripping film peeled off an ‘A.R. 10’ (Kodak) fine 





Mi Fig. 1. 


Bacillus megaterium labelled with carbon-14 (glutamic 
acid), Copy negative of a dark-fleld photomicrograph 


grain autoradiographic stripping film plate, and 
exposed for 2—4 weeks or longer. After processing, 
the film becomes transparent allowing microscopio 
observation of the underlying cells fixed to the slide. 
If the cells are labelled, the grains of elemental 
silver become visible. Though these grains are 
actually situated within the superimposed photo- 
graphic film, they give the impression of being placed 
within, or close by, the radioactive cell. The distribu- 
tion and density of the silver grains thus provide an 
indication of the location and concentration of the 
tracer. 

The adaptation of the stripping film technique to 
the study of fungal physiology was demonstrated by 
Robson’ and by Grossbard? in 1958. Brief accounts 
of the use of this method investigating bacteria and 
actinomycetes were published by Grossbard‘, in 
connexion with the investigations of the physiology 
of soil micro-organisms engaged in the decomposition 
of plant residues in the soil. 

The test organisms used were the bacteria Bacillus 
megaterium N.C.T.C., No. 9848, Lineola longa (kindly 
supplied by Dr. E. A. George) and Staphylococcus 
aureus Duncan {by Prof. E. F. Gale); the Strepto- 
mycetaceae were Streptomyces griseus (by Boots Pure 
Drug, Co., Ltd.), and an unidentified species of 
Streptomyces displaying considerable cellulolytic pro- 
perties and isolated fror a grassland soil at Hurley 
by Hall. Tho nuclides used were sulphur-35 as 
sulphate (7-17 pe./ml. medium) and carbon-14 as 
pi-glutamic acid-4@ and cellulose (1-2 ye./ml. 
medium). The latter, extracted from the roote of 
tobacco plants, was kindly supplied by Dr. A. 
Evans. 

The methods of labelling the organisms and of the 
preparation of the autoradiograms were similar to 
those described by Grossbard? for fungi. The inactive 
organisms were inoculated in broth or agar media 
containing the appropriate nuclide. After incubation 
the organisms were collected and twice washed 
with water, a smear was prepared on a subbed slide 
with the addition of a drop of detergent which helped 
to separate individual cells, and covered with the 
stripping film. After exposing and processing, the 
slides were stained with methyl violet; malachite 
green or Leishman’s stain also gave good results. 
The preparations were examined and photographed 
under a Cooke, Troughton and Simms phase contrast 
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microscope (model M .2525). Photomicrography 1s 
made more difficult because the silver grains and the 
microbial cells are at two different focal planes. 
Following a suggestion by Barton (personal communi- 
cation), an ordinary oil-immersion lens without a 
phase plate was used in conjunction with the phase 
contrast substage unit in the normal position. In 
this manner good images both of the microbial cells 
on the slide and of the silver grains on the super- 
imposed film were obtained. To emphasize the silver 
grains, dark-field photomicrography by means of a 
dark-field condenser can be . When a copy- 
negative of the dark-field mage is prepared the grains 
appear black on a white background, and since their 
size ig enlarged, they become more prominent (Fig. 1). 

The autoradiograms of all the organisms used in 
these tests showed evidence of labelling (Figs. 1—4) 
because the density of silver grains above the organ- 
isms, and especially over aggregates of microbial 
cells, was greater than that of the background. 
Thus the various tracers had been taken up from the 
culture media and were incorporated into the tissues. 
The carbon-14 from the glutamic acid was readily 
incorporated; but occasionally single bacteria and, in 





Fig 2 Baerllus megaterrum labelled with sulphur-36 (sulphates), 
photugiaphed with an oil-[mmersion leu» without p plate, 
but aith the phase contrast aubstaye unit 





Fig. 3. 


Staphylococcus aureus labelled with carbon-14 (glutamic 
acid) photographed as Fig. 1, Under-exposed to show bacterial 


celis below silver graine 
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Fig. 4. Streptomyces griseus labelled with sulphur-35 (sulphates) 
photographed as Fig. 2 


the case of S. griseus, portions of byphx, showed no 
evidence of labelling after exposure for two weeks. 
Lengthening exposure time increased the number 
of cells showing an autoradiogram, as well aa grain 
density, but some non-labelled cells were always 
present. While this observation may be the result 
of shortcoming in the technique, there may also be a 
physiological significance. It is possible that many 
of the unlabelled cells had died and their content, 
and with it the tracer, had diffused. Evidence of 
diffusion was found in most autoradiograms. Further- 
more, individual cells may not have assimilated 
sufficient tracer for an autoradiogram to be formed, 
or alternatively a preferential uptake of carbon-12 
over carbon-14 may have taken place by some cells, 
analogous to that observed by Weigl and Calvin® in 
the case of algae. 

Similar observations were made with some of the 
organiams labelled with sulphur-35, especially S. 
griseus cultures. Here some hyphal segmenta 
appeared not to be labelled. The cellulolytic species 
of Streptomyces, on the other hand, was fairly uni- 
formly labelled, especially its spore chains. 

In autoradiograms of B. megaterium cultured on 
glucose—nitrate or citrate-agar with the main source 
of sulphur supplied as radioactive sulphate (containing 
as little as 7-5 ue./ml.) and the film exposed for 5 
days only, the cells were covered with such dense 
aggregates of silver grains that the underlying bacilli 
were barely visible. When the organism was grown 
on nutrient agar (17 uc./ml.) and the film exposed for 
one month, most cells, whether single or part of a 
filament, were clearly labelled, but grain density was 


NUMERICAL 


NATURE 


856 


N 


less than on cultures on the two former media. In 
earlier experiments labelling was not observed at 
all’, The fact that cultures on nutrient agar dis- 
played a lesser degree of labelling than on the two 
former media suggeste that the organism had utilized 
the organic sulphur compounds contained in the 
nutrient agar in addition to the radioactive sulphate, 
thus diluting the specific activity of the cells. 

5. griseus behaved differently. Cultures on minerad 
salte agar (with a trace of yeast extract) containing 
radioactive sulphate as the main source of sulphur 
seamed to incorporate a smaller proportion of the 
inorganic sulphur than did the cultures on nutrient 


The cellulolytic species of Streptomyces grown on a 
mineral salts medium with labelled cellulose as the. 
main source of carbon showed the presence of the 
earbon-14, primarily in the conidia. 

For the detection of radioactivity in micro-organ- 
isms, autoradiography has great advantages over 
electronic counting methods since it enables observa- 
tion of the uptake of nutrients, antiseptics and other 
substances by a small number of cells using nuclides 
of low concentrations. The technique is simple, 
provides a permanent record and does not require 
expensive apparatus. Grain counts over & given area 
will provide an estimate of the amount of tracer 
taken up by a given number of cells’. In view of their 
small size, micro-organisms,- especially bacteria, lend 
themselves to this, since self-absorption is relatively 
slight. On the other hand, very small cocci may tend 
to be obscured by the circular shape and the spread 
of the grain image. Thus, the method is beat suited 
to rod-shaped and filamentous organisms and to 
larger cocci. The phenomenon of ‘crogsfire’ may 
obscure the interpretation of the behaviour of single 
cells in cultures which form clumps, because as the 
organisms are so amall, part of the autoradiogram 
may be found outside the cell from which it originated. 
The use of short-range nuclides such as tritium would 
therefore be more satisfactory. 

Į wish to thank Dr. William Davies for his interest 
in this work and for encouragement and guidance. 
I am also indebted to Dr. S. R. Pelc for useful 
discussions and to Mr. G. E. Barton for the most 
valuable collaboration and technical assistance which 
made this work possible. 
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TAXONOMY 


By Da. P. H. A. SNEATH and Dr ROBERT R. SOKAL 


National Institute for Medical Research, London, N.W.7, and Department of Entomology, 
University of Kansas, Lawrence 


ECENT years have seen a remarkable re-awaken- 
ing of interest in taxonomy accompanied by a 
new freedom of ideas and concepts in this field. A 
number of authors, both in Great Britain and the 
United States, and in such diverse fields as zoology, 


botany, palwaontology and microbiology, have started 
thinking and working along similar lines quite inde- 
pendently. We do not attempt to review here all the 
growing technical literature on the subject, since this 
is listed in several other publications}~*. This article 
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will therefore be restricted to a brief criticism of 
phylogenetic systematics, a first publication of the 
theoretical justification of numerical taxonomy and a 
summary of the techniques proposed in this field. 
A future publication‘ will deal with all these issues 
at greater length, give a detailed presentation of the 
various methods used so far and present a discussion 
of their applicability. 

The ideas on which these recent developments rest 
are not really new. The sudden resurgence of these 
ideas and methods some six years ago is probably 
due to the increasing availability of electronic digital 
computers, since these are in practice essential for 
handling the simple but extensive computations which 
are needed. 

We have named this fleld ‘numerical taxonomy’, 
which may be defined as ‘the numerical evaluation of 
the affinity or similarity between taxonomic unita 
and the ordering of these units into taxa on the basis 
of their affinities’. The primary aims of the method 
are repeatability and objectivity, on both of 
which taxonomy to-day is open to strong criticism. 
It is the aim of numerical taxonomy to develop 
methods by means of which different scientista, 
working quite independently, will and must arrive at 
identical estimates of the affinity between two 
organisms, given the same characters on which to 
base their judgments. We believe that these methods 
will lead to stable classifications which will not need 
extensive revision as new knowledge becomes avail- 
able. The wide use of quantitative measures of 
relationship should greatly increase the accuracy 
and precision of taxonomy. 


Basic Ideas of Numerical Taxonomy 


Natural taxa. The renewed interest in taxonomy 
has led to a re-examination of the basic concepts of 
taxonomy, particularly by Gilmour®-'’, Cain®* and 
Cain and Harrison’*. Gilmour has discussed the 
properties of the sort of classifications which we 
‘recognize as ‘natural’. Such classifications may be 
termed ‘general’ and are for general purposes, in dis- 
tinction to classifications made with a special purpose 
in mind, which may be called ‘special’ classifications. 
This implies among other things that in constructing 
general classifications characters have equal weight1)14 
and that taxa are based on correlations between 
features. These two postulates are commonly called 
Adansonian, after the eighteenth-century French 
botanist, Adanson. Natural taxonomic groups are 
of the class of concepts which Beckner!? has called 
‘“polytypic” (better termed polythetic!), in which no 
single attribute is in theory sufficient and necessary 
for membership in the group so long as the members 
share a high proportion of characters. 

In recent years a number of authors have pointed 
out the logical fallacies underlying attempts to force 
phylogenetic criteria on to taxonomio groupings, or 
of arriving at taxonomies based on phylogenetic 
deductions. The proponents of numerical taxonomy 
consequently insist on the separation of the taxonomic 
— (which is to be based on affinity or resem- 

lance) from phylogenetic speculations. 

These concepts are the basis for the numerical 
analysis of taxonomic resemblance. Acceptance of 
equal weighting allows the ready mathematical 
treatment of characters, and the use of the estimates 
of resemblance (rather than key characters) for 
creation of taxa allows the formation of ‘natural’ 
taxonomic groups. Treatment of resemblance and 
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phylogeny as separate taxonomic dimensions avoids 
the logical pitfalls in attempts at phylogenetic 
classifications. In addition, there is emphasis on the 
need to utilize large numbers of characters chosen at 
random rather than a few selected ones. 

Equal weighting. In computing the similarity 
between two taxonomic entities, numerical taxonomy 
treats all taxonomic characters as of equal value 
and importance. This necessitates use of many 
characters. Only in recent years has work on these 
lines become practicable, and this is probably the 
reason why similar methods proposed in the earlier 
half of this century™4-!* were not generally accepted. 

The taxonomic equivalence of all characters can 
be seen most clearly if we attempt to construct an 
objective criterion for weighting characters. If we 
cannot decide how to weight the features we must 
give them equal weight, unless we propose to allocate 
weight on irrational grounds. Even if the entire 
genetic constitution of a form were known it would 
be impossible to find a basis for weighting the genetic 
units since they have no fixed adaptive significance. 
Neither can we weight characters according to their 
constancy within a certain taxon, because their con- 
stancy cannot be determined until we have defined 
the limits of the taxon. 

The same conclusion is reached from another point 
of view. ‘The aim of orthodox taxonomy is to yield 
taxonomic groups which bring together organisms 
with the highest proportion of similar attributes. 
This is the logical basis of what we somewhat loosely 
call ‘natural’ taxa, for it enables us to make the 
greatest number of generalizations about the organ- 
isms which are grouped into one taxon®-’. Taxa based 
on this principle have the highest content of informa- 
tion. We hold the view that a ‘natural’ or orthodox 
taxonomy is a general arrangement intended for 
general use by all kinds of scientista; it cannot there- 
fore give greater weight to features of one sort, or it 
ceases to be a general arrangement. 

Phenetic classification. Numerical taxonomy prac- 
tises the strict separation of phylogenetic speculation 
from taxonomic procedure. Taxonomic relationships 
are to be evaluated purely on the basis of the re- 
semblance existing in the material at hand. The 
relationships are therefore static, as Michener*® has 
called them, or, as we now prefer to call them, 
phenetic™, They do not take into account the mode 
of origin of the observed resemblances or the rate 
at which such resemblences have increased or de- 
creased in the past. A ready simile offers itself here: 
we may estimate the similarity between geometric 
objects on the basis of the nature and size of their ` 
dimensions, without any implication as to their past 
history or how they were developed or constructed by 
geometers. Yet under some conditions we may deduce 
from their geometrical form certain probabilities 
about their past history. 

The restriction of taxonomic procedure to phenetic 
evidence is necessary for three distinct reasons: (1) 
phylogenetic speculation is not compatible with our 
stated aims of objectivity and repeatability; (2) the 
available fossil record is so fragmentary that the 
phylogeny of the vast majority of taxa is unknown; 
(3) even when fossil evidence is available, this evidence 
itself must first be interpreted in a strictly phenetic 
manner (with the exception that a time-scale is given 
in addition, which may restrict certain choices of 
interpretation of the phylogeny), since the criteria 
for choosing the ancestral forms in a phylogeny are 
phenetic criteria, and are based on the phenetic 
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relationship between putative ancestor and de- 
scendant. 

The earlier dictum that taxa should be mono- 
phyletic groups is no longer strictly observed, as, 
for example, in the class Mammalia", which represent 
an essentially phenetic taxon. We believe that most 
phenetic taxa will alzo be monophyletic, but would 
not be concerned if they were not. Suppose an 
absurdly extreme overall convergence had occurred 
so that two forms were almost indistinguishable and 
could readily and successfully hybridize: what is 
the purpose of separating them on grounds of ancestry 
when in all other attributes they are virtually the 
same ? 

The confusion between facts and conclusions in 
taxonomy is only aggravated by the usual taxonomic 
and phylogenetic diagrams. Different dendrograms 
of different authors, and sometimes even different 
parts of the same dendrogram, utilize different 
conventions, which are often only vaguely conceived 
or contradictory. Authors may try to express 
attributes such as time, number of generations, 
phenetic resemblance, phyletic sequences, velocity 
of evolution (in unspecified units). abundance of 
taxa, time of extinction, degree of perfection or com- 
plexity, nature of ecological adaptation, and so on, 
frequently without specifying which they mean. 
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Estimation of Resemblance 


Four hypotheses. The most important procedure in 
numerical taxonomy is the computation of phenetic 
similarity. It begins with the collection of values 
for the characters of the taxonomic group which is to 
be classified. Such information may already exist and 
must then only be taken from the literature; in other 
cases the characters have to be found out and 
deacribed first, or specimens have to be re-examined to 
clarify uncertain points. To make the method useful 
and reliable many characters, at least 40, but pre- 
ferably more than 60, are necessary. Some classes of 
characters are obviously not permissible, such as 
artificial mutilations; but of permissible characters 
all kinds are equally desirable: morphological, physio- 
logical, ethological, and so on. Our assumptions are 
that all characters of an organism are equivalent and 
of equal importance for the purpose in hand, that 
the more characters we study the more information we 
gain, and that we reach an asymptote of information 
as we accumulate a large number of characters. 
To defend these assumptions we have set up a series 
of four fundamental hypotheses, which in the light of 
our present knowledge of genetics appear reasonable 
to us. 

The first of these is the ‘nexus hypothesis’, which 
assumes that every taxonomic character is likely to 
be affected by more than one genetic factor and that 
conversely most genes affect more than one character, 
resulting in a complicated nexus of cause and effect. 
Since numerical taxonomy cannot base ita judgment 
on direct knowledge of genetic factors it has to rely 
on information obtained from phenetic taxonomic 
characters, as is done, of course, also in genetic 


research. 

The ‘hypothesis of non-specificity’, assumes that 
there are no large and distinct classes of genes affecting 
exclusively one clase of characters (such as morpho- 
logical, physiological or ethological) or restricted 
regions of the organism (such as the head, skeleton 
or leaves, etc.). If this assumption is warranted, then 
obtaining a disproportionately large number of 
characters from one body region or of one special kind 
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would not restrict our information to a special class of 
genes. As a consequence we would expect to get more 
or less the same kind of taxonomy utilizing different 
samples of characters, and we would also have to 
conclude that there are no a priori grounds for 
favouring one character over another. 

This hypothesis is at present under test in the 
laboratory of one of us (R. R.8.). There is consider- 
able circumstantial evidence in favour of it; for 
example, the success with which organisms have been 
placed in stable classifications on the basis of only one 
out of several steges of their life-history, or on the 
basis of certain single organs. Thus many vertebrate 
classifications are reasonably consistent in the light 
of many sorte of charactera, although they were 
originally based entirely on skeletal material or even 
on portions of the skeleton. We would caution 
against blind acceptance of the hypothesis of non- 
specificity in all cases. However, we may point out 
that even if it breaks down on occasion we would 
avoid most of the resulting difficulties if the selection 
of the characters is as random as possible. 

If the above two hypotheses hold, we might pro- 
ceed to the next hypothesis, the ‘hypothesis of the: 
factor asymptote’, which would maintain: (a) that the 
more characters we study the more information we 
will accumulate; (b) that a random sample of the 
characters should represent a random sample of the 
genes of the organism; (c) that as we include more 
and more characters the rate of gain of new informa- 
tion for classificatory purposes will decrease. After 
a certain number of characters have been recorded 
the inclusion of further characters will become un- 
profitable from the pomt of view of classification. 
While we have theoretical grounds for believing that 
this hypothesis is true, yet we would need a very 
large number of characters to approach the asymp- 
tote. 

Nevertheless, the similarity coefficient between two 
organisms would for another reason be expected to 
approach an asymptote when a reasonable number of 
characters are used. By the ‘hypothesis of the 
matches asymptote’, we conceive of the resemblance 
between two taxonomic entities as the proportion of 
the characters in which they agree. If we assume that 
we are making an estimate of a parametric value of 
matches of all possible characters by using a sample 
of characters, we expect that the similarity coefficient 
would become more stable as the number of characters 





Taxa 

i 2 3 4 
1 9 7 2 
2 9 9 8 
S312 2 4 2 
8 
3446 8 2 3 
8 
5) 5.3 2 1 
617 6 3 1 


Fig. 1. Example ofa data matrix, with columns representing taxa 
and rows c ters. In this hypothotical example up to nine 
states have been recorded for each character. More or less states 
could be esteblished depending on the vamation pattern of the 
character. In a real study more characters would have to be used: 
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Fig, 2. Schematic diagram Illustrating the concept of taxonomic 
duitance following Sokal (ref. 8). Four taxa are plotted with 
reference to their co-ordinates for three characters. The distance 
dé, between anv palr of tata can be easily compaire by means of 
tho simple formula from analytical geometry shown In the figure. 
In the example shown the square of the distance between taxa 2 
and 418 belug computed, When. as in any real study. more than 
three characters are employed ft will generally be Imponsible to 
represent relation. botween the taxa phionliy, ‘set the 
Buclhdlan properties of the pointa in the hvperspuce cemalin and 
the distances between any pair of points oan be computed by an 
extension of the present formula 


increases. and would eventually approach that 
parametric proportion of matches which we would 
obtain if we were able to include all the characters. 
Further increase in the number of characters is not 
warranted by the corresponding mild decrease in the 
width of the confidence band of the coefficient. The 
justification of this hypothesis rests on ordinary 
sampling theory and needs no special defence if 
we can conceive of a parametric value of matches of 
all possible characters (for example, matches in the 
nucleotide sequence of deoxyribonucleic acid). and 
if the character sampling can be considered to be 
random in a statistical sense, or nearly so. 

Choice of characters. In order to estimate resem- 
blanve between organisma one sets up a table of data 
in matrix form (Fig~1). The columns of the matrix 
are the organisms to be investigated. and the rows 
are the characters. We do not mean by tho term 
‘character’ the diagnostic difleronce between taxa, 
as this concept is often used in taxonomy. but any 
characteristic which differs from one organism to 
another. Characters can be of different kinds, such 
as length of an organ (which can be divided into 
several classes or stater), or the form of margin of a 
leaf (the states of which may be serrate. undulate, 
entire and so on) or the presence or absence of an 
attribute (such as ability to fly). 

Now it is obvious that while we admit all kinds of 
characters to be of equal weight, this does not imply 
a general licence to the uncritical use of any kind of 
information that one can poaribly find. Characters 
should be unit characters. or if they are multiple they 
should be broken down into unit characters. It is 
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possible to interpret and define these both in terms 
of biochemical units in the genetic code as well as in 
terms of information theory, but in practice they can 
be defined more simply. A working definition of a 
‘unit character’ would be ‘a taxonomic character of 
two or more states, which within the study at hand 
cannot be further subdivided logically (except for 
subdivision brought about by changes in the method 
of coding the states)’. The ruling idea is that each 
state should contribute one new item of information. 
In defining unit characters we are of course limited 
by our knowledge. Thus presence or absence of a 
bristle in an insect may be a unit character if we 
know nothing of ita finer structure and have no way 
of subdividing it; even if we know its detailed histo- 
logy and morphogenesis, it must remain the unit 
character if we do not know of any histological or 
morphogenetic differences in the bristles among the 
organisms under study. Thus the organizational 
level of a unit character can differ considerably from 
one character to another and with advances in our 
knowledge of them. 

In order to be admissible in a numerical taxonomic 
study the unit characters must be meaningful, and it 
is thus undesirable to use attributes which are not 
inherent in the organisms themselves, or which are 
greatly affected by environment, or by experimental 
or observational uncertainties. We should also avoid 
logical correlations and we must exclude as redundant 
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Fig. 3. Schematte diagram showing a matrix of hypothetical 

snullarnty coafhoents between pairs of taxa. The magnitude of 

the coefhicients ls indicated by depth of shading im the manner of 
Sneath (ref, 23) 
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any property which is a logical consequence of 
another. We cannot use, for example, both the 
diameter and radius of a circular organ. Partial 
dependence of one character on another must also be 
excluded where possible. We would not include 
characters which do not vary in the group of organ- 
isms under examination, since this wil artificially 
and equally raiso all the coefficients of similarity. 
The most difficult situations will arise where charac- 
ters are not logically related, but are highly correlated 
empirically (such as fur and non-nucleated red 
corpuscles in vertebrates). When we have evidence 
that more than one factor determines the two 
correlated features, whether the evidence comes from 
within the study or without it, we would inelude 
both characters, but otherwise only one. 

Computation of resemblance. For the computation 
of resemblance or similarity three kinds of coefficient 
have been developed. The simplest are coefficients 
of association. These ‘mostly refer to characters 
divided into only two classes, such as plus and minus 
characters. The data can be tabulated in a 2 x 2 
table and the proportion of matches can then be 
counted. There are several forms of these coefficients, 
which have been developed in psychology and ecology, 
and they have been used with success in the classifica- 
tion of bactena*** and in botany™. 

The second statistic is the correlation coefficient, 
used by Sokal and Michener**-?’, by Morishima and 
Oka?’ and by Soria and Heiser*’. 

A third method described by Sokal? measures 
taxonomic distance. This method uses the con- 
vention of a multidimensional space with one 
dimension for each character, and although this 
cannot be visualized or represented graphically, the 
Euclidean distance between the taxonomic entities 
can be calculated by a simple formula. Fig. 2 
illustrates the idea of distance between four taxonomic 
unite for three characters. Several variants of taxono- 
mic distance have been suggested?,14.18,17, 

The similarity coefficients are estimates of the 
phenetic resemblance between the taxonomic entities. 
They are tabulated in a table 
containing n rows and n columns 
for n taxa, with unity (or zero) 
in the principal diagonal, so that 
the matrix lists the similarity co- 
efficient for every taxon compared 
with every other. These primary 
taxonomic entities may be taxa 
such as species, or in some in- 
stances individuals, which may 
be used as exemplars of taxonomic 
groups. They are referred to as 
‘operational taxonomic units’. ` 
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Oluster analysis. The next step 
is to assemble the operational 
taxonomic unite into groups of 50 
higher rank using the similarity 
coefficients. The organisms mey 
originally have been in a hap- 4 
hazard order. Thus they will 
usually have to be rearranged so 
as to bring similar organisms to- 
gether. Several methods, col- 
lectively referred to as cluster 
analysis, are available for this 
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procedure*?:#8.47, One can get an approximate 
representation of the structure of the matrix by 
shading its elements to indicate the degree of similar- 
ity (Fig. 3). When similar. organisms are adjacent 
to one another the taxa can be immediately recog- 
nized as triangles made up of high similarity values, 
as shown in Fig. 4. These groups can be arranged 
into a reasonable hierarchic system, and this can be 
represented in the usual manner (Fig. 5). These 
diagrams or dendrograms are clearly not phylogenetic 
trees, but simply show the degree of relationship ~ 
with the nearest stem. 

The differences between the various methods of 
cluster analysis rest mamly on the definition of the 
clusters. One must, for example, decide whether 
the means of the coefficients are to be used as the 
bases for the criteria of the groups, and whether 
during the building of the hierarchy a given taxon 
should be weighted on the number of subordinate 
taxa it contains within it. These are technical 
questions which we need not discuss here, but we may 
point out that similarity coefficients and cluster 
analysis are statistically robust, by which we mean 
that the final resulte do not vary much despite 
differences in the methods used. A somewhat 
similar method of treating a matrix of correlation 
coefficients expressing resemblances between taxa 
is that of multiple factor analysis*®»"!. 

Criterta of rank. By the above procedures we 
obtain objectively delimited groups, of which some 
are of higher rank than the others. A horizontal line 
drawn across a dendrogram at a given level of similar- 
ity indicates the groups of a given rank. We may 
therefore use the similarity coefficients as criteria of 
rank, provided that we use rules which are consistent 
throughout the study and not subject to personal 
whims and exceptions, The horizontal lines must be 
drawn straight and parallel to the abscissa, so that a 
given rank is equivalent anywhere within any one 
study. 

Phenons. How should we name the groups which 
are established by numerical taxonomy ? We can, 
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if we wish, equate thera with genera, tribes, or families, 
but siheé those terms have evolutionary, nomencla- 
tural ‘and: other connotations, we prefer to use new 
expressions: We call the groups simply ‘phenons’ 
and preface them with a number indicating the level 
of similarity at which they were formed. 

For example, an 80-phenon connotes a group 
affiliated at no lower than 80 per cent of the simularity 
scale used in the analysis. The terms are intended 
to be general ones to cover the groups produced by 
any form of cluster analysis from any form of similar- 
ity coefficients, and their numerical values will vary 
with the coefficient and analysis used as well as 
with the sample of characters chosen, so that they are 
therefore only comparable within the limite of one 
analysis. The term ‘taxon’ is retained for its proper 
function, that is, to indicate any sort of taxonomic 
group. Phenons are groups which approach natural 
taxa more or leas closely, and like the term taxon, 
they can be of any rank. The term phenon has been 
used in an entirely different sense by Camp and 
Gilly*!, but it does not seem to have come into general 
usage, and we have therefore used it in numerical 
taxonomy, since it appears appropriate. 

An example of the delimitation of phenons can be 
seo in Fig. 5. Drawing a horizontal line across the 
dendrogram at a similarity value of 75 per cent 
creates four 75-phenons, taxa ABHI, OFGJ, D and 
H. If the original taxonomic units were species, 
these new taxa might represent subgenera or genera. 
A second phenon line at 65 per cent forms three 
65-phenons. The advantage of phenons is that their 
arbitrariness and relativity is obvious, which is not 
true of the Linnaean nomenclatural scheme. If some 
investigator felt that the taxa in Fig. 5 should be 
divided into two rather than three groups the phenon 
line would have to be drawn at a similarity value 
between 60 and 60 per cent. The designation of the 
phenons would change from 65- to 55-phenons. 
However, the relationships among the taxa in the 
dendrogram are quite unchanged. 

If the similarity between two taxa is estimated on 
different occasions based on different samples of 
characters, can we expect reasonable agreement 
between the estimates ? We believe that we can 
because of the matches asymptote hypothesis. The 
absolute similarity values may vary somewhat, but 
the relative values are likely to be more stable, and 
it may be possible to co-ordinate different studies by 
calibrating one similarity value scale with another™. 

A further step in numerical taxonomy, which can 
readily be adapted to computing machines, is to 
re-examine the original matrix of characters versus 
organisms to find those features which are of special 
interest with respect to the taxonomic groups which 
have been found, as, for example, to find the features 
best suited to making a diagnostic key. 


Concluding Remarks 


Has numerical taxonomy nothing to say regarding 
phylogenetics ? We believe that it will have, though 
this is atill an unexplored field. Our present aim is to 
make stable phenetic groups; but these results can be 
used for phylogenetic purposes. In particular, the 
degree of phenetic change in a given time period will 
be a measure of the overall evolution in that period, 
and numerical taxonomy can thus offer a method of 
m i evolutionary rates. Where there is 
doubt about which of two organisms is moat likely to 
have been the ancestor of a third, numerical taxonomy 
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can give objective information to furnish the basis for 
a decision, by offering exact estimates of the resem- 
blances between the forms. 

How practical is numerical taxonomy? Can 
practising taxonomists use it to-day ? The answer is 
definitely yes. A considerable body of work has 
already been produced (listed in the bibliographies in 
refs. 1 and 2) with on the whole very satisfactory 
resulta. The necessary calculations require electronic 
computers, but these are becoming increasingly 
available and increasingly fast, so that the time and 
cost of an analysis is now small. Routine processing 
of taxonomic material is now available at several 
centres, and ancillary procedures such as extracting 
characters for key construction, making and sorting 
lists of taxa and automatic printing and rearranging 
of these data will greatly increase the scope of these 
techniques. The main difficulty to-day is the colleot- 
ing and study of the material and the codification of 
the characters, not the analysis and classification. 
The role of the computer in numerical taxonomy is 
not to replace taxonomists, but to leave them free 
time for the collection of new data and the evaluation 
of the results of the computations. 

This article had its origins in collaboration between 
the authors initiated when one of us (R. R. 8.) was 
a Senior Postdoctoral Fellow of the National Science 
Foundation at the Galton Laboratory, University 
College, London. Appreciation is expressed to Prof. 
L. 8. Penrose, head of the Laboratory, for his cordial 
hospitality and encouragement. We have had the 
privilege of the repeated advice of Prof. O. D. Michener 
of the University of Kansas during the development of 
our thoughts on numerical taxonomy and during 
the preperation of this manuscript. The preparation 
of this article was aided by a grant from the General 
Research Fund of the University of Kansas. 
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LETTERS TO 


ASTROPHYSICS 


Observations in the Southern Hemi- 
sphere of Ultra-violet Light from 
Celestial Objects 


Tue atmosphere of the Earth is opaque to light of 
wave-length less than 3000 A. It is consequently 
impossible to observe stellar radiation in this wave- 
length region from the Earth’s surface. Such measure- 
ments, even if made with low spectrum resolution, 
would be of great importance to our understanding 
of the processes of energy transfer in stellar atmo- 
spheres and of their composition and could provide 
& critical test of theories of the interstellar medium. 
A significant extension of the observable wave- 
length range into the ultra-violet requires observa- 
tions from altitudes in excess of 100 km. Such 
altitudes can be reached only by rockets. The first 
observations of this type were reported by Byram 
et al.'. These, and certain later measurements, were 
made from vehicles launched in the northern hemi- 
sphere. This communication gives an account of the 
first observations to be made in this field from the 
southern hemisphere and in particular the first 
reported measurements of lunar ultra-violet irra- 
diance to be made from rockets. 

Use was made of photometers mounted on a 
Skylark vertical sounding rocket which was launched 
from Woomera, South Australia, at 12.10 hr. v. . on 
May 1, 1961. An illustration of this vehicle (Skylark 
43) with a brief description of the scientific payload 
has already been published*. The photometers con- 
sisted of E.M.I. photomultiplier tubes type 62554 
with fields of view restricted to cones of some 2° 
semi-angle. A signal proportional to the logarithm 
of the current at the final dynode of each photo- 
multiplier was transmitted over a radio telemetry 
link. It was not possible to measure the absolute 
sensitivities of the photometers, but it is probable 
that the most sensitive had a peak cathode quantum 

ield of 10-* electrons per photon and this value has 
poa used in the snalysis of the observations. The 
attitude of the vehicle was determined by means of 
magnetometers and photoelectrio lunar sensors. At 
heighta above 90 km. the vehicle rolled at almost 
100°/sec. and precessed around a cone with a period 
of 178 sec. 

Several observations were made of early type 
stars. Almost half of these were of spectrum classes 
BO or B1, but at least one star of spectrum class 
Al («a Canis Majoris) was observed. The analysis 
of these stellar observations is still in progress. It is 

ted that it will be possible to determine part 
of the colour index-spectrum class diagram appro- 
priate to the photometric wave-length and to make 
estimates of the eee though high 
accuracy is not anticipate 

In the course of the flight four of the six photo- 
meters observed the Moon. A total of seven observa- 
tions were made from which the lunar irradiance was 
found to be 6:8 x 10* photons/cm.*/sec. in the band- 
-width of the photometers. This value is subject to 
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some uncertainty. It is difficult to assess this quant- 
itatively as it originates in the choice of values for 
the quantum yields of the photocathodes, but it is 
believed that the true value will lie between 5 x 10* 
and 1-5 x 107 photons/em.*/sec. The response of the 
photometers to light having the spectrum distribu- 
tion of sunlight was calculated from the solar irra- 
diance measurements of Detwiler et al.2. It waa 
found that the effective solar intensity is 8-2 x 10" 
photons/cm.*/sec. in the band-width of the photo- 
meters and that the measurement is made at an 
effective wave-length of 2200 A. The difference in 
apparent magnitude between the Moon as observed 
and the Sun can be calculated from these intensities. 
Full moon occurred at 18.41 hr. U.T., on April 30, 
1961, so the Moon as observed was 0:2 magnitude 
fainter than full Moon‘. (The assumption implied 
here that the lunar phase law is the same at 2200 A. 
as in the visible is unlikely to be much in error for 
such small phase angles.) We express our result 
as the magnitude difference between the full Moon 
and the Sun: 


me — mo = 2-5 log (Tolle) — 2 


= 175 + OS at 2200 Å., 
where Io = 8-2 x 10! photons/om.1/sec. and Ie = 
6-8 x 10* photons/em.?/sec. are the solar and lunar 
irradiances and the uncertainties correspond to the 
calibration uncertainties referred to above. 

Previous measurements? of lunar irradiance extend ` 
only to a wave-length of 3250 A. and show that the 
lunar—solar magnitude difference is increasing rapidly 
towards shorter wave-lengths. The present value 
appears quite consistent with this increase. 

A more complete account of the experiment and 
an analysis of all the observations will be published 
in due course. 

These measurements have been made possible by 
the co-operation of very many people. The vehicle, 
with telemetry, tracking and certain attitude sensing 
devices, was constructed at the Royal Aircraft 
Establishment, Farnborough. Final testing was 
carried out at the Weapons Research Establishment, 
Salisbury, South Australia, and the vehicle was 
launched under the auspices of the Australian 
Department of Defence from Woomera. The authors, 
who designed the scientific payload and installed it 
in the vehicle, gratefully acknowledge the advice and 
assistance willingly afforded them by members of 
these establishments. 

Communicated by Dr. D. W. O. Heddle 
for members of the Space Research Group, 
Department of Physica, 
University College, London. 
OTe tke Z Ti chub. foe ee H. oe jun., 


* Heddle, D. W. O., J. Brit. Inst. Rad. Eng., 22, 846 (1961). 
Dotwiler, C. R., Garrett, D. L., Purcell, J. D., and Tousey, R., 
Ann. Geophys., 17, 9 (1961). 


4 Allen, s W., Astrophysical Quantities, 160 (Athlone Presa, London. 


* Stair, R., and Johnston, R~, J, Res. Nat. Bur. Stand., S1, 71 (1958), 
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Use of Z-Mode Propagation for observ- 
ing Cosmic Radio Noise from Earth 
Satellites 


SATELLITES for the observation of cosmic radio 
noise are being prepared by several groups in the 
world in order to study the spectrum and the pattern 
of sky brightness at wave frequencies less than the 
ionospheric critical frequency, which normally does 
not go much below 2 Mo./s. Some of these satellites, 
although planned to orbit above the height of maxi- 
mum ionzation density. will still be immersed in a 
considerable amount of ionization. In these circum- 
stances the refraction by the medium will limit the 
region of the sky observed to a quasi-elliptical area 
centred on the zenith and defined by Snell’s Law. 
Restriction of the observable part of the sky in this 
way provides in principle a means of increasing the 
` angular resolution of the antenna. However, except 
when the wave frequency is almost equal to the local 
plasms frequency, the angular size of the observed 
area is large. It is also variable, and the proper 
interpretation of the effect of refraction requires a 
knowledge of the ionization density at all points on 
the satellite orbit. 

It is the purpose of this communication to point 
out that much greater angular resolution, stability of 
antenna pattern and pencil beam configuration may 
be attained by making use of the Z-mode propagation, 
which exists when the wave frequency is somewhat 
less than the local plasma frequency. The relevant 
circumstances are illustrated in Fig. 1. If a satellite 
is between the height where the wave frequency is 
equal to the plasma frequency f, = (Ne*/mm)1/* and 
the height where it is equal to the Z-mode critical 
frequenoy fz =(fm?/4 + fo*)*/* — fa/2, fa= eH /2nm0), 
then rays can reach the satellite from the sky only 
over a narrow angular range centred on the Z-mode 
critical angle of incidence: 


a 


where 6, is the zenith angle of the geomagnetic field 
direction. The critical angle is determined by the 
condition that the wave normal of the incident rays 
must be aligned with the geomagnetic field direction 
at the plasma-level defined by f = fẹ. The properties 
of the corresponding propagation mode below the 
level of maximum ionization density have been 
studied extensively’, using echoes from pulse trans- 
mitters. It has been shown that tbe angular diameter 
of the Z propagation hole is somewhat less than 1°, 
that its size is not strongly dependent on the wave- 
frequency and that the attenuation for propagation 
through it is small. 

As an example of a possible situation, an ionospheric 
critical frequency fof, of 3 Mc./s. is considered. Using 
a recent estimate of the electron density profile 
above the maximum’, height of maximum 250 km., 
wave-frequency 1 Me./s. and geomagnetic latitude 
50°, it is found that providing the satellite height is 
between 550 and 1,200 km., the propagation of the 
sky radiation to the satellite will be via the Z-mode. 
The corresponding heights for fF, = 2 Me./s. are 
350 km. and 600 km. In typical circumstances fF, 
is between 3 Me./s. and 2 Mo.js. over the winter 
night part of Earth during years of minimum solar 
activity between geomagnetic latitudes 30° and 60° 
respectively, and by suitable choice of satellite orbit, 
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Fig. 1. a, Ray paths of extra-terrestrial radiation ab Z-mode 
ropagation to a satellite below the level of ordinary mode cut-off. 
{ver tremener: 1 Mo./s. b, Assumed * of plasma 
quency (Jafa = 2:5 Mo,/s. 


Z-mode reception would be possible for about one- 
third of the orbital path at frequencies near 1 Me./s. 
Where the satellite is between the_required height 
limits, calculation of the region of the sky scanned 
requires only a knowledge of the geomagnetic field, 
which has been extrapolated in some detail above 
500 km. height for investigation of the mirror points 
of Van Allen particles*. The zenith angle of the ray 
(8c above) is caloulated using the value of the mag- 
netic field intensity and inclination 0, at the upper 
plasma-level (f = fo). The ray azimuth is given by 
the local direstion of the magnetic meridian plane. 
For the purposes of illustration, the scan has been 
calculated for a satellite with the following orbital 
parameters: height (circular orbit) 550 km., initial 
value of node, 0600-right ascension, inclination 52°, 
precession of node 4° per day. The initial orbit has 
been assumed to pass over the south Pacific area at 
night at the winter solstice and the ionospheric 
critical frequency has been assumed to vary between 
3 Me./s. at 30° geomagnetic latitude and 2 Mc./s. at 
60° geomagnetic latitude. Fig. 2 shows that a range 
of declination of nearly 50° and of right ascension of 
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12 hr. is scanned. Because of the rotation of Earth 
and the consequent different geomagnetic field along 
successive orbite, successive scans will be displaced 
slightly in declination and right ascension. Precession 
of the orbit produces a shift of the scan in right ascen- 
sion, and during the course of one month an ares of 
sky shown approximately by the shaded area in Fig. 2 
would be surveyed. 

As indicated in Fig. 1 there is a second indirect 
Z ray, reflected by the ionosphere, as well as a direct 
one. Curvature of the ionosphere and non-umformity 
of the geomagnetic field cause the two rays to have a 
slightly different zenith angle. However, for the 
example considered the difference is less than 1° and 
its effect would be slightly to elongate the patch of 
sky seen, in the direction of the magnetic meridian. 
Although the antenna would have a high effective 
angular resolution, it would not have a correspond- 
ingly high gain and an efficient antenna would be 
necessary to obtain a usable signal-to-noise ratio, 
even though the sky brightness is very high near 
1 Mo./s., with an equivalent temperature greater than 


107 °K. (ref. 4). 
G. R. A. Erus 


Department of Physics, 
University of Tasmania, 
Hobart. 


1 Ellis, G. B., Ph.D. thesis, University of Tasmania (1955); J. Atmos. 
Terr. Phys., 8, 43 (1056). 

§ Garriot, O. K., J. Geophys. Res., 65, 4, 1151 (1960). 

* Dessler, A. J., Satellite Environment Handbook, VIII (Lockheed 
Musmles and Space Division, 1960). 
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Possible Propagation of Very-low- 
frequency Signals between Rugby and 
Rome through the lonosphere 


Tuas signals from a very-low-frequency transmitter 
such as GBR (Rugby) operating at a frequency of 
16 ke./s. are normally propagated beyond the range of 
the ground ray by reflexion between the D-layer of 
the ionosphere and the surface of the Earth. The time 
taken to arrive at a distant recerver can be monitored 
by comparing ‘the phase of the received signal with 
that of a standard 16 ke./s. at the receiving station. 

Diurnal changes in the phase of the received signal 
relative to the local frequency standard arise because 
the effective height of the lowest layer of the iono- 
sphere changes from about 90 km. by night to about 
72 km. by day. This change gives a phase advance by 
day compared with night which is explained by the 
reduction in the path from transmitter to receiver 
when the effective height of the reflecting layer is 
reduced at dawn. The resulting phase changes can be 
plotted to give the ‘phase trapezium’ described by 
Pierce'. The essential features of this are that the 
phase is constant during the periods when the whole 
path between transmitter and receiver is either dark 
or sunlit, the changes from one state to the other 
taking place fairly rapidly at the times of dawn and 
dusk. For the path from Rugby to Rome (1,500 km.) 
the diurnal change in relative phase expected from a 

in D-layer height of 18 km. would be about 
100°, which at 16 ke./s. would be equivalent to a 
change in path time of 20 pses. 

The phase of GBR received at Rome has been 
monitored over the past year. On many occasions the 
diurnal phase diagram was of the trapescidal form and 
of about 100° amplitude. but at other times the 
changes took on the sinusoidal form of the solid line 
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Fig. 1. of very-low-frequency 


—— phaso 


November 16, 1980. e break 13.00-15.00 G.m.T. was the 

maintenance break for transmitter servicing. Meteor burst 

counts were observed at Smyrna. Georgia, and Congaree, South 
Carolina, at 74 Afo./s., May 2-3, 1958 


of Fig. 1. The special features of this variation are: 
(a) The phase change is very much greater than for the 
trapesoidal variation (up to 720°). (b) The greatest 
rates of change occur during the hours of darkness 
and of daylight. (c) There are minor turning pointe in 
the curve at midday. 

On November 16, 1960, recordings were made of the 
phase of GBR at Malta and Nairobi (at distances of 
2,200 and 7,000 km. respectively). These two sites 
lie in roughly the same direction from Rugby as does 
Rome and consequently the signals received at them 
must pass close to Rome on their way. However, 
on this day when the phase variation at Rome was 
585° (100 usec.) the variations at Malta and Nairobi 
were very much less (Malta <30° and Nairobi 
310°). 

Because the phase change at Rome is much too 
great to be accounted for on the basis of changes of ` 
the apparent height of the D-layer, and because these 
changes occur at times when the D-layer is stable, it 
seemed reasonable to consider the possibility of the 
signal travelling above the D-layer. Incoming 
meteors provide a mechanism of ionization which 
has a diurnal variation and which operates at heights 
somewhat above the lower limit of the night-time 
D-layer. The diurnal variations of meteor bursts 
reported by Berry. James and Meeks’ as measured in 
Georgia and South Carolina in May 1958 show a 
marked correlation with the diurnal phase change 
observed at Rome. The dotted curve of Fig. 1 shows 
the average of the rates reported for these two loca- 
tions, the meteor count-rate being plotted with 
increasing rate running down Fig. 1. It will be 
noticed that both the full and dotted curves of Fig. 1 
have their turning points at much the same local time, 
and both have the minor turning points at midday. 
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The similarity between these curves suggests a 
correlation between the large sinusoidal phase 
changes at Rome and the incidence of recorded 
reflexions from meteor bursts on a meteor scatter 
communication system. It is hoped to obtain meteor 
counts relating to the region between Rugby and 
Rome for the periods of November 1960 and July 
1961 when this effect was most marked. 

If indeed a ray penetrates the lower layers of the 
ionosphere to the height at which the meteor ioniza- 
tion is formed, then it would be expected to do so 
near to the transmitter where the angle of incidence is 
small. The conditions for the ray to come back 
through the ionosphere would result in the Incoming 
ray striking the Earth at a small angle of incidence*. 
Subsequent reflexions between Earth and ionosphere 
would also be at small angles of incidence for which 
reflexion coefficients would be low, and so the geo- 
graphical extent of the disturbance to the normal 
very-low-frequency fleld produced by the high path 
ray would be limited. Such a mechanism could 
explain why the phase change at Malta could be small 
on a day when that at Rome was so great. 

If the sinusoidal phase changes at Rome are to be 
explained by the arrival there of an extra ray, then 
it would be expected that the signal strength there 
should be greater on days when the sinusoidal phase 
change is observed compared with that on days when 
the trapesoidal change occurs. This difference has 
been observed, and a preliminary estimate, based on 
half-hourly readings for two sinusoidal days each 
compared with a trapesoidal one three days later, is 
that the signal increase is about 4 db. 

This sinusoidal phase change has been observed 
with very large phase changes in November 1960 and 
July 1961, and with reduced amplitudes at some of the 
times. It is probable that the appearances of this 
effect on July 13 and 20, 1961, were associated with 
the solar flares about 10.00 a.m.T. July 12 and about 
08.00 a.m.r. July 19. The period of November 1960 
was #0 rich in solar flares that the effects of one merged 
into another, and their analysis is difficult. 

The measurements surveyed in this communication 
are the resulta of work by many colleagues in the 
Royal Aircraft Establishment at Farnborough, and by 
the staff of the Electrotechnical Institute of the 
University of Rome. 


W. T. BLAOKBAND 


Radio Department, 
Royal Aircraft Establishment, 
Farnborough, 
Hants. 
* The angle of incidence is that between the ray path and the normal 
to the inoident surface. 
1 Pierce, J. A., Pros. Inst. Rad, Eng., 43, 584 (1055). 
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Total Electron Content of the lonosphere 
over Singapore during a Magnetic 
Disturbance 


OBSERVATIONS made at middle latitudes have 
frequently shown that during a magnetic storm the 
number density (Nm) of the electrons at the peak of 
the P,-layer is much less than usual. In speculating 
on the cause of this decrease, it is important to know 
whether or not the total number of electrons (m4) in a 
unit column right through the ionosphere changes in 
the same way as Nw. It has already been shown by 
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I.M.. (105° E) 


Fig. 1. Cha in the horizontal component of the geomagnetic 
“Hold at Singapore on October 1, 1961 — 


— 


Yeh and Swenson! that the decrease in Nm at middle 
latitudes is, in fact, accompanied by a decrease in m. 
On the evidence of results obtained given by these 
authors, the mean value of m during storms was about 
half its normal value, but on one occasion it fell to 
one-fifth of the quiet-day value. It is well known that 
during a magnetic storm the changes in Nm near the 
geomagnetic equator may differ from those which are 
typical at middle latitudes, and it is important to 
know whether, at low latitudes, the changes in my are 
also different. 

This communication presente observations made at 
Singapore (Lat. 1° 19’ N. Geomagnetic lat. 10° 0’ 8.) 
during a disturbance which was characterized by a 
marked ‘negative phase’ in the variations of Nm, 
which was accompanied by a corresponding decrease 
in total electron content. A sudden commencement 
was recorded at 0405 uur. ( = UT. + 7 hr.) on 
October 1, 1961, and was followed by unusually large 
variations in H (Fig. 1). During about 8 hr. of the 
night of October 1-2 at Singapore, Nm remained 
below the lower decile value for September. The 
hourly values of the oritical frequency (foF2) and 
semi-thickness (Ym) of the F2-layer were extracted 
from the standard ionogrems for the period September 
30—October 3 inclusive and were substituted in the 
folowing expression to give ‘sp, the ‘sub-peak’ 
electron content in a 1 cm.* column up to the peak 
of a parabolic £2-layer: 


nep = 0°83 x 10° (foP2) ym 


The way in which ney varied on October | and 2 is 
shown in Fig. 2, which also includes, for comparison, 
the mean value of nap for the quiet days September 30 
and October 3. Both curves show large diurnal 
variations, but it is clear that nsp was much less than 
normal for long perioda on October I and 2 and this 
decrease is associated with the storm effects following 
the sudden commencement. 


Table 1 

Time No. of eleoctrons/om.* column 
(Long. 105° E.) (unit 10") 

1961 ni8 ne 
0135 Sept. 80 1-8 2-3 
0045 Oot, 2 0-5 06 
0025 Oot. 8 6-1 4-0 
23858 Oot, 8 7? 5-8 


The ionograms, on which the values of nip are based, 
provide no information relating to the electron con- 
tent of the ionosphere above the peak of the F2- 
layer. During the period under discussion, however, 
satellite observations which were made at Singapore 
allowed estimates to be made of the total number 
of electrons (ns) up to heights between 560 and 580 
km. These estimates are based on Faraday fading 
measurements made near midnight on successive 
nights on signals from Haplorer VII. To facilitate 
comparison between the changes in n, and nsp during 
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Pig. 2. The continuous and broken curves show the variation of 
sub-peak electron content on storm days and control days reapec- 


tively. The bols W and A represent one-third of the electron. 
content up to at 670 on storm and control days respectively, 
Tonograms, x —~ x, mean for September 30 A 


r3 
O—— O, October 1 and 2 te A, September 30 and 


1 . Sa 
October 8; Bi, October 


the storm, the values of n, have been divided by three 
and are given in Table 1, and plotted in Fig. 2. 

It is clear that, both on the control days and also 
on the day when the main storm effect occurred, the 
satellite data followed quite closely the changes in the 
sub-peak electron content deduced from the iono- 


grams. 

It is concluded that for a period of about 3 hr. near 
local midnight, the total electron content up to 570 
km. fell to about one-tenth of its normal value. During 
the 24 hr. following the sudden commencement, the 
sub-peak electron content was fairly consistently less 
than normal, and it is tentatively assumed that the 
total electron content behaved in a similar way. It 
will be important to find out what happens near the 
equator during a storm when there is a strong 
‘positive phase’ in which Nm increases, and there is 
some unconfirmed evidence that on one such occasion 
at Singapore, a corresponding increase in ns occurred. 

The calculation of ns from the satellite observations 
was carried out by Mr. E. Golton at the Radio 
Research Station, Slough, England. The work 
described was carried out as part of the programme of 
the Radio Research Board and is published by per- 
mission of the Director of Radio Research of the 
Department of Scientific and Industrial Research, 
England. 

L. Bowvuont 
O. CLARKE 


Department of Scientific and Industrial Research, 
Radio Research Station, 
Singapore. 
t Yeh, K. C., and Swenson, G. W., J. Geophys. Res., 68, 1061 (1961). 
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Life-time of the Metastable 2P State 
of the Nitrogen Atom 


DURING an investigation, which is not yet complete, 
of the life of the vibrational levels above the ground- 
state of the nitrogen molecule, measurements were 
made of the decay of the *P state of the nitrogen 
atom at a series of pressures. The decay was found 
to be exponential for pressures from 0-1 to 5 mm. 
and in repeated series with the purest nitrogen was 
found to obey the relation 1/t=180 p- + 230 p*. 
A straight line within the limits of reading errors 
was obtained for a plot of p/t against p? over this 
wide range of variables. No such line could be fitted 
for & plot of pjt against p*. 

Presence of the small impurity of carbon monoxide 
remaining after ordinary purification and estimated 
to be less than 0-1 per cent gave an exponential 
decay with a shorter t. With this impurity present 
the preasure variation showed nearly the same 
coefficient of p- as above followed by a term in 
the first power of p only. In this gas a minute im- 
purity of hydrogen was also present, but since 
consistent results were obtained for pressure changes 
by pumping it is thought that carbon monoxide is 
the effective impurity. 

Interpreting these resultes on the basis of the 
well-known! wall diffusion and collision processes, the 
coefficient of p~! is D/A*, where A is the diffusion 
length of the vessel and D the diffusion coefficient 
of the active body at 1 mm. pressure. Using the 
dimensions of the vessel a value of D of about 150 c.a.s. 
units is found, well within the expected range of the 
kinetic theory value when uncertainties of atomic 
radii are considered. 

The absence of a first-power term in p in the 
purest nitrogen shows that two-body collisions with 
nitrogen molecules are ineffective in removing the 
energy from the *P state of the nitrogen atom. The 
coefficient of the p? term found may be interpreted 
as the number of three-body collisions/sec. at 1 mm. 
pressure of the *P atom with two nitrogen molecules 
which are effective in removing the energy of the 
metastable state. Using kinetic theory radii for the 
N, molecules and a generous value of 3 equal to 
10-* om., we? may calculate the number of three-body 
collisions to be ted at 1 mm. pressure. It is 
found that the experimental value of the coefficient 
of p? in pure nitrogen is 35 times this calculated 
value. 

It is evident that not only are three-body collisions 
necessary for destruction of the 2P atomic state in 
nitrogen but also that the number of such collisions is 
abnormally large. This shows that the first step in 
the process ia formation of a temporary union be- 
tween two of the particles, before collision with the 
third. 

The shorter life-time and first power pressure 
variation found in slightly impure nitrogen indicates 
that two-body collisions with a carbon monoxide 
molecule are effective in causing disappearance of *P 
atoms. Using the estimate above for this impurity 
the collision efficiency of this process lies between 
10-* and 107. 

The experimental method used in this work is an 
extension of methods, previously described’, to the 
vacuum ultra-violet region 41,745. Intensities were 
measured by quantum counting. The results are of 
particular interest in that all values of + were of the 
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order of milliseconds. Long persistence of this *P 
state, at one time postulated in the nitrogen after- 
glow, seems impossible. The form of the pressure 
variation shows that collisions with molecules are not 
inevitably highly efficient in removing the energy 
of a metastable state. 

J. M. ANDERSON 

J. R. Burrows 


Department of Physics, 
University of Toronto. 
‘Mitchell, A. O. G., and Zemansky, M. W., Resonance Radiation and 
BEU Alors (Camb. Univ. Press, 1997), 
1 Tolman, R. 0., Statistical Mechanics and Applications to Physics and 
Chemistry (Chemical Catalogue Co., Ins.. New York, 1927). 
*Eokl, D. J., Canad, J. Phys., 31, 804 (1968). 


Determination of Concentration of 
Czsium-[37 in Precipitation and 
Ground-leve! Air in Sweden 


MontTuiy samples of precipitation and air-borne 
dust have been examined with y-spectroscopical 
methods in order to investigate the variations of the 
fall-out from nuclear weapons tests. This communi- 
cation presente further results from the measurements 
earlier communicated by Edvarson and Löw:. 

Repeated examinations have been carried out with a 
10 om. x 10 cm. NalI{(Tl)-crystal connected to a 
72 channel pulse height analyser calibrated with 
reactor-produced nuclides. Since the high-yield 
nuclear test cessation period lasted from November 
1958 until September 1961, the bomb y-activity of the 
samples at the final measurement had its origin 
almost exclusively from cerium-144, antimony-125, 
ruthenium-106, csesium-137, manganese-54, and pos- 
sibly rhodium-102, which was produced as a special 
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Fig.1. Cgestum-137 monthly deposition (mo./km.*) and concentra- 
tion (po./L) in precipitation (mm.) at Kiruna and Gothenburg 
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Fig. 2, Casilum-137 mony concentration in ground-level air at 

Stockholm and Edsvalla (dotted), The values from 1968-59 ars 

taken from Edvargon an i ref. 1) and corrected for a new 

calibration of the capacity of the air samplers. In the figure is 

also given the varintion of the ratio Ce-144 : Os-187 (corrected 

to October 1959) and results from the preliminary Measurements 
of the beryllium-7 concentration 


tracer during the U.S. Pacific test explosions in 1958. 
The content of cesium-137 was determined after 
estimation of the contribution of the other nuclides 
at the peak of 0-68 MeV. 

The cesium-137 radioactivity of the precipitation 
and the corresponding concentration per litre at two 
sampling stations in different parts of the country 
(Gothenburg 58° N. 12° E., Kiruna 68° N. 20° E.) are 
shown in Fig. 1. The annual deposition and precipit- 
ation of cæsium-137 are summarized in Table 1. 


Table 1 
1980 
1958 1958 1960 (April—Sept.) 
me, me 0.f me./ me./ 
mm, me mm, km. mm. km? mm, 


Gothenburg 35 560 7:2 600 28 870 1:0 380 
Kiruna 3°38 380 4:0 420 27 440 2°5 370 

It is of interest to note that during 1960 the 
deposition of cæsium-137 at Kiruna was as great 
as at Gothenburg while the precipitation amounta 
differed considerably. Nearly all the cesium-137 was 
deposited at Kiruna during April-September while 
the corresponding value at Gothenburg was two- 
thirds 


The seasonal variation of the concentration of 
cæsium-]37 in ground-level air (Fig. 2) is very clearly 
indicated not only during 1960 (which has been 
stated in reports from many other institutes) but also 
during 1961. It is remarkable that the 1961 spring 
values seem to be about as high as 1960 at both 
sampling stations (Stockholm 69° N. 18° E., Edsvalla 
59° N. 14° E.). It was, during 1959-60, possible to get 
an indication of the apparent age of the mixture of 
fission products by studying, for example, the 
variation of the ratio cerium-144 : cesium-137 (Fig. 
2). This ratio is rather insensitive to the type of 
production fission process. The mean decrease 
during 1960 indicates admixture of older debris, 
which is in accordance with the theory of different 
residence times of debris injected in the stratosphere 
at polar as distinct from tropical latitudes. The ratio 
has also been examined in a few monthly samples 
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from 1961. and the tendency seems to be the same. 
Analysis of single samples during the spring of 1960 
indicates that the French low-yield tests of February 
and March that year produced no significant effect 
on the monthly fall-out of long-lived radioactivity in 
Sweden. 

Owing to the low activity-level of the fall-out from 
weapons tests during 1960 and up to September 1961 
it has been possible to carry out a quantitative 
examination of the presence of beryllium-7 (produced 
by cosmic rays) in ground-level air (Fig. 2). Beryllium- 
7 is a y-emitter with its main photopeak at 0-48 
MeV. and 58 days half-life. There seems to be con- 
siderable variation with time. There are, however, 
some difficulties involved in the analysis of the 
spectrum’, and the result is only preliminary. 


No. 4818 


7; G. LINDBLOM 
Research Institute of National Defence, 
Department 4, 
Stockholm 80. 


1 Edvarson, K., and Low, K., Nature, 188, 125 (1980). 
* Anderson, W., et al., Nature, 187, 550 (1980). 


CRYSTALLOGRAPHY 


Cobaltous Oxide with the Zinc Blende/ 
Wurtzite-type Crystal Structure 


CosaLtous oxide, CoO, prepared by strong 
ignition of cobalt compounds, has the sodium chloride 
type crystal structure with a, = 4:24 Å., giving a 
Co-O distance of 2-12 A. consistent with ionic 
radii of 0-82 A. for Co*t and 1-32 A. for O%-. Its 
existence with a structure essentially that of the zinc 
blende/wurtzite type has, however, now been dis- 
covered during an investigation! of the thermal 
decomposition of anhydrous nickel and cobalt 
acetates, butyrates and caprylates. The new phase 
occurs as a dark green residue when these salts are 
decomposed in vacuo or in & nitrogen stream, in the 
temperature-range 280-320° C.: other products 
present include small amounts of cobalt metal, carbon 
and CoO (sodium chloride type), the acetate giving 
the best yield of the new phase and with only 
approximately 4 per cent free cobalt metal and 
approximately 4 per cent carbon. 

The X-ray powder diffraction pattern for the 
acetate residue is shown in Fig. la and, for com- 
parison, the pattern for CoO with sodium chloride 
type structure is shown in Fig. 1b. In Fig. la it will 
be seen that mixed blende (3H)-wurtzite (2H) stack- 
ing, common in ZnS, SiC, ete.*, is present : additional 
reflexions and overlaps due to CoO (sodium chloride 
type) and free cobalt metal are indicated. Because 
of the presence of mixed stacking, the residue was 
ground to determine whether the cubic-hexagonal 
transformation known!’ in ZnS, for example, could 
be effected. While a slight change of this type was 
observed, a general transformation to the sodium 
chloride type structure predominated. Heat treat- 
ment at 340°C. or higher was also found to cause 
a change to the octahedral configuration. Material 
deposited from the vapour of the decomposing carb- 
oxylates was essentially free from any other phases, 
and -had a higher hexagonal: cubic stacking ratio 
than the above. 

According to ligand-field theory?, Co(II)d? should 
have a maximum stabilization for tetrahedral bond- 
ing, as found in many of its complexes but not 
hitherto reported for the oxide. 
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X-ray powder diffraction patterns (9 cm. diameter 
æ, Residue from heating anhydrous 
i crystal 


Fig. 1. 
oameorm, CoKa radiation). 
cobalt acetate at 280-320° 


C.: b, CoO with Nadl-type 
structure 


The X-ray diffraction pattern of the new form was 
diffuse, probably due to small crystal size: and 
because of the ease of transformation, crystal growth 
could not be induced. The following approximate 
cell dimensions were determined from low-order 
reflexions: hexagonal, wurtzite type, a,= 3-2, A.; 
co = 52, A.; cubic, blende type, Go = 4-5, A. 

These. structure cell dimensions give a Co-O 
distance or 1-9, A. compared with a theoretical value 
of 1:98 Å. based on accepted ‘covalent’ radii of 
1-32 A. for cobalt and 0-66 A. for oxygen. While 
the overall oxygen contents of the residues (allowing 
for the free cobalt and carbon, separately determined) 
were in accord with the formula CoO, the stoichio- 
metry is not fully established. The ease of trans- 
formation to the sodium chloride type structure, by 
grinding, etc., suggests, however, that the com- 
position is near 1: 1. 

Attempts were made to prepare the new phase, by 
the thermal decomposition at c. 300° C., of cobalt 
nitrate and carbonate. The nitrate gave Co, O, and 
the carbonate gave the olive-green CoO (sodium 
chloride type). These results may suggest that the 
formation of the new structure from the carboxylates 
was stabilized by certain of the decomposition pro- 
ducta. 

M. J. REDMAN 
E. Q. STEWARD 
Northampton College of Advanced Technology, 
London, E.C.1. 
1 Redman, M. J., thesis, Royal Institute of Chemistry (1981). 
' Short, M. A., and Steward, E. G., Z, Krist., 13, 298 (1957), 
* Dunitz, J. P., and Orgel, L. BE., J. Phys. Chom. Solids, 3, 318 (1957). 


Sodium Chloride Whiskers 


Durna the annealing of sodium chloride crystals 
we have found several interesting phenomena!. 
Some of these have already been reported pre- 
viously?. 

In this communication we wish to desoribe a certain 
spiroidal whisker. The tip of a sodium chloride 
whisker (Fig. 1) shows the same flexion as was 
observed in the case of zino sulphide whiskers by 
Roth’, and in that of tin crystals by Levy and 
Kammerer‘. On the presented pictures it is possible 
to recognize the situation of one part of the glide 
planes. The length of the whisker is about 0-5 om. 
A. part of the 2-mm. long whisker is split into two 
branches. The direct continuation of the whisker ends 
in a spiroidal form, but the lateral branch goes further 
in @ straightforward way after a previous bend. This 
lateral branch is seen in Fig. 1 left from the spircidal 
shape. In our opinion the bent form of the whisker 





might be caused by the inhomogeneous deposition of 
some kind of impurity. The effect of the rmpurities 
built in along one side of the whisker might be 
increased also by the inhomogeneous character of the 
. thermal expansion for which impurities are respons- 
ible. The splitting of the tip of the crystal into two 
branches also indicates the presence of impurities. 

Fig. 2 shows a whisker grown in the [110] direction. 
There are steps of [100] direction on it progressing 
upwards and downwards on one and the other side, 
respectively. Helical dislocation lines were desoribed 
in sodium chloride crystals® the formation of whioh is 
illustrated schematically in Fig. 2b. As Amelinckx, 
Bontinck, Dekeyser and Seitz* have reported, it is 
possible that a whisker develops out of a helical dis- 
location. This suggests that the whisker in Fig. 2a is 
the continuation of a helical dislocation with a 
polygonal shape into a whisker according to the 
schematic representation of Fig. 2c. 


K 


it 


— 
fee KU * fe 

pe ~ 

A EAR Aa, 


2 


* 


SS 
* 


5 


4 
2 


yA 


{ 
>> 


— 
s AIM 





2, ‘a, Bodinm chloride whisker arming from a helical dis- 
PATA b, schematic resentation of a helical dislocation 
decorated In a sodium chloride bulk crystal after Amelinokx 
et al. (ref. 5); o, schematic representation of a sodium chloride 

whisker having ‘polygonal helix’ inner construction 





a 
. 8a—b, According to the achematic representation of Fig. 38, 
aes might be a polatiouahin between the shape of the mn pa 
in Fig. 2a and the sig-zag pattern of whisker in Fig. 3b 
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Finally, we wish to direct attention to the fact that 
according to the schematic drawings in Fig. 3a the 
shape of the whisker of Fig. 2a may, perhaps, be 
connected with the zig-zag pattern of the whisker 
(Fig. 3b) which we have described previously. 


Gy. TURCHÁNYI 
T. HORVÁTH 
I. TARJÁN 


Institute of Medical Physics, 
Budapest. 


! Turchdnyl, Gy., and Horváth, T., Nafure,185, 601 (1960), Turchdny1, 
Gy., and Tarjan, I., Nature, 190, 79 (1961). 

*Turchdnyl, Gy., Horvath, T., and Tarján, I., Magy. Fiz. Foly., 8, 
229 (1960); 6, 849 (1961), and (in the press); IF. Konf. o Mono- 
krystalech OSR, Turnov (1061). 


t? Roth, W. L., Nature, 173, 88 (1954). 
t Levy, P. W., and Kammerer, P. F., J. App. Phys., 26, 1182 (4955). 


tAmolinckx, 8., Bontinck, W., and Maenhout-Van der Yorst, W, 
Phynca, 23, 270 (1957). 


* Amelinckx, 8., Bontinck, W., Dekeyser, W., and Selts, F., PAH. 
Mag., 2, 356 (1957). 


CHEMISTRY 


Role of the Anion in relation to Metallic 
Corrosion and Inhibition 


WHEN metals, for example, mild steel, corrode in 
aqueous solution it is commonly accepted that certain 
electrolytes, notably chlorides, sulphates, etc., are 
corrosive, whereas other electrolytes, such as chrom- 
ates, silicates, benzoates, are inhibitive. In this com- 
munication the claim is made that electrolytes 
cannot thus be rigidly classified, and that (with the 
exception of certain reducing salts such as formates) 
‘corrosive’ or ‘inhibitive’ properties are a function of 
the concentration of the solution. All electrolytes are 
corrosive in solutions of sufficiently great dilution, and 
in conditions of high aeration corrosion-rates and 
corroding potentiala,obey a common relationship, as 
will be described here. On the other hand, at high 
concentrations the normally aggressive nitrates 
become inhibitive, while chlorides and possibly even 
sulphates show a tendency towards mhibition. 

When mild steel is corroding in a solution of an 
‘aggressive’ electrolyte such as sodium chloride, 
sulphate or nitrate, ita overall electrode potential can 
be raised to a maximum, steady and reproducible 
value by passing a rapid current of air over the 
specimen. (Highly aerated conditions represent those 
at -the instant of immersion.) The potential remains 
at this maximum value for a length of time depending 
on the concentration of the solution (longer times for 
more dilute solutions) and then declines. These 
maximum steady potentials bear a linear relationship 
to the logarithm of the concentration (or electrical 
conductance) of the solution, that is: 


E = a — blog (1) 


It is not yet clear whether the parameter O should be 
concentration or conductance (or possibly activity), 
so the least assumption is made by taking C to repre- 
sent molar concentration. 

The linear relationship between potential and log O 
for abraded mild steel in lithium chloride solutions in 
the concentration range 1-0 x 10-* M to 0:5 M is 
represented in Fig. 1. The straight lines obtained 
when other surface preparations of the steel are used 
are parallel to this; for example, a grit-blasted surface 
gives a line somewhat below it. In a similar way the 
position of the line varies with the nature of the elec- 
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trolyte; Fig. 1 shows the relative positions obtained in 
solutions of nitrate, chloride, and sulphate, respec- 
tively. Thus 6 is constant for all conditions, and has 
a value about — 0-07 V. for a ten-fold increase in 
concentration; @ varies with the surface preparation 
of the steel and with the nature of the anion. The 
potentials appear to be independent of pH in the 
region 5-8, but become more negative as the pH 
values increase above 8. 

During the period in which the potentials of the 
steel are given by equation (1), corrosion rates (as 
measured by weight loss) are related to the molar 
concentration of the solution by the equation: 


op = kOn (2) 


Constant k depends on the surface preparation of the 
steel and on the nature of the anion of the electrolyte. 
Thus, in dilute chloride solution the corrosion rate ofa 
egrit-blasted surface is about 10 times that of an 
abraded surface, and corrosion rates in dilute solutions 
of nitrate, chloride, and sulphate, respectively, are in 
the ratio 1:2:5:20. Photomicrographs of the 
corroded specimens from these experiments show 
that the relative corrosion rates are closely allied to 
the relative corroding areas in the various solutions. 
The anion has thus a specific effect in determining the 
extent of the anodic areas in relation to the whole 
area of the specimen. 

The difference in the value of a in solutions of 
nitrate, chloride and sulphate suggested that it 
might be possible to grade anions in order of aggres- 
sivenesa towards steel. Measurements of electrode 
potentials and initial corrosion rates were therefore 
extended to include the ‘inhibitive’ anions ferro- 
cyanide, phosphate, o-chlorobenzoate, carbonate, 
bicarbonate and hydroxide, in the range 10+ M to 
above the inhibiting concentration, and the ‘aggres- 
sive’ anions nitrate, chloride and sulphate, up to 
saturation concentrations. (Lithium nitrate at 10-5 M 
is supersaturated.) Sodium formate was also investi- 
gated over the range 10-5 M to saturation. 

For the sake of clarity, representative curves only 
are shown in Fig. 1, namely, ferrocyanide, phosphate, 
carbonate, bicarbonate, nitrate, chloride, and sul- 

hate. 
: The important regions of these curves are: (1) the 
full lines in the lower concentration range, corre- 


NATURE 





Potential (mar.)/log concentration curves for mild steel in 


869 


sponding to conditions in which the 
steel is corroding; the curves are 
parallel for both ‘aggressive’ and 
‘inhibitive’ anions, those for the 
inhibitive anions being at the more 
positive potentials; in this region 
corrosion rate increases with increas- 
ing concentration of salt; (2) the 
heavy lines in the higher concen- 
tration range, representing ‘noble’ 
potentials, corresponding to inhibi- 
tion (passivity) of the steel and no 
weight loss; (3) the dotted lines in 
the intermediate regions, showing 
a transition from corroding to 
passivating conditions, and with 
potentials increasing and corrosion 
rates decreasing with increase of 
salt concentration. (The ‘dip’ in 
the potentials of carbonate and 
bicarbonate is due, in part, to pH 
values being above 8.) 

There is apparently no essential difference between 
the ourves for ‘inhibitive’ and ‘aggressive’ salts; at 
least two, and sometimes three, regions are represen- 
ted in each curve but at different concentrations. It 
is therefore suggested that any anion may become 
inhibitive if the concentration oan be raised suff- 
ciently. The highest concentration that can be used is 
limited by the solubility of the salts, but even with the 
typically aggressive chlorides (and to a leaser extent, 
sulphates) there is a tendency towards inhibition, a 
decrease in corrosion rate being accompanied by a 
rise in potential. This decrease in corrosion rate 
cannot be caused solely by insufficiency of oxygen, 
since this should cause a lowering of potential. 
Photomicrographs of specimens in this region in 
lithium chloride show decreasing corroding areas with 
increasing chloride concentration. With supersatu- 
rated (about 10-5 M) lithium nitrate, inhibition and a 
relatively ‘noble’ potential can be obtained even 
without vigorous aeration. Most strikingly, 11 M 
ammonium nitrate, one of the most corrosive salts 
known, will inhibit if the pH is adjusted to 6-5 and 
the solution is aerated before immersion of the steel. 
Sodium o-chlorobenzoate inhibits steel at 107° M 
giving a ‘noble’ potential, and allows full corrosion at 
10+ M; the transition from full corrosion to full 
protection thus covers a much wider range of concen- 
tration than obtains for the Inorganic anions, but the 
potential/log O curve is essentially simular to those 
shown in Fig. 1. The potential/log O curve for sodium 
formate follows that for sodium nitrate in the concen- 
tration range up to 10- M, then slowly declines below 
it, falling to very negative values at 10 M. The 
corrosion rate declines at high concentrations, but 
inhibition does not ocour. The coincidence of the 
formate and nitrate curves at lower concentrations 
and their divergence at higher concentrations suggests 
that formate should mhibit at high concentrations, 
but is prevented from doing so by ita own reducing 
properties. 

Thanks are due to Dr. F. Wormwell, Dr. J. G. N. 
Thomas, Mr. A. D. Mercer and other members of the 
Corrosion Group for useful discussions. The com- 
munication was submitted by permission of the 
Director of the National Chemical Laboratory. 


Dona M. BREASHER 


National Chemical Laboratory, 
Teddington, Middlesex. 
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Carbonyl Groups in Bituminous Coals 


In a recent communication), the use of trimethyl- 
acetoaminohydrazide hydrochloride (Girard’s reag- 
ent-1), for determining the carbonyl content of 
vitrains in bituminous coals, was reported. For 
reasons discussed here, the application of this method 
to coals is open to serious objections. 

Girard’s reagent-7 is a specific reagent for ketonic 
carbonyl groups and has been widely used for the 
extraction of carbonyl compounds from mixtures of, 
for example, steroids. Its successful operation 
depends on separation of the carbonyl compound 
from the inert material by formation of a water- 
soluble derivative. Thus the application of this 
reagent to coals involves the assumption, in the first 
place, that carbonyl-containing molecules in coals will 
react to form water-soluble materials and that no 
carbonyl groups remain in the insoluble residue. In 
presenting their results, the authors have made the 
further implicit assumption that coals are mixtures of 
different types of molecules, some of which contain 
carbonyl groups and others which do not. 

A considerable amount of work has, in recent years, 
been devoted to the study of coal constitution. One 
of the more important results of this work has been 
to show that the vitrainous component of a coal 
consiste, for the main part, of a large number of 
chemical units which differ considerably in size but 
are closely similar in type’-‘. In addition, vitrains are 
generally associated with small quantities of materials 
{for example, reains) which are structurally different 
from the bulk of the coal and cannot be regarded as 
characteristic of the coal subatance‘. In other words, 
the various functional groups in coals (for example, 
OH, C=O) are distributed among all the molecules 
comprising the coal structure, in much the same way 
as they would be in an unfractionated polymer, and 
are not concentrated in any particular fraction. This 
very general picture makes clear why it has not 
proved possible, in the past, to separate different 
molecular species from coals by the usual methods of 
fractionation®. Such molecular-weight measurements 
as have been made indicate that the average molecular 
weights of solvent extracts of coals range from about 
1,000 to 4,000 (refs. 6 and 7), and it is a fair assump- 
tion that the insoluble residues contain molecules of 
considerably higher molecular weight. 

It is thus very improbable that any but the smallest 
molecules in coals would be rendered water-soluble by 
condensation with Girard’s reagent. So far, therefore, 
from representi maximum values of carbonyl 
content of coals, as claimed by the authors, the 
figures obtained by the use of Girard’s reagent 
probably refer either only to a very small, low- 
molecular-weight coal fraction or to unrepresentative 
resinous materials or even to oxidative degradation 
products produced during the reaction itself. It 
appears, further, that the calculation of “maximum 
values” of C—O from the weights of the 2 : 4-dinitro- 
phenylhydrazones is based on the assumption that 
the carbonyl compounds are present as pure carbon 
monoxide. The authors’ “maximum values” are thus 
too high by a factor of 2-3 compared with ‘realistic 
values”. It should be borne in mind that, even so, 
the “maximum values’’ of carbonyl] found by the 
authors represent, with one exception, only about 1 
per cent of the total oxygen content of the coals; fora 
similar range of coals. previous authors®*, using other 
methods, have found carbonyl contents correspond- 
ing to 5—25 per cent of the total oxygen. 
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This communication is published by permission of 
the Director-General of the British Coal Utilisation 
Research Association. 

W. F. Wyss 


British Coal Utilisation Research Association, 
Randalls Road, 
Leatherhead, Surrey. 
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Ir has been conclusively demonstrated previously 
that Girard’s reagent is capable of condensing with 
high-molecular-weight ketonic substances in the 
presence of large masseg of inert material to form 
hydrazone derivatives having a polar group which 
renders them soluble in water’. Thus it is not 
unreasonable to expect (not ““assume’’) that ketonic 
substances even in a material as complex as coal will 
undergo the condensation reaction with Girard’s 
reagent provided steric hindrance effecta are not too 
great. 

At this point it is necessary to digress in order to 
clarify a point on coal constitution, since we feel that 
Mr. Wyss’s objections stem largely from the fact that 
his views on this matter differ materially from our 
own. It is generally agreed that coal consists either 
of a molecular aggregate comprising molecules of 
different structures and sizes or of chemical units 
which are large in size but closely similar in type. 
Recent work in this Department? has shown that 
different molecular species can be separated from 
coals by chromatographic fractionation of their 
pytidine extracts on alumina columns followed by 
identification of the fractions using infra-red spectro- 
scopy. Molecular-weight determinations using a 
sensitive thermo-electric osmometer show that it is 
possible to separate materials with number-average 
molecular weights as low as 250. Molecules of this 
size have also been found in the acetone fractions of 
humic acids*. Although not conclusive, this evidence 
lends some support to the former view on the chemical 
constitution of coal. Admuttedly these values refer 
to solvent extracts; but it is very likely—though not 
absolutely certain--that such molecules were present 
in the original coal:. the action of the solvent probably 
causing dispersion of the molecular aggregates to 
yield quantities of truly dissolved material rather than 
scission of chemical bonds to generate molecules 
smaller than the original. 

The question now arises: What is the upper limit 
of size of organic molecules on which a polar group 
confers solubility in water ? The only evidence we can 
offer in this respect is afforded from the results 
obtained using an extension of our technique in which 
the carbonyl contents of the pyridine extracts of the 
same series of vitrains were determined‘. Volu- 
metric determination® of the excess of 2,4-dinitro- 
phenylhydrazine (10 gm./l.) using a standard solution 
of titanous chloride has enabled the weight-average 
molecular weighta of the ketones involved to be 
estimated. The values range from 171 at 82 per cent 
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carbon to 408 at 92 per cent carbon. These results 
show that Girard’s reagent is capable of extracting, at 
least from pyridine extracts, materials of molecular 
weight of the order of 400, and is not in fact confined 
to the extraction of “only a very amall, low-molecular 
weight fraction’. The legitimate doubt as to the 
complete accuracy of the method concerns its 
efficiency in extracting ketonic substances with 
molecular weights between 1,000 and 2,000 which, 
as Mr. Wyss points out, may be present in coal. 

The “maximum values” quoted by us were derived 


from the radical C,H,(NO,),NHN=C? since at that 


time the molecular weights of the carbonyl substances 
involved were unknown. These ‘maximum values” 
correspond to oxygen contents ranging between 1 and 
3-5 per cent of the total, and compare favourably with 
thoge obtained for coal extracts by reductive acetyl- 
ation’. The values given by Mr. Wyss of 5-25 per 
cent of the total oxygen as carbonyl are not supported 
by results in either of the references he quotes*?. In 
fact his values are an order of-magnitude greater than 
those reported in the literature. In addition, recent 
work‘ has shown that the carbonyl contents of the 
pyridine extracts of vitrains with carbon contents 
ranging from 82 to 92 per cent decrease progressively 
from 2:75 to 0-15 mgm./gm. vitrain extracted. These 
“realistic values”? differ by an order of magnitude 
from the previously reported “maximum values” and 
suggest that the oxygen present as carbonyl in coal 
extracts is considerably less than 1 per cent of the 
total. 

Finally, we feel it is correct to maintain that if 
ketonic substances with molecular weights of 1,000— 
4,000 do occur in coal or coal extracts then it is very 
unlikely that Girard’s reagent would render them 
soluble in water. If this were the case then the results 
. obtained with Girard’s reagent will be lower than the 
correct values. The existence of such molecules has 
not, as yet, been demonstrated with any degree of 
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Catalytic and Electron Spin Resonance 
Investigations of Supported Platinum 
Catalysts 


THE relationships between the structure and the 
activity of the platinum-—carbon catalysts are not yet 
clearly understood. The geometric and electronic 
structure of these systems presents some peculiarities. 
In order to try to clear them, we undertook some 
measurements of electron spin resonance and cata- 
lytio activity. 

In a series of previous papers, one of us (O. N.) 
showed that platinum-carbon catalysts gave an 
electron spin resonance spectrum??? and increased 
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paramagnetic susceptibility% The intensity of the 
electron spin resonance spectrum was shown to decay 
in parallel with the catalytic activity of the catalysts 
for some hydrogenation reactions, if the catalysts 
were treated thermally‘. The appearance of an electron 
spin resonance spectrum in the platinum-—carbon 
systems was ascribed to an interaction between 
platinum and carbon leading to a bond in a so-called 
‘pseudo-sandwich’ complex’. 

Liberman, Schnabel, Vasina and Kazanski’ have 
shown that charcoal plays a main part in the catalytic. 
activity of platinum-carbon systems in the C,- 
dehydrocyclization of  1,3-trimethyleyclopentane. 
These authors showed that platinum/aluminium oxide 
and platinum/silica-gel are fully inactive for this 
reaction, whereas platinum—carbon systems are active. 

We prepared a series of platinum/alumina, pla- 
tinum/silica catalysts containing also charcoal. The 
alumina (Al,O,) and silica (SiO,) were immersed in a 
sugar solution (support: sugar = 1: 1) and heated 
for an hour at 800° O. in steam. The support thus 
obtained was then treated with platinic chloride 
(PiC!,)H,, formalin and alkalis, as previously 
described. 

Different concentrations of platinum were deposited 
on the support, and the catalytic activity of the 
systems measured. The results are summarized in 
Table 1. 


Table 1. AOTIVITY OF SUPPORTED PLATINUM CATALYSTS IN THR 
O,-DEHYDROCYOLIZATION OF I0-OOTANE AND THB PRODUCTION OF 
1,1, Haan 

Act 
Catalyst Peroentag {moles of 1,1, — — loyal 
latinum tanejatom of Par A t) 
Pt/birch charcoal 20 1:210 
Pt/birch charcoal * 19 0-595 
Pt/beech charcoal 16 0:240 
Pt/Al,O, 20 0-126 
C/Ai,0, 19 1-050 
Pt/S$i0, 20 0:100 
Pt/O/Si0, 17 0-346 


* Prepared by Aor react the support in a solution of DORA g 
eoid, drying and reducin a stream of hydrogen at 330° C 


It will be seen that the activity of the catalyst is 
3-5 and 9 times higher respectively when charcoal is 
added to the silica and alumina systems. 

We have investigated also the electron spin 
resonance spectra of those systems. 

A superheterodyne spectrometer operating at 
y = 93 kMc./s. was used. The samples were intro- 
duced into an Hy, cavity and the first derivative of 
the absorption spectra was recorded. The results are 
given in Table 2. 


Table 2. HKLECTRON SPIN RASONANOH SPECTRA OF SUPPORTED 
PLATINUM CATALYSTS 
Catalyst g-factor AH 4 gauss Intensity 
{unpaired spins/gm.) 

Pt-—81 — — — 
Pt-o—Aal,0, 2 00 5 9 x 10% 
Pt-c—sid, 2 00 6 2-8 x 10" 
Ål O JG — — 
316,/0 — = = 


Control measurements showed that neither alumina/ 
carbon nor silica/earbon possessed an electron spin 
resonance line. 

The differences in intensity (obtained by double 
integration) run rather similar to the differences in 
catalytic activity of the two active systems platinum- 
alumina/oarbon and platinum~silica/oarbon. ~ The 
spectra obtained did not show any high-frequency 
splitting, but a simple line of Gaussian shape. It 
seems that this line indicates some type of interaction 
between platinum and carbon, leading indeed to the 
formation of a bond between them. 
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The formation of incomplete ‘sandwich’ structures, 
that is, ‘pseudo-sandwich’ complexes, could serve as a 
basis for the explanation of the observed spectra. 

In any event it seems that a relationship existe 
between the free electrons recorded by means of the 
electron spin resonance technique and the catalytic 
activity of the systems investigated. As previously 
stated, such a relationship was also observed during 
the hydrogenation of crotonio acid and of p-nitro- 
anisolt, 
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Phosphorus-bridged Complexes of 
Palladium (IH) 


Durma an investigation of the transition metal 
complexes formed by secondary phosphines, we have 
obtained a new series of compounds [PdX(PR,)L), 
(where X = Cl, Br, I, SCN; R = Et, Ph and L = 
secondary or tertiary phosphine). ‘hese heve been 
shown to have the novel phosphorus-bridged struc- 
ture (I). 


R, 
D P x 
\ 
pa” ra (I) 
Z xX yX 
X P L 
R, 


In general, compounds of type (I) are prepared by 
treating the chloro-bridged complexes [PdCl,Z], with 
a secondary phosphine in the presence of a base such 
as p-toluidine. 

[PdCl,(PEts)], + 2 Et,PH + 2 p-CH,C,H,NH, = 
[PdCl(PEt,)(PEt,)], + 2 p-CH,C,H,NH, HCl 


When L = Et,PH or Ph,PH, the bridged complexes 
— Tai similarly prepared directly from palladium 
es 


PdBr, 4 2 Ph,PH zn [PdBr, (HPPh,),] p-CH,0O,H,NH; 
+ [PdBr(PPh,)(HPPh,)], + p-CH,C,H,NH, HBr 


In the absence of base, the intermediate mononuclear 
complexes are usually obtained, although [PdCl,- 
(HPPh,),] loses hydrochloric acid too readily to be 
prepared even under these conditions*. The proper- 
ties of some of the phosphorus-bridged compounds are 
given in Tuble 1. 

Isaleib and Wenschuh have recently prepared 
[PdCl(PPh,)(HPPh,)],, for which they propose a 
chloro-bridged structure, although no supporting 
chemical or structural evidence was given?. We have 
found that the four-membered ring in [Pd X(PR,)Z], 
is not split by amines or tertiary phosphines, showing 
that the complexes do not contain a halogen bridge’. 
Reactions of [PdCl(PPh,)(HPPh,)], with chelate 
ligands such as o-phenanthroline or C,H,(PPh,), have 
yielded ionic complexes, which have been shown to 
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have the structure (II) by means of molecular weight 
and conductivity measurements over a concentration- 


range, and by replacement of the chloride anions with 
ClO, BPh,, picrate, and NO,. 


Ph, — 
J» ANN 
chelate ny Pd chelate Cl, (i) 
Pa 
Ph, 


pemesan 


(The following data were found for (IT) when chelate 
= C,H,(PPh,),: C, 62:4; H, 4-9; Cl, 4-7; P, 12-8 per 
cent; M (MeOH), 498. C,,H,,Ci,P,Pd, requires: 
C, 62-9; H, 4:7; Cl, 4:9; P, 12-8 per cent; M, 1461. 
Molar conductivity at infinite dilution in methanol 
198 ohm-!.} The above reactions indicate that the _ 
Pd,P, ring is a very stable molecular unit. 


Table 1 


w.p. Molecular weight 
(decomp ) Colour ~ Found 
acer) CHP? (Here) ] 215 yellow-orange 1,168+ 1,026 
PACK PPh (PEt ha) i, 220 orange 1,020 1,115 
Pace. is 215 * yellow 874 880 
188* pale yellow 680 698 
bear oe hi le 100 yellow 877 612 
— — yellow 734 825 
ithou aioe A t ïn benzene. {In chloroform. § In 


Dr. G. S. Smith of this Institute has made a 
preliminary X-ray examination of single crystals of 
[PdCl(PEt,)(HPEt,)], and has found it to be ortho- 
rhombic with a = 15-83, b = 14-26, and c = 12-39 A. 
Systematic absences uniquely mdicate the space 
group Pbea (Df). With four dimers in the unit cell, 
the calculated density is 1:53 gm.fom.* (compared 
with a value of 1:51 gm./em.? found by flotation). 
The dimers must then occupy the special four-fold 
positions which are centres of symmetry in the lattice 
and thus have the trans-configuration, as shown in 
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Technetium Ch'orides 


As may be expected the chemistry of technetium 
often shows close aimilarity to that of rhenium, but 
differences have been found in their chlorides. The 
action of chlorine on rhenium metal gives rhenium 
pentachloride, which may be readily decomposed to 
the trichloride by heating it in a stream of nitrogen’. 
Rbenium tetrachloride is unknown. For technetium 
only the tetrachloride has previously been reported; 
it was made by the action of carbon tetrachloride 
on the heptoxide in a bomb’. 

A. previous report? suggested that chlorine has no 
effect on technetium metal, but the reaction was 
attempted in ea closed static system. I have found 
that a stream of chlorine reacts readily with tech- 
netium. 

Technetium was prepared by the reduction of 
ammonium pertechnetate (NH,TcO,), first to the 
dioxide at about 200° C. and then to the metal at 
about 550° with hydrogen as described by Cobble et al.t. 
After displacing all the hydrogen in the system by 
purified nitrogen a stream of chlorine was passed 
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over the metal. Reaction began at about 200° C. and 
was rapid at 400°. Two products are formed: the first 
is a dark green solid which melts very readily to give a 
green liquid. This is technetium hexachloride (found 
ratio Te: Cl = 1:61, see below). It is very 
unstable, decomposing on gentle heating even in a 
stream of chlorine, or on standing for a few hours at 
room temperature, to the red tetrachloride which is 
the major product of the reaction, and this may be 
sublimed unchanged in the chlorine stream. 

Samples were analysed by opening the sealed tubes 
containing the specimen and immediately immersing 
the segments in alkaline hydrogen peroxide solution. 
The total weights of technetium and chlorine were 
determined by diluting the solution accurately to 100 
ml., taking a small aliquot (usually 1-2 ml.) for 
technetium analysis and determining chloride in the 
remaining solution. From these results the atom ratio 
in the compounds was established. Furthermore, the 
oxidation number of technetium in the hexachloride 
was checked by hydrolysing a sample in alkali and 
centrifuging off the precipitated dioxide. This was 
dissolved and the amount of technetium was determ- 
ined and compared with that found in the super- 
natant liquid after the centrifuging. It was found that 
the ratio of precipitated technetium (TcO,) to soluble 
technetium (TcO,-) was 1:2, agreeing with the 
usual hydrolysis scheme for Re VI and Te VI com- 


pounds: 
3 Tc VI — 2 Te VIL + Te IV 


Technetium was determined using furil-«-dioxime'; 
the method will be described in detail elsewhere. 
Chlorine was determined gravimetrically as silver 
- chloride. . 

The reaction of chlorine on technetium is interesting 
for several reasons. It confirms the differences 
between technetium and rhenium in their chlorides 
first suggested by the preparation of technetium 
tetrachloride, and it shows that the highest chloride of 
the metal is not always obtained by the carbon 
tetrachloride reduction method as claimed by Knox 
et al.*. It also provides an easier preparation of the 
tetrachloride than the rather inconvenient bomb 
method. 


It is most unusual for a second-row transition metal 
to show a higher covalency in its halides than the 
corresponding third row metal. It is possible, there- 
fore, that rhenium hexachloride could be made. The 
recent preparations of rhenium heptafluoride* and 
rhenium pentabromide’ show that much of the simple 
halide chemistry of rhenium is worthy of re-investi- 
gation. 

A detailed account of the technetium chlorides and 
other technetium compounds will be published 
elsewhere. 

I thank Mr. F. Hudswell for his encouragement and 
the Atomic Energy Authority for a Harwell Research 
Fellowship supporting this work. 
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Electron-Diffraction Studies of Fatty-Acid 
Monolayers 


ELECTRON-MICROSCOPE studies of monolayers of 
fatty acids transferred from the film balance at 
different surface pressures have revealed details of 
structure and behaviour'. Small islands, one molecule 
thick and irregular in size and shape, appeared at 
low surface pressures, a continuous monolayer with 
discontinuous uncovered areas at intermediate pres- 
sures, a homogeneous continuous monolayer at high 
pressures, and long flat structures two molecules thick 
after collapse. Despite difficulties in the mechanies of 
transfer, the sequence of changes observed in the 
electron microscope was believed to parallel a similar 
sequence of changes during compression of the mono- 
layer on the film balance. To investigate further the 
structure and behaviour of such monolayers, electron- 
diffraction studies have been made on samples trans- 
ferred in the same manner as those transferred for 
electron microscopy. 

Most of the samples for electron-diffraction study 
have been obtained by the ‘vertical-plate’ or 
Langmuir—Blodgett technique with support screens 
sandwiched between a collodion film and a glass 
plate; some samples have been obtained by the ‘cup’ 
technique’. Related techniques have been used in 
earlier work? but without knowing or systematically 
varying the state of the film. In the present work, 


‘transmission electron diffraction was performed 


directly on the transferred samples. Film samples 
were electron shadowgraphed to preclude the use of 
damaged specimens. The accelerating potential of the 
RCA type EM D-2 electron-diffraction unit was 50 kV. 
(à = 0:0534 Å.). 

Stearic acid was selected for initial study; it is the 
classical compound in monolayer research because it 
has a simple structure similar to many long-chain 


polar organic compounds’. A highly purified prepara- 





— > 
Fig. 1. Monolayer of stearic acid at 15 dynes/cm. 
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tion having a melting point of 69-61° C. was obtained 
from Dr. H. J. Harwood of Armour and Co. It had 
been recrystallized several times below 48° C. and then 
distilled above 150° C. to remove the last traces of 
solvent. 

Electron-diffraction patterns were obtained for 
films subjected to a range of surface pressures. They 





Fig. 2. 





Fig. 3. Stearic acid at collapse of monolayer 41 dynes;cm, 
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Fig. 4. Stearic acid after collapse of monolayer, 42 dynes/em. 


show a change in orientation and crystallinity as a 
function of surface pressure. Fig. 1, the electron- 
diffraction pattern for a sample trazesferred at 15 
dynes per cm., is similar to that for the collodion 
base; no evidence for stearic acid orientation or 
crystallinity is observed, Fig. 2, at 25 dynes per cem., 
shows the first clear evi*'ence for stearic acid structure. 
Several diffuse rings with superimposed spots arranged 
in hexagonal symmetry suggest the presence of two- 
dimensional monocrystals with the hydrocarbon 
chains perpendicular to the film surface. Fig. 3, at a 
higher pressure in the neighbourhood of collapse, 
41 dynes per cm., shows polycrystallinity in addition 
to the orientation; the sharp and continuous diffrac- 
tion lines suggest random orientation indicated by 
the spots. Fig. 4, after collapse at 42 dynes per cm., 
shows no evidence for orientation and thicker films. 
The pattern is markedly superior to those obtained 
with bulk stearic acid. 

Electron-diffraction studies of compressed mono- 
layers of stearic acid thus show a sequence of changes 
which parallels that observed in the electron micro- 
scope and that indicated by pressure- area isotherms. 
Further studies are in progress. 
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© a different type of che 


Ch miluminescence of | Chlorophyll a 


d Bacteriochlorophyil in Relation to 
= = Redox Reactions 






ČHLOROPH 






he moment when the reductant is added and the 
riginal chlorophyll-a spectrum was restored. By 
adjusting interference filters between sample cuvette 
and photomultiplier indication was obtained that the 
__ light emitted covers the spectral region of chlorophyll 


fluorescence. 


= — In Fig. 1 the time-course of luminescence after 
_ addition of oxidant and reductant is presented. Also 
- the absorption at 663 my, the maximum. of the red 
_ chlorophyll a band in methanol, is given. Fig. 1 (and 
_ also Fig. 2) were measured using a circulating flow 
_ system, which permitted detection of emitted light 
0-2 sec. after addition of reactants. As shown in 
_ Fig. 1, the phenomena, can be repeated on shifting 
__ the potential of the system by addition of increasing 
_ amounts of oxidizing and reducing agents. However, 
_ probably due to the instability of the ‘oxy’ehlorophyll 
_ intermediate in air-saturated solution a lower amount 
of light was emitted each time. : 

_.. With bacteriochlorophyll reduction of the oxidized 
_ pigment was also found to be accompanied by light 
_ emission. Besides this type with the latter pigment 


pes 
* 


oases 






Min. 


rig. 1. _Cherailuminescence of chlorophyll a in methanol aceom- 
anying reversible oxidation-reduction. 0, Addition of ferric . 
hloride; r, addition of ferrous sulphate. Absorption is measured: 


with an interference filter with maximum transmission at 662 mk 





__ in the first two mechanisms 
intensity of the afterglow 













measured. Bacteriochlorophyll dis 
is very unstable in light if oxygen is 
excluded. Under uptake of oxygen (1-3 
molecule of bacteriochlorophyll bleached 
tion product of bacteriochlorophyll is forme 
absorption spectrum slightly different fror 
resulting from oxidation with ferrie salts?.. I 





light emission in th 
of bacteriochlorophyll fluoresce 
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Fig, 2. Chemiluminescence resulting from addition of ascorbic 
acid to photobleached bacteriochlorophyll. Illumination in the 
presence of ascorbic acid shows an increase in light emission. 
Addition of oxidant (ferrieyanide) results in an immediate drop. 
aD EMSs Or * EE 7 ; 













ination of such chlorophyll a solutions had a life- 
of about 1 min, while preliminary absorptio 
measurements showed that absorption difference 
occurred with a life-time of the same order o 
magnitude. This luminescence was found to bè 
emitted in the spectral region between 620 and 720 mu. 
The latter experiments were performed with. a: 
cuvette and shutter system. D a 


The intensity of maximum chemiluminescence was 
bout one-third of th 

terglow of a spinach chloroplast. 
suspension of a comparable pigment density and at 


























ght. saturation, while the 
ism was one order of magnitude lower. 
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BIOCHEMISTRY 


Carbohydrate Metabolism within Intact 
(ee be — Tissue-cultured Cells 
In the past, demonstration of carbohydrate 
— metabolism within tissues or cell cultures have been 
investigated by means of (1) utilization or accumula- 
tion of metabolites from tissue fragments in vitro or 
| from cells propagated in suspension or monolayer 
-- eultures, and. (2) enzyme-containing extracts derived 
from cell or tissue homogenates. Investigators! 
recently described a system in which glucose-6- 
phosphate dehydrogenase was measured in air-dried, 
{ntact yeast cells by suspending these cells in 70 per 
gent glycerol. This simplified technique permits direct 
- gpectrophotometric measurement of triphosphopyri- 
“dine nucleotide reduction at the 340-my. wave-length. 
Application of this whole cell-glycerol suspension 
technique was used in the present investigation. 
‘The investigation used Earl’s ‘L’ cells? grown in 
“guspension cultures, in litre volumes, in medium 
199 (ref. 3) to which 10 per cent horse serum was 
added, 0-2 per cent methyl cellulose* antibiotics and 
o o godium bicarbonate. Cells were collected by centri- 
- fugation at 1,000 r.p.m. for 5 min. at 4° C., washed 
3-5 times in phosphate buffered saline’ (PBS), 
enumerated and standardized at a concentration of 
10° cells per 0-1 ml. in PBS. At this time an aliquot 
of the standardized cell suspension was removed for 
“total nitrogen analysis by the micro-Kjeldahl pro- 
--eeduret. 0-9 ml. of a desired standardized cell 
suspension was then resuspended in 2-1 ml. of reagent 
<< «grade glycerol giving a final concentration of glycerol 
Gt 70 per cent. Two ml. of the glycerol-cellular sus- 





— pension were then added to 4 silica cuvette having a 
Lem. light path, after which buffer, co-factor, acces- 
ory factors and finally substrates were added. The 














‘eos 
atents of each cuvette were adequately mixed and 
ange in optical density was recorded at 1 min. 
als. i 2 

this investigation the reagents used for the 
c enzyme assay were those outlined previously’. 


pH 7:3 


884M, 01m 7-6 


Cumulative change in optical density x 10+" at 340 myi 


Table 1. REAGENTS FOR DEHYDROGENASE TEST SYSTEMS 


TPN, 0-48 uM, C1 mal. TPN, 0-84 2M, 0-2 ml. DPNES, O15 pM, 
Th: $ 


‘Glucose-6-phosphate, S-phosphoginoonto acid Sodium pyruvate, 
s2 mu. oO 


[soci Oxalacetic acid, — 
01 M, 0-1 ml. 10-1 gM, 0-2 ml. 0-0015 M,O2 mi 
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Fig.1, TPN-specific enzymes demonstrated in L celle 


Table 1 denotes the reagents with the respective final 
concentrations used for assay of each enzyme studied. 
In all, five enzymes were investigated in strain ‘LD’ 
cells grown in suspension cultures. In addition, 
hexokinase and succinic dehydrogenase activities 
were detected, but these activities were too low to 
be measured accurately. Glucose-6-phosphate de- 
hydrogenase activity was also detected in ‘L’ cells 
grown in monolayer cultures. 

Fig. 1 depicts graphically the results obtained from 
an experiment in whichjthe triphosphopyridine nucleo- 
tide-specific enzymes (glucose-6-phosphate, 6-phos- 
phogluconic acid and isocitric acid dehydrogenases) 
were measured. Under the conditions used a linear 
relationship was always observed during the first 30 
min. after the initiation of the reaction. It should be 
noted that in this, as in all experiments, endogenous 
cell controls, test cells minus substrate, were run and 
no change in optical density was observed after 5 min. 
The activity for the triphosphopyridine nucleotide- 
linked enzymes was expressed as the average change 
in optical density at 340 my per 5 min. per ugm. of 
total nitrogen. 

When measuring the diphosphopyridine nucleotide- 
specific enzymes (lactic acid and malic acid dehydro- 
genase) an initial rapid change in optical density was 
always observed in both endogenous and test cuvettes. _ 
Fig. 2 shows the cumulative change in optical density - 
against time for these enzymes. The endogenous _ 
activities cease by the fifth minute after the initiation 
of the reaction. When the endogenous activity of the —__ 
5-15 min. interval was subtracted from the activity 










Glucose-6-phosphate  6-phosphogluconie acid Lactic acid Isocitric acid Malic acid 
— 2x 10* 2x 108 5 x 10° 38x 108 5x10 0 
Phosphate buffered Glycylglycine buffer, Phosphate buffered Glycylglyeine buffer Glycylglycine buffer, 
ealing, 0-008 M. Cami, 0°25 M. 05 mL, pH 7-3 a 6-008 M,,0-8mbL, 025 M, 05 mL, pH 7-8 0-25 ue . 1 
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of the test cuvettes, a linear curve was obtained. 

Therefore, the activity for the diphosphopyridine 

- nucleotide-linked enzymes was expressed as the 

average change in optical density per min. (5-15 min. 

_ interval), minus endogenous activity, per microgram 
of nitrogen. 

_.. Suggestions were made! that when intact yeast cells 
were suspended in 70 per cent glycerol, light scattering 
_. through the cuvette was reduced to a minimum, thus 
allowing direct spectrophotometric measurement of 

- co-factor reduction or oxidation. It should be noted 
_ that when tissue-cultured cells were suspended in 70 
per cent glycerol, the uptake of a vital stain, 0-2 per 

cent trypan blue, was seen to occur immediately in 
_ 95-100 per cent of such cells. It appears, therefore, 
that in addition to the reduction of the light scattering 
by the glycerol, there is an alteration in the perme- 
ability of the ‘I’ cell membranes, thus allowing added 
permeation or diffusion of cytoplasmic constituents 
_ eoncerned with carbohydrate metabolism. 
Reports demonstrating enzymatic activity con- 
=~ cerned with carbohydrate metabolism in extracts 
= o from mammalian cell cultures, both normal and 
malignant, have already been presented®:*. Specific 
activities used in the present investigation differed 
from the above investigations with respect to: (1) 
-definition of spécific activity, (2) the enzymes investi- 
gated, with the exception of glucose-6-phosphate and 
lactic acid dehydrogenases, (3) cell lines used and (4) 

he use of fluid suspension in place of monolayer 
ultures. It is of interest, if one extrapolates the 
itrogen values obtained in the present investigation 
o milligrams of protein, that the specific activities for 
the enzymes common to these studies are of the 



















mè order. — as 

Since the methods commonly used to obtain sub- 
ellular or soluble fractions from cell cultures are 
till somewhat. harsh, alterations or inactivation of 
nzymatic activity can occur following these pro- 
edures. Using the techniques described in the 
present investigation, no significant loss in activity of 
‘certain enzymes metabolizing carbohydrate was 


described here represent an excellent method for 
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cultures. 


observed after 5 hr. of storage of intact cells at 4° C.. 
in PBS. It therefore appears that the techniques — 















observing enzymatic activity with 
tissue cultured cells. : ae 
Preliminary reports! suggest that the 
glycerol suspension technique can be use 
strate alterations in carbohydrate meta 
Earle’s ‘L? cells 36 hr. after infection wit 
virus. Finally, slight quantitative differen 
glucose-6-phosphate dehydrogenase acti: 
observed in 4 different cell lines grown in 


Demonstration of five carbohydrate 
enzymes was accomplished by suspe 
freshly collected tissue-cultured cells in 
glycerol. After the addition of subst: 
accessory factors and co-factor, direct spectro 
metric measurement of triphosphopyridine nucleotid 
reduction or diphosphospyridine nucleotide oxidatio: 
was observed at the 340 my wave-length in a spectro- 
photometer. Glhuicose-6-phosphate, 6-phosphoglue- 
onic acid, lactic acid, isocitric acid and malic acid 
dehydrogenase enzymes were demonstrated in Earles 





‘T cells grown in fluid-suspension cultures. 
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Distribution of Lactic Dehydrogenase in 
Skeletal Muscle ao 
Dubowitz and Pearse have recently shown histo- 
chemically that the red fibres of skeletal muscle of 
man, rat and pigeon have a greater lactic dehydro- 
genase activity than the white fibres. We have 
obtained similar results in these species and also in — < 
the guinea pig and rabbit. However, quantitative > 
estimations of lactic dehydrogenase have failed. tO 
confirm the histochemical findings. Ee 
Certain muscles of the guinea pig appear macro- 
scopically to consist of relatively pure red or whi 
fibres. Such muscles were sectioned and the hist 
chemical lactic dehydrogenase reagent of Hess et al 
applied. From musele blocks containing more th: 
90 per cent of either dark or light staining fit 
per cent homogenates were prepared in ©- 
barbiturate buffer, pH 8-6. The supernatan 
separated by centrifugation at 0° C. for 101 
10,0009 and assayed for lactic dehydrogenase 
method‘ in which the reduction of nicotinami 
adenine dinucleotide’ is measured. eae 
The results in Table 1 show that the lactic dehydr 
genase of the white fibres is of the same order as thi 
of the red fibres. The discrepancy between thes 
the histochemical findings suggested that- perha: 
homogenization failed to release the lactic dehydro 
genase completely from the red fibres in which the 



















































White 
1 1-82 2.34 
2 3-04 4-91 
2°77 585 
3 0-97 2-54 
1°88 B35 
4 — ti 






ing Saad eet the ‘gaara thre times to 
the mitochondria failed to enhance the lactic 
lrogenase activity of thesupernatants. It appears, 
xwe, that the intensity of the response to the 
dehydrogenase histochemical reagent may 
don factors other than lactic dehydrogenase 
centration. 

Diaphorase is necessary for the demonstration of 
lactic dehydrogenase by the method of Hess eż al.?. 
The present results and the finding’? of a higher 
= level of diaphorase in red than in white muscle fibres 
suggest that the response to the histochemical lactic 
dehydrogenase reagent may be determined by the 
— cellular level. and localization of diaphorase rather 
than by dehydrogenase activity. 

his work was supported by grants from the 
oe Muscular Dystrophy Association of Canada. 
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_ Modification of Ovalbumin in Stored 
Eggs detected by Heat Denaturation 


Durie work on the heat denaturation of oval- 

bumin at pH 3, it was found, from measurements of 
the changes in solubility and in the amount of aggre- 

ted protein observed in the ultracentrifuge, that 
the ovalbumin behaved as a mixture of two proteins 
1 different rates of denaturation. This was con- 
d by heating an ovalbumin solution until about 
per cent of the protein had become insoluble at 
oelectric point, removing the denatured protein 
asuring the rate of solubility loss of the remain- 
g protein at pH 3. This was found to be less than a 
uarter of the rate of denaturation of whole oval- 



















10 Joss- reactive’ fraction (O.A.-X) was prepared 
ating a 2 per cent ovalbumin solution in 0-02 M 
. chloride at pH 3-0 for 16 hr. at 50° C, After 
g, sodium chloride-acetate buffer was added to 
give a final pH of 4-7 and ionic strength of 0-5. The 
precipitated protein was filtered off and the filtrate 
alysed. until free of salt and then lyophilized. ~ 
ixcept for the difference on heating, O.4.-X was 
O be indistinguishable in most respects from 
A. Thus there were no significant differences 
es on morima boatdary electrophoresis at 





ammonium or sodium dulphate solutions: ‘oceurr ‘= 


example, by the sulphydryl-disulphide exchange 


less readily with O.A.—X, but it gave needlo-shaped 
crystals indistinguishable from O.A. crystals. There 
was a small difference in specific rotation. and E 
difference in the sedimentation patterns at pH- 
4-7, O.A.-X giving a single peak whereas O-A. 
showed the pressure-dependent aggregation ‘noted, 
previously by Creeth, Nichol and Winzor'. 
We have now found that the amount of 0.4.-—X. in > 
batches of 0.4. prepared from different lote of eggs. 
varies. The experiments reported here. show that, the. 
amount of O.4.—X is related to the storage time and 
pH of the eggs. 
Thirty dozen eggs were obtained within 2 hii ‘of : 
laying and stored at 20° C. in 4 groups, one group 
being left untreated and the others being oiled with — 
paraffin oil 4, 12 and 36 hr. after laying. Ovalbumin:« oo 
was prepared from portions of the mixed whites from6 
eggs by a rapid method involving batch adsorption o 
on carboxymethyl cellulose at pH 4-2 and elution at è 
pH 5-5. After adjusting to pH 3-0, a portion of thë 
solution (1-2 per cent protein) was heated at 55° C, for 
90 min. and the amount of protein soluble at pH 4-7, 
I 0-5 determined by ultra-violet absorption at. 278 
my. Under these conditions of heating, ‘pure’ Q.A. 
(that is, prepared from the freshest eggs obtainable) 
was 5 per cent soluble and O.A.—X (prepared as 
described from O.A. from ‘old’ eggs) was 88 per cent 
soluble. 








Table 1. weaned OF OVALBUMIN-Y DURING SrornaGe 
; ÁX as — of total ovalbumins* 
Time at 20° C. Unieeted Olle core Oiled after oa eter 

(days) 12 hr. hr. 

O14 0-4 — — — 

i 2 1 i — 

8 9 i 2 6 

R 34 4 7 17 

15 60 6 10 30 

24 77 8 17 38 

36 86 11 25 42 

put 9-2 7-9 81 8-5 


* Calculated from percentage soluble protein after heat 


+ Mean pH of white Derer third day of storage (initial pI 9. 3). 


The results presented in Table 1 show that there is a 


‘steady increase in the percentage of O0.4.-X with 


storage-time, the rate of increase depending onthepH = 
of the whites. We suggest that the amount of O.4.~-X 0 
in egg white provides an index of age, which might be |” 
used, together with measurements of the amount. of 
thick white and the yolk index, in assessing egg _ 
quality. Further investigations of this aspect are in 
progress, together with an examination of a possible 
connexion of the conversion of O.A. to O.A—X with _ 
the breakdown of the thick white during storage. — 

We have also found that O.A. may be converted to _ 
O. A. X in vitro, the rate of conversion increasing with _ 
temperature and rapidly with pH in the range 85- — 
9-5. These results, together with the close resemblance ~ 
of O.A.-X to O.A. under non-denaturing conditions, | 
suggest that the conversion may be due to an intra- 
molecular displacement of the disulphide bond (for — 















reaction observed by Huggins, Tapley and Jensen?) 
leading to an increased stability of the tertiary struc- 
ture with little or no change in hydrodynamin.. or 
surface properties. 5 

A full report of these investigations will be pul 
lished elsewhere. We are grateful to Mr. F. 
Shenstone for advice on the sampling and treatmen 
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of eggs and to Dr. W. R. Sobey and Dr. A. H. Reisner 
for performing the serological tests. 
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Comparative Starch-gel Electrophoretic 
Studies of Fowl Egg White and Plasma 


ELECTROPHORETIC studies of egg white of domestic 
fowl have been repeatedly carried out by the Tiselius 
moving boundary method in the past. Forsythe and 
Foster* working with pooled egg albumen samples 
indicated that small but statistically significant 
differences could be established between egg white 
patterns of six different genetic lines of chickens. The 
high resolving power of starch-gel electrophoresis, 
with the slightly modified discontinuous buffer 
system of Poulik*, was used recently by J. E. Lush for 
the investigations of egg albumen patterns‘. He 
found a genetically conditioned polymorphism in the 
egg white from 16 closed populations of hens. 

In the present investigations the procedure used 
was similar to that of Smithies*. The electrophoretic 
run was made in a borate buffer at 6-6 V./em. for 
17 hr. In parallel runs the albumen of single eggs, 
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Fig. 1. Different distribution of specific protein bands in different 
egg-white sainples subjected to starch-gel electrophoresis for 17 hr. 
at a potential gradient of 6-6 V./em. in borate buffer | 
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Fig. 2. Illustration of comparable protein bands in fowl plasma 
y (P) and egg white (E) 


collected from hens during a 3-month period in the 
autumn, were assayed and the resulting patterns 
compared with each other and also with fowl plasma 
patterns. In addition the influence of embryotic 
growth on the pattern was followed by incubating 
fertilized eggs for a period of 2-8 days before electro- 
phoretic study. 

The eggs were laid by 18 White-Rock—Leghorn cross- 
bred hens, being the progeny of 18 White-Rock dams 
and 3 White Leghorn sires. A total of 60 individual 
egg-white samples have been examined. However, 
since the hens differed considerably in their produc- 
tivity (2-8 eggs per hen) the data are not distributed 
evenly and thus the results cannot be used for strict 
genetic studies. In preparing the samples the whites 
were separated as completely as possible from the 
yolks and an aliquot, 3-4 ml., dialysed against 500 ml. 
of 0:05 M phosphate buffer, pH 6-0, in the cold for a 
period of 6 hr. The separation in incubated eggs was 
difficult since after 4 days the yolk mixed readily with 
the white. Dialysis was necessary because it brought 
forward the particular zones of the pattern by remov- 
ing ovomucoid. 

One sample of each of the five patterns assessed 
during the experiments is shown in Fig. 1. Only the 
region of the globulins is presented because it was in 
this region that definite differences in the patterns 
were observed. The main points of difference were in 
the number and position of those zones which appa- 
rently correspond to some of the «- and 8-globulin 
bands of the plasma pattern’, as is evident in Fig. 2. 
In some instances the zones stained intensely but 
showed smeared margins. In such cases they could 
be differentiated into two bands. An example of this 
is the third bulky zone of type E pattern. In accord- 
ance with Lush’s observations‘, it was found that 
successive eggs from individual hens showed the same 
albumen pattern. 

Plasma samples of 88 chickens, including hens and 
roosters, were also assayed. However, no differences, 
comparable with those so characteristic for egg-white 









—— is in — with bras a — 
ers who utilized the Tiselius method’ for their 







owth of the embryo in the fortilized egg 
considerable alterations in the pattern of egg 
i within the first days of incubation. All zones, 
arly the intensively stained heavy base zone, 
de. Most resistant among the zones were 
ich lay in the region of the so-called a- 
ands. ‘However, after tho sixth day, even 
yecame unrecognizable and the pattem disap- 
red. completely. 

<5 The co-operation of Dr. G. L. Bannister is gratefully 
-. -aeknowledged. Thanks are due to P. Schuppli for 
ae valuable ‘technical assistance. 

















E. ANNAU 
eee DELMA COCHRANE 
< Animal Pathology Laboratories, 
Health of Animals Division, 
— Canada Department of Agriculture, 
EEE Animal Diseases Research Institute, 
at Hull, Quebec. 


; Cannan, R. H., and aa eer D, A., J. Amer. 
AOE, 82, "2580 aon). Bain, J. , and Deutsch, E. F., 
oe Biol. Chem., 171, 531 (1947), 


Forsythe, R, H., and Foster, J. F., J. Biol. Chem., 184, 877 (1950). 
oo o* Poulik, M, D., Nature, 180, 1477 (1957). 
nee “* Lush, a. Bs Nature, 189, 981 (1961). 
oo Bmilthies,.O., Biochem. J. 61, 629 (1955). 
*MoKinley, W. P., Oliver, W. F., Maw, W, A., and Common, R. H., 
oo Pro Soe, Exp. Biol, Med., 84, 846 (1953). 
“Moore, D.H., Endocrinol, 42, 38 (1948). Brandt, L. W., Clegg, R. E., 
“and Andrews, A. CŒ, J. Biol. Chem., 191, 105 (1951). 






Sar — LG 


a ‘Progressive Extraction of Proteins 


=. In the course of work on the solubility of wheat 
Sane proteins, I have developed a method which could 
also be applied in other fields where a separation 
` according to solubility is desired. This method 
o results from combining the techniques of column 
- ehromatography and the lysimetric determinations 
of soil analysis. Proteins are successively extracted 
- by means of i increasing concentrations of the same 
“solvent in water or by a series of different solvents 
_ with an increasing ability to dissolve proteins. 
os "The principle is simple and the operations con- 
— tinuous and partly automatic. 
10 gm. of wheat flour and 10 gm. of finely ground 
: pumice, passing through a 200-1 sieve, are mixed 
10roughly in a mortar; 100 gm. of fine sand (Merck 
7 12) are added and mixed. 
lass tube (25 cm. length, 3-5 em. diam.), one 
thich is drawn down to 0-5 em. diameter and 
igged with glass wool, is filled with a layer of 
(Merck No. 7530) and a layer of sand each 
‘thick. Then the mixture as prepared here 
| rapidly through a funnel with a hole 2-0 em. 
- de, to avoid separation of the sand; the column 
— covered with another layer of sand and quartz. 
Altor wetting with 50-60-ml. distilled water the 
S — is mounted over a fraction collector. As an 
example, 150 ml. portions of solvents may be used 
in the following order: distilled water, isopropyl 
deohol 10 per cent (v/v), isopropyl alcohol 30 per 
cent, 4. per cent lactic acid, 0-5 per cent aqueous 
potassium hydroxide. Then the column is washed 
with 50-100 ml. distilled water. The extraction 
0-60- br., depending on the particle size of 
and the oe of solvents used. 


























g protein | conten: of the flour. — 


ol: “per cent of ‘th 


Instead of using a fraction collector: oO 
collect separately each 150 ml. portion, taki 
account that a very small amount of the p recedi 
solvent could be mixed with it and that approxi r 
ately 50 ml. will remain in the column. 
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Inhibition of ———— 


Triphosphopyridine N —— oe : 


c Reductase 


DuRING certain work on the distribution and patti as 
ways of pyridine nucleotide oxidation in microsomal 


systems fron rat liver, it was found that the oxidation — : i x 
of reduced triphosphopyridine nucleotide (TPNH) 


was associated with the ribonucleoprotein particle 
fraction, as well as with microsomes from which the 
particles were derived. The specific activity of the 
TPNH oxidation is similar in the microsome and 
ribonucleoprotein particle fractions. Moreover, the 
addition of deoxycholate to microsomes or derived 
particles did not alter TPNH-cytochrome c reductase 
activity. However, it was discovered that the rate of 
oxidation of TPNH progressively declined with time. 

An examination of the time-course of the reaction 
and of conditions necessary for enzyme activity led 
to the identification of oxidized TPN as the inhibi- 
tory substance. The relationship of TPN concen- 
tration in the test system to the velocity of TPNH 
oxidation is shown in Fig. 1. The severe inhibition of 
TPNH oxidation with ferri-cytochrome c as acceptor * 


0-8 


0-6 


(2 


TPNH disappearance (mpmoles/sec./mgm. protein) 
o 
ee. 





G 75 


TPN (uM) 


TPN inhibition of TPNH oxidation in a ribonueleo- 0- 
protein fraction derived from rat liver microsomes, Microsomes 


Fig. 1. 


Were — by the technique of Siekevitz and Palade (ref. 1), 
and derived ribonucleoprotein particles sedimented after t. 
centrifugation at 105,000g after treatment of microsomes. with - 
deoxycholate and removal £ — Other conditions as ki : 
able ok 
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Table 1. REVERSAL OF TPN INHIBITION OF TPNH OXIDATION IN 
THE RIBONUCLEOPROTEIN PARTICLE FRACTION 
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Additions 


TPNH disappearance _ 
(mymoles/sec,/mgm. protein) 


Determinations 


aoe 27 tar 
TP? 68 +TPN 
TPNH (136 on +TPN 
TPNH (272 ~»M)+TPN 


TPNH (68 uM) 
TPNH (214 pM) 
TPNH (68 uM) + TPN 
TPNH (136 uM) + TPN 
TPNH (214 pM) + TPN 
TPNH (408 uM) + TPN 


A 


TPNH —— 
#M) 


bot tet ba eh eee Ot OO 


The system (3 ml. methyl)aminomethane 

buffer 0-02 BS . ‘010 ©). cytochrome ¢ 

(13-8 A asal 112 ), TPNH as indicated, 

and the ia fraosion, N H disappearance was calcu- 
o 


cytochrome ¢ reduction by recordi 


is demonstrated by the curve shown; inhibition of 
the reaction has also been seen when oxygen was the 
acceptor and cytochrome ¢ was absent. (The cyto- 
chrome c reduction for calculating TPNH 

i ce was confirmed by following TPNH 
oxidation directly by means of fiuorescence determ- 
inations.) Half inhibition of activity was obtained 
with 28 yM TPN. The Km value for TPNH disap- 
pearance was found in other experiments to be 3-4 
uM. In some recent studies, Williams and Kamin? 
have reported similar values for a highly purified 
TPNH-cytochrome ¢ reductase. 


It appears that these results suffice to explain the 


progressive decline of enzyme activity noted in these 
studies. This conclusion also seems warranted by the 
competitive nature of the inhibition. Table 1 shows 
reversal of the TPN inhibition by increasing amounts 
of TPNH. From the data obtained in Fig. 1, KI 
values were calculated between 2-6 and 3-9 uM. 

In other work it was observed that the rates of 
TPN reduction due to glucose-6-phosphate dehydro- 
genase activity of the microsome and ribonucleo- 
protein particle fractions were enhanced by 0-05 per 
cent deoxycholate. The rate of TPN reduction was 
changed from 0-027 to 0-053 mumole/mgm. protein/ 
sec. m one such experiment after treatment with 
deoxycholate. These findings have been found to be 
quite reproducible, although the extent of glucose- 
6-phosphate dehydrogenase activity associated with 
& microsomal fraction is somewhat variable; the 
factors affecting the distribution of this activity are 
at present under study. The deoxycholate effect 
suggests a membrane-associated glucose-6-phosphate 
dehydrogenase. As is the case with other enzymes 
associated with microsomes and ribonucleoprotein 
particles, possibly solubilization or alteration of 
membrane structure activates latent enzyme ac- 
tivity’, 

If indeed enzymes of the shunt pathway of glucose 
oxidation are associated with membranes, the afore- 
mentioned findings of product inhibition of TPNH 


oxidation are of interest in terms of mechanisms of 


enzyme regulation of cellular metabolism which 
consider levels of TPNH as rate-limiting. Thus. the 
TPNH oxidation activity and the competitive inhibi- 
tion by product could serve as a regulatory mechanism 
for controlling TPNH levels in extramitochondrial 
systems. Horecker*, in his original description of pig 
liver TPNH-cytochrome c reductase. used glu- 
cose-6-phosphate, TPN, and the isolated dehydro- 
genase as the TPNH generating system for studies 
of cytochrome c reductase. He noted some decline in 
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activity of the test system during experiments, and 

is suggests that these test conditions actually 
provide a model for reactions with TPN in microsomal 
systems. 

_ This research was supported by a grant from the 
Nationa! Science Foundation. 

| : LESTER PACKER 
Department of Physiology, 

University of California, 

Berkeley 4. 

3 — P., and Palade, G., J. Biophys, Biochem. Cytol., 7, 631 


* Williams, jun., C. H., and Kamin, H., Fed. Proc., 20, 47 (1961), 
—— and Rahman, M. M., Abstracts Biophys. Soc., 5, 805 
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New Intermediate of Melanogenesis 
in vitro 

Dunt the course of investigations of the mechan- 
ism of action of mushroom polyphenoloxidase, it has 
been possible to show the presence of an in i 
compound (X) deriving directly from dihydroxypheny]- 
alanine (DOPA)-quinone, which is not an indole 
derivative and is capable of giving rise to the forma- 
tion of the intermediary pigments typical of the 
process of melanogenesis in vitro. 


Fig. 1, Photograph of a paper chromatogram sprayed with 
ninhydrin showing the composition of the incubation medium 
during the oxidation by polyphenoloxidase of an a ueous 
solution of L-tyrosine (final concentration: 2-25x10- Mf; 
575 units Hogeboom-Adams (ref. 1) of enzyme per ml, medium). 
Inhibition by potassium cyanide after 12 min. for incubation 
without ascorbic acid (tyr) and after 6 min, for incubation in the 
presence of 20 moles ascorbic acid per mole tyrosine (tyr +AH,). 
Solvent: — — acid/water (78: 5 : 17); 


migration, 
r.: T, markers 
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Percentage of normal-acid fibre (1 hr.) 


Fig. 1. 8.24 perennial . Relationship of normo)-acid fibre 
(1. hr.) to ay matter digestibility 


Digestible dry mattor (per cent) 





26 80 35 40 45 
Percentage of normal-acid fibre (8 hr.) 


Fig. 2. 5.24 perennial ryegrass. Relationship of normal-acid 
fibre (8 hr.) to dry matter digestibility 


Figs. land 2 illustrate the relationship of normal- 
acid fibre, obtained by digestion for 1 and 3 hr. 
to digestible dry matter in S.24 ryegrass. Table 1 
shows the statistical data for 9:24 perennial ryegrass 
and 9.37 cocksfoot: 


Species , Digestion r No, of b 
time (hr.) «amples 
S.24 ryeqrasa 1 -~ 80 * 23 —1°714 + 0 283 
S. P ERTA -093 * 28 —1°652 + 0:140 
8.37 ecooksfoot 1 ~ OLF 32 — 1:869 + 0152 
8.87 coc ksfoot 8 ~~ 094 * $2 — 1-582 + @110 
* P = POOLS 
The longer digestion time has oonsiderably 


decreased the standard error of the 6 value. For 
predicting digestibility from normal acid fibre (3 hr.) 
the equations would be as follows: 
y = 185-8 — 1-714 for 8.24 
y = 141-8 — 1-8697 for 5.87 : 
where y is percentage digestible dry matter; a is 
percentage normal acid fibre (3 hr.). 
A longer digestion time for normal acid fibre may 
make the method less attractive for routine use. 
Preliminary resulta indicate that the use of hydro- 
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chloric acid may allow an improvement in correlation 
without increasing the time of digestion. 

Despite the high degree of correlation it is apparent 
from Fig. 2 that at any given fibre content there is a 
wide range in digestible dry matter values. For the 
assessment of breeding material the only requirement 
is a knowledge of the relative values between varieties 
of a species. The improved degree of correlation 
which we have obtained through a longer period of 
digestion increases our confidence in the use of normal 
acid fibre for a preliminary screening of potential 
varieties. 

Acknowledgments are due to Mr. W. F. Raymond 
and his colleagues at the Grassland Research Institute, 
Hurley, for the herbage samples and digestibility 
figures used in this investigation; also to Mr. J. D 
Hayes for his assistance with the statistical analysis. 

D. I. H. JONES 
G. ap GRirriTH 

Welsh Plant Breeding Station, 

Plas Gogerddan, Aberystwyth. 
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Amino-Acid Sequence and the Occurrence 
of Phosphorus in Human Fibrinopeptides 


Dourine the thrombin-induced fibrinogen-fibrin 
transformation peptides are split off from fibrino- 
geni-8, The complete amino-acid sequences of the 
bovine fibrinopeptides have been determined‘, as 
well as partial sequences and amino-acid compositions 
of fibrinopeptides from several other animal species’. 
Considerable variations have been found in the 
amino-acid compositions and sequences of the fibrino- 
peptides in different species’. Some work on human 
fibrinopeptides is reported here. 

After coagulation of human fibrinogen with 
(bovine) thrombin three main peptides could be 
isolated from the clot supernatant by chromatography 
on & cation-exchange resin (“Dowex 50 x 27)* (Fig. 1). 

The complete amino-acid sequence of the peak 3 
peptide (denoted as peptide A in a previous report’) 
was analysed by means of the phenyl isothiocyanate 
stepwise degradation procedure’ (Fig. 2). 

Since arginine appears as C-terminal in the peptide 
and glycine as N-terminal in fibrin, thrombin has 
apparently split an arginyl-glycyl linkage during the 
release of this peptide, as is also the case with bovine 
fibrinogen (cf.refs. 4-7). Tt should also be noted that the 


O01 M Ammonium acetate ~ acetio acid buffer (pH) 


41 42 4-4 48 5&5 
PLAX I PEAK 3 
co 
E mean a 
5 
2 
g 
z 
500 1,000 1,500 2,000 2,400 
y Effluent volume (mL) 
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Human peak 1 pepiide 
Human peak 3 peptide 
Bovine peptide A 
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Fig. 2 


C-terminal sequence of six amino-acid residues in the 
human peptide (peak 3) is identical with that in one 
of the bovine fibrinopeptides (denoted peptide A (ref. 
4)}, whereas the remainder of the sequences deviate 
markedly. It is interesting to speculate that the 
identity of the structures adjacent to the bond split 
by thrombin could be a pre-requisite in the specificity 
of the enzyme. 

The first peak in the chromatogram was found to be 
a phosphorus-containing peptide. This phosphorus 
followed the peptide in electrophoresis and on 
‘Sephadex G-25’ columns and is therefore covalently 
bound. It amounted to 1-1-1-5 per cent of the air-dry 
material (1 atom phosphorus per 2,100—2,800 gm. of 
peptide). The qualitative amino-acid composition 
was the same as for the peak 3 peptide. Further, 
N-terminal sequence analysis of six amino-acids 
revealed the same sequence as in the peak 3 peptide, 
except in the third position where no PTH amino- 
acid could be identified with certainty (Fig. 2). On 
the assumption that the third amino-acid was 
O-phosphoserine, analyses for phosphorus were made 
on the peptide before and after the third cleavage 
step. These showed that the phosphorus had been 
removed from the peptide in the third degradation 
step. The third amino-acid is therefore tentatively 
identified as O-phosphoserine. This conclusion is also 
supported by the observation that synthetic PTH 
phosphoserine produced the same pattern of multiple 
spots in the paper chromatogram as did the cleavage 
product of the third degradation step. 

The similarities between peak 1 and peak 3 peptides 
suggest that one may have been derived from the 
other by dephosphorylation, and this possibility is 
being investigated. Also the structure of peak 2 
peptide is at present being studied. 

The ocourrence of the strongly acid phosphate 
. group in one of the human fibrinopeptides is in a 
way analogous to the occurrence of an ester sulphate 
group in fibrinopeptides of other species’1%1. No 
ester sulphate has hitherto been found in fibrino- 
peptides released from human fibrinogen". 
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Mechanism of Hzmolysis caused by 
Freezing and its Prevention 


Wax whole blood or a suspension of 
is frozen and thawed, nearly all the erythrocytes are 
lysed. If glycerol is present in the suspension in a 
concentration of about two molar, then nearly all the 
erythrocytes remain intact after freezing and thawing? 
and are apparently uninjured**. In addition to 
glycerol, several other polyhydroxy compounds which 
penetrate the erythrocyte are capable of preventing 
the lysis caused by freezing and thawing*'’. 
the process of freezing, the formation of ice is simul- 
taneously and unavoidably accompanied by an 
increase in the concentration of solutes in the still 
unfrozen fluid since only water is being removed from 
the original solution until a eutectic temperature is 
reached. Since these two events are not separable, 
the question arises as to whether the major cause of 
destruction of the cells is due to the mechanical forces 
caused by the formation of the ice, or to the changes 
in the composition of the fluid which remains in 
contact with the cells. 

Lovelock® has proposed that the major cause of 
cellular destruction is the high concentration of 
electrolytes in the remaining unfrozen fluid. He 
further proposes that glycerol and other solutes 
which prevent destruction of the cells do so by causing 
retention in the unfrozen fluid of enough water to 
prevent the concentration of electrolytes from 
becoming high enough to damage the cells. If these 
proposals are correct, then equal osmolar concentra- 
tions of different substances should give quantitatively 
similar protective effects. These proposals also imply 
that lowering the concentration of electrolytes in the 
original solution should reduce the amount of 
cellular destruction which is caused by freezing. The 
present communication presents the results of 
experiments in which polymers of ethylene glycol 
were used as protective agents. These resulta show 
that much lower molar concentrations of the polymer 
than of the monomer are needed to prevent destruc- 
tion of erythrocytes by freezing and that a reduction 
of the initial aolre concentration does not 
reduce the amount of hemolysis. 

The experiments were performed with whole human 
blood which had been collected into acid—citrate— 
dextrose solution not more than 5 days prior to use 
and which had been stored at 4° O. Most of the 
experiments were performed with whole blood, but m 
cases where suspensions of washed erythrocytes were 
used the results obtained were not significantly 
different. The procedure ordinarily used was to mix 
2 ml. of blood with an equal volume of the solution 
of the protective agent in a 12-mm. diameter test 
tube which was placed in an alcohol bath at the 
desired temperature 5 min. after mixing. After 
30 min. in the bath, the tubes were immersed and 
shaken in a 40° O. water-bath until thawing was just 
completed. The amount of hemolysis which occurred. 
was determined by measurement of the hemoglobin 
concentration of the well-mixed, thawed mixture and 
of the clear supernatant fluid separated after centri- 
fugation. The hemoglobin measurements were made 


March 3, 1962 


No. 4818 


70 


= S 8 


Heemolysis (per cent) 


8 


10 


10 20 80 40 50 60 70 80 
Polyethylene glycol (per cent) 


Pel Hemolysis present in mixtures of blood and an egual 
yo ths of — ene glycol E500M solutions of varying con- 


centrations after being frozen at — 79° O. for 80 min, The percent- 
age of pols thylene p Kiyoo] values are the concentrations of the 
solution added to 


the blood ee got the concentrations of the 


photometrically using the 
method. 

The polyethylene glycols used were obtained from 
the Dow Chemical Co. They are linear polymers of 
ethylene glycol of varying molecular weights. The 
most effective one in preventing hemolysis due to 
freezing carried the designation H500M. It is a 
mixture of which two-thirds is a polymer with 
average molecular weight of 1,450 and one-third is a 
polymer with average molecular weight of 300. The 
calculated number average molecular weight for this 
mixture is 635. Solutions of this polyethylene glycol 
of different concentrations (w/v) were made in water, 
in 0-9 per cent sodium chloride solution and in citrate 
buffer solution (2-5 gm. sodium citrate dihydrate and 
0:25 gm. citric acid monohydrate per 100 mi.). 

Experiments were performed with solutions of 
H500M in 0-9 per cent sodium chloride in which the 
concentration of H500M varied between 10 gm./100 
ml. and 80 gm./100 ml. Equal volumes of blood and 
500M solution were frozen and kept for 30 min. at 
— 79° C. (solid carbon dioxide—alcohol bath) and the 
percentage hemolysis was measured after thawing. 
Fig. 1 shows the results of these experiments, from 
which it is evident that the optimal weight concen- 
tration of the #500M solution for preventing hamo- 
lysis in these experiments is 40 gm./100 ml. Experi- 
ments which were identical with these except that 
ethylene glycol was used instead of the polymer gave 
very similar results with the same optimal weight 
concentration of 40 gm./100 ml. for preventing 
hemolysis. Since the polymer #500. has a molecular 
weight which is approximately ten times that of 
ethylene glycol (635 and 62 respectively), it is 
apparent that there is a very large difference in the 
molar concentrations of these substances required to 
prevent hemolysis. If the action of the solute (either 
polymer or monomer) in preventing hemolysis were 


cyanmethemogiobin 
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due to its osmotic effect, it would be expected that 
approximately equimolar concentrations of both 
substances would have about the same effect. Since 
this is obviously not the case, it seems unlikely that 
the prevention of hemolysis is simply related to the 
coligative properties of the solution used. It is note- 
worthy that similar experiments by Bricka and 
Bessis® with polyvinylpyrrolidone solutions also 
showed that the optimal weight concentration for 
preventing hemolysis was 40 per cent. The molecular 
weight of the polyvinylpyrrolidone was of the order 
of magnitude of 26,000. 
Experiments were then performed using solutions 
containing 40 gm./100 ml. of #500M@ in water, in 0'9 
per cent sodium chloride solution and in the citrate 
buffer already described. Different tubes containing 
the mixtures of equal volumes of blood and polyglycol 
solution were maintained for 30 min. at varous 
temperatures below the freezing point. The 
percentage hemolysis after thawing which occurred 
at — 20° O. and at — 40° C. is shown in Table 1. At 
- 20° C., where the rate of hemolysis is high, the 
mixture without added electrolyte shows considerably 
more hemolysis than those which contain added salt. 
At — 40° C., at which temperature the rate of hamo- 
lysis is low, there is no differance between the mixtures 
with and without added salt. These results might 
indicate that added salt has a protective action in 
preventing destruction of cells by freezing as has been 
claimed in the case of certain moulds’. It is not 
intended here to imply that the salts do furnish 
protection inst hemolysis, but it seems clear that 
the added salt does not give rise to greater hamolysis. 


Table 1. H&MOLYSIS PRESHNT IN MIXTURES OF HUMAN BLOOD AND 

AN EQUAL VOLUME OF 40 PUR CENT (WHY) — — GLYCOL 

E500M ROLUTION In WATRR AND WITHOUT HLEOTROLYTH . 

AFTER BEING FRozew FOR 80 MIN. AT TEMPERATURA STATHD 

Hasmolysis after thawing (per cent) 
odium chloride 


Temperature No salt R Citrate buffer 
— 20° 0. 61 46 42 
— 40° 0. 3 8 8 


These results make it quite unlikely that the forma- 
tion of high salt concentrations in the frozen mixture 
can be an important factor in the hmmolysis which 
occurs during or soon after the freezing process has 
occurred. When cells are kept at below freezing 
temperatures In a medium containing a protective 
agent (such as glycerol or a glycol) for long periods 
of time, there is a slow destruction of cells which 
occurs over a period of months®. The concentration 
of salt in the medium may be an important factor in 
this slow process. It seems that the hsmolysis which 
occurs during or soon after ing is more apt to 
result from the mechanical forces attendant on the 
formation of ice. 

This study was supported in part by grant H-1220 
from the National Heart Institute, National Institutes 
of Health, U.S. Public Health Service. 
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Acclimatization to Cold in Antarctica 
as shown by Rectal Temperature 
Response to a Standard Cold Stress 


ANIMALS acclimatized to cold have been shown to 
maintain their deep body temperature at normal 
levels under conditions cold enough to induce hypo- 
thermia in unacclimatized animals!?. Similar studies 
on men presumed to be acclimatized have given con- 
flicting results. Some investigations*“ have suggested 
that there is an improved ability to maintain rectal 
temperature, others®* have shown no change, while 
yet another’ has shown a diminished ability to main- 
tain rectal temperature. Such conflicting findings 
have led some workers to the conclusion that man 
does not acclimatize to cold, possibly for the reason 
that he is rarely exposed to sufficient cold stress to 
induce acclimatization. It was therefore thought 
desirable to investigate the effect of residence in the 
seasonally varying but always cold climate of 
Antarctica on men’s responses to a test cold exposure. 
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Four members of the 1958-60 party of the 
Australian National Antarctic Research Expedition 
to Mawson (lat. 67° 36’ 8., long. 62° 53’ E.) were 
exposed to a standard cold stress before, during and 
after a year in the antarctic. The standard cold 
stress consisted of a 95-min. exposure to an air 
temperature of 50° F. while the subject rested naked 
on a nylon-mesh mattress. During this exposure, and 
during the last $ hr. of a 1-hr. control period under 
blankets that preceded it. the skin temperature at 
five sites and the rectal temperature were measured 
every 5 min., and the metabolic rate was determmed 
every 15 min. The time of day, and food and exercise 
preceding the exposure, were standardized. The 
ambient conditions to which the subject was exposed 
(air temperature, humidity, air movement and mean 
radiant temperature of the surroundings) were 
measured during every exposure. 

Five series of these tests were carried out, and in 
every series the same four subjecta were exposed 
twice, making eight exposures per series and forty 
exposures for the whole study. Series 1 was done in 
Melbourne in December (summer) 1958 immediately 
before sailing for the antarctic; series 2, 8 and 4 
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were done at Mawson in 1959, in autumn, spring and 
summer respectively; and series 5 was done a week 
after returning to Melbourne in March (autumn) 1960, 
one month after the expedition ship had left antarctic 
waters. 

Fig. 1 shows the average rectal temperature change 
from the control (pre-exposure) values in response to 
the cold exposure in each of the five series. It can be 
seen that in series 1, in Melbourne, the cold osure 
caused a fall in rectal temperature (— 0-15° C. at the 
end of the exposure). In the antarctic, instead of 
falling, the rectal temperature rose in response to the 
cold exposure, the rise being earliest, highest and 
most sustained (+ 0-25° C. at the end of the exposure) 
in series 3, which was done in the spring at the coldest 
time of the year. This rising response weakened as 
climatic conditions afterwards became milder, until 
in series 5, in Melbourne once more, a slight early 
rise occurred but was not sustained, and thereafter 
the rectal temperature fell steeply to a lower level 
(— 0-42° C.) than in series 1. Analysis of variance of 

the rectal temperature changes after 90 min. 

in the cold showed that the differences between 

series were highly significant (P < 0-001). 
These findings cannot be explained in terms 
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á — ~ 3(36-76°0.) of experimental error, changes in body-weight 

+02 E or changes in physical fitness, and it is con- 
TSS cluded that they are due to general acclimatiza- 

——— 4(36-69°C,) tion to cold, for they show a close relation to 


the degree of climatic stress experienced by the 
subjects. The results appear to indicate that 
acclimatization to cold in man, as in other 
animals, enhances the ability to maintain deep 
body temperature. The contrast between series 
1 and series 5 suggests that the recent loss of 
acclimatization leaves the subject leas able to 
maintain his deep body temperature than 
he was before acclimatization was frst 
achieved. 

This study was planned while I was a visit- 
ing worker in the Division of Human Physio- 
logy, National Institute for Medical Research, 
London. Thanks are due to Dr. O. G. Edholm 
and Dr. R. K. Macpherson for advice; to the 
Director and Staff of the Commonwealth 
Scientific and Industrial Research Organiza- 
tion Division of Building Research, where the 
Melbourne experiments were conducted; to Mr. R. 
Dunlop, Mr. M. Kirton and Mr. F. van Hulssen, 
physicists at Mawson, for technioal assistance; and 
to Mr. J. C. Armstrong, Mr. J. M. Béchervaise, 
Mr. E. L. Macklin and Mr. B. H. Stinear, who acted 
as subjects. 


G. M. Bubp * 


Antarctic Division, 
Department of External Affairs, 
187 Collins Street, 
Melbourne, Victoria, 
Australia. 
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Evidence of a Proximo-Distal Movement 
along the Axon of Phospholipid synthe- 
sized in the Nerve-Cell Body 


PROXIMO-DISTAL movement slong the axon of 
protein synthesized in the nerve-cell body has been 
investigated by the following method}. A labelled 
precursor of protein (for example, C-amino-acid) is 
placed on the floor of the fourth ventricle and the 
protein is collected at the distal segment of the hypo- 
giossal and vagus nerves. Under these experimental 
conditions an extensive synthesis of labelled protein 
occurs in the medulla oblongata, namely in the nerve- 
cell bodies of the hypoglossal, dorsal and ambiguus 
nuclei. On the other hand, the Schwann cells and 
the other components of the encephalic nerves 
incorporate a negligible amount of tagged amino- 
acid, its level into the blood being low. 

In order to find out whether the perikaryon of a 
nerve cell is able to synthesize phospholipids also 
for its axonal process, the above procedure was 
mainly followed. However, some adjustménts were 
necessary. (1) Phosphorus-32 as orthophosphate, in 
Krebs-Ringer bicarbonate buffer, was used as phospho- 
lipid precursor. (2) A total amount of 200-250 po. of 
phosphorus-32 was placed on the ‘calamus serip- 
torius’ of the fourth ventricle for about 2-30 hr. 
(3) The vagus and hypoglossal nerves were divided in 
‘9 and 4 segments, respectively, each 8 mm. in length; 
the former from 4 mm. below the external foramen of 
the hypoglossal canal to the mylohyoideus muscle, the 
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Fig. 1. Amount of total labelled phospholipids along the h 
nerve at different time-intervals between deposition of 
phosphate on the ficor of the fourth ventricle and 
death of rabbit 
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Fig. 2. Amount of total labelled phospholipids along the Intact 

{dotted lines) and orushed (full lines) vagus nerve 24 hr. (@) 

and 6 days (©) after deposition of {sotopie phosphate on the 

floor of the fourth ventricle. Ornushing of v was performed 

just below the nodose ganglion 24 hr. before deposition of 
phosphorns-82 


latter from the nodose ganglion to the subclavian 
vessels. (4) The phospholipids of each tissue sample 
were extracted by the procedure of Folch, Lees and 
Sloane-Stanley*. (6) The total radioactivity of the 
chloroform-soluble compounds for each sample was 
measured with a windowless flow-counter and ex- 
pressed as counte/min. per 8 mm. in length of nerve. 

Three experiments support the possibility of a 
proximo-distal movement along the axon of phospho- 
lipids synthesized in the body cell: (1) Fig. 1 shows 
that the concentration of labelled phospholipids in the 
distal portion of the hypoglossal nerve rose, as the 
time-interval between deposition ofisotopic phosphate 
on the floor of the fourth ventricle and Killing of the 
rabbits increased. According to the results in-Fig. I 
the velocity along the nerve of total phospholipids is 
about 1-7 mm./hr. Analogous results have been 
obtained for the vagus nerve. (2) 24 hr. before 
depositing phosphorus-32 on the fourth ventricle the 
vagus and hypoglossal of one side were crushed 
with a forceps. Analysis of labelled phospholipids of 
the vagus (Fig. 2) and hypoglossal nerves carried out 
24 hr. a8 well as 5 days after the deposition demon- 
strated that their concentration fell abruptly just 
after the point of pressure injury. This experiment 
would support the assumption that phospholipids are 
synthesized in the nerve-cell body and flow along the 
axon no farther than its interruption. On the other 
hand, the experiment does not support the hypo- 
thesis that the radioactive phosphate migrates down 
the nerve between the interstices of its connective 
sheaths and on the way becomes incorporated into 
phospholipids of the Schwann cells or of other 
nervous structures. The persistence of the anatomical 
continuity of the nerve after crushing would allow 
phospholipids also to flow along the distal degenerat- 
ing portion of it. (3) The glossopharyngeal, vagus and. 
accessory nerves of one side were sectioned at their 
superficial origin in the dorsolateral sulcus of the 
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medulla oblongata. Five days later radioactive 
phosphate was deposited. on the floor of the fourth 
ventricle and the animals were killed after 7 days. As 
compared with mtact nerves, a negligible amount of 
labelled phospholipids was found along the degenerat- 
ing vagus nerve. Ita low radioactivity is related to 
the level of isotopic phosphate in the blood. This is 
additional evidence that under the present experi- 
mental conditions the labelled phospholipids of an 
intact vagus nerve—except for a negligible amount 
synthesized tn sttu—come from the medulla oblon- 
gata, namely, from the nerve-cell bodies of the dorsal 
and ambiguus nuclei. 

It is of interest now to identify the tagged phospho- 
lipids which have possibly migrated down the nerves 
and also to measure their mdividual velocity of flow. 
Preliminary experiments from the hypoglossal and 
vagus nerves of rabbit killed 5 days after deposition of 
phosphorus-32 on the floor of the fourth ventricle 
have shown the following labelled phospholipids: 
phosphatidylcholine, phosphatidylethanolamine, 
phosphatidylserine, phosphoinositide, probably 
phosphatidic acid, serine plasmalogen, ethanolamine 
Plasmalogen. Alkali- and mercury-stable phospha- 
tides were also present in the samples. 

N. MANI 

Department of Anatomy, 

University of Padua. 
? Abani, N., Nature, 188, 541 (1960). 


*¥oloh, J., Lees, M., and Sloane-Stanley, G. H., J. Biol. Chem., 828, 
497 (1957). 


Human Electroencephalogram and 
Electrocardiogram Correlations by 
Periodogram Analysis 


In 1939, an investigation of periodicities of the 
occipital output of the human electroencephalogram 
(EEG) was made by means of the cycloscope devised 
by Dr. A. E. Douglass'. This optico-mechanical 
instrument? rapidly performed the basic mathe- 
matical operations inherent in the statistical method 
introduced by A. Shuster? for the uncovering of 
hidden periodicities in selected data. 

In the cycloscopic analyses it was observed that not 
only the basic variational potentials which were often 
recognized by gross inspection of the EEG were 
present, but in some instances a ‘cycle’ was disclosed 
that was in time with the recorded heart-beais of the 
subject. Thia latter phenomenon was interpreted, at 
that time, as evidence of the uncovering of an Invisible 
heart-beat—electrocardiogram (HKG)—in the electro- 
encephalogram through an enhanced signal to noise 
ratio engendered by the correlation technique. 

Recently, it was decided to perform mathematical 
periodogram analyses of the EEG in preparation for 
machine programming. The mathematical method 
used‘ consisted of obtaining the correlation ratios 
between the observed results measured at equal 
intervals of time, and an arbitrarily defined reference 
period. The detailed arithmetical method was 
utilized in the first analysis; for subsequent analyses 
an equivalent method (also outlined in ref. 4) of 
plotting the “oscillation corresponding to the trial 
period p” was used. This latter method greatly 
facilitated the arithmetical operations, without 
introducing any appreciable loss of precision in the 
final plottings. 

In each instance the EEG (occiput) and EKG 
(lead i) were simultaneously recorded. Forty seconds 
of the simultaneously recorded EEG and EKG were 
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Fig. 1. A, Periodograms of salmultaneously recorded spontaneous 
BEG and EKG: B, period of simultaneously recorded 
EEG and EKG during voluntary holding of the breath 


subjected to periodogram analyses and plotted on the 
same ordinates. The relation of the EEG and EKG 
periodogram peaks was determined by visual inspec- 
tion (Fig. 14). As the mathematical investigation 
progressed, it became obvious that the earlier observed 
heart-pulse cycle was again a prominent element in the 
periodograms of 8 out of 15 subjecte. Because of the 
possible disturbing effect of respiration on the EEG- 
EKG correlation, eight patients were instructed to 
hold their breath for approximately 1 min. during the 
recording. Under these conditions four individuals 
showed a more definite and precise alignment of the 
EEG and EKG peaks such as shown in Fig. 1B. 
Three individuals under this condition showed promi- 
nent large amplitude oscillations of the EEG periodo- 
gram peaks; these oscillations were an reasion of 

phase-changes in the EEG output. Each of 
these latter three patients had disturbed heart 
function. 

It seemed that this mathematical correlation 
technique did not primarily enhance the signal to 
noise ratio, but that the observed cycle was an 
expression of a major property of the electro- 
encephalogram. This impression was derived from the 
following considerations: 

(1) In mock-up experiments a systematic addition 
of 10 and 16 arbitrary amplitude unite into the raw 
data at various equally spaced intervals, such as 0:5 
sec., did not appreciably alter the peak characteristics 
of the original plotted data. These experiments 
appeared particularly impressive in that the arbitra- 
rily added amplitude was of the order of magnitude 
of the EKG P-wave. 

(2) The only obvious variations in amplitude of the 

rimary EEG that were of sufficient magnitude to 
influence the periodogram plots were the successive 
peaks of the EEG amplitude-modulation envelopes. 
Such data can he inferred from inspection of the com- 


EKG - i 
Fig. 2, Simultaneously recorded EKG and EKG compressed to 
show the EBG amplitude variations 


March 3, 1962 


pressed simultaneously recorded EEG and EKG as 
shown in Fig. 2: here the intervals between peak 
EEG amplitude modulation patterns and the succes- 
sive EKG complexes show a similar time course. 

(3) In properly resolved tracings, there was not a 
simple time-locked 1:1 ratio of EEG amplitude 
modulation peaks and the EKG complexes. This 
latter phenomenon further appeared to rule out the 
possibility of a direct conduction process as the 
etiology of the disclosed correlations. 

In conclusion, the periodogram thus appears to 
indicate a significant statistical relationship between 
the EEG variations in amphtude (amplitude modula- 
tion) and the heart-rate. 

The assistance of Mrs. R. T. Little in the arithmeti- 
cal computations is acknowledged. 
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ROBERT COEN 
U.S. Naval Hospital, National Naval 
Medical Center. Bethesda, Maryland. 
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Role of Carbony! Chloride in the 
Production of Uramia 


Tur exact nature of the biochemical change in the 
body leading to the development of uræmic symptoms 
is not yet fully understood. Uræmia cannot solely be 
attributed to high blood urea level, as presence of a 
high blood urea may not necessarily be associated 
with uremic symptoms. It has been suggested by 
Shackman! that high blood urea level associated with 
acidosis could give rise to uremic symptoms. 
McDermott et al.* suggested that ammonia intoxica- 
tion could be a probable cause of ursemic symptoms. 
All these discrepant suggestions led me to investigate 
the exact cause of uremia taking into account the 
possibilities emphasized by the previous authors. It 
was deemed essential to assess the role of the different 
factors so far proposed in causing the development of 
uremic symptoms. 

Three sets of normal dogs (4 in each), each weighing 
10 kgm., were taken as experimental subjects. 

In the first set saturated solution of urea in distilled 
water was injected into the femoral vein to raise the 
blood urea level. Blood samples were taken imme- 
diately before as well as 3 min. after the injection 
from a separate vein. 

In the second set of dogs a similar procedure was 
folowed and saturated solution of ammonium 
chloride in distilled water was injected in the place of 
urea. This was done to raise free ammonia and cause 
acidæmia since ammonium chloride is deaminized in 
the liver and split off into ammonia and hydrochloric 
acid, ammonia is converted into urea, and hydro- 
chloric acid induces an acidemia’. 

In the third set, the animals received both urea and 
ammonium chloride to raise both the blood urea and 
the non-protein nitrogen levels with the liberation of 
free ammonia and lowering of the pH of blood. 

Table 1 shows the respective rise in blood urea and 
non-protein nitrogen levels following the injections in 
three different sete of animals. 


Table 1 
Bet Urea Non-protein nitrogen 
(per cent) (per cent) 
I 300-370 mgm. 142-173 mgm. 
ret 24-45 mgm. §0-128 mgm. 
mM 208—400 mgm. 188-187 mgm. 
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In the first set even when the blood urea level was 
raised between 300 and 370 mgm. and non-protein 
nitrogen between 142 and 173 mgm. the animals did 
not show any sign of come. They behaved more or 
leas normally. They responded to calls, and when set 
free ran about in a normal way. 

In the second set where the blood urea level 
remained between 24 and 45 mgm. and the non- 
protein nitrogen was raised between 90 and 128 
mgm., the animals desperately struggled to free 
themselves during the intravenous imijection of 
ammonium chloride. Immediately after the mjection 
they became highly excitable and had spasms of the 
muscles of the whole body in the manner of epilep- 
tiform fite. They did not respond to calls during the 
attacks of convulsions but looked in attention when 
called in between the attacks. Within 4 hr. the con- 
vulsions disappeared gradually and the animals sat 
up and after 14 hr. they behaved in a normal manner. 

In the third set where injection of urea solution was 
followed by ammonium chloride solution, the animals 
became slightly drowsy immediately afterwards. 
Some of them groaned out in agony and passed into a 
state of tetany which lasted for 4 min. The animals 
vomited and passed urine and stool, gradually went 
into a state of deep coma and did not respond to 
painful stimuli. Respiration became slow and the 
rate came down to 5 per min. The heart-rate became 
60 per min. After $ hr., though the animals were in 
coma, they responded to painful stimuli. After 40 
min. twitching movements re-appeared in the hind 
limbs and the neck and the animals became con- 
scious. After 55 min.—1 hr. they responded to call. 
raised neck and waggled tail and moved the ears in 
attention. But they could not sit up or stand. After 
3-44 hr. they behaved perfectly normally except 
being very weak. They could not stand up easily but 
did so when helped. This weakness disappeared over 
the next 24 hr. 

An explanation for development of coma as 
produced on this set of animals is suggested by the 
reaction : 


CO.NH,NH, + 2NH,Cl = COC], + 4NH, 


In the liver ammonium chloride is deaminized into 
ammonium and hydrochloric acid is liberated. 
Hydrochloric acid reacta with urea to produce 
carbonyl chloride and ammonia. Free ammonia 
thus formed is utilized for fresh urea synthesis. 
Carbonyl chloride (phosgene), being highly poisonous, 
is responsible for urmmic coma. In order to check 
the presence and role of carbonyl chloride if any, 
as assumed, chemical test for phosgene was resorted 
to. This highly poisonous gas produces a colour 
varying from light lemon-yellow to dark orange 
if exposed to test papers soaked in 10 per cent 
alcoholic solution of p-diethyl aminobenzaldehyde 
and colourless diphenylamine, a test considered 
to be extremely sensitive‘. In order to carry out 
the test, blood samples of a normal animal were 
first collected and the same animal was subjected 
to intravenous injections of urea and ammonium 
chloride. After 3 min. of the injection another 
sample of blood was taken. The former served as 
the control. Both the samples of blood were laked 
in distilled water and subjected to the test. Clear 
lemon-yellow colour was observed in the treated 
blood while the control yielded no reaction at all. 
This test gave a positive indication of the presence of 
phosgene in the treated blood. With the view of 
checking the site of phosgene formation both 


890 


samples of blood were centrifuged, and the plasma and 
the red blood counte were separately subjected to the 
phosgene test. Neither the control nor the treated 
blood yielded any reaction. This was taken to indicate 
that the site of phosgene is the red blood count which 
on laking becomes locked in the plasma. This test 
was repeated on 4 animals and the positive reactions 
were noted in every case. Samples of blood from 
6 human patients m uremic coma have also been 
subjected to the test, and positive reaction for phos- 
gene has been noted in the blood in each and every 
CASE. 
These results lead me to conclude that formation 
of carbonyl chloride in the state of high blood urea 
level associated with acidsamia is responsible for 
uræmic coma. Under normal conditions phosgene 
is not formed in the blood due to absence of biologi- 
cally available urea and acidemia. 
Durvusa K. SEN 
Department of Surgery, 
Nilratan Sircar Medical College and Hospital, 
Calcutta. 
* acy E., Recent Adv. in Surg., 188 (J. and A. Churchill, Ltd., 


* McDermott, W. V., and Adams, R. D., J. Clin. Invest., 33, 1 (1954). 


*Bamsgon Pahit Applied Physiology, 98 (Oxford Medical Pubilca- 
tions, 1958), 


*The Merck Index of Chemicals and Drugs (Morok and Co., Inc., New 
Jersey, 1952), 


PHARMACOLOGY 


Release of Catechol Amines from Isolated 
Medullary Granules by Sympathomimetic 
Amines 


WHEN isolated chromaffin granulos from suprarenal 
medulla are incubated m isotonic sucrose—phosphato 
buffer of pH 6-8 at 37° C. in air, the stored catechol 
amines (adrenaline and noradrenaline) are gradually 
released into the suspension medium together with 
ATP!:4. Also the depletion of medullary catechol 
amines in vivo caused by reserpine or high doses of 
Insulin is connected with an equivalent depletion of 
ATP, so that the molar ratio catechol amme/ATP 
remains unchanged?:*. By the addition of tyramine to 
a suspension of chromaffin granules the spontaneous 
release of the catechol amines is enhanced, whereas 
that of the ATP 18 not®. The tyramine-mduced release 
of catechol amines 18 compensated almost stoichio- 
metrically by an uptake of tyramine. These results 
favour the assumption that tyramine displaces the 
less-basic catechol amines from their storage sites in. 
the chromaffin granules and is itself attached to the 
ATP of the granules’. 

Since other sympathomimetic amines—pheny]- 
ethylamine, amphetamine, methamphetamine, and 
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Fig. 1. Isolated medullary granules. Release of catechol amines 
and ATP by Oe nee amines (3 wmoles/ml.). Inonba- 
tion, 80 min. 87°C. Black, catechol amines, white, ATP 





Phenylethyl- Ephedrine 
amune 


ephedrine—which are supposed to act like tyramime’ 
also release catechol amines from isolated chromaffin 
granules’, we investigated the effect of these amines 
on the catechol amine and the ATP content of the 
granules as well. ATP is determined by the firefly 
method’. 

As shown in Fig. 1, the incubation of isolated 
granules from suprarenal medulla of cattle in the 
presence of 3 umoles per ml. of phenylethylamine, 
amphetamine, methamphetamine, and ephedrine 
causes & release of adrenaline and noradrenaline but 
no release of equivalent amounts of ATP. This result 
ig in accordance with that obtained with tyramune. 

In order to get more information about the mechan- 
ism by which one of these ammes—phenylethy)- 
amine—releases cathechol amines we investigated 
whether the release of catechol amines js connected 
with an uptake of phenylethylamine by the granules. 

3 umoles of phenylethylamine per ml. suspension 
medium are added to each sample either at the 
beginning (experimental) or at the end of the mouba- 
tion period (control). Afier the incubation the 
granules are sedimented at 12,000g and extracted 
with 0-4 N perchloric acid. For the determination of 
the catechol amines and phenyletbylamine the 
extracts are evaporated to dryness tn vacuo at 46° C. 
The residues are then taken up in 0-2-0 4 ml. of 
distilled water and centrifuged. The catechol amine 
content of the supernatants is estimated by the 
iodometric method of von Euler and Hambergs, 
Phenylethylamine is separated from adrenaline and 
noradrenaline by high-voltage electrophoresis (buffer: 
pyridine/acetic acid/water = 20: 23: 957; pH 4:5; 
time = 120 min.; 100 m.amp., 20 V./em.; Schleicher 
and Schull Paper No. 2043 b, 60 x 60), stained with 
ninhydrin, and stabilized with copper nitrate’. The 
density of the coloured spots of phenylethylamine 18 


Table 1. EFFEOT OF PHENYLHETHYLAMINE (8 MMOLES/ML.) ON THB RELHASH OF OATECHOL AMINES AND THE UPTAKE OF PHBNYLUTHYLAMINE 
BY 


—— GRANULES 


techol amines Phenylethylamine 
Experument Inoubation Content Release ntent Uptake _ Uptake 
No. time (gmolea) (amoles) (emotes) (umoles) (as pereen nie 
(min } of release} 
Control 3°61 — 0-47 — 
1 45 (8:28-3:60) (0 44-0 50) 79 
Experimantal 2 0 81 . OM 
(2-602-2 78) (1-05—1-18) 
Control 6'89 — 8 — 
2 90 (5 74-68-04) (0 14-00-54) 78 
Expoermmental 8 33 2-56 2°21 1:87 
(8-81~8-85) (2-00-2834) 
Control . — "87 — 
3 99 (4-414 53) (0°85—0 90} 95 
Rrperimental 27 1:67 2°46 1-59 


In these experiments the 


{ 
nules are not washed with b 


2°7 


(2-42-2-50) 


0~2-84) 
ufer before the extraction since we found that phenylethylamine, in contrast 


to tyramine, is not firmly bound but washed out from the granules to a certain extent. The phenylethylamine values of the controls are thore- 
fore subtracted from those of the experimentals. Each value expresses the mean of three samples, the values in parentheses their range. 
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then quantitatively determined on the paper strips 
by an automatically integrating densitometer? (‘Ana- 
lytrol RB’ filter : 310-340 my absorption maximum). 

The comparison between catechol amine release 
and uptake of phenylethylamine indicates (Table 1) 
that the amount of released catechol amines 1s almost 
quantitatively replaced by an uptake of phenyl- 
ethylamine. 

It 18 therefore concluded that the mode of action 
of the above-mentioned sympathomimetic amines is 
the samo as that of tyramine, which acts by displace- 
ment of the catechol amines without releasing equiva- 
lent amounts of ATP. 

H. J. Sontuann 
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Hypoglycemic Activity of N-Benzene- 
sulphonyl-N’-iso-propylurea and 
N-Benzenesulphonyl-N’-n-butylurea in 
Experimental Animals 


Hyrociyozmic activity of sulphonylureas is now 
well recognized. In a search for more effective corn- 
pounds we have synthesized a large number of com- 
pounds closely related to tolbutamide. More than 80 
compounds have been screened for their hypoglycsamic 
activity in animals. Out of these, six compounds have 
shown significant hypoglyommie activity. Two of 
these compounds, NV-benzenesulphonyl-N’-iso-propyl- 
urea (R-94) and N-benzenesulphonyl-N’-n-butylurea 
(#~-131), have been found to possess a high degree of 
hypoglycwmic activity. The comparative study of 
the hypoglycemic activity of these two compounds 
have been carried out on rabbits, rats and guinea pigs 
bred at this Institute and maintamed on a uniform 
diet. They were fasted for 18-20 hr. before the 
drugs were administered orally as a suspension in gum 
acacia. Blood sugar was estimated by Somogyi’s 
method using Nelson’s reagent}:3, 

With a single oral dose of 6 mgm./kgm. of R-04, a 
definite hypoglycæmic effect was observed in rabbits, 
rats and guinea pigs. The cross-over tests in rats and 
rabbits of R-94 were carried out with chloropropamide 
and tolbutamide. Similar cross-over tests of R~-131 
with chloropropamide were also carried out on rats. 
In these tests 6-8 animals in each group were fed 
orally the drug under teat at a dose-lovel of 10 mgm./ 
kgm. and the reduction of the blood sugar determ- 
med at 1:5, 3, 5, 7, 24 and 48 hr. after admunistra- 
tion. The same group of animals after a rest period of 
one week was fed (cross-over) with a standard drug, 
namely, chloropropamide or tolbutamide, and the 
corresponding blood sugar reduction determined. 
Suitable control experiments were also done. Table 1 
shows a comparative hypoglycemic effect on rate of 
R-94, and R-131 with chloropropamide. Both these 
drugs R-94 and R-131 have shown a steady and 
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Table 1. Comparative HYPOQLYOMMIO ÁOTIVITY oF K-04 AND R-131 
WITRE CHLORGPROPAMIDE 


Cross-over testa with rata. (No. of animals used: 8 per group) 
Reduction in blood sugar (per cent) 


Group I Group II 

P Ohloro- Chloro- 
(hr.) ió AR —— i — i — 
Moan iS R Mean + 9.2. Mean iS 8.” Mean + S.A. 
1°6 28°38 + 211 163 + 4:17 180+ 3868 218 + 3 24 
3 26-7 + 2-66 108 + 3°84 185+ 3850 21-9 + 241 

5 32-8 + 515 20-1 + 8°65 1074821 264+ 25 

7 80-2 + B11 32-5 + 3-36 187+ 38-07 189+ 39 
24 21-6 + 4 28 131-8 + 1-41 178 +4 219 106 + 408 
48 13 3 + 3:64 4-2 + 1-66 1424 2-04 8-6 + 2-88 


8 cance tests carried out by us the ‘? test show that 
* ferences between the means are not significant on 6 per cent 
evel. 


definite fall in the blood sugar compared with chloro- 
propamide, and this reduction is well maintained 
even up to 48 hr. 

In rabbits the cross-over tests of R-94 and tol- 
butamide at a single dose level of 10 mgm./kgm. 
showed that tolbutamide showed significant reduction 
of blood sugar only up to 7 hr. and slight reduction 
of 5-7 per cent (mean of 6 results) at 24 hr. In contrast 
with this, R—-94 showed significant reduction of 
26:4 per cent (mean of 6 results) even at 24 hr. The 
differences in the hypoglycsmic effect of the two drugs 
were not significant up to 7 hr., but at 24 hr. the 
difference as judged by the ‘?’ test became highly 
significant (P = 0-001). 

Similar cross-over tests in rabbits of R-94 with 
chloropropamide showed that the hypoglycsmic 
effect lasted for 7 hr. only in case of chloropropamide, 
while R-94 exhibited even after 24 hr. blood sugar 
reduction of 10-45 per cent (mean of 6 results). In 
this case also the differences in the reduction of blood 
sugar were not significant up to 7 hr., but at 24 hr., 
differences again as judged by the ‘? test became 
highly significant (P = 0-001). 

Toxicity studies have shown R-94 to be less toxic 
than tolbutamide or chloropropamide. With R-94 
chronic toxicity experiments were carried out in rats 
fed orally at a dose-leve] of 100 mgm./kgm. for more 
than two months. The animals maintained good 
physical condition and showed no significant difference 
m gain in weight as compared with controls’ The 
maximum tolerated single oral doses in rats for the 
three drugs, namely, R-94, R-131 and tolbutamide, 
were found to be 4,000, 2,000 and 2,500 mgm./kgm., 
respectively. LD doses in mice by subcutaneous 
injection for R-94, R~131 and tolbutamide were found 
to be 2,050, 530 and 980 mgm./kgm. respectively. For 
chloropropamide, the LD,, dose in mice was 780 mgm. / 
kgm. (ref. 3). Preliminary clinical trials in patients 
with diabetes mellitus indicate encouraging results. 

Our thanks are due to Dr. N. K. Dutta for his 
encouragement and advice and Mrs. K. Lotalikar for 
statistical analysis of data. 
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Environmental Contamination with 
lodine-I3I in Japan 


THe survey of radioactive nuclides of short half- 
lives had not been made in Japan until last autumn 
when & series of nuclear explosions was revived by 
the U.S.S.R. We have made measurements on the 
radioactivity of dust, foodstuffs, lungs and thyroid 
glands of man and animals since October 1961. 
Gamma-scintillation spectra of dust and leafy vege- 
table samples have all shown characteristic photo- 
peaks of zirconium-95 + niobium-95, ruthenium-103, 
iodine-131 and barium-140. 

Of these nuclides attention has been centred on 
iodine-131, and the main passage route has been 
searched for by means of which radioiodine could be 
transmitted to the human population. Because of 
the short half-lifo of 8 days it will usually be necessary 
to consider only inhalation and direct contamination 
of food which may be consumed by man shortly 
after contamination has occurred. 

The concentration of todine-131 in air estimated on 
the basis of dust analysis regardless of the collection 
efficiency showed a maximum value of 2:07 puoc./m.® 
on November 6 and the average for the second half 
of November was 0:62 puc./m.*. The average value 
decreased to less than 0:2 wpyc./m.* in December. 

Five samples of lungs from cattle and four from 
man were ashed and measured for iodine-131 by 
y-spectrometry. The values obtained from our 
measurements are shown in Table 1. The maximum 
daily dose by inhalation in December can be estimated 
as 2-8 upc. on the assumption of 10 L/min. of human 
respiration and that dust particles are retained 
completely in lungs. Thus, lungs of adult man con- 
tained more than 60-100 times the daily dose of 
iodine-131., 

Spinach samples collected in the market in Tokyo 
(unwashed) showed remarkable contamination with 
fission products. It showed a maximum of 16 muc. 
of iodine-131 per fresh kilogram on November 11 
and the average for November 9-27 was 4:7 muc. 
The average value decreased to 0-3 myo. in December. 
Assuming the average daily consumption of leafy 
vegetables as 65 gm. per person, the daily dose of 
iodine-131 ingested by a Japanese could be com- 
puted as 300 uuo. for the period November 9-27 and 
20 uuo. for December 2-26, These values will be 
considered maximum because they have been cal- 
culated on the basis of data for unwashed vegetables. 
Removal of radioactive materials deposited on leafy 
vegetables is generally made by washing with deter- 
gent: however, an experiment with contaminated 
spinach samples collected on October 30 and Novem- 
ber 18 revealed the removal of only two-thirds and a 
half, respectively, of the original activity of iodine- 
131. Consequently, the actual values of average 
intake of iodine-131 by population would lie between 


Table 1. YopmINs8-181 IN LUNG TISSUE 
(uno. per gm. of fresh tissue) 


Sample Habitat Age at death Dateofdeath Iodine-131 
(1961) 
Cattle higa Dec. 21 0-26 
Cattle Shisnoka Deo. 21 O21 
Cattle Tochigi Dec, 21 O21 
Cattle iba Dec. 21 078 
Cattle { Dec. 21 0-20 
Human Tokyo 24 Dec. 21 0-26 
Human Tokyo Dec, 20 - Ot 
Human Tokyo 56 Deo, 21 0-26 
Human Tokyo 22 Deo, 21 0-19 
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300 and 100 upc. in November and between 20 and 
7 puc. in December. , 

As compared with those values, the estimated 
value of intake by inhalation or through liquid milk 
is insignificantly small. The average content of 
iodine-131 in liquid milk collected in the market in 
Tokyo indicated 66, 83 and 24 pye./l., respectively, 
in October, November and December. As the con- 
sumption of liquid milk in Japan is smaller by a 
factor of ten or more than in Great Britain, the 
contribution of milk in daily intake of iodine-131 is 
less than 10 per cent of that of leafy vegetables. 

A greater risk is involved in irradiation of the 
thyroid to children than to adults, so we have to 
consider the route of incorporation of radioiodine in | 
children. In Japan, a baby is fed by milk in a way 
quite different from other countries; generally, it 
consumes canned powder milk, while liquid milk is 
consumed by children and adults. Consequently, a 
greater risk would be involved to a breast-fed baby 
than a bottle-fed one; the iodine-131 level in the 
former will be greatly influenced by its mother’s diet 
composition, especially the intake of leafy veget- 
ables. 

The urine samples from schoolchildren were 
collected in Tokyo and analysed to check the 
assimilation of iodine-131; the result showed 15, 18 
and 11 pys./l., respectively, on November 2, 20 and 
December 4. 

Composite samples of thyroid glands from two 
cattle which died on November 24 contained 0-26 
muc./gm. and that from two horses contained 
1-0 muc./gm. of iodine-13]. As expected, the levels 
in human thyroids lie far below those values; of 
52 thyroids collected during the period Decem- 
ber 4-12 in Tokyo, 20 samples contained 1-0- 
9-9 puc./gm. and five contained more than 10 pus./ 
gm., the maximum value being 48 puc./gm. Activity 
was not detected or was too small for quantitative 
evaluation of the remaining 27 samples. 

Complete data and further discussion with reference 
to zirconium-95 + niobium-95 will be given in a later 
detailed publication. This investigation was carried 
out as & part of fall-out programme supported 
by Science and Technology Agency. 
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Radioactive Content of Some Cattle 
Thyroids following the Recent Russian 
Nuclear Tests 


TEHE recent concern over the level of radioactive 
fall-out in Great Britain has prompted many measure- 
ments of the activity of rain-water, milk, ete.; the 
estimation of the activity of milk being of particular 
interest in Northern Ireland as we are very close to 
the latitude of maximum fall-out from both Russian 
and American atmospheric nuclear tests, and also 
have quite a considerable milk production (120 million 
gallons per annum), 

Though it has been assumed that the thyroid gland 
of the cow would act as a filter, removing most of the 
radioactive iodine-131 which is one of the major, 
early fall-out constituents, I am not aware of any 
measurements having been carried out on the actual 
gland during the recent Russian series of tests. 
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Table 1 
Sample 1 2 8 4 5 8 7 
Onin of cattle Unknown Unknown Unknown Unknown Lurgan 
of Prod gm.) 12°90 16°05 8°64 8:00 11-42 11: i 
Activity of thyroid (us0.) 105,600 96,000 71,300 45,000 $33,000 350,000 181,500 
Activitv/k (uc, 8 15 5 98 8-35 & 62 27-62 30 50 18-25 
Time and date cattle killed 11.0 a.m 11.0 a.m 11.0 a.m. 11.0 a.m. 11.0 a.m, 11.0 a.m. 11.0 a.m. 
9.11.61 9.11.61 9.11.61 9.11.61 10.11.61 10.11.01 10.11.61 
Tims and date, results taken 40 p.m. 8.0 p.m. 9.0 p.m. 10.0 p.m. 11.0 p.m, 4.0 p.m. § 0 p.m. 
10.11.61 10.11.81 10.11.61 10.11.61 10.11.61 11.11.61 11.11.61 


Several thyroid glands were obtained from the 
Belfast Municipal Abattoir from heifers which had 
been removed from pasture 1-2 days previously. 
They were homogenized and, using an annular count- 
ing technique, examined for radioactivity (beta and 
gamma emission) with an EKCO scintillation counter 
N.664A and associated N.529 EKOO scaler. The 
results were as given in Table 1. These activities, 
though quite appreciable, are unlikely to be maximum 
values for cattle thyroids during the series for the 
following reasons: (1) no allowance has been made, 
due to uncertainty of available information, for the 
time between last grazing and slaughter; (2) there isa 
possibility that these cattle were on a mixed winter 
diet, including some stored foodstuffs; (3) these 
samples were collected from beasts which were killed 
only 3 days after the date on which maximum fall-out 
was recorded over Northern Ireland: it is of interest 
to note that samples 5, 6 and 7, which were collected 
one day after the others, show a very appreciable 
increase of radioactive content; (4) no attempt was 
made to correct the counts obtained for self-absorp- 
tion (that is, the absorption of radiation within the 
sample itself). 


Time (days) 
6 6 7 8 Q 10 


1 2 8 4 


Residual activity (per cent; 





rig. 1. E ental decay curve dotermination for samples 
tand 6. +,Sample1, O, sample 6; — --, theoretical 1odme-131 
decay curve 


Decay curves were plotted for two of the samples 
{1 and 6), the results (Fig. 1) leaving little doubt that 
the active element was iodine-131. The identification 
of one of the radioisotopes of iodine was expected, as 
the selective concentrating powers of the thyroid 
gland for this element are well known. 

The dynamic considerations involved in considering 
the iodine metabolism make the problem of estimating 
milk activity from thyroid activity very difficult, but, 
using the figures released by the Northern Ireland 
Milk Marketing Board for milk activity in conjunction 
with values obtained for thyroid activities, it may be 
possible to find a reliable relationship which could be 
used in the future for estimation of milk activity. It 
would, of course, be necessary to assume that the 
values obtained from non-lactating heifers could be 


applied to milk cows, as very few of the latter are 
slaughtered for meat. The advantage of such a 
technique is that the high radioactive content of the 
thyroid compared with milk would make statistically 
acceptable activity determination less time-consum- 


ing. 

The possibility of using thyroid activities in oon- 
junction with grazing statistics to give an estimate of ` 
fall-out over various parts of the country appears very 
real, and it is hoped that an Investigation of this will 
be made in the event of another test series. d 

One of the most interesting facts which came to 
light was that all the thyroid glands from cattle 
slaughtered in Northern Ireland are collected com- 
mercially, presenting a slight potential danger to the 
people handling them. 

A rough calculation, based on figures supplied from 
the firm involved, showed that one 16-year-old youth 
cutting the adjoining fat from these glands for 
approximately one day per week handled of the order 
of 0-5 me. on November 13, 1961 (using mean activity/ 
kgm. as obtained from Table 1). 

The maximum permissible body burden (in thyroid) 
of iodine-131 as laid down by H.M. Government 
“Code of Practice for the Protection of Persons 
exposed to Ionizing Radiations”’ is 0-6 uc., and as the 
iodine-131 is in a soluble and volatile form a thyroid 
count on the youth was carried out, using an 
arrangement of two well-shielded and collimated 
Geiger counters placed one on either side of the 
neck. 

The resulta obtained were not statistically signifi- 
cant, and a scintillation soan of the neck also failed to 
produce any sign of activity, but in the event of 
another test series, it may be of interest to continue 
this investigation, perhaps at one of the larger firms 
in Great Britain concerned with the collection of 
thyroid glands. 

The significance and importance of the results of 
this investigation will be appreciated when it is 
noted that thyroid extract, for administering to 
humans, is prepared from the glands of slaughtered 
cattle, 

P. J. GILLESPIR 


Physics Department. 
Northern Ireland Radiotherapy Cèntre, 
Montgomery House, 
Purdysburn, Belfast. 


Effect of y-Radiation on Ability of 
Isolated Chloroplasts to reduce Ferri- 
cyanide in Presence of Light 


THis communication describes an investigation of 
that portion of the photosynthetic mechanism that 
functions in the Hill reaction. Experiments consisted 
of irradiating samples of lyophilized chloroplast 
material with doses of cobalt-60 y-radiation ranging 
from 4 x 10° to 6-5 x 10*rep. The chloroplasts were 
then assayed for ability to reduce ferricyanide in 
the presence of light. From these results, dose-effect 
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curves were developed suitable for interpretation 
according to radiobiological target theory. 

Prior investigations in which chloroplast-containing 
materials were irradiated and assayed for residual 
chloroplast activities’? have been performed on 
systems m which liquid water was present. Bocause 
of the creation of diffusible active molecular species 
by irradiation in a water environment, such experi- 
ments are subject to serious difficulties of interpreta- 
tion. To avoid uncertainties of this kind, we used 
chloroplasts isolated from the plant and lyophilized 
prior to uradiation. 

Chloroplasts and grana were isolated from unifoliate 
leaves of Phaseolus vulgarts (kidney bean) seedlings 
by accepted methods. The chloroplasts were finally 
washed twice, in cold saturated calcium sulphate 
solution. The washed chloroplast material was 
suspended in a minimum quantity of distilled water 
and lyophilized for 12 hr. Eighteen 100-mgm. 
samples of the dried material were weighed into shell 
vials. 

Samples were exposed to y-radiation from a 
cobalt-60 source. Samples were disposed along several 
irradiation axes having dose-rates that ranged from 
2 x 10% rep. per hr. to 8 x 10' rep. per hr. Compari- 
son among samples that received similar doses at 
different dose-rates confirmed the assumption that the 
inactivation observed was independent of dose-rate. 
The temperature of the irradiation pool was 16°C. 

After a pre-selected dose had been delivered to a 
sample, it was withdrawn together with a paired 
control. 

An electrometric technique as described by Spikes 
et al? was used for the assay. The chloroplasts, 
suspended in a buffered ferricyanide solution, were 
illuminated with light of 4,000 ft.-candles and the 
change in oxidation-reduction potential of the ferri- 
cyanide solution was measured. 

The 100-mgm. samples were resuspended in 10 ml. 
of 0-2 M sucrose. Five ml. of this suspension were 
assayed for residual activity. Suspension of the 
chloroplasts was maintained by passing a slow stream 
of nitrogen through a capillary inserted in the 
mixture. 


AE (MV) 





Dose in Reps x lo" 
Fig. 1. Variation of Hill reaction activity of isolated chloroplasts 
with »-dose 
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Using calomel and platinum electrodes, potential 
measurements were made by means of a Carey vibrat- 
ing-Reed electrometer driving an Esterline-Angus 0-1 
m.amp. recorder. The change of potential resulting 
from reduction of ferricyanide by the illuminated 
chloroplasts was recorded over a period of at least 
20 min. for each sample. 

The activity of the chloroplast preparation 
used in this work was rather low. For this reason, 
only a small proportion of the ferricyanide present 
in the assay solution was reduced during the 20-min. 
observation periods. Under this condition it was 
justifiable to consider ratios of potential change 
during definite increments of time as being approxi- 
mately equal to ratios of chloroplast activity. 

The activity of control samples was plotted as a 
function of elapsed time in order to determine the 
rate of spontaneous loss of chloroplast activity. The 
residual activities of the irradiated samples were 
corrected for this spontaneous loss of activity. Fig. 1 
is & plot of the corrected values of activity as a func- 
tion of radiation dose m rep. The continuous lne 
representing the idealized inactivation characteristic 
may be represented by the equation: 


| = g-aN 
Ge 


in which a, is mitial activity, a is residual activity, 
« is the logarithmo slope of the inactivation, and D is 
the radiation dose. If D is expressed in terms of 
ionizations per unit of volume, « will be found to have 
the dimensions of volume per ionization, which in 
target-theory terms is the sensitive volume. of the 
radiation target. A typical value for the density of 
biological macromolecules that applies both to 
proteins and to chlorophyll crystals is 1-25 gm./c.c. 
Using this figure, it is possible to compute a con- 
version factor: one rep. is equivalent to 6-1 x 10" 
primary ionizations per c.c. By expressing the 
measured value for « in these terms, the sensitive 
target volume is found to be 1-49 x 10-!* o.c. 

A. figure given for the volume of the chlorophyll 
molecule exclusive of the phytol chain is 887 he 
This number is based on X-ray diffraction studies 
of ethylchlorophyllide crystals‘. Dividing the 
measured radiation-sensitive volume by the volume 
occupied by a chlorophyll ‘head’ results in the 
number 168. The experimental result is therefore 
consistent with the proposition that a primary 
ionization occurring within the volume occupied by a 
unit consisting of approximately 168 chlorophyll 
molecules removes the activity of that unit. The 
predominantly logarithmic form of the inactivation 
curve argues for a single-hit inactivation mechan- 
18m. 

Further studies are needed to determine the 
specific nature of the radiation-induced changes. 


RIOHABD M. ROPPEL 
WouorramĮm R. MEAGHER 


Battelle Memorial Institute, 
Columbus, 
Ohio. 
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_ HISTOCHEMISTRY 


Friphosphopyridine Nucleotide (TPN) 
Diaphorase and TPN-dependent 
Dehydrogenase Activity of Reactive 

| Macrophages in Tissue Necrosis 

_ A HISTOCHEMICAL study, with the tetrazolium salt 
technique, of experimental cerebral edema produced 
n cats by the local application of cold has shown a 
ynsiderable increase of oxidation-reduction activity 
reactive macroglia and microglia. The fat-granule 
ells in the necrotic cort lesion have furthermore 
en noted to display a response which differs 


2 onstantly from that observed in the reactive astro- 










tous white matter: In the present communication 
these findings are supplemented by histochemical 
observations on the reactive macrophage system 
elsewhere in the body as a result of a similarly pro- 
duced necrotizing lesion. 
30 adult Wistar rats, weighing 150-200 gm., were 
-= used. Cireumscribed necrotic lesions were produced 
- In the cerebral cortex by the application of dry ice to 
the intact skull for 90 sec., and in the skeletal muscle 
and spleen by its application to the exposed tissues for 
> 80 see, Cerebral lesions were also made in five 3-day- 
“old rats. Animals were killed after 5 or 6 days. 
Rapidly frozen fresh tissues were cut on a Slee-Pearse 
cryostat, the brains at 164, and the other tissues at 
Bu. Sections were incubated with the appropriate 
substrate and the tetrazolium salt in conditions as 
-described elsewhere’. The enzymes and coenzymes 
investigated included diphosphopyridine nucleotide 
(DPN) diaphorase, triphosphopyridine nucleotide 
_ (TPN) diaphorase, and the dehydrogenases of glucose- 
_. §-phosphate, succinate, glutamate, DPN-dependent 
_ isocitrate and TPN -dependent isocitrate. In 
<o addition to nitro-BT  (2,2’-di-p-nitro-phenyl-5,5’- 
_ dipheny!-3,3’-((3,3’-dimethoxy-4,4’-biphenylene)) di- 
_. tetrazolium chloride), MTT. (3-((4,5-dimethyl]-thia- 
-< golyl-2))-2,5-diphenyl tetrazolium bromide) chelated 
with cobaltous chloride was used in a number of 
| procedures as the tetrazolium salt, according to the 
- — “technique of Pearse*. Conventional stains on the same 
_ tissues’ included colloidal sudan IV, gallocyanin, 
-periodie acid—Schiff, methyl green-pyronin and Weil- 
_- “Davenport's silver carbonate for microglia, some 
blocks being cut serially to compare the histo- 
chemical findings more closely with the sudan and 
-osilver carbonate stains. J —— 
Tho necrotio lesions in the brain, musele and 
spleen, including those in the cerebral cortex of the 
yamature rats, contained a large number of macro- 
hages with alcohol-soluble ‘sudanophilic material 
-their cytoplasm. In histochemical preparations, 
these cells were strongly positive for TPN diaphorase, 
TPN-dependent isocitrate dehydrogenase and glucose- 
phosphate dehydrogenase, and negative for DPN 
liaphorase, DPN-dependent isocitrate, glutamate and 
succinate dehydrogenase. By contrast, the reactive 
astrocytes at the edge of the cerebral lesions, the over- 
ying meninges and blood vessels were strongly 
sitive for DPN diaphorase and glutamate dehydro- 
nase, though also positive for TPN diaphorase and 
e. TPN-dependent dehydrogenases!. 
In addition 3 rats were given 0-5 ml. of T.A.B. 
ecine intravenously in order to activate the spleen 
vithout tissue damage, and 3 were given the same 

















tivate the axillary lymph nodes. In contrast to the 
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ytes or the protein-carrying microglia in the œdema- 


lose subcutaneously into the thoracic wall in order-to | 







changes associated with local necrosis, no signifi 
alterations were noted in the reactive cells of 
spleen or lymph nodes three days after the inje 
tion. ot 
The histochemical demonstration of a predominan 
of TPN-dependent enzyme activity in macrophages 
resulting from local necrosis suggests an increas 
metabolic activity within these cells along one 
both of two possible pathways. The first of these 
fatty acid synthesis. Although the enzymes co 
in the latter have not yet been fully elucidate 
present observations are consonant with the fin 
of Porter et al.§ and Lachance et al.4 tha 
effected through a TPN-dependent system, m 
somal in situation, in contrast to fatty acid brea 
down, in which the pathway is largely dependent 
on DPN and mitochondrial. The increase of TPN- 
dependent isocitrate dehydrogenase activity ig of 
special interest since isocitrate has been shown to be =. 
a necessary co-factor in fatty acid synthesis®, the first = 
step of which would be the production, inthe presence — 
of TPNH, of a malonyl derivative through the carb- 
oxylation of acetyl coenzyme A‘-’. -Thus it seems 
possible that, as a result of local tissue necrosis, units 
of acetyl coenzyme A derived from the breakdown in — — 
situ of amino-acids, carbohydrates and. lipids are 
used by the engulfing macrophages for the synthesis _ 
of neutral fat. lesa 
The present results also. suggest that increased 
activity- may involve the pentose cycle. Sinco 
adenosine triphosphate is required for fatty acid 
synthesis? and since the absence of DPN diaphorase, 
succinate and DPN-dependent. isocitrate dehydro- 
genase activity suggests that the tricarboxylic cycle 
is not demonstrably implicated, the energy necessary 
for this reaction could be provided by the activity of — 
the hexose-monophosphate shunt; this would further- 
more constitute the principal source of TPNH inthe 
extramitochondrial part of the cell, which would. = 
serve as electron donor for the reduction of unsatura- 
ted acetyl coenzyme A derivatives to their saturated 
counterpart, as suggested by Langdon*. The alterna. —__ 
tive hypothesis that the activity of the hexose. = — 
monophosphate shunt might indicate an abnormal — < 
synthesis of nucleoproteins seems: unlikely in: view — 
of our failure to demonstrate any obvious increase of- 
ribonucleic acid in the TPN diaphorase-positive 
macrophages by the methyl green-pyronin and gallo- 
cyanin strains. | ae ee 
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Localization and Distribution of Tritiated 
Histidine in Growing Mouse Incisor 


Histrp1ne has been reported as being the pre- 
dominant basic amino-acid of developing human 
enamel'. At present specific histochemical methods 
for in situ demonstration of histidine are not avail- 
able*. With the recent availability of tritiated histi- 
dine, autoradiography appears to offer an adequate 
method for tracing its utilization in the growing 
incisors of mice. 

Twenty-four female Brookhaven National Labora- 
tory Swiss albino mice, 16 days of age, were used in 
this work. The mice received a subcutaneous injection 
of 1 ye. of tritiated histidine per gram of body-weight 
1, 4, 8, 24 hr., 7 and 14 days prior to killing with 
ether. Immediately after killing the lower jaws were 
removed and fixed for 1 week in cold buffered formalin 
and washed for an additional 24 hr. in running tap 
water. Tissue samples were decalcified in a solution 
of 10 per cent ‘Versene’. Paraffin blocks were prepared 
and sections cut at 5u. Autoradiographs were 
prepared using Kodak ‘NTB, liquid emulsion. The 
preparations were kept in a cold, dry atmosphere and 
exposed for 30 days. After proper exposure the auto- 
radiographs were developed, stained with hæma- 
toxylin and eosin, and grain counts were made. These 
were based on a unit area of 750 u’. 

Autoradiographic results showed that labelling of 
various incisor colls was intense after 1 hr. (20 grains). 
Histidine labelling was predominantly seen at the 
dentinal end of the cytoplasm of ameloblasts and the 
adjacent enamel matrix forming a band of reduced 
silver grains (Fig. 1). With increasing time the grain 
count over the cytoplasm of ameloblasts became 
diminished while additional grains appeared in the 
enamel matrix. As the grain count increased in the 
matrix the band of reduced silver grains became 
wider. At seven days the band appeared about 3-4 
times wider (Fig. 2). At 4 hr. a marked decrease in 
labelling was observed in ameloblasts (9-6 grains). 
The labelling intensity of the enamel matrix adjacent 
to ameloblasts was maintained at 4 hr., but at 8 hr. 
the grain density was diminished. Enamel matrix 
grain distribution was altered with time sọ that at 
7 days the grain density was higher at the widening 
band front (Fig. 2), and at 14 days the entire width 
of the enamel matrix was covered with grains. The 
total population of grains, however, was smaller than 
at earlier periods. Only a few grains were observed in 
ameloblasts at this time (1-1 grains). 

Odontoblasts (11-1 grains) and dentinal matrix 
(7-5 grains) were labelled most strongly at 1 hr.; 
however, the total grain density was much lower 
than that of the ameloblast (20 grains) and enamel 
matrix (62-4 grains). Changes in grain distribution 
with time were essentially similar to that described 
for the ameloblasts and enamel matrix, except for 
the reverse direction of the wave front of dentine 
proper. The pulp, which is composed of several cell 
types, revealed a broad distribution of grains. At the 
base of the incisor the ameloblasts and odontoblasts 
were weakly labelled. 

The presence of a high concentration of histidine in 
the developing enamel revealed by biochemical 
analysis was confirmed autoradiographically*. Histi- 
dine turn-over is more rapid in ameloblasts than in 
odontoblasts during matrix formation. Turn-over 
rate of these colls is quite rapid since labelled matrix 
was seen within 1 hr. Gould et al.” stated that 
certain tissues, such as liver, bone and periodontal 
membrane, exhibit a relatively rapid turn-over of 
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Fig. 1. Autoradiograph of the ameloblastic layer and enamel 
matrix of mouse incisor labelled with tritiated histidine 1 hr. 
following the administration of the isotope. (Oil immersion, 


x c. 480) 
Fig. 2. Autoradiograph of the ameloblastic ig be and enamel 
matrix of mouse incisor Jabelled with tritiated histidine 7 days 
following the administration of 8 isotope. (Oil immersion, 
x 6. 


collagen. The present studies reveal that the popula- 
tion of silver grains present over enamel and dentinal 
matrix was far less at 14 days than the number 
observed at earlier periods. This fact is taken to 
represent a fairly rapid turn-over of histidine in the 
incisor matrix of the mouse. 
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Deoxyribonucleic Acid Content of 


Morphologically Different Cell-Types of 
Ophiostoma multiannulatum 


DuRING recent years a number of investigations - 


have been published on the deoxyribonucleic acid 
(DNA) content of different types of microbial cells. 
Lark and Maaløe! have thus studied the synthesis of 
DNA in normal and temperature-synchronized cul- 
tures of Salmonella, and Petras? has determined the 
nucleic acid content of normal and filamentous cells 
of Proteus vulgaris. Wachter and Spoerl* were unable 
to detect significant differences in the nucleic acid 
content of different cell forms of Ustilago aphaerogena. 

This communication shows that there is a correla- 
tion between cell morphology and DNA content of 
the ascomycete Ophiostoma multiannulatum. The 
wild-type strain of this organism will either grow 
vegetatively in shaken liquid media as homogeneous 
suspensions of budding conidia or form various types 
of hyphe depending on the culture conditions‘. 
Morphological mutants can also be isolated after 
ultra-violet irradiation, and mutation to auxotrophy 
is sometimes accompanied by changes in the cell 
morphology. For the present experiments, cultures of 
Ophiostoma were grown in a simple synthetic medium 
with 0-5 per cent glucose as the source of carbon under 
conditions described earlier‘. Actively growing cul- 
tures were gathered by centrifugation, and the cells 
were washed twice with distilled water and lyophilized 
before the determinations of DNA. 

The DNA-content of lyophilized cells was determ- 
ined on 50-70 mgm. samples extracted with hot 5 per 
cent trichloroacetic acid, utilizing the p-nitrophenyl- 
hydrazine method of Webb*. As a reference standard, 
a highly purified sample of DNA prepared from calf 
thymus was used (kindly provided by Dr. H. 
Palmstierna, Stockholm). Table 1 gives values of the 
DNA-content of some strains of Ophiostoma as 
estimated by this method, which was found to be 
very convenient and to give highly reproducible 
values. 

Cells from growing cultures consisting of uniformly 
budding, yeast-like conidia were constantly found to 
contain approximately 5 ugm. DNA/mgm. dry weight. 
The appearance of such cells is illustrated in Fig. 1. 
I have shown* that such cells are uninucleate, and 
when the DNA-content per nucleus and cell was 


Table 1. DNA-OCONTENT AND CELL —— OF DIFFERENT 


STRAINS OF Ophiostoma muitiannulatum 
DNA- 


Cell —— 
vem. 
morphology mgm. 
dry 

weight 
conidia 4-7-5-2 
growth 35 


Addition to the 


Strain of Ophiostoma synthetic liquid 
medium 


buddi 
hyp 


Wild-type No, 51 none 
Wild- No. 51 none 
m ultra-violet- 
treatod) 
Wild-type No. 61 Actinomycin (Bayer) hyphal growth 
# A 
Wild-type No. 61 Puromycin (Lederle) hyphal growth 
100 wgm./ml 


Wild-type No. 51 Aminopterin À hyphal growth 
— 20 pgm.’ 


2:8 
2-5 
3 
— —— mutant none hyphal growth 
-$ 
doxamine-depend- 0-1 ~gm./ml. dox- 
iyi mutants aan Oe 
budding conidia 
hyphal w 


growth 
none hyphal growth 
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Fig. 1. Uninucleate budding conidia of Ophiostoma multiannulatum 
stained with azure A 





Fig. 2. 


Hyphal growth of a —— mutant of Ophiostoma 
m 


ultiann um 


calculated, a mean value of 4:77 x 10-' gm. was 
obtained. This value is in close agreement with that 
found for Neurospora micro-conidia, 4:63 x 10-™ 
(Dr. N. H. Horowitz, personal communication). 

Growth of Ophiostoma under conditions which will 
inhibit the normal rate of DNA-synthesis will c 
both the morphology and the DNA-content of the 
cells. Brief of actively budding conidia to 
non-lethal doses of ultra-violet radiation was found 
to give cultures consisting of hyphal cells with a very 
low DNA-content. Prolonged ultra-violet treatment, 
which caused considerable decrease in the viability 
of a culture, gave a cell material which had an 
exceptionally low DNA-content; but in this case 
extensive lysis of so many cells occurred that the 
values may be somewhat misleading. 

Some compounds which are known to interfere 
with normal synthesis of DNA were found to have 
strong effects on cultures of Ophiostoma. Actinomycin 
added at concentrations which had only a slight effeet 
on the total amount of growth produced long hyphal 
cells with a very low DNA-content. Puromyein and 
aminopterin had a similar effect on the cell mor- 
phology and gave cells with only 2-5-3-9 ugm. DNA/ 
mgm. dry weight without affecting the total amount 
of growth of the cultures. 

number of mutant strains which only grow in 
the form of hyph in liquid cultures were found to 










have a low DNA-content. Fig. 
of the prototrophic morphological mutant Z 1-s. 
Two strains of special interest, isolated by Dr. E. 
_ Wikberg of this Institute, required pyridoxamine for 
growth? but had widely different morphological 
ance. One strain was unable to form conidia 
ad avery low DNA-content, whereas the other 
iced unusually small budding conidia with a 
oO ‘DNA-content. Mutation to dependence on 
~~" Inositol appears to be accompanied relatively often 
by morphological changes. One such strain, No. 
1880, which does not form any conidia at all in liquid 
media, contained only half as much DNA as the wild- 
type strain from which it was derived. 

The results presented are in agreement with the 
hypothesis that regular cell division and uniform cell 
morphology require a carefully controlled rate of 
DNA-synthesis. When this is impaired by the addition 

of inhibitory compounds or ultra-violet radiation, 
_ different cell forms will be produced. How far this 
interpretation of the experimental data is relevant to 
the case of the morphological mutants of Ophiostoma 

-must be established by further investigations. 
‘This investigation was supported by a grant from 

the Swedish Cancer Society. 
ANGELICA V. HOFSTEN 
Institute of Physiological Botany, 
i University of Uppsala. 
A Bark, K. G., and Maaloo, O., Biochim. Biophys. Acta, S1, 449 (1956). 
oo E Petras. BL, Arch, Microbiol., 30, 147 (1958). 
Wachter, J. P., and Spoerl, E., Exp. Cell Rez., 22, 31 (1961). 
“49, Hofsten, A., and v. Hofsten, B., Phys. Plant., 11, 106 (1958). 
’-Wabb, J. M., and Levy, H. B., J. Biol. Chem., 2, 107 (1955). 
o. * y, Hofsten, A., Hereditas, 45, 573 (1959). 
“7 Wikberg, E., Phys. Plant., 12, 100 (1959). 














Fertilization of Rabbit Ova in vitro 


A PREVIOUS communication’ has described a 
- repeatable technique for the fertilization in vitro of 
- rabbit ova, the transfer of which to recipient females 

-resulted in the subsequent delivery of viable young. 
= However, in these and experiments of other workers®? 
the rate of fertilization so far achieved in vitro is much 

below the 94 per cent‘ normally obtained in vivo: 
= Thus, it would seem to be of interest to report on the 
--results of experiments carried out in an effort to 
raise the percentage of fertilization in vitro, and on 

- some factors which may affect mammalian fertiliza- 

tion. — 

"=. When uterine spermatozoa were collected 12 hr. 

. > after mating or insemination, using buffered, un- 

buffered balanced salt solutions, or a complicated 
stio culture medium such as T.C. 199, the motile 
these spermatozoa was always markedly 
ry been added. Using the procedure reported 
yt and with a medium of acidic saline 
y 5 per cent heated serum and 0-25 per cent 





































74 ova were fertilized, The transfer afterwards 
f these fertilized ova to a recipient mother 
in the delivery of 6 young. Tho use of 
ger solution dialysed against rabbit serum for 
resulted in only 2 out of 38 ova fertilized, sug- 
hat the beneficial components in serum are 





non-dialysable. 


HERE experiment | 
dic saline containing 0-1 per cent sodium 


tion of uterine sperm, fertilization 












2 shows hyphal cells of 294 ova bein 


successful exper 
per cent heated homologous serum had. 
potential of the medium and the presence ©: 


yr recovery of sperm from the uterus, 57 per process. 


hydrochloride did not appear to facilitate fertiliza 


iments, using 5 per cent heated ized in the. control. ; 


ls a totalof45 percent evidence was obtained that ova may become a ifi 





g fertilized. According to Dauzier and 
Thibault’, during the process of fertilization +m vitro 
“La qualité du sperme recueilli n'était pas en cause”, 
but rather that, “Les variations de fertilité pouvaient 
venir des ovocytes”. Contrary to this view it has been 
our experience that the quality of the uterine sperm 
sample does influence remarkably the probability of ©- 
successful fertilization. This was shown by the fact 
that, in the latter series, although. fertilization was oe 
achieved with a sperm concentration as low as 100,000. 
motile sperm/ml., yet 57 per cent of 158 ova were -. = 
fertilized when samples containing more than 250,000 
motile sperm/ml. were used, whereas only 27 per cent 
of 136 ova were fertilized with samples containing =- 
fewer than 250,000 motile sperm/ml. Up to the — 
present it has not been possible to obtain consistently -< 
good uterine sperm samples, although generally 
better samples were obtained from does which showed - 
willingness to accept the male, together with the use of == 
good males rested for some days between e jaculations. | 
An effort was made to increase the sperm concen- 
tration in the uterus by injection of semen directly 
into the uterine lumen. When sperm were recovered 
12 hr. later a large number of leucocytes were also 
present and the use of sperm samples obtained in this 
way in four experiments resulted in 0 of 48 ova being 
fertilized, although the average number of sperm 
present was 430,000/ml. In this case the failure of 
fertilization may have been due to the presence of 
large numbers of leucocytes or possibly to the 
presence of seminal plasma, which has been shown to 
have a detrimental effect on the fertilizing ability of 
capacitated sperm; 

Thibault and Dauzier® have reported that washing » 
of ova for a few hours prior to fertilization resulted in 
an overall increase in the fertilization-rate. From this 
they conclude ‘that the freshly ovulated ovum 
secretes a sperm-repulsive substance which presum- 
ably is neutralized in vivo in the Fallopian tube. This 
assumption was tested by washing ova at 37° C. in 
lactate-Ringer solution for 1-3 hr. prior to fertiliza- 
tion, by the use of a large volume (4 ml.) in the 
fertilization flask, by collection of ova from the tubes 
as late as 44 hr. after ovulation, by separation of ova 
from the cumulus oophorus allowing only one to @:- 
fertilization flask, and by the addition of freshly 
collected uterine sperm to the fertilization medium —_ 
3 hr. after initial incubation with uterine sperm, In. _ 
these experiments only 12 per cent of 96 ova were © 
fertilized, suggesting that under the experimental 
conditions used no benefit is to be gained from =- 
such pretreatment of ova. In addition, it should bo — 
mentioned that throughout this work, in the most 
periments where a very high rate o 
fertilization was achieved, recently ovulated ova wer 
used immediately after recovery. oe ee 


Tt has been suggested” that the oxidation-redue ior 
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sulphydril radicals. may influence the fertilizat: 
In our experience the addition of cyste 


(1 out of 19 ova fertilized), but following thea 
of ascorbic acid or reduced glutathione in prel 
experiments 14 of 19 ova were fertilized. F 


experiments carried out with glutathione (301 
100 ml.) resulted in a total of 76 per cent of 64 
fertilized, compared with 36 per cent of 32 ova fertil 
: mtrol groups. In the experimenta 
groups, however, only 15 per cent of the ova clea 
the others remaining at the pronuclear stage 
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“antivated in the presence of glutathione. 
ason for the failure to cleave is not yet clear. 
The cumulus oophorus and the corona radiata 
present a physical barrier to the entry of sperm. 
Experiments were carried out in which the cumulus 
mass surrounding the ova was removed by treatment 
with hyaluronidase. When these ova were subjected 
to the fertilization process, 51 per cent of 74 free ova 
were fertilized as compared with 30 per cent of 46 
untreated ova surrounded by the cumulus. This 
ifference in fertilization-rato was not statistically 
‘signi i shaking of recently ovulated 
ova i in a small tube after pretreatment with hyaluron- 
- dase, it was possible to remove the tightly adherent 
eolls of the corona radiata. Following removal of the 
oronn, 58 per cent of 24 ova were fertilized as com- 
pared with 94 per cent ‘of 17 ova with corona cells 
os. stall attached. These results show that the removal 
of the cumulus oophorus and corona does not neces- 
. > sarily increase the chance of fertilization in vitro and 
_ perhaps serves to emphasize the efficiency of the 
mechanism of sperm penetration through these 
- natural barriers. 
>i Throughout these experiments, the pH value of the 
<> avidie Ringer glucose or lactate solution, being about 
54, was elevated to 7-7-5 by the addition of 5 per 
gent heated serum. That of the uterine sperm sus- 
pension was about 7-7. After a 3—4 hr. incubation of 
ova, the pH value showed an increase over the initial 
- value, sometimes above 8. The medium for subsequent 
ulture of ova contained 20 per cent serum and showed 
an initial pH value of 7-7-8-0, which was elevated 
sometimes up to 8-5 after the incubation of ova for 
= 18-20 hr. In these experiments it was not possible 


-4618 


The 


to correlate successful fertilization with any narrow. 





range of pH value of the medium, although the 

= majority of successful fertilizations occurred within 
the range of pH 7-6-8-2. 

In conclusion it should be mentioned that although 


es fertilization of rabbit ova in vitro by means of capaci- - 


tated sperm is definitely possible, repeatable and 
authentic, nevertheless the proportion of ova fertilized 
-ił each separate trial varied a great deal under the 

_ present experimental conditions. We do not know 
what proportion of the motile sperm in any one 
sample collected from.the uterus are wholly capaci- 
tated and capable of entering the. ovum. Other 
variations may oceur in the sperm sample, in the 






















‘tion, in the time-intervals during experiment, and in 
other factors such as temperature, and gas concen- 
‘trations during each step, and in different experiments, 
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physiological condition of the ova during manipula- 
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distinguished as mitochondria, Golgi regio 


-axoplasm), spiral whirls 
-other bodies. of —— — —— OY 


as but both also occur in cells which cannot b iti 
as nervous, andi they- therefore do aor ade 

























Naked Axons and Symmetrical: Sy 
in an Elementary Nervous System 


Tue animals of the phylum Coelenterata, whic 
includes the anemones, corals and jellyfish, are 
simplest animals with undoubted nervous “tissu 
which is morphologically similar to that of highe 
animals'!, and which has all-or-none — uses accon 
panied by a typical action potential’. The 
system is peculiar in being arranged main 
work, but in medusæ some neurones form 
and ganglia where sensory cells and many fibres are 
distinguishable’. The usual synapses are. betwee 
axons’. No structure comparable to a ne 
and no nuclei attributable to glia cells have 
found. In large axons of jellyfish substar 
fibrille fill the axon in life and can be dissecte 
from itë. ec —— 

In sections examined with an eloctran3 microscope -o 
neurones are readily recognizable in the ganglia of 
the jellyfish and in the nerve rings of Hydromedusae, 
where they are abundant. In Aurelia and Cyanea. 
the epithelium of a ganglion is composed largely of 
narrow columnar sensory cells, the axons of which = 
are directed towards the mesoglea before they turn 
to run parallel with its boundary, there mingling with 
other axons. The hydromedusan marginal nerves 
are similarly recognizable as nervous tissue by their 
form and anatomical position. The axons are naked as 
tubes mostly 0-5-2-5u in diameter. Details, mainly Ee 
from Aurelia and Cyanea, are as follows. = poets 

The bounding membrane of the nerve cells and ee 
their axons is a single unit membrane (in the term- 
inology of Robertson’) of no more than 80-90 A. in | 
overall thickness. Boundaries between cells areo 
marked by an irregular intercellular space about 
200-500 A. wide. The nuclei of the neurones are — 
surrounded by two unit membranes which at inter-  — 
vals meet to form pores up to 1000 A. wide. Many, 
perhaps all, of the sensory cells of the jellyfish ganglion 
bear one or more cilia, some of which have a root = 
with transverse striations 900 A. apart running up 
to 5u into the cytoplasm; some cilia with a swollen =~ 
basal body may be sensory in function. The dendrite —__ 
of the sensory cells is not otherwise ‘specialized, 
though it is sometimes crowded with mitochondri 
and vesicles. Below the sensory cells the tubul: 
axons (0-1-3-0% in diameter) can be so crowded th: 
a 5u layer adjacent to the mesoglmwa can be covere 
with them stacked side by side. The axon membrane 
may adjoin the amorphous mesogleal substan 
without any other membrane intervening, althoug 
the mesoglwal margin is sometimes denser 
rest. The — between axons is equivale: a 

































sheath cells. — E 
Inclusions of the neurone cytoplasm : 


two types of vesicle, neurotubules (main 
of lamella, an 


—— familier’ mn 

The loops of its memb: 

vesicles of the type without cor 
“Two types of vesicle are abundant in th 





i < ed as synapses. 

































b . unit mombrane which —— 
a ee E Type A in Cyanea are com- 
600-1400 Å. in diameter. Type B are usually 
being 700-1000 Å. in yona and in the two 


— that the dense spot in ‘type T vesicles originates by 
7 agination se the membrane of type A vesicles. 


; type B ee at ‘the structures inter- 
The conclusion that these are 






aptic vesicles, not neurosecretory granules, rests 


=, P a the fact that they are not uniformly electron-dense 


and are associated with synapses. 

< The axons in Cyanea contain strands, resembling 

o those. in. the axons of the leech? and the tubules in 
< sensory cells of the eighth nerve of the goldfish’*, To 





distinguish them from neurofilaments, these will be 

- termed neurotubules ; 
—— separated by a light band. 
-.° gonsistent width 155-170 Å., up to 5u long in the 
largest. fibres, less electron- dens than the mem- 
> branes of the nucleus, mitochondria, vesicles or axon, 
found. in transverse section and not ecross-banded. 


they appear as two lines 
Neurotubules are of 


A narrow axon of 1500-4000 A. commonly contains 
2-6 of them, but one of 2u may contain as many as 
20 separated by regular spaces where vesicles are 
arranged in rows. 
Synapses between axons can occasionally be 
recognized by a combination of features. The mem- 
~pranes of two neighbouring axons are abnormally 
-electron-dense and run parallel with a synaptic cleft 
of. 180-220 A. Vesicles, predominantly type A 
-> (mainly 500-1000 A. in diameter), aro aligned closely 
. to the membrane on each side of the synapse. No 


ae other structures are associated with the synapse and 
Oe asymmetrical synapses have been seen. 
ni material in the cleft is denser than background. 


The 


OGonehisions from these findings are diverse. First 


— thet neurones have typical features except that sheath 
- =o cells are absent. Therefore sheath cells are not always 
essential for the electrical activity or the nutrition of 

nerve cells. The effects of ionic concentrations on 
transmission and rhythm in jellyfish nerves are com- — 

<<- patible with the view that no special ionie mechanism _ 

i © ue operates") 12 

may have another effect, in that crowded naked 


However, the lack of sheath cells 


axons running parallel may possibly interact. Physio- 
logical evidence does not preclude this possibility. 


c und in thee mgeene that transmission. may 


lef ft cavaticus. (A brief key to their separation has been 
.. recently published".). The purpose of the present 
=- communication is to place on record that these: 
le rent func 5 par: -< species were the only ones to be recorded dur 
‘intaining the aani contact. If trans- 





— auat a. di iffer 








in these coclenterate synapses is chemical 








netrical, the — substance must be i in an 
6 for 





meridianus or A. aquaticus. Moreover, it is clear from 
other sources that. the systematic work. a ; 
— must be regarded: with great uncertainty. | 


econdly, the symmetrical structure of the synapses _ 


they are physiologically. as well as structurally 


. islande of- An 
00 70 wie Skokholm, tan 
m tk eee. isle of W hi The results gf this work 







— Finally, the —— are e — peten d -m 


structures which account for the observations of 
Bozler*, who teased out fibrils which he. deseribed 
as numerous and filling the living axon. 

These findings are a consequence of simultaneou 
work which started independently in Cambridge and. 
in Scotland. We would like to express our gratitude. 
to Prof. C. F. A. Pantin for helpful discussion. — 
G. A. HORRIDGE | F 
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The Genus Asellus in Britain 


A. aquaticus (L.) and A. meridianus Rac. were first. = < 
recorded from Britain by Racovitza' when he... 
demarcated these species. A. cavaticus Schiddte was | 
first recorded from Britain by Tattersall?. Until 1945 =~ 
these three species were the only known British... 
species of Asellus. In 1945 and 1946, however,  . 
Collinge*-* described from various parts of Britain — 

a number of varieties of A. aquaticus, and four. 
entirely new species, namely, A. crypticus CUg. 
A. hazeltonit Clilg., A. patont Cliig., and A. quicki Olg: 
It has been pointed out that great doubt must bè — 
placed on the taxonomic validity of these varieties 
and species: Birstein’, although recognizing Ay 
hazeltont (synonym A. collingei Birstein), noted that 
A. crypticus and A. quickt were insufficiently. de- 
scribed; and Moon”, after a re-examination. of those 
of Collinge’ s types still available, concluded that. all 
could unequivocally be referred to either A. 
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Only three species ‘of Asellus, therefore, are are KNOV 
in Britain: A. aquaticus, A. mor Ranks and 





recent extensive study of the geographical dis 
in Bri — ae 
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iana differences: “were discerned “between 
any of the specimens of A. aquaticus and A. meridianus 
examined and the origi nal specific descriptions’, nor 

ygpecimens of A. cavaticus examined 
shart T his — of 










i its absence in A. meri 
ted in view of Braga’s** recent statement that a close 
examination of A. meridianus from various parts of 
_ its geographical range will probably reveal forms of 
_ higher systematic value than local biotypes. Never- 
_ theless, it would appear that, even if such morpho- 
logical variations are absent in A. meridianus, there 
may be some geographical variation in chromosome 
number. Vandel found that the diploid chromosome 
-number in A. meridianus from France was 14 (ref. 13) 
or 16 (ref. 14), whereas. Muldal, working with 

A. meridianus from Britain, found that the diploid 

-oo number was 10. 
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=- Growth Inhibition of Chlorella induced 
eee by 3-Amino-1,2,4-Triazole, and its Reversal 
N by Purines 

Co 8B-AMINO-1,2,4-TRIAZOLE is a chemical which inhibits 
growth and chlorophyll synthesis in higher plants'. 
The inhibition of chlorophyll synthesis has been 
hown to result not from: similarity in structure of 
e triazole ring to the p 
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Sund et al. § have recently shown that the effect of 
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able 1. COLORIMETER READINGS OF CULTURES OF Chlorella pyrencidosa GROWN IN THE PRESENCE AND IN THE ABSENCE OF Aumo TRIARO 
AND IN THE PRESENCE OF AMINO TRIAZOLE AND OTHER COMPOUNDS 


0-5 mgm. per cent metabolite 5 mgm. per cent amino triazole plus designated com and —— 
aminotriazole (mgm. percent) Adenine Guanine Hypoxanthine ric acid mans Ribo 
73 0-5 130 95 125 Di — 
77 1-0 443 180 136 115 149 | 
56 . 2-0 ee — 116 
84 3-0 . g 214 
84 4-0 167 
116 10-0 




























inhibition. of chlorophyll | formation 
flavin mononucleotide, or flavin adenine. 
appeared to bring about the simultaneous: 
of growth inhibition and inhibition of chl 
synthesis induced by amino triazole. W 

Broquist* have reported that the inhibit 
of Escherichia coli induced by amino 
be almost completely ı reversed by adenine. 
adenylic acid, or guanine was less effective 
xanthine or xanthine was ineffective. Hi 


brought about a reversal more complete 
brought about by adenine alone. Wit 
Torula cremoris, growth inhibition by amino — 
was reversed by histidine, but not by adenine. 
The work of Sund ef al.* and of Weyter and — 
Broquist* indicates the involvement of amino triazolo 
in purine metabolism. It became of interest to me to 
determine whether the growth of Chlorella could be 
inhibited by means of amino triazole, and to determ- 
ine what compounds, if any, could lead to a reversal 
of growth inhibition in’ this organism. Apparently — os 
there is very little prior information dealing. with the 
effects of amino triazole upon alge. Scher and 
Aaronson’ were unable to produce permanently monar 
apochlorotic strains of Euglena gracilis by amino ~ 
triazole treatment. Cultures of this organism rapidly 
reverted to the normal green condition on transfer to os 
fresh media. — 
Chlorella pyrenoidosa, strain 252, was grown. under ee 
aseptic conditions in tubes of Bristol’s solution. The —_- 
cultures were continuously aerated with a mixture 
of 5 per cent carbon dioxide in air, and were con- s 
tinuously illuminated by two banks each containing — 
three 20-W. cool white fluorescent. tubes. The > 
growth temperature was controlled at approximately — 
25° C. by a thermostat. — 
The amino triazole used was obtained. from the — 
American Cyanamid Company, New York, and was 
stated to have a purity greater than 99 per cont. 
Measured quantities of amino triazole and the com- 
pounds tested for reversibility of growth were added — 
to the Bristol’s solution, and sterilized by autoclaving. 
The tubes were inoculated, and, after a growth period 
of 3-4 days, growth of the alge was estimated p 
means of a Klett-Summoerson photoelectric colori 
meter equipped with a No. 66 red filter, = = eae 
After a number of preliminary trials, it was estab. o 
lished that growth of Chlorella pyrenoidosa was - 
inhibited approximately 50 per cent. by a dosage » 
0-5 mgm. amino triazole per 100 ml. (actual 
per cent in an average of nine. experime 
solutions of adenine, guanine, hypoxa: 
acid, xanthine and riboflavin were prepa 
measured quantities of these were added in 
to Bristol’s solution containing amino tri 
concentration of 0-5 mgm. per 100 ml. Eae 
ment, represented by a single horizontal Hne i 
table, thus consisted of cultures in Bristol’s solutio 
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alone, in Bristol's solution plus amino triazole, and in 
Bristol’s solution plus amino triazole plus a purine or 
riboflavin. The tubes were sterilized by autoclaving, 
were inoculated, and the data concerning the growth 
resulting after 3-4 days are presented in Table 1. 
Each figure in the table represents an average of two 
or more individual tubes. 

In the first experiment, growth of Chlorella in the 
presence of amino triazole was inhibited 68-4 per cent 
in comparison with the controls. Levels of adenine, 
— , hypoxanthine, uric acid, xanthine or ribo- 

avin equivalent to 0-5 mgm. per 100 ml. induced 
a —— of the inhibition amounting to 36-1. 
13-9, 32-8, 14-5, 33-5 and 5-8 per cent, respectively. 
Consequently, the levels of these metabolites were 
raised to 1-0 mgm. per 100 ml. Complete reversal 
of the growth inhibition induced by 0:5 mgm. amino 
triazole per 100 ml. was obtained with this level of 
adenine, guanine, hypoxanthine, and xanthine. The 
amount of reversal by uric acid was increased to 76-0 
cent, but no reversal was found with riboflavin. 
At still higher levels, uric acid induced 84-5 per cent 
reversal at a concentration of 2-0 mgm. per 100 ml., 
but no further increase was shown at either 3:0 or 
4-0 mgm. per 100 ml. No reversal was shown by ribo- 
flavin, even at a concentration of 10-0 mgm. per 
100 ml. 

No apochlorotic cultures of Chlorella were noted in 
the course of these experiments. 

The ents just described indicate that the 
inhibition of growth of Chlorella pyrenoidosa induced 
by amino triazole can be reversed by any one of the 
purines tested, namely, adenine, , hypoxan- 
thine, uric acid, or xanthine, but not by riboflavin. 
These results with Chlorella are in agreement with 
the findings of Sund et al.* with tomato, differing only 
with reference to riboflavin, and indicate that amino 
triazole functions as an inhibitor of purine synthesis. 

The present findings, together with those of Sund 
et al.*, throw new light on the observations of earlier 
investigators*-* to the effect that amino triazole 
interferes with the development of chloroplasts. It 
seems to be well established’ that chloroplasts contain 
ribonucleic acid, which is synthesized during chloro- 
plast replication. Since certain purines are con- 
stituents of ribonucleic acid, the interference with 
chloroplast. development by a compound with anti- 
purine activity becomes readily understandable. 

This work was performed while I was a guest 
in the laboratories of the Department of Plant 
Biology, Carnegie Institution of Washington, 
Stanford, California, during the summer of 1960. It 
is @ pleasure to acknowledge the many courtesies of 
the director, Dr. C. Stacy French, and the members of 
the staff while I was there. 

FREDERICK T. WOLF 


Department of Plant Biology, 
Carnegie Institution of Washington, 
Stanford, California, and 
Department of Biology, 

Division of Molecular Biology, 
Vanderbilt University, Nashville, Tennessee. 


1 Hat, W. C., Johnson, S. P., and Leinweber, C. L., Teras Agric. 
Ezp. Sta. Bult. 789, 15 (1954). 

2 Wolf, F. T., Nature, 188, 164 (1960). 

3 Pyfrom, H. T., Appleman, D., and Heim, W. G., Plant Physiol., 32, 
674 (1957). 

t Linser, H., and Kiermayer, O., Planta, 49, 498 (1957). 

*Sund, K. A., Putala, E. C., and Little, H, N., Agric. and Food Chem.» 
8, 210 —— 


We cio 8B saves and Broquist, H. P., Biochim. Biophys. Acta, 40, 
— 5. an ger Aaronson, §., in “The Photochemical Apparatus: Its 


and Function”, Brookhaven Symp. Biol., 11, 343 (1959), 
* Sisakyan, "N. M., and Odintsova, M. S5., Biokhimiya, 21, 577 (1056). 


NATURE 


March 5 1962 VoL. 193 


Removal of Apple Leaf Cuticle by 
Pectinase to reveal the Mycelium of 
Venturia inaequalis (Cooke) Wint. 


THE need for determining accurately the micro- 
scopic events at, and just within, the apple leaf 
surface has led to the examination of av 
techniques. None of these'-? revealed the thin 
mycelium of the apple scab fungus ( Venturia inaequa- 
lis (Cooke) Wint.) which lies between the cuticle and 
the outer walls of the epidermal cells in the entire 
green apple leaf!. The removal of the cuticle or epi- 
dermal layers entire with oxalate-oxalic acid mix- 
tures‘ showed most promise, but is not suitable for the 
routine examination of large amounts of material, and 
the use of pectinase for separating these layers was 
attempted. 

Crude pectinase has been used as a separating agent 
for root meristem cells*, for the isolation of single leaf 
cells capable of supporting virus multiplication’, as a 
macerating agent in anatomical work!*, and in the 
study of the nature of virus lesions". 

Disks were punched out of infected fresh green 
apple leaves with a cork borer. These were placed in a 
buffered solution of pectinase at pH 4 (2 gm. pec- 
tinase (L. Light and Co., Ltd.), 90 mJ. of citric acid— 
sodium phosphate buffer, together with 10 ml. of 
0-001 per cent sodium ethyl mercuri-thiosalicylate 
(Hopkin and Williams, Ltd.) to reduce bacterial con- 
tamination). After being placed under vacuum in a 
desiccator attached to a water pump for 10 min., 





Fig. 1. Ascospore of V. inaequalis hyrd small sub-cuticular 


projection. (x e. 1, 





Fig. 2. Advance — of 10 days apple scab lesion, with epi- 


dermal attached to cuticle. (x e. 410) 
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air was admitted quickly so that the enzyme solution 
was sucked into the tissue. Unsuccessful attempts to 
use pectinase on entire leaves, prior to trying this 
vacuum ‘imploding’ as utilized by Ammons" in the 
separation of tobacco leaf cuticles in a study of their 
carcinogenetic properties, showed that this is a vital 
step in the method. 

The disks were then incubated in the pectinase 
solution overnight at 37° C. In the morning, cuticles 
or epidermal layers floated free in the solution. The 
best of many stains tried to reveal the subcuticular 
mycelium remaining attached to the lower surface of 
the cuticle was the phenol-acetic-aniline blue method 
devised by Jones and Mollison" for the direct staining 
of fungi and other organisms in soil suspended in thin 
agar films. Typical preparations are shown in Figs. 
l and 2. Using this method, nuclei are often visible 
in the mycelium lying in its natural position within 
the leaf, and these could be differentiated more 
clearly using specific nuclear stains. 
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Calonectria rigidiuscula (Berk. and Br.) 
Sacc. the Cause of a Gall Disease of 
Cocoa in Ghana 


IN previous communications':*, in which the trans- 
mission of a gall disease of cocoa (Theobroma cacao L.) 
in Ghana was reported, a bacterium or fungus was 
suggested as the probable pathogen. Recent work 
has shown that the disease is caused by a strain of 
Calonectria rigidiuscula (Berk. and Br.) Sace. 

C. rigidiuscula has been isolated, with difficulty, 
from three galls on trees and from four preduced on 
seedlings after inoculation of half-beans with macera- 
ted tree-gall tissue'*. Pure cultures of each isolate 
have induced galls on cocoa seedlings grown from 
inoculated half-beans (Table 1, Fig. 1) and one, B151, 
on inoculated pod stalks and flower cushions of 3 
trees. The fungus has been recovered from 2 of the 
seedling galls; one of these re-isolates (B75*, Table 1) 
was inoculated to cocoa half-beans and again shown 
to be pathogenic. Small galls developed on Vigna 
sinensis (Linn.) Savi ex Hassk. seedlings when buds 
were wound inoculated with isolate B75. Aqueous 
extracts of these galls inoculated to cocoa half-beans 
produced galls on the seedlings from which patho- 
genic cultures of the fungus (B75*, Table 1) were 
recovered. 
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Table 1. INFECTIVITY oF C. rigidiuscula ISOLATED FROM GALLS 
Total trans- 

Isolate Origin Transmissions in separate tests missions 
B84 Tree gall 4/5 3/4 4/5 11/14 
Bab Tree gall 5/5 3/5 4/5 12/15 
B87 Tree gall 4/5 2/4 4/5 10/14 
B75 Seedling 5/5 5/5 5/5 5/5 5/5 5/5 10/10 5/5 

gall 10/10 55/55 
B75* Seedling 2/3 4/4 9/10 5/5 4/5 4/5 5/5 3/4 

gall [5 3/4 4/5 48/55 
B85 Beodiing 4/4 4/4 

ga 
B151 4/4 5/5 10/10 5/10 5/5 10/10 10/10 101/116 

gall i 10/10 us 10/10 10/10 5/8 6/9 
B151f Seedling 65/5 6/9 5/5 15/18 10/10 5/5 5/5 

gall 5/5 56/62 
B157 — 9/10 4/5 13/15 

g 
Total 310/350 


nominator the number of test beans inoculated. 
* Results from two re-isolates. 
t Results from three single spore sub-cultures. 


Numerator indicates the number of eee plants and the de- 


Table 1 shows the high infectivity of all these 
isolates to beans of West African Amelonado cocoa. 
The table incorporates results from a number of 
transmission experiments in which aqueous suspen- 
sions of conidia and mycelia of the isolates were 
applied to half-beans with small, sterile paint brushes 
soaked in the inoculum. The brushes were always 
tested for sterility by first brushing 5-10 control half- 
beans with sterile water; galls never developed on the 
control seedlings which were grown alongside treated 
beans in the same seed boxes. 

In Ghana C. rigidiuscula is commonly found 
infecting debilitated cocoa. Two cultures of the fangus 
isolated from such material on trees free from galls 
did not cause gall formation in any of 120 seedlings 
inoculated as beans. These cultures, and two of the 
gall isolates (B75 and B151), sent to the Common- 
wealth Mycological Institute, have been identified by 
Dr. C. Booth as C. rigidiuscula, but it is not yet 
known to what extent cultures from the two sources 
differ. 

The cause of the similar green-point type of cushion 
gall disease in South and Central America has not 
been determined but it may be the same as that 
occurring in West Africa. The American cushion gall 
disease has now been transmitted? by the half-bean 
inoculation method’? used in West Africa. Moreover, 
C. rigidiuscula has been isolated at the Common- 
wealth Mycological Institute from cushion gall 
material received from some South and Central 
American countries (Dr. A. C. Hayward, personal — 
communication), but these isolates have not been 
tested for pathogenicity. 
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Diffusion of Oil Films over Insects 
© Conracr insecticides are often formulated as 
solutions in oil and presented as deposits sprayed on to 
“surfaces. The spread of oil on to insects walking over 
“superficial films is an essential process in the action of 
> such a deposit, though the quantities of oil involved are 
extremely small. Using a radioactive tracer technique, 
measurements have been made of the rate of uptake 
of oil by active flies of the species Phormia terraenovae 
RD from deposits of 3 yl-/em.? of a refined mineral 
oil (Risella 17) on Whatman No. I filter paper. 
Traces of a radioiodine preparation (I) di-iodo- 
= octadecane were added to the oil and the specific 
 aetivity adjusted to 2 me./ml. of oil. The flies were 
_ exposed to the oiled substrate by the method of 
Lewis and Hughes'. After exposure the insects were 
washed three times in ether.to remove the superficial 
oil from the cuticle, and the tissues later extracted 
< -oowith ether followed by 10 per cent sodium hydroxide. 
From measurements of the radioactivity of the 
< washings and extracts, estimates of the rates of 
-o contamination with oil and of subsequent absorption 
of tracer were obtained. Autoradiographs of dissected 
=- parts of exposed insects were also made in order to 
obtain information about the location of the oil film 
on the body. It was found that, when walking con- 
tinuously at 25° C., the flies steadily accumulated oil 
on the tarsal segments at a rate averaging 3 x 10-7 
ml/min. per fly, the rate remaining substantially 
= eonstant for periods of up to 20 min. of 
exposure. An appreciable fraction of the oil migrated 
from the tarsi to other parts of the body; for example, 











ee the flow of oil on to the wings averaged 1-5 x 10-*ml./_ 


min. so long as the fly remained active. 
_ Autoradiographs confirmed that oil films were 


stablished over the whole of the integument within a 
ery few minutes of the initial exposure. The surface 
of the cuticle of the wings of this. strain of 









insect with ether for about 30 sec., and. then extern. 


_ previously flooded for 1 hr. with 70 per cent et} 
alcohol, but which now contained a sterilizing sol 
v tion of 0-5 gm i 


- for the oper 
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Pesticides Research. 
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Synthesis of Ascorbic Acid by the Normal 
Fat-Body of the Cockroach, Leucophaea | 
maderae (F.), and by its Symbionts 
Filosa!, Cordero? and Rousell’ found that homo > 
genates of the normal fat-body of the American 
cockroach, Periplaneta americana, can synthesize - 
ascorbic acid with p-mannose as the substrate. . « 
Similar results were obtained by Lisa‘ with the fat ._ 
body of the normal cockroach, Leucophaca maderae. = 
Since the fat-body of these insects contains intra- = 
cellular symbionts, it was suspected that the syn: 
thesis of this vitamin may be due to the presence of —_~ 
these micro-organisms. Hence, the present experi- 
ments were performed with the aposymbiotic fat-body 
and the symbionts of Leucophaea maderae to determ 
ine whether or not this is the case. — 
Cockroaches were kept in glass jars at room 
temperature. The bottom of each jar was covered 
with sawdust to a height of 3 in., and the necks of 
the jars were smeared with ‘Vaseline’ to prevent the 
insects from escaping. A piece of muslin, secured _ 
with a tight rubber band, was placed over the tops 
of the jars. The food was placed in glass dishes on 
the sawdust, and a vial filled with water and plugged __ 
with moist cotton served as a water supply... The  _ 
normal insects. were fed a diet. of 37 gm. Gaines’s 
dog biscuits, 1 gm. dextrose and 2 gm. brewer's 
yeast. However, those insects rendered’ aposym- 
biotic had this amount of diet ground up and mixed 
with 1 gm. each of the antibiotics, aureomycin and 
terramycin. These diets were fed to the two groups 
of insects for 105 days, with weekly changes of food 
and water. os | | MET 
Symbionts were isolated from the normal fat-body 
of cockroaches according to the method of Begg and 
Sang’. The method called for an inactivation of tl 










































cleaning with 70 per cent ethyl alcohol. The i 
was then placed in a paraffin tray which had 










- mercuric chloride, 6-5 gm. sodiu 
ml. concentrated hydrochloric aci 
ethyl alcohol, made up to 1 lit 

w.. It was kept in this solution fi 
of that time it was placed 
per cent ethyl alcohol, anc 




























e strictest aseptic condit 
lution to solution was d 
‘now considered steril 
which also was performed 
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, bdomen_ was opined’ along the wde with 
el, an flaps of cuticle pinned back with 
pins. “The underlying fat-body was flooded 
70 per cent ethyl alcohol for 35 min. and then 
he tissue was lifted out of the body cavity with 
orceps. It was laid on a paraffin tray of fresh 
terilizing solution, and kept there for 20 min. It 
ras again transferred to- a fresh solution of 70 per 





ish with distilled water, in which it was allowed to 
main for 10 min. At the end of that time the 





patula. 
actose agar and broth, ‘prepared senotding to the. 
thod of Pant, Nayar. 1d Gupta®, were inoculated 
m this solution of crushed fat bodies, using the 
tandard inoculation technique. Inoculated broth 
vas incubated at 30° ©. for 24-48 hr. At the end 
f that time transfers were made to sterile agar cooled 
down to 45° C., and the micro-organisms were plated 
ut on Petri dishes and allowed to grow for 24 hr. 
-= Miero-organisms from this growth were again in- 
> oculated into fresh sterile agar, and allowed to grow 
on Petri dishes. After 24 hr., these micro-organisms 
` were again inoculated into fresh sterile agar, and 
then plated out on Petri dishes for the third time. 
_ This final growth v was kept and used for experimental 
purposes. 
- Homogenates were made from 100 mgm. of the 
|. symbionts scraped from the surface of the agar on 
the Petri dishes, or from a similar weight of fat-bodies 
_ taken from the normal or aposymbiotic cockroaches. 
_ Homogenization was performed in 2 ml. of 0-03 M 
_ phosphate buffer at pH 6-8 with a hand homogenizer. 
_ This process was continued for 5 min. and then the 
solution was diluted to 30 ml. with the buffer in 
-order to make a 0-33 per cent concentration. 1 ml. 
. of each homogenate was incubated at 30° C. for 3 hr. 
with 3-5 ml. of 0-1 M mannose solution. A substrate 
blank and a reagent blank were also prepared. The 
former blank was of the same composition as the 
‘reaction mixture, except for the omission of the 
homogenate, and the latter blank also of the same 
composition as the reaction mixture, except for the 



























ubstrate was added to part of the reagent blank 
and part. of the blank. was kept to render. visible 
and compensate for any reactions occurring between 
the substrate and the reagents. Fifty determinations 
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insects. However, Fraenkel and Blewett® po te 
out that insects for the most part seem to require 


ent ethyl alcohol for 35 min., and finally to a Petri 
7 `. needed by this insect. Hence, the synth 


-body was crushed under the distilled wator with _ 


omission of the substrate. At the end of incubation, ` 


re made, and- ascorbie acid. synthesis: was ades: 
kman ` strain of Haemophilus parainfluenzae to 
DU spectrophotometer, according to the method: of < number of the K group of compounds. - 
i The. e substrate blank was eed to: 
i 100 po -iran nee H. parainfluenzae. (N.C. 

2 — cultured in Lemeo-pep 
OC A cent of laked horse red 
On heated blood agar 


colourless colony, organisms of- which s 
ry y heti eo menadione requirement for growth. TH 

a or ‘enzyme systems 

“investigation... 





he- normal 7 fat-body E : 
| : ; ra se a green- -black granul: 














not, it seems evident that: ‘the i symb on 


sponsible for the synthesis. — F 
Thoese results are in keeping with the ob 
of Fraenkel and Blewett’, who found that i 
cellular symbionts are the source of vitamins fe 


amins of the B group. To my knowledge, no evi 
is available which indicates that ascorbic 


vitamin by the symbionts of Leucopha 
seems solely for the. uso o of the miero-organist 
not for the insect. 


hes LEON L. 
Department of Biology, 
Fordham University, _ 
New York. J 


* Present address: The Research Institute, Coney island oe 
Ocean and Shore Parkways, Brooklyn 36, ‘New York. 


* Filosa, M., Master’s Dissertation, Fordham University. (1955), o 

* Cordero, 8. M., Master’s Dissertation, Fordham. University. (topey. 

* Rousell, P. G., J. N.Y. Entomol. Soe., 66, 49 (956). o 
‘Lisa, J. D., Ph.D. Dissertation; Fordham University (950), 
* Begg, M., and Sang, J. H., Science, 112, 11 (1950), i 
4 dees N. C., Nayar, J. K., and Gupta, P., Experientia, 18, 21 
7 Roe, J. — and Keuther, ©, A., Biol. Chem. 447, 809 amo 
* Fraenkel, G., and Blewett, M., Nature, 152, 506 (1948) 


$ Proun Gu G., — evett, M., Nature, 151, 703 (1048); Biochem 






MICROBIOLOGY 


Growth Response of a Strain of 
Haemophilus parainfluenzae to _ 
Menadione (Vitamin K;) 


Tue role of vitamin K as a growth factor for seek Bos 
bacteria has been firmly established in recent years. 
Levi? has shown an obligatory requirement forthe > 
vitamin K group using a rumen strain of Fusiformis — 
nigrescens, and Glick, Zilliken and Gyorgy? have 
shown a stimulation of a strain of- Lactobacillus = 
bifidus var. pennsylvanicus by the vitamin K. ‘Brodie 
et. alt- have demonstrated the participation — 
vitamin K in the coupled oxidative phosphorylati 
reaction of Mycobacterium phlei and Escherichia co 
and have suggested a possible role for vitar 
in the electron transport systems of. these 
Results are presented which show the respo 
















The strain used was derived frora a € 













a larger white opaqu lony, organisms- 
showed no response: to. menadione, and 





menadione-requiring variant w was s used in th 
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of the vitamin K group was 
red in blood-Lemeo broth, but 
2 blood or heated blood agar 
although a response occurred 
rown in a shallow layer of 
th (about 4 mm. deep). 
ow concentrations of agar 
2-0:04 per cent) were added to 
t blood-broth growth occurred as 
a band about 0-5 em. below the 
urface; denser growth appeared in 
| containing menadione. <A 
owth response to menadione on 
cane ora § e surface of agar was, however, 
EE observed when using the synthetic 
medium of Herbst, Glinos and 
Amundsen’, supplemented with 2 
geo i upm Jml. menadione and 0-02 per 
os eent washed laked horse blood red 
© ooo eells. Growth was very poor on 
< the menadione-supplemented agar ; 
. but no growth at all occurred on the 
— unsupplemented agar. 
Co When broth cultures were shaken 
oe during incubation, growth occurred 
-. in the tubes containing no mena- 
dione, and. the response to menadione was much 
diminished. Growth appeared as a diffuse growth 
es throughout the medium, and not as the black granular 
| mass observed in static cultures. 
-. The response to vitamin K occurs over a very 
-o Hmited range {05-25 ugm./ml.) and is very specific, 
being limited to menadione and closely related com- 
‘pounds. This specificity may be due to the inability 
“of eertain forms, for example vitamin K,, to enter 
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‘the cell, which may also account for the lack of 


Se antagonism to menadione by dicoumarol. 
Oxygen is essential for the growth of this variant 
H. parainfluenzae, Menadione appears to stimulate 
conditions of reduced oxygen tension and only 
esser. E-degrep under higher oxygen tensions. 


M. Lev 

B. RerreR 
— for Research i in Dairying, | 
versity of Reading. | 


1, 181,208 (1958), 
n: Microbiol., 20, 697 (1959). 
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Hr. after inoculation 


Fig. 1. Thermalreaponse (—~~-), decrease of leucocytes ( 
(oO-~ 5) of rabbit inoculated intravenously With endotoxin from Mycoplasma mycoides. 
Dose of endotoxin: (a) 1 pgm., 
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(b) 10 nem; (c) 200 ngm.; (d) 500 ugm. 
The galactan was not pyrogenic in rabbits and had 
the properties of a complex hapten. r 
We similarly extracted the strain 7’, of M. mycoides, | 
but our final centrifugation was only at 10,000g for. 
30 min. The pellet was then freeze-dried and kept at 
— 20°C. Our extract was not purified so thoroughly 
as that obtained by Packett and Buttery and it = 
contained more ribonucleic acid. ee 
Rabbits housed and acclimatized in constantei 0°) 
temperature rooms were injected intravenously with 
various dilutions of our extract and their rectal tem 
peratures were recorded every 5 min. The extract was 
pyrogenic, and typical dose response curves ar 
shown in Fig. 1. The quantity of extract required to 
elicit a fever was higher than that required ip 
polysaccharide — Gram-negativ e. The differer 
probably a function of the proportion. of pyri 
lipids in the respective extracts, the conte 
mycoides being very low (4 per cent instead of 
cent in —— ativ >) | | 





“gilliken, F., and Gyorgy, P., J Bact., 77, 230 es. DEN 
and Ballantine, J., J. Biol. Chem., 285, 226 (1960), int ees 
nd- Ballantine, J., J. Biol, Chem., 285, 232 (1960), SIA 
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galactan. In our | ands # this proved pyroge : 
_the dose was large. For example, 1,000 ugm 
-intravenously obits. caused a fever o 


08 ag small as | pgm. induc 
- Jeucocytic resp : 
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were used and the route of inoculation was on to the 
chorioallantoic membrane. Deaths occurred within 
48 hr. and hemorrhagic lesions were prominent 
throughout. The technique allowed a practical and 
simple titration of the endotoxin and the 7'D,, was 
15 pgm. with our T, extract and 525 ugm. with the 
Australian galactan. 

The T, extract failed to fix complement in the 
presence of hyperimmune serum, but one precipita- 
tion line developed when the extract was diffused 
through agar against the same serum. 

M. mycoides belongs to the group of pleuropneu- 
monia-like-organiams (genus Mycoplasma) and it has 
no bacterial membrane’. The presence of the endo- 
toxin therefore supports Westphal’s hypothesis that 
the endotoxin in Gram-negative bacteria is not wholly 
peripheral. The minor differences between galactan 
and our extract could be explained by strain varia- 
tions. 

We are grateful to P. Plackett and 8. H. Buttery 
for their.advice and for supplying a sample of their 
galactan. 


No. 4818 


(The late) J. M. VLLEMOT 
A. PRovosr 
R. QuEVAL 


Laboratoire de Recherches Vétérinaires de Farcha, 
Fort-Lamy, 
République du Tchad. 
1 Plackett, P., and Buttery, 8. H., Nature, 182, 1236 (1968). 


* Plackett, P. (personal communication). 
Sree O., Lüderitz, O., and Bister, F., Z. Naturforsch., 7, D, 148 


TE L., in Polysaccharides in Biology, edit. by Springer, G. F., 
*Plackett, * arn Biophys Acta, 36, 260 (1059). 


VIROLOGY 


isolation of Influenza Virus Strains from 
Animals 


RECENTLY several authors have reported an 
increase in the incidence among domestic animals of 
respiratory diseases of viral origin. 

During the past few years, epizootices of respiratory 
diseases caused by hemagglutinating viruses were 
observed in piggeries throughout Hungary. Just as 
in other countries, the majority of the strains isolated 
from these epizootics proved to be identical with 
Shope’s virus. However, in 1959 strains easily dis- 
tinguishable from Shope’s virus were isolated from 
epizootics observed in six different herds of pigs. It 
was shown by cross-hamagglutination inhibition 
tests that five of the six isolates were in close relation 
to the PR8 strain, whereas the sixth proved to belong 
to the sub-type A-2 of influenza virus. 

The clinical picture of the disease and the course of 
the epizootic in the 6 herds could not be distinguished 
from those due to Shope’s virus. The disease occurred 
in piggeries among sows and their litters as well as on 
fattening plants. From those being fattened, and 
where the A-2 strain was recovered, 12 individuals 
with influenza-like disease had to be ‘hospitalized’ 
during the epizootic. 

In one of the herds infected by a P#8-like strain, 
random blood samples were taken from 17 sows and 
piglets. Eleven of them showed cross-hemagglutina- 
tion inhibition antibodies to the PR8 strain. In 
another affected herd antibodies were found in high 
titres (320-640) against the P#8 strain in 60 per cent 
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of the sera tested. During the fattening process, 
from those affected by the 4-2 strain, 9 of the 20 
blood samples tested showed cross-hemagglutination 
inhibition antibodies for the A~2 virus. These 
antibodies were always specific. 

Respiratory diseases were also observed in flocks of 
sheep, mainly about parturition time. Influenza 
A--2 virus was isolated from a ewe and her mature 
fostus suffering with the disease. In another flock of 
sheep, where lambs were afflicted by pneumonia, a 
hemagelutinating virus was isolated from a broncho- 


-catarrhal lung. This strain did not react with any 


of the following antisera: Shope, PR8, Paris P.L.1/49, 
Singapore 1/57 and Lee. Since we could find no data 
in the literature indicating that human strains of 


influenza virus are capable of causing disease in 


sheep, we made attempts to infect lambs intra- 
tracheally with egg-adapted strains of PR8, Singa- 
pore 1/57 and Shope. Blood samples for serological 
tests were taken before inoculation, and 7 days 
thereafter. 24-48 hr. after infection the lambs 
developed fever, and also showed other symptoms of 
disease, such as lassitude, anorexia, coughing and 
dyspnwa. They were killed and autopsied on the 
seventh day. In the lungs pneumonia of a viral 
character was visible macroscopically or could be 
shown histologically. Each of the lambs displayed a 
marked and ific immune response to the inocu- 
lated strain (Table 1). 


Table 1. INMUNE RESPONSE OF LAMBS INOCULATED INTRATRAOHEALLY 


Cross-hie utination inhibition titres 
Inoculated virus Before infection After infection 
PRS Singapore Shope PRS Singapore Shope 
PR8 — me — 256 — 2 
Singapore 1/57 — — — — 25 
Shope — — — 2 — 48 


Table 2. INFLUENZA VIRUS STRAINS ISOLATED FROM Doargert 
AXINALS IN Huncary, 1959 


Deesinrna tion b-type 

of at 8 of strain Notes 

I. 187 swine PR8 ahaa anti-PRB cross-hmmag 

L. 122 swine PRB utination imhibition antibodies 

Zs. 947 swine PRE in reconvalescent blood samples 

B. 966 swine PR8 

K. 962 swine PRA 

Sz. B12 swine A-2 Specific antl-4-2 oross-hæmagglut- 

tion inhibition antibodies in 

reconvalescent blood samples 

B. 111 sheep a 

J, 158 shee 

U. 176 cattle Shope 

P, 216 cattle Shope 


The above experiments thus provide evidence that 
lambs are susceptible to human strains of influenza 
virus as well as to Shope’s virus, and that the pig is 
not the only domestic animal susceptible to the latter. 
Furthermore, we have obtained evidence that infeo- 
tion with Shope’s virus may occur in cattle and calves. 
We succeeded in isolating the virus fron two epizoo- 
tics characterized by fever, coughing, dyspnea and 
bronchopneumonia. The hemagglutinating strains 
isolated from pigs, sheep or cattle are given in Table 2. 
Strains of Shope’s virus are not included in the tabie. 

The fact that PR8-like strains were isolated from 
pigs in Hungary, where in spite of the continuous 
survey no such strains have been isolated from human 
beings since 1941, suggests that these strains were 
not accidentally transferred from man to pigs, but 
they had persisted in pigs. In contrast to this, the 
A-2 virus was probably transferred to pigs directly 
from man during recent epidemics. Our observations 
support the view! that the pig as well as other 
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domestic animals may be reservoirs of so-called 
human strains of influenza virus. The view had been 
based on the isolation of several strains of myxovirus 
influenzae A from horses’, duckstë and pigs*. 

Our observations direct attention to the veterinary 
importance of myxovirus influenzae A. This virus 
can cause epizootics with severe cases of illness. Thus, 
its presence in domestic animals may not always be 
considered as simple carriership. 

J. RomvAry 
Veterinary Research Institute 

of the Hungarian Academy of Sciences, 


Budapest. 
Gy. TaKxATsy 
KATHLEEN BARB 
E. FARKAS 
State Institute of Hygiene, 
Budapest. 
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Competition between Infectious Tobacco 
Mosaic Virus Nucleic Acid and Intact 
Virus on Nicotiana glutinosa 


Previous work by Wu and Rappaport! was 
eoncerned with the phenomenon of competition 
between intact strains of tobacco mosaic virus. 
each case, a mild strain of tobacco mosaic virus 
(U2 or VM) was used to interfere with the establish- 
ment of infections by the common strain, Ul. In 
this communication, competition between these same 
strains but involving infectious ribonucleic acid (RNA) 
and intact virus will be described. 

Infectious RNA was prepared by the pheno] method 
of Gierer and Schramm, and stored in a deep freeze 
until used. In the first series of competition experi- 
ments, a constant amount of infectious RNA from U1 
was mixed with different amounts of intact VM virus. 
The mixed inoculum was applied to one side of 
Nicotiana glutinosa leaves. The opposite, control half- 
leaves were inoculated with an equal concentration of 
U1-RNA alone. Leaves were detached immediately 
after inoculation and incubated at 22° C. under 
constent light according to the procedure described by 
Wildman and Ford®. Inactivation of the RNA 
preparation by leaf extract was prevented by inoculat- 
ing each half-leaf with a separate glass paddle. In this 
way, contamination of the inoculum by tissue fluida 
was avoided. 

The two strains, Ul and VM, differ markedly in 
lesion size‘. VM produces a minute lesion which is 
readily distinguishable from the much larger one 
produced by the intact strain U1 or its infectious 
nucleic acid. The extent of interference in the produc- 
tion of U1 lesions, resulting from the competition of 
U1-RNA and VM, was estimated by counting the 
large lesions characteristic of the U1 strain. 

A number of experiments were performed in which 
the ratio of V1-RNA to VM virus, aa well as the total 
eoncentration of infectious unitas in the mixture, 
were varied over a wide range. Representative 
results are given in Table 1. 
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Table 1. COMPETITION BETWEEN AN Intact StRaIN OW ToBACOO 
Mosaro Vive, VM, AND INFECTIOUS RNA BXTRACTRED FROM THE 
OoMMON STRAIN or Topacoo Mosatc Vinos, 01 


U1-RNA VM 


concentration concentration Fraction Ut 
(ngm./m].) (ugm. /ml.) lestons appearing 

60 25 0:93 
50 250 0-85 
88 25 0°91 
88 250 0 84 

3°8 25 1:73 

$8 2.50 0-84 


Although some interference ıs discernible, the 
results suggest that the inhibitory effect of VM on 
U1-RNA lesion appearance is slight in comparison to 
that observed between intact viruses. These RNA 
preparations contain approximately 1 per cent of the 
infectivity by weight of the intact virus. An RNA 
concentration of 50 wgm./ml. is thus equivalent to 
0-5 ugm./ml. of virus, with respect to the number of 
lesions produced. Ordinarily, a mixture containing 
0-5 pgm.fml. U1 virus and 250 ugm./ml. VM would 
result in extensive interference, reducing the U1 
lesion count to approximately 2 per cent of the 
controls!. Similar results to those shown in Table 1 
were obtained when the infectious RNA from another 
mild tobacco mosaic virus strain, U2, was substituted 
in these experiments for the UI-RNA. These data 
appear in Table 2, and again indicate that little inter- 
ference is encountered by the RNA in the presence of 
intact tobacco mosaic virus. 


Table 2. COMPETITION BETWHEN AN InTAOT STRAIN or Topacoo 
Mosaic Vinus, VM, AND INFROTIOUS RNA BKTRAOTED VROM A 
MILD STRAIN OF TOBAOOO Mosaio Virus, U2 

U2-RNA M 
concentration concentration Fraction U2 
(gm. fm.) (ugm. fm.) lesions appearing 
88 25 0-89 
38 250 74 


These results indicate that the nucleic acid has a 
decided advantage, in terms of time, in initiating an 
infection over the intact virus. This advantage 1s 
most reasonably attributed to the elimination of 
those preliminary steps in infection associated with 
the removal of the protein and the release of the 
infectious nucleic acid. All the resulta so far accumu- 
lated suggest that competition in the tobacco mosaic 
virus system occurs at the nucleic acid-level. For this 
reason, the likelihood of an intact virus interfering 
with the establishment of an infection by the nucleic 
acid is slight indeed. This ıs in accord with evidence 
obtained in different ways by other investigators’, 
suggesting that the RNA of tobacco mosaic virus 
initiates an infection and completes its reproductive 
cycle sooner than does the intact virus. 

This work was supported in part by research 
grant W 636 (O07), National Institutes of Health, 
United States Public Health Service, and contract 
A T (11-1)-34 Project 8, U.S. Atomic Energy Com- 
mission. 
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FORTHCOMING EVENTS 


(Afestings marked with an asterisk * are open to the public) 


Monday, March 5 


ROYAL GHOGRAPHIOAL Soolkry (joint meet with the BRITISH 
ECOLOGICAL SOCIETY, at 1 K n Gore, ndon, §.W.7), at 
5 p.m.—Miss Monica M. Cole: ‘‘Vegetatlon and Geomorphology in 
Northern Rhodesia”. 


UNIVERSITY COLLEGE, LONDON (in the Large Physics Theatre, 
Gower Street, London, W.0.1) at 56 p.m.—Dr. D. W. O. Heddle. 
‘‘Sclentific Research in Space. 8: Astronomy from Space Vehicles”. * 


UNIVERSITY OF LONDON (at King’s Co , Strand, London, 
W.C,2), at 5 p.m.—Dr. E. G. Bowen (Australia): “Radio Astronomy”. * 
(Fifth of six lectures commemora Clerk Maxwell) 


EOYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London’ 
W.0.2), at 6 p.m.—Mr. A. H. Ensor: “The Commercial Professions”. 
(Last of three Cantor Lectures on “The Influence of the Professions 
on Eoonomic Life.’’) 


SooreTy OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Bel- 
grave Square, London, 8.W.1), at 6.30 p.m.—Mr. J. H. Harwood. 
‘Industrial Applications of some Metal Organic Compounds”. 


WOMEN’S ENGINBERING Sooty, LONDON BRANOH (at “Hope 
House”, 45 Great Peter Street, Westminster, London, 8.W.1), at 
7 p.m.—My, P. 8. Carnt: ‘Colour Television", 


Tuesday, March 6 


INSTITUTION OF ELEOCTRIOAL ENGINEBES, ALBASUREMERT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Dr. J. B. Thompson. ‘‘Magnetostriction—Its Measurement, Control 
and Role in Transformer Nowe Generation”. 


UNIVHESITY OF LONDON (at the School of Pharmacy, 29-39 Bruns- 
wick Square, London, W.C.1), at 5.90 p.m.—Dr. R. Í. N. Greaves. 
“Recent Advances in ‘Freeze-Drying’ for the Preservation of Bio- 
logical Matertals’".* (Further lecture on March 8.) 


UNIVERSITY OF LONDON (at the Institute of Archeology, 31-34 
Gordon Square, London .0.1), at 5.45 p.m—Prof. P. J. Rin 
—— 7The Karlsberg Foundation Archmological Ex- 
p on to 


hoenicis”’. * 


SorENOoE Forum (at Friends House, Euston Road, London, N.W.1), 
at 7.30 p.m—Prof. P. M. S. Blackett, F.R.S.: “‘Sofence and the 
Developing Countnes’’. 


Wednesday, March 7 


ROYAL SOUIRETY OF MEDICINE, HISTORY OF MEDICINE SECTION 
{at 1 Wimpole Street, London, W.1), at 5.15 p.m.—*Dr. Smger on 
Wullam Harvey—an unpublished panor. read by Dr, K. D. Keels; 
Dr. E. Ashworth Underwood’ ‘Charles 8 r, the Man and the 
Historian” (Charles Singer Memorial Meeting). 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W.1), at 5.30 p.m.—Mr. W. L, Streets: “Effects of Fuel Sulphu 
Con nation and Sea Water Ingestion on the Durabillty of Jet 
Engine ‘Hot Section’ Components”. 


UNIVERSITY OF LONDON (at the Senate House, London, W.0.1), 
at 5.80 p.m.—Dr. B. R. Sen (F.A.0., Rome) ‘Freedom from Hunger 
—Challienge of the Century’’.* 


INSTITUTION OF FLROTRICAL ENGINEERS, EDUCATION DIZOUSSION 
CIRCLE (at Bavoy Place, London, W.0.2), st 6 p.m.—Discussion on 
Fale ha deer Improved Form of Industral Tiaiming 7” opened by 
Afr, Q. 8. Bosworth 


INSTITUTION OF ELEOTRIGAL ENGINEERS (Gomt meeting with the 
INSTITUTIONS OF CIVIL and of MEOHANIOAL ENGINEERS, at the In- 
stitution of Mechanical Engineers, 1 Birdcage Walk, Westminster, 
London, S.W.1), at 6 p.m.—Mr, T. G. N. Haldane and Mr. H. C. H. 
— “The Geothermal Power Development at Wairakei, New 

GA ore x. 


INSTITUTE OF INFORMATION SOITENTISTS (at the Swedenborg Society 
Hall, 20 Bloomsbury Way, London, W.C.1}, at 6.15 p.m.——Mr, D. 
Hastings: “The Need for the Information Technician”. 


ROYAL INSTITUTA OF CHEMISTRY, LONDON SHOTION (joint meeting 
with the CHELSEA COLLEGE OF SOIENCE AND TECHNOLOGY CHEMICAL 
Soorery, at the Chelsea College of Solence and Technology, Manresa 
Poi ondon, S W.3), at 7 p.m.—Prof. B C L. Weedon’ Caro- 

nordg”. 


Thursday, March 8 


LINNHAN Bo0orery OF LONDON (at Burlington House, Plocaduly, 
London, W.1), at 0.45 a.m.—Symposium on “Function and Fine 
Structure in Protista”. 


ROYAL Boorery (at Burlington House, Piccadilly, London, W. 1), 
at 11.15 a.m —Discnsaion on “Optical Masers” opened by Sir Gordon 
Sutherland, F.R.8. 


INSTITUTION OF ELECTRICAL ENGINBERS (at Savoy Place, London, 
zea at 5.80 p.m.—Mr. E. W. Golding, 0.B.E., and Mr. P Q. 
Finn-Keleey: “Hlestricity for World Agriculture”. 

RADAR AND HLEOCTRONIOS ASSOCIATION (in the Lecture Hall of 


the Royal Soolety of Arts, John Adam Street, Adelphi, London, 
W.0.2), at 7 p.m—Dr. P. Axon. “Video Tape Recordings”. 
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Thursday, March 8—Friday, March 9 


NATIONAL ASSOOIATION FOR MANTAL HEALTH (at The Assembly 
Hall, Church Houses, Westminster, London, 8.W.1), at 10 a.m. daily 
Conference on ‘Violence and the Mental Health Services’’. 


Friday, March 9 


BIOCHEMICAL Soorery (at the Middlesex Hospital Medical School, 
Mortimer Street, London, W.1), at 9.45 a.m.—Sympostum on ‘The 
Structure and Funotion of the ifembranes and Surfaces of Cells”. i 


at the P duate Medical School of 
n, W.12), at 4 p.m.—Dr. I. MacIntyre 


UNIVERSITY OF LONDON 
London, Ducane Road, Lon 
“Magnesium Metabolism’’, * 


UNIVERSITY OF LONDON (at Wostfleld College, Kidd 
Hampstead, London, N W.8), at 6.15 p.m.—Prof, W, 
Shapes of Molecules”, * 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), a 
9 pm.—Prof. RK. J. Harrison: “Adaptations in Marine Mammals", 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned: 

Assistant LECTURER (with a good honours degres in geography,- 
and pretersbiy supporting qualifications in mathematics and/or 
statistics, and a special research interest in the application of statistical 
methods mn geography In GEooRAPHY-—The Rogistrar Queen Mary 
College (University of London), Mile End Road, London, E.1 (March 9). 

LHOTURER (capable of mdepondent research) IN NUMERICAL 
ANALYSIS AND CHINE COMPUTATION, to take charge of a smal! 
mathematical laboratory—The Registrar, Queen College 
(University of London) e End Road, London, B.I (Afarch BY 

CHAIR OF APPLIED ÀLATHEMATICS at Victoria Umversity of Well- 
ington, New Zealand—The Secre , Association of Universities of 
the British Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1 (New Zealand and London, March 15), 

SHSIOR LEOTUBER IN LOGIO IN THR DEPARTMENT OF SOPHY, 
University of New England, Armidale, New South Wales, Australia— 
The Secretary, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Aus and London, March 16). 

SENIOR SCLBNTIFIO OFFIORR (with an honours degree in blochem- 
istry and several years appropriate research ence, and preferably 
a good knowledge of physiology) at the Defence Standards Laboratories, 
Ae tea rt of Supply. Melbourne, Australia, to undertake research 
in the fleld of biochemustry, with peronier reference to enrymology 
and P logy of nstural products—The Semor Representative 
or ie —— ent of Supply, Australa House, Strand, London, 

LEOTURBR IN PHYSIOS, to Peroipete in the teaching work of the 
department and undertake research in the h-Energy Nuclear 
Physics Laboratories—Prof. C. ©. Butler, F.B 8., Physics Depart- 
ment, panal College of Science and Technology, London, 8.W.7 


INTERNATIONAL PAINTS RESEAROH FELLOW, to conduot biological 
and chemical research mamami if necessary, research with radio- 
active substances, at the Plymou h Laboratory, with a view to further- 
ing our know o of the effect of todo suhetances on marme plants 
and animais—The Secretary, Marme Biological Association, The 
Laboratory, Citadel Hill, Plymouth, Devon (Mareh 24). 

LROTURER or ASSISTANT LECTURER (with special interests in struc- 
tures or soil mechanics) In CIVIL ENGINBERING-—-The and 

strar, The University, Southampton (March 24). 
or ASSISTANT LEOTURKEE IN AGRICULTURAL BIOCHEM- 
ISTRY IN THE Dw@PARTMENT OF CHEMISTRY, University College of 
Rhodesia and Nyassland—The Secretary, Inter-University Council 
ae Higher Education Overseas, 29 Woburn Square, London, W.0.1 


CHAIR OF PHYSICAL CEMAGSTRY—-The Secretary and Registrar, The 
University, Southampton (March 28) 

LECTURRERS/SENIOR LBOTURERS (2) IN BioowEMIsTRY at the 
University of Sydney, Australia—The Secretary, Association of Uni- 
versities of the British Commonwealth (Branch Office), Mariborou 
House, Pall Mall, London, §.W.1 (Australia and London, March 86), 

ASSISTANT LEOTURER IN AlaTHEMATIOS at the University of Ho 
Kong—The Seoretary, Association of Universities of the Brit 
Commonwealth ranch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Hong Kong and London, March $1). 

ÀBZISTANT LEOTURER (preferably with a research interest in some 
branch of geology In GROLOGY—The Secretary, The Queen’s Uni- 
versity, Belfast 81) 


re Avenue, 
yne, "The 


OHAR a BIOOHEMISTRY—-Tho Registrar, The University, Hull 
Maro A j 
OHAIR OF Puysics in the Univermty College of The West Indles— 


The Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, eae $1). 

LECTURER or ASSISTANT LECTURER (with appropriate qualifica- 
tions and experience, and speclalzed in inorganic chemistry) IN 
INORGANIC CHEMISTRY at the Umversity of Hong Kong—The Secre- 
tary, Association of Universities of the Bnitash Commonwealth (Branch 
Office), Marlborough Honse, Pall Mall, London, 8.W.1 (Hong Kong 
and London, $1). 

YVIROLOGIST, and a PROTOZOOLOGIST, in the National Research 
Council of Ghana—The Director of Recruitment, Ghana High Com- 
mission, 248 Tottenham Court Road, London, W.1, or The Exooutive 
Seoretary, National Research Council, P.O. Box 4.32, Accra, Ghana 


Luoruner IN PsYOHOLOGY at the University of Canterbury, Chrest- 
church, New Zealand—The Secretary, Assoolation of Universities of 
the British Commonwealth (Branch Office , Marlborough House, Pall 
Mall, London, 8.W.1 (New Zealand and London, April 14). 
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VETHRINARY PATHOLOGY—The Registrar, The 
University, Liverpool, quoting Ref, CV/21/T (May 1). 

SENIOR OW; a SENIOR RESEARCH FELLOW; a FELLOW; and 
a RESRARCH FELLOW IN THE DHPARTMANT OF NUCLHAR PHYSION, 
Institute of Advanced Studies, Australian National University—The 
Becretary, Association of Universities of the British Commonwealth 
ae Mariborough House, Pall Mall, London, 8.W.1 

y 

ASSISTANT LECTURER (preferably with a — —— interest in a 
geography) IN GROGRAPHY; and an ASSISTANT LEOTURER IN GEOLOGY 
— Secretary to the Trustees, Magee University College, London- 


derry. 
ASSISTANT PROFESSOR IN BACTKRIOLOGY—Prof. O. E. van Rooyen, 
ote aaa of Bacteriology, Dalhousie University, Halifax, 8., 


Canada, 

OHAIR OF CHBMISTRY—— The Noore University of Hast Anglia, 
4 Cathedral Close, Norwich, Nor. 

LECTURER (medically qualified and interested in pursuing research 
in bacteriology or Immunology) Iv THR DEPARTMBNT OF BACTERIO- 
LOGY AND IMBIUKOLOGY-—The Dean, London School of Hygiene and 
Tropical Medicine (University of London), Keppel 8treet, Gower Strest, 
London, W.C.1. 

LECTURER or SBNIOR LECTURER IN PHYSICS IN TAB TRAINING 
DEPARTMENT—The Warden, Goldsmith’s College (University of 
London), London, 8.5.14. 

MASTER TO TEACH OH MMISTRY throughout the School—The Head- 
master, Malvern College, Worcestershire, 

MASTER TO TRACH HEMATIOS to all levels-—-The Headmaster, 
The College, Bnighton 7. 

RESHAROH ASSISTANT (preferably with experlence in analytical 
for — on steroid hormone metaboliam in health and 
disease—Prof. G. D. Haslewood, Biochemistry and Chemistry 
Department, Guy’s Aroni Medical Bchool, London Bridge, 8.H 1. 


REPORTS and other PUBLICATIONS 


(not tncluded in the monthly Books Supplement) 


Great Britain and Ireland 


of Education. Why Not Teach for a Time Overseas ? EP 
(London. Ministry of Bducation, 1961.) pal 
—— Ltd. Technical Notes No. 227 — 
e at Harwell Pp. 8. (Duxford: OIBA 
1961. 


Harper Adams Ioultural Oollege. ‘Technical Bulletin woe : 
Maixe for Silage, 1959-1961—RHesults of Trials. By AL Eddowes. Po. 
$4, 3s, 6d, Technical Bulletin No. 8 . Chemical Weed Control in Maize 
1959-196i—-Roeenlts of Field Experiments Dy M. Eddowes, 38. 6d. 
Nen rt, Shropshire. Harper Adams Agricultural Coego, 

Observatory Bulletins. No. 41: Space pons and Distribu- 
tion of the rie gar iar | Bright B-t Stars. O. J. n Pp. 
March. 3 net. No. 4 Time — 1961, January- 

ch. Pp. 1+B81-B97, 3s. net. (London : H.M, — Office, 


1.) [2911 
probability, Statistics and Time. By Prof. M 


LECTURER IN 


Bartlett. (An 
oa Lecture delivered at University College T 15 may 
1961. Pp. 21. (London: H. K. Lewls and Co., Ltd, 1901.) 2s. 


3011 
Sclence in the University of Sussex, 1961-1962. Pp. 8. (Brighton: : 
University of Sussex, ine OLE 


Eton N — rt, 1960— OBL 
185 ou College Na al isto on Golioge Na atory aona 
1961.) Non-members 2s 2s. Od, ; —— [30 


ynopels, Vol 1, No. 1 (November, TAIN A monthly journal 
for the veterinary ' profession. Pp. 32. (Leigh-on-Sea: Synopals 
Publishing Company, 44 Olivia Drive, 1961.) [8011 
Taarna nhá] Oounci of Scientific Unions—International Union of 
— * and Geophysica—International Assoclation of Scientific 
rolar. British National Committee for and 
MA hehh Sub-Committee. Selected Bibliography of H 
Cages eer United Kingdom, for the years 1955-1959 tnolus 
(London: The Royal Soaiety, 1961.) (80 
—— Power Conference. Annual Report, 1960. Pp. 21. (London: 
Gantral Office of the World Power Conference, 1961.) aoe 
Ministry of Ho and Local Government and Scottish 
The Surface Water Year-Book of Great Britam, 1959-60 ' Hydro 
metric Statistica for British Rivers, ther win Related Rai 
for the yeei enia 80th September, 1 ee 


Vol. 8, No. 1: Mites ated with Rodents m Israel By Michael 
rt Pp. 1-70. 25s. (London: British Museum (Natural story), 
L. 

Minis $ Health and General ister Office. Re rt on Hospi 
In-Patient Enquiry for the year 10 Part 2 Detail ed Tables and 
omman: l vi+301. (London: H.M. S Office, I .) 

a 

Mints of Agnculture, Fisheries oo Food, Toxic Chemicals 
in Agricul and Food Storage: Report of the Research Study Group. 
Pp. 1v¥+65. (London: H.A. Stahonery O Otte, 1961.) 48. 6d. net. [412 

Journal of Psychiatrie Research, No, 1 Su 1961), 
Pp, 100. Hditor-in-Chiet : 8e rs. lity! Annual Subseripthions 
Quchiding po Foose): í (A) For libraries, government establishmen and 
research tastitntions, £7 (20 dolars); (B) For individuals who write 
directly to the oraora and certify that the journal ls for their 

personal use, £3 108. (10 dollars). (London and New York: Pergamon 


Press, 1981.) [412 
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Commonwealth of Austraha. Commonwealth Scientific and Indus- 
trial Research Organization. Divisional Annual Reports for the year 
ending June 80, 1961. Division of Electrotechnology. Pp. iv+23 
Division of Meteorology. Pp. i+46, Upper Atmosphere Section Annual 

Report. Pp. 9. Division of Coal Research. . 2425. Chemical 
Research Laboratories Annual Report. Pp. ift+ 4. Dalry Research 
Section Annual Report. Pp.t+18. Ore-Dressing Laboratory Annual 
Report. Pp. i+5. Physical Metallurgy Section Annual Report 
Pp. 1148. Division of Food Preservation. Pp. 14383. ring 

Annual Report. Division of Tribophysics Annual Report. 
Pp. §+15. Fodder Conservation Section Annual Report. Pp. +11. 
OARE of Meteorological Physics, Pp. {1-+16. eat 

ual Report. Pp.1+8. Division of Phvalca. Pp. Iv+25. Tropical 
Petes Annnal Repor sp 1+27. Soll Mechanics Section Annual 
Report. Pp, ti+27, dlifo Survey Section Annual Report. Pp. 14 16. 
Aion of Soils Pp.1+52 Division of Forest Products. Pp. 1439. 
eee ume, Siia" ‘Canberra, Adelaide, Camden: Commonwealth 
olentific and Industrial Organization, 1961.) {2011 
Canada: Department of Mines and Technical Survevs. Geological 
Survey of Canada. Geological Ma Preliminary Serles. Map 21~-~ 
1961: Oxford House, Manitoba. 26-1981: Sault Ste. Marie, 
Algoma District, Ontario. (Ottawa ’ Geological Survey and — 

Hlestronics Reagarch and Development Hetablishment, Bangalore. 
LEDE Publication No. 22/61- Proceedings of a Collognium on 
Documentation held at the Technical — Centre, LRD 
28 June, 1961. Pp. 111+25. (Rangalore: Hilectronics Research and 
Development Establishment, Defence Research and Development 

— 1961.) [2911 

dq" Dopartment of Mines and Technical Survevs. (Geological 

a. Bulletin 67: Cephalo of the Ottawa Formation 

— the: Ottawa St Lawrence Lowland. Alice B, Wilson. Pp. ix-+ 
——— Plates. (Ottawa: Queen's Printer, 1961.) 3 dollars, [2911 
ional Research Development Corporation of India. Seventh 
oneal and Statement of Accounts for the period ending 31lat 
March, 1961. Pp. 31. (New Delhi: National Research Development 


Corporation of India, 1961.) [2911 
Osmania Medical College: De nt of History of Tenane 
Report of the O orking of the De 


Vor. 198 


Section 


Tganization and 
aoe, of Medicine for the period 1956-1961. Pp. 
Osmania Medical College, 1961.) 2911 

At TA Forest Bulletin, New es. No, 171 (6) (Rntomology): A 

List of Insest Pests of Forest Plante in India and the Adjacent Countries 
(Arranged — according to the Plant Genera and Spectes 

for the use of Forest Officers). Part 7: List of Insect Perts of Plant 

Genera “I” to py R R. N. Metan =i 


m on Cotton Industry Basis. E. L. — 
G. V. Karima and S. PRS Re. 1.75 ; — 
Forest Reoords, New Series. Vol. 1, No. $ (Wood Season 


Oanada Department of M 
Survey of Canada, Geol; 
toba. Index Sheet 53: 
Ontario. Index Shes : wan. Index Sheet 68 ' 
BManitoba-Saskatehewan. Index Sheet 64: Manitoba-Saskatchewan, 
Index Sheet 72: Saskatchewan—Alberta. Index Sheet 78: Saskat- 
chewan-Alberta. Indax Sheet 74: Saskatchewan-Alberta, Index Sheet 
fs i Alberta. (Ottawa: Direotor, Geological Survey of oe 

United States Department of Commerce : Coast and Geodetic Surve 
United States Earthquakes, 1959. By Robert A. E pley and William 
Cloud. Pp, tii+118. 70 cents. Pubhoation 1, Port 49: Plane 
Coordinate Intersection Tables (24-minute), Alaska, Zone 1. Pp. 
A es DS dollars. (Washington, D.C.: Government a 

08 
Institut ‘Roval des Sciences Naturelles de Belgique. Mémoire No. 
148; Le FPémur Néanderthalien de Fond-de-Foret (Province de 
Lidge). Par Prof. Francols T'wiesselmann. Pp. — — —— 
BBL) : Institut Royal des Sciences Naturelles de Hii 


Consell Permanent International pour l'Axploration de la Mer, 
Charlottenlund Slot, Danemark. Rapporta et Procés-Verbanx des 
Réanions, Vol 152: ICES Hernng Tagging ——— in 1957 and 
1958. By Olav Aasen, K.P, Andersen, J. Gulland Popp Madsen 
; vie Pp. 50. (Copenhague: Andr. Pre. Heat & pas 
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GLASS 


All Glass Requirements for Scientific 
instrument Manufacturers and 
Research Workers 


@ SHEET & PLATE-GLASS—cut and 
ground to exact dimensions. 


LENSES, PRISMS & FLATS—to any 
standard of accuracy. 


MIRRORS——back slIlvered and = front 
surface aluminised, etc. 


BLOOMING of optical components. 


C. J. WHILEMS, LTD. 


ILFORD OPTICAL WORKS 
FOREST ROAD, BARKINGSIDE, 
ESSEX 


Telephone : HAlnault 5454-5 


HDUCATION 


provides a means of saving for a child’s 
education. For example, for a parent aged 
under 35 The Society pays £100 p.a. for 
5 years, beginning in 13 years’ time, and if the 
parent dies within 13 years, £100 p.a. in the 
Í meantime towards the child’s maintenance, 

THE COST IS £9 a quarter for 13 — at 
most. Enquire for details, giving the ages 
of parent and child. 


The Equitable Life 


Assurance Society 


(founded 1762) 
Head Offices: 19, Coleman Street, London, EC2 
No shareholders. No commission. 








LERO Y° LETTERING 


* — Se eye i 
TRO — 
AOM RL Pe RS AN Se 


KEUFFEL & ESSER CO. 


As U.K. appointed Agents for the above, which are 
universally recognized as the best on the market, we 
invita you to write for list “NL”. 


Also stocked are Keuffel Esser’s Special Flexible Curves, 
Slide Rules, and Pocket Stee! Rules. 

We specialize also in : 
British-made Rangefinders, Plane Tables, Linen 
and Steel Measures, Compasses and Clino- 
meters, Geological Hammers, Magnifiers, Bino- 
culars and Telescopes, etc. 
Also in Mattsons Swedish Soll Samplers and 
Forestry Tools. 


J]. H. STEWARD LTD. 
SCIENTIFIC INSTRUMENT, MAKERS = Established [852 
406 STRAND, LONDON, W.C.2, 
Telephone : TEM 1867 


Contractors to Principal Oil Companies,” Crown Agents 
and Universities, etc, 


PEN REGORDER 


Designed for constant use at 
high capacity this sensitive 
robust recorder has excellent 
frequency response, large 
trace width, linear response 
and interchangeable pen 
arms and nibs. 












DATA 


Length of pen arm 10cm. Maxi- 
mum deflections 4 om. peak to 
poak Frequency response: fat to 
within + 10% DG to 55 cps. 
Senutivity: approx. | mm. pe 
mA Lanearity: better than 
FSD. Coil res:stance; approx. 4 
K ohms Coil msulation: maxi- 
mum voltage between coil and 
pon bady 300v. 


SOUTHERN INSTRUMENTS LTD 
FRIMLEY ROAD CAMBERLEY SURREY ° Tel. CAMBERLEY 340! 
Ce NNN 





occlxxiv 


CLASSIFIED ADVERTISEMENTS 


are charged at 12s. for the first line and 
68. per line thereafter. Lines in capital or 
containing words in capitals 12s. per ine. 
Semi-displayed £4 1638 per single column 
inch. Colour (orange) £15 extra. Ils. is 
charged for the re-direcuon of replies to 
advertsements with a box number, 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T. G Scott and Son, 
Limned, 1 Clement's Inn, Strand, London, 
W C.2 Telephone: HOLborn 4743. Tele- 
grams Textuals, Estrand, London. 


APPOINTMENTS VACANT 


AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF NUCLEAR PHYSICS 


The University proposes to make a number of 
eppointments in the Department of Nuclear 
Physics (Head of Depanment: Professor E W. 
Trterton, C M G., F.A.A.). The posts available 


are. 

Senor Fellowship £A.3,000 to £A.3,550 
Senior Research Fellowship £A.2,620 to £A.3,160 
Fellowship £A 2,120 to £A.3,000 
Research Fellowship £A.1,625 to £A.2,450 

The Department ms well equipped with a 12 
MeV. Tandem electrostatic accelerator, a 2 MeV. 
Van der Graaff generator, a 1.2 MeV. Cockcroft- 
Walton Machine, and a 33 MeV. electron 
syhchrotronr Two precision partcle§ spectro- 
meters, 8 Buechner spectrograph, crystal, solid 
State, gas and emulsion detectors with associated 
multchanne! recording equipment are available 
for use with these machines. An IBM 1620 com- 
puter m available for data reduction. The main 
fields of work are in nuclear photodisintegrauon 
and tts inverse processes and m nuclear structure 
studies, 

Superannuation w on the F.S.S U. pattern. 
Reasonable travel expenses are paid, and assist- 
ance with housing ms provided. 

In addition to the posts referred to above, a 
number of scholarships uw available for men who 
have completed an M.Sc. degree or who have had 
outstanding results in their Honours BSc. ex- 
amnations, The scholarships are tenable for two 


of £A.310 per annum in respect of the first chid 
and a further £A.90 per annum for esch other 
chid A contmbutron towards fares m paid. 

These posts may be taken up at any time 
during 1962, and interested ptrtons are asked to 
lodge applications as soon as possible. Further 
details should be obtained from the Secretary, 
Associauon of Universities of the British Com- 
monwealth (Branch Office), Marlborough House, 
Pall Mall, London, S W.1. 

Applcations close on July 31, 1962. 


ONTARIO CANCER FOUNDATION 
KINGSTON CLINIC 
KINGSTON, ONTARIO, CANADA 
hag a vacancy for a medical physics Equipment 
includes X-ray machines of venous types, 4 
theratron and a supply of radmm Radioactive 
gold and iwotopes are available. The duues of 
the physicist include acting as conmiltant in the 
use of wotopes and as radiation gafery officer for 
the Kingston General Hospital which ss a 600-bed 
teaching hospital of Queen's Unrverasity Medical 
School The physicwt’s laboratory ts mtuated tn 
the Cancer Clinic in the Hoapital and a technical 
ammstant is avaiable. The Depariment of Physics 
of Queen's Univermty, mtusted close by, en 
courages collaborauon between the Cimic physncist 
and the University staff. The stipend ranges 
from $5,000 to $9,000 per annum, depend:mng 

upon qualhfications and expenence. 

For further detalis write to Dr. R. C. Burr, 
Director, Kingston Clinic, King Street West, 
Kingston, Ontario, Canada. 


PEMBURY HOSPITAL 
~ PEMBURY, NR. TUNBRIDGE WELLS 
Senior Technician required March 1, to assist 
m Radiotherapy Depariment General 
experience in Hospital physics, workshop practice 
and electronics preferred, but equivalent experi- 
ence in appled phyncs considered. Whitley 
Council salary and conditions, 
Apply with names of two referees to Surgeon 
Supenotendent, 
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THE COLONIAL SUGAR REFINING 
COMPANY LIMITED 


Invites applications for the position of 


RESEARCH PHYSICIST 


in the 


Company’s Research Department 
mw Sydney, N.S.W., Australia 


QUALIFICATIONS : Apphcants should have at least an M Se degree and preferably 





several years’ 
DUTIES : 


experrence. 


To undertake an experimental and theoretical approach 


to the clastic 


behaviour of fibre aggregates, particularly under moisture stress, 
SALARY : Commencmyg salary between £A.1,800 and £A4.2,500 commensurate with 


qualificauons and expertence. 
CONDITIONS 1 


The successful appitcant, preferably under 30, will have the oppor- 


tunity to publish, and after a probationary penod will be eligible to jom the Company's 


Provident Fund and to participate in its House Advance Scheme 


given for temporary accommodation. 


Assistance will be 


LOCATION : The present laboratory is at Pyrmont, but the new laboratorss ut 
Roseville will be occupied toward the end of this year. 


First-class passage for an appoutee and he family, and the sum of £200 toward moving 
allowed. 


expenses will be 


Applications, In wnting, marked RD/19, and naming two referees, should be made by 
Mallam, C. S. R. 


March 31, 1962, and sent to Mr. L. F. 
Mincmg Lane, 


Londoa, E.C.3 








+ 


JACKSONS NEED PHYSICISTS 

or applied physicists, for research 
into stress analysis and 
temperature measurement. 
Research experience not essential. 
JACKSONS NEED CHEMISTS 
physicists or metallurgists, for 
research Into mould materials. 
Research experlence essential, 


though not necessarily In this fleld. 


JACKSONS NEED PHYSICAL 
CHEMISTS 


to study heat transmission through 
glass. Research experience a must, 
though not necessarily In this feld. 


Co. Lut, Plantation House,” 


in Knottingley * 


they close 
early on 
Thursdays... 


but at Jackson Glass 
we never close at all 


Day and night, Jacksons turn out glass 
containers that carry products, many of them 
famous, as varied as cider and shaving lotion, 
to places as far apart as Hampstead and 
Hong Kong. 


During the 88 years of our existence, we have 
accumulated a vast amount of practical 
know-how, which enables us to produce 
containers which are among the best 
available. 


We have just built a fine new research centre, 
as we believe that, with a greater knowledge 
of the fundamental screntific principles under- 
Wing glass container production, we can 
make and continue to make improvements 

to our products, 


To gain this inaight we need research men of 
calibre and imagination, who are keen to put 
their knowledge and experience wrth ours in 
meeting the constant challenge of ever- 
changing world markets. 


Write, in confidence, to Mr. P, L. Jackson, 
B.Sc. (Tech), Minst.f., F.8.G.T, 
(Technical Director) 


* 14 miles to Doncaster, 14 to Leeds; 20 minutes by car, elther way. 


S34 JACKSON GLASS 


JACKSON BROTHERS (OF KNOTTINGLEY) LIMITED, 


KNOTTINGLEAY, YORKSHIRGA 
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ELECTRONIC TUBE DEVELOPMENT 


PROJECT 


LEADERS 


A leading electronic tube manufacturer situated in the Home Countes 
is seeking experienced men to lead sections working on the design and 


development of 


1. C.R.T. for Radar and instrument purposes. 
2. Small transmitting tubes (10 watts-1 kw. glass/ceramic). 


Applicants must have had about five years’ experience in development/ 
production of this type of equipment and should possess a minimum 
qualification of H.N.C. in engineering or physics, but preference will be 


given to candidates with a degree. 


Age range 28-35. 


These are permanent and pensionable posts in a growing organization 
already well established in the special tube field at home and abroad. 
Initial salary up to £1,500 p.a. depending on qualifications and expenence 
Assistance with housing and removal problems will be given. 


Reply to Box No. 617, T. G. Scott and Son, Ltd., 1 Clement’s Inn, 


London, 
experience. 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF ENGINEERING 
Applications are uvited for the post of 
ASSISTANT IN RESEARCH 
in the field of Computing. After a period of m 
troductory training the duties of the person ap- 
pemted will meciude: 
` {a} Programming research calculations for a high 
apeed digital computer, The Assistant will 
be expected to carry out this type of work 
for members of the teaching staff of the 
Denartment, and ako for some research 
students. 
Giving assistance to. research students and 
others who are doing their own programmung, 
mcloding advising on numencal technxyues, 
Assisting with the formal amd informal in- 
struction of undergraduates and others m 
numerical analyass and computer program- 


The salary will be in the range £750 by £50 

to £1,000. ‘ 
Application forms and further mformation from 
the Secretary of the Faculty Board, Unrversity 


(b) 


(c) 





Engineering Laboratory, Cambridge. Closing 
date, April 5, 1962. 
ACTIVE EUROPEAN, PREFERABLY 


single, within the age group 25 to 35 m requwred 
to fill the vacancy created by the retirement of 
the existing Field Officer of the Tanga Branch of 
the Ross Institute of Tropical Hygiene. The ap- 
plicant must be physically fit and be prepared to 
undertake a considerable amount of safan work 
In the exerase of tus duties. Dukes corset 
of the supervision of an extennve and widespread 
malaneal control spraying scheme together with 
ancillary matters relating to admunistration, pur- 
chase of imsecticides, etc A knowledge of 
ganitauon and an interest In the mmprovement of 
siandards of hygiene and health educaton as 
applied to large labour forces would be advan- 
tageous. Working knowledge of Swahil essential 
or alternatively the successful candidate would be 
required to qualify in same within a reasonable 
pened. A generous salary, together with free 
house, medical and Provident Fund benefits, short 
tour, HW engaged on overseas terms, etc., will be 
offered to the right applrcant.—Applcants are 
requested, in the first instance, to apply, giving 
full particulars of experience, together with copies 
of references, to the Secretary, Tanga Branch of 
the Ross Institute of Tropical Hygiene, P.O. Box 
126, Tanga, Tanganyika Terrrory, East Afoca. 


W.C.2, quoting reference 1595R and giving full details of 





HEAD OF BIOLOGY GROUP 


AT 
NATIONAL INSTITUTE OF 
OCEANOGRAPHY 
Wormiey, Surrey (Admiralty) 


Pensionable post as SENIOR PRINCI- 
PAL SCIENTIFIC OFFICER for man or 
woman to lead research on oceanic produc- 
trvity, plankton, cephalopods, and whales, 
Qualificauons' normally first- or second- 
class honours degree in a biological subject : 
or evidence of high attainment in appropn- 
ate research. Several years’ research experi- 
ence in biology essential; experience im 
deep sca biology desirable. 


Salary scale £2,650 to £3,000. 
salary may be above munmim. 


Write Civil Service Commusion, 17 
North Audley Street, London, W.1, for ap- 
plication form quoting $/5450/62. Closing 
date March 26, 1962. 


Starting 





OXFORD UNIVERSITY 


Applicatrons are mvited for the appomtment of 
GRADUATE RESEARCH FELLOW (salary 
— to £1,600 per annum according to experi- 
ence), 

We wish to engage someone who has had experr 
ence of the operation of 


ELECTRON BEAM MICROANALYSERS 


Applicants who haye had experience m X-RAY 
F! UORESCENCE ANALYSIS or ELECTRON 
MICROSCOPY would aiso be considered. 


Dunes will be centred on the opereton of an 
existing microanalyser balit in the Department. 
The problems wal include archacology, art, and 
metallurev. Some instrumental development & 
also required, 


The govomtment would be for three years in the 
first instance. 
Application should be made to: 

Dr. E T. HALL, 

Research Laboratory for Archacology 

and the History of Art, 

6 Keble College, Oxford, 

from whom further particulars can be obtained. 


CHIEF CHEMIST . 

Applications are called for the post of Chef 
Chemist with the Rompn Mming Co. Lid. of 
Malaya, The Company is opening a large new 
momore mme at Bukit Ibam in the South of the 
State of Pahang. The mine wil] have an imal 
production of aboot ii-milbon tons of ore per 
annum. The mme wii commence production m 
Apni, this year, and the successful appointee must 
be available by that date Two laboratormes are 
being built, one at the mine which is 50 mila 
inland and one at the Coast. 

To emsare that careful control is maintained 
of the grades of ore shipped, comprehengre 
analyses for iron, alumuna, xia, moisture and 
a umber of mmor metalice and non-metalhc 
impurities must be made on regular samples from 
the Mine, treatment plant, trains, and shipping 
barges. 


pecting 

Initially all the work will be carried out by 
standard chemical methods, but It 1s imtended to 
change gradually to modern tstrumental methods 

The successful applicant should have specialmed 
m physcal chemistry m tus training, and prefer- 
ably should have had about five years’ analytical 
experience in the mmeral Industry. At present 
the Company favours using an X-ray fluorescence 
method of analyus thus year, possibly later sup- 
plemented by technrues involving ultra-violet 
emnon. 


In addrmion to orgaruring the large volume of 
route analytical work, the Chief Chemist may 
at tunes be asked to carry out aspects of research, 
such as statrtieal studies of optumum sampling 
conditions, 

It ws hoped that the appointment can be madec 
m time for the Chief Chemut to supervise mn- 
stallation and layout of the two laboratories 
Traming of Aman staff will also be an important 
function. 

Appucants should give fall detallz of qualtica- 
tions and past employment, emphasizing any pel- 
sonal experience with spectrochemical methods 
Salary offered will depend on the experence of 
the man appointed, but zs expected to be not 
leas than £(Stg)2,000 per annum. Initial contract 
will be for three years, with option of renewal 
for further two-year periods. Other benefits pro- 
vided by the Company are: 

1. Accommodation, lighting, water and medical 
attention are provided free A marred man's 
family, however, may have to walt up to sia 
months before being able to jom the 
appomiee. 

2 Free first-class return air travel at start and 
end of contract 

3. Two weeks” annual local leave and foui 
months’ leave at end of contract. 

å. Free schooling to Australien standards fo: 
children up to Il years. 

Further information can be obtarned from 

Messrs Cove and Beecham Limited, 
No. 50 Mount Street, 
London, W I. 

Applications, which will be treated in stttl 
confidence, and copies of references, should be 
sent to the above address. 


UNIVERSITY OF LEEDS 
THE HOULDSWORTH SCHOOL OF APPLIED 
SCIENCE 





Applicauons are invited from physicists and 
phymical chemusts for post-doctorate and pre- 
doctorate research appointments for investigations 
of solid state diffusion, thermal expansion and 
other physical properties of crystalline łonie 
sohds, polymers and glasses, under the general 
supervision of Dr. J. P. Roberts. The pere- 
doctorate appomtment offer the opportunity of 
study for a tugher degree. Stupends up to £1,200 
per annum will be paid 

Applicauiona (three copies), stating date of 
birth, education, qualifications and experience, to- 
gether with the names of three referees, should be 
sent as soon as possible to The Registrar, The 
Univermty Leeds, 2 (from whom further particu- 
lars may be obtamed). 


UNIVERSITY COLLEGE 
CORK 
LECTURESHIP IN ZOOLOGY 

Applications are mvited for the vacant full-ome 
pensionable Lectureship in Zoology Remunera- 
tion’ £1,242 by £54 to £1,620 per annum plus 
Children’s Allowances. The penmon scheme n 
non-contributory. There m a contnbutory scheme 
for payments to wxKlows. 

Full particulars may be had from the under- 
signed. Latest date for receipt of epplicatiogs is 
12 noon on April 24, 1962, 

JAMES HURLEY, 
Secretary 
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AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


RESEARCH GENETICIST 
DIVISION OF ANIMAL GENETICS 


Applications are invited for appomtment to. a senior research poaltion with a research 
group engaged m fundamental genetics by the Organmzation’s Divison of Anima] Geneu 


Ca, 


located in the Department of Zoology, University of Sydney, N.S.W, 
The appointee will be responmble for part of a research programme into the fundamental 


problems of the genetics of mucro-organisms, 
apecricitics and the genetics of the reacton of the host to the disease. 
different strains of the Myxoma virus for their anti- 


specifically responsible for 


such as the variation of viruses, their 
He will be 


genic properties and the effect of mutagenic agents on these. A colony of rabbits selected 


for reastance to Myxormatosrm ts maintained and the applicant will be 
the rabbits’ reactions to the antigens of the virus. 


to examine 
He will also have the opportunities 
tions, 


of carrymg out research into fundamental problems behind these special investiga 
Applicants should be honours graduates in Science (or equivalent qualifications) with 

commderable postgraduate research experience. Postgraduate experience m genetics and 

immunology 1s essentul and experience m biochemistry of large molecules would be an 


advantage, 


Y: Dependent on qualifications and expernence within the renges: 
£A4.1,541 to £4.2,296 per annum or £A.2,426 to £A 2,751 per annum, 


Salary for a woman will be £A.188 per annum less than correspondimg rates for men. 


Promotion within CS.LR.O. is by ment and may ultimately go beyond the upper Umut 
of the scale within which the onginal appointment 1s made, 


Fares paid for the appointee and famity. Further particulars of conditions etc, supplied 


on application to' 


Mr. P. F. Butler, Chief Sclenufic Liarson Officer, Australian Sclentific Lisson Office, Africa 


House, Kingsway, London, W.C.2, 


to whom — — {quoting Appormtment No 


March 31, 


UNIVERSITY OF LIVERPOOL 
Applications are invited for the following posts 
in the Department of Physics 


(a) Leverhulme Fellow and Lectorer 

The initial salary will be within the range 
£1,050 to £1,650 per annum, depending upon age 
and Cx The post u specially for research 
and teaching duties sre immited. The holder will 
take part fn high or low energy nuclear physics 
research, unng ether a 400 Mev synchocyclotron 
or a 12 Mev tandem Van de Graaff electrostatic 
gencrator 


(b) Three posts of Assistant Lecturer or Lecturer 
The initial salanes will be in the range £900 
to £1,350 per annum Each post carries normal 
teaching duties, and the holder will take part in 
research in one of the three following fields: 


G) High energy physics uung a 400 Mev 
cyclotron ; 

Gi Low energy nuclear physics using a 12 
Mev tandem Van de Graaff electrostauc 
generator. 


(md Design of a 4 Gery electron synchrotron 
Applications, stating age, qualifications and ex- 
perience, together with the names of three 
referees, should be received not later than Aprũ 
14, by the Remstrar, from whom further particu- 
lars of the conditions of appointment may be 
obtained, Quoting reference No. CV/19/N 


COLLEGE OF ADVANCED 
TECHNOLOGY 
TRIPOLI, LIBYA 


Applications are iovited for the following. 
o Lecturer in Food Technology. (n) Lecturer 
Chemistry. (ut) Lecturer in Physics 

He Lecturer in Mathematics Qualifications : 
honours degree and teachmg experience at degree 
oc equivalent level. Teaching is in Enoglsh, but 
= working Knowledge of Arabe would be an 
additional advantage. Salary: £12,500 per 
annum Free passages, focluding wife and maxi- 
mum of three children up to the age of 18, on 
appointment, termination, and home leave every 
two years Housing assistance and contributory 
fund. Duration of contract two years, 

with possibility of extension. 

Further fnformetion from Council for Over- 
seas Colleges, 12 Lincoln's Inn Fields, London, 
W C2, to whom applications Gix copies), arving 
age, qualifications, expernmence, and the names of 
three referees should be sent by March 15, 1962. 


675/95), should be addressed by 


AGRIOULTURAL AND BIOLOGIOAL 
` RESEARCH OPPORTUNITIBS 


fn 
ANIMAL SCIENCE—~PLANT SCIENCE 
—SOIL SCIENCE—ZOOLOGY— 
MICROBIOLOGY—CHEMISTRY— 
FOOD SCIENCE 
Salaries up to $7,860 per annum 
Research Branch 
Canadian Department of Agriculture 
Saentsts with the Research Branch, are 
encouraged to develop independent research 
programmes withm the area of ther special- 
zation and to publish and present research 


papers to national and international scien- 


tufic organizauons. Opportunities are avai- 
able to work with well-known scientists In 
an environment demgned to facthtate and 
Stiroulate research. 

Inquiries aro invited from graduates and 
postgraduate students who possess a good 
academic standing and apnotude for 
research 

Information Circular 62-1350, with full 
details of all requirements and application 
forms avawJable on request. Write to 
CIVIL SERVICE COMMISSION OF 
CANADA, OTTAWA, CANADA, 





UNIVERSITY COLLEGE OF THE 


WEST INDIES 

Applications are myited for post of Plant 
Phymologist at the Regional Research Centre, 
Trmidad applicant will be required to 
participate in programme of research on bananas 
with particular reference to sutriion, timing of 
crop production and prumng Expenenced person 
preferred on scale: £1,500 by £75 to £2,425 per 
annom. Less expenenced candidates may be con- 
sidered on scales. £800 by £50 to £950 per 
annum, or £1,050 by £50 to £1,400 by £75 to 
£1,850 per annum. Ail scales plug pengonable 
supplement of £250 per annum. Child allowance. 
FSS.U Unfurnished accommodation at. rental 
of 10 per cent of pensionable salary. Up to five 
fol peztages on appointment, and normal 
termunation, {mual appointment two yeam with 
posible one-year extemnon. 

Detailed os (aix copies), naming three 
teferees, by April 9, 1962, to Inter- 
Unrvermty Council for Higher Education Over- 
seas, 29 Woburn Square, London, WC.1, from 
whom further particulars may be obtained. 


NEW ZEALAND 
METEOROLOGICAL SERVICE 


OPPORTUNITIES FOR UNIVERSITY 
GRADUATES 


The New Zealand Meteorological Service has 
immediate vacancies for suitable universty gradu- 
ates wishing to follow profesional meteorology 
as a career in New Zealand. 

: For preference, 
should possess a B.Sc. Special degree in Mathe- 
matics and/or Phy{cs, but consideration would 
be given to those with BSc. General. Students 
expecting to complete thar degree this year are 
¢hmble to apply. 

Traming, For those without previous expen- 
ence professional meteorological training will be 
given in Wellington, New Zealand. 

Dutres. Appointees, after training, will be en- 
gaged on professional meteorolomcal work as 
conmdered most appropmate to their indrvicoal 
aputudes. In general, they will do weather 
analyms and forecasting, but opportunities are 
given for concurrent investigational work. In 
addition, there are interesting openings for suit- 
able specialized officers m research, climatology, 
agricultural meteorology, instruments, hydrology, 
etc. 

Salary: Minimom starung salaries for ar 
pointees with no previous experience are: B.Sc. 
General, £835 per annum; BSc. Special, £880 
per annum; B.Sc. Special, second-class honours, 
£930 per annum; B.Sc. Special, first-class 
honours, £970 per annum; higher qualifications 
as applicable. In determination of actual start- 
ing salary, credit may be given for any postgradu- 
ate scientific work or study. Officers of average 
ability may muse to £1,730 per annum and officers 
of exceptional ability beyond £1,730 up to a 
maximum of £2,300 per annum. Salary payments 
start on taking up duty m New Zealand, 

Locations. Initial location for training will be 
Wellmgton, New Zealand. Thereafter, officers 
may serve at one of the forecasting branch offices 


From United Kingdom: Single 
perron up to £172; marned couple, up to £370; 
child, proportion of £172. From South 
yoann £210 per person plus proportion for 
chuld. From other countries’ Mimmum tounst 
class fare by the shortest route 
Incidental expenses Up to £35_for a single 
person and £100 for a married 


High Commismoner for New 
Zealand, 415 Strand, London, ae with whom 
applications will close on April 6, 1962, nr 
quote reference B13/3/1 when inquiring. 


AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
THE JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 
RESRBARCH FELLOWSHIP IN THE 
DEPARTMENT OF PHYSIOLOGY 
Applications are invited for the above- 
menuoned post Ths Research Fellowship is 
supported by the Wool Trust Found of Austrahe 
and mw designed to assists Dr W. V. MacFarlane 
in research on ruminant phymology. Work on 
adaptation to and regions, on the measuring of 
water, electrolyte, metabolite and hormone turn- 
over rates and on renal mechanims is m pro- 
gress. The salary range for Research Fellows is 
£A.1,625 to £4.2,450, with merements of £4.75 
per annum mutial salary depends on qualifications 
and expenence. Appointment is for three years, 
with possible extension to a maximum of five 
years, Supe¢ranouation is on the F.S S.U, pattern. 
Reasonable travel expenses are paid and asaist- 
ance with housing m provided 
Further particulars shotld be obtained from 
the Secretary, Amoclaton of Unrverutles of 
the Brush Commonwealth (Branch Office), 
Marlborough House, Pall Mall, London, S.W 1. 
Applications close on Apml 9, 1962 


NORTH LONDON BLOOD 
TRANSFUSION, CENTRE 
DEANSBROOK ROAD, EDGWARE, 
MIDDLESEX 

Medical Laboratory Technician required, quali 
fied AI.M.L.T., Science degree or ae 
Present commencing salary salary £595 nsing to £720 
plus London weighting £20 er £30. 
— — in whiting, As poswrble. 
the “Adniinitrsuve Omia 7E ʻo 








applicants . 


LETTERS TO 


GEOPHYSICS 


Effects of Nuclear Explosions on the a eae — 
Prof. Walter Dieminger and Harry Kohl : 


Nuclear Explosions and the GEY gas Curve. — 
Dr., S. Balakrishna and P. V. Johnson ; 


GEOCHEMISTRY 


Electrical Conductivity of Fayallte and —— 
R. S. Bradley, A. K. Jamil and D. C. Munro . ‘ 


PHYSICS 


‘Condon Parabole’ in Molecules Specs — 
R. W. Nicholls. : ` 


parou i and — Products in Surface Ngee 
R.P . Parker 2 s * * 


The Lorentz Parameter in Ma — Fields in Dilute 
Silver—Manganese — at SHum SORE CLE SENS: — 
Dr. M. S. R. Chari è 


Electromagnetic Shock Tube ——— of —— 
a Well-formed Shock Wave of Low pe 
Dr. P. R. Smy . ‘ . 


METEOROLOGY 


_ Long-range Transmission of Atmospheric Disturbances. 
© =R. Araskog, U. Ericsson and H. Wagner 


CHEMISTRY 


Infra-Red Spectrum of the Spinels Ni,.S10., NuGeO, 
and their Solid sae —Dr. P. Tarte -and pr 
A. E. Ringwood . > 


Stabilization of Keratin Structure by Incorporated 
Water.—J. E. Algie and I, C, Watt 


Estimation of Alphatic Nitro Compounds Dr 
Ralph B. L., Gwatkin . ‘ ‘ 


Phthalmidomethyl E for the Revérsible Protec- 
tion of the Carboxylic Function.—G. H. L, Nefkens 


Analysis of Commercially Available Fatty eee 
Dr. D. W. Tanner and P. J. Kipping. r 


Fractionation of Peat Bitumen by Anjon-EExchange 
Chromatography.—J. D. R. Thomas 


RADIATION CHEMISTRY 


Free Radical Formation and Oxygen — in Irradi- 
ated Polymethylmethacrylate. Pores — 
and Prof. Gabriel Stein i 


Effect of 8- or/and — on ae Discharge —Dr. M. 
Venugopalan . 
/ BIOCHEMISTRY 


Mic O P ENT of Hæmosiderin — = 
C. L. Wells and J. J. Wolken : 

Analyses of Samples of Ambergris.—A. D. ET IEE 

Mechanism of Inhibition of Two Purified Brain Dia- 
— by AmytaL—Dr. A. oe and Dr. H. J. 

trecker . 3 à . . 

Clearing Tissue Homogenates. Dr. Albert Hansen, 
Dr. Jorgen Clausen and Dr. Rigmor Jensen 

Iso-enzymes of Alkaline Phosphatase ın —— 


and PROEKT ted Liver Preparet ons, vi 
D. W. Moss A 


Microsomal Cytochromes of the — Gland. —Dr. 
Klaus Krisch i s A 


PHYSIOLOGY 


Visceral Pain evoked by Intra-Arterlal Injection of ` 


Substance P.Q. D. — F. Gunman ang F 
R. K. 5. Lim : s 


Effect of Human Pituitary Growth — on the 
Length of Dicsstrus in the Mouse.—Nada Kovačič 


i Milk —— and Re-absorption frem the Udder.— 
Prof. G. J. Azumov, A. F. Orlov and O. P. Belugina 


Membrane Potential Changes during Sodium Transport 
m Frog Sartonus Muscle.—Dr. Roderick P. Kernan 
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PHARMACOLOGY 


Fusidic Acid: a New Antibiotic.—W. O. Godtfredsen, 
S. Jahnsen, H. Lorck, K. Roholt and L. Tybring . 


An Autoanalytical Method for the Estimation of 
Adrenaline and Noradrenaline.—Dr. R. J. Merrills . 


PATHOLOGY 


_ Allergen Testing on Monkeys passively sensitized by 
Hay Fever and Asthma Reagins of Human Sera.— 
Dr. Laurence Laird Layon; aves a and G 
Yamanaka ; . 


Lead Acetate and Perdonmeni of Chick Euo 
Prof. P, de Franciscis and F. Boccalatte 7 ° 


IMMUNOLOGY 


Iso-immunization in the Rabbit with Antibody-coated 
Theat Meath Carl Cohen and Dr. Wayne H. 
ton, jun.; Ronald Finn, Dr. C. A. Clarke, m 

R. B. McConnell, J. C. Woodrow, W . Kulke, D 
Lehane and Dr. P. M. Sheppard . . . 


Optical and Electron Microscope Studies of Jania: 


logically Competent Cells’ in Graft OENES — 
A ie L Baetan Prof. G. Mathe ; i 
RADIOBIOLOGY 


Recovery Effect of Highly Polymerized Homologous 
Liver Deoxyribonucleic Acid injected into Lethally 
Irradiated Rats: Histological Examination of 
the Digessve Organs.—-V. Pantic, N. Stohé, M D. 
Kanazir, A. Belarev:ó and G. Jovicki ‘ 

X-radiation Inhibition of the Induction of Kidney 

- Enzymes catalysing Synthesis of Deoxyribonucleic 


Acid in vitro —R. K. Main, L. J. Cole a and E. i 
Walwick . ` 


Effect of Lethall Irradiated Cells on the Devel- 
opment of New-Born Rats,-—Dr. Maro’ Klimek . 


BIOLOGY 


Effect of Phosphorus Deficiency on the Metabolic 
Changes in Free Amino-Acids in Certain Le 
Crop Plants.—Shri Ranjan, R. M. Pandey, R. K. 
Srivastava and Dr. M. M., Laloraya i r : 


Acti6n of Growth Substances, Chelating Agents and 
Antibiotics on Isolated Root. — ak E. e 
Cocking . è ‘ 

Differential Staining of Nuclerc Acids — van Duin, 
jun.; D. J. Goldstem . 

Multiple Medullæ in Wool Fibres —G. jones š A 


Haemoglobin Pattern and Chromosome Number of 
American, European and Japanese eels ( Angustla).— 
Dr. Knud Sick Mogens Westergaard and me — 


denberg; Dr. ys W. Tucker . s 
ENTOMOLOGY 
— of oe on eyande Poros in a — 


Blood Feeding by Philolache IE IN silverlocki 
Austen (Diptera, Tabanidae).—Rawdcen Gccdier 


Lactate Dehydrogenase in Some Insect aa 
G. B. Kitto and M. H. Briggs è ‘ 


“ 


CYTOLOGY 


Multiple Myelin Sela in Smee Schwere — —Dr. 
Andrew D., Dixon 


PSYCHIATRY ~ 
Macroglobulin Elevations in Functional Mental Illness. 
J. Fessel 


a 
> + * 2 + « * 


STATISTICS 


An Iterative Method for obtaining Statistical Frequency 
Distributions from Limited Expermental Data.— 
Dr. P. Nilakantan and B. N. Narahari Achar . 
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THE NUMBER TO REMEMBER 


The ‘Kodak’ ©.250 plate, made 
LA : speclally for photomicrography, 
has a medium-speed, orthochro- 
matic emulsion of variable con- 
trast and high resolving power. 





O. 250. 250 


Its highest sensitivity ls in the 
region of maximum visual sensi- 

nt tivity, where most microscopes 
yleld sharpest focus. 





Kodak Limited, 


© 
Industrial Sales Division, 
al Kodak House, 
Kingsway, London, W.C.2. 


HIGH PERFORMANCE in the — 


MEDIUM PRICE RANGE 
is the YATTA acHiEVEMENT 


The VAI7A Automatic Memory! Calculator retains 
any factor during operation for fater use as a 
constant divisor, dividend, muletplier etc. 
























Extreme simplicity of control -=the VAI7A can 
be ‘programmed’ if work has to be delegated. 





Fully automatic In all operations including nega- 
tive multiplication and division, zero skipping 
and automatic squaring. 


Direct addition In multiplier register enabling 
immediate multiplication of totls-—or two 
totals simultaneously, 


Direct calculation of intermediate answers 
without re-setting—~a speedy solution to 
difficult problems, 


Correct decimal positioning, full tens trans- 
mission and so much more than you expect 


ide 





at £285. — 
e | Please Tend me details of 
| O YA 17 CALCULATORS 
Chi l a | O DIA-PLAN WALL CHART 
aaen LIMITED | O ROL-A-CHART WALL CHART 
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No. 4819 


HIGHER EDUCATION 


N common with many professional bodies, the 
Institute of Physics and the Physical Society has 
recently submitted some striking evidence to the 
Robbins Committee on Higher Education (see p. 922 
of this issue). This evidence was prepared as part of 
the work of a committee set up, under the chairman- 
ship of Prof. R. V. Jones, to investigate current 
problems facing university physics departments. In 
the course of this work the committee has conducted 
an exhaustive inquiry among physics departments in 
universities and selected colleges of technology. 

In their submission to the Robbins Committee, the 
physicista lay great emphasis on the importance of 
continuing and developing research in both the 
universities and the colleges of advanced technology. 
Now the first responsibility of these institutions is to 
educate students, particularly undergraduates. The 
physicista believe that this process can only be suo- 
cessful if the majority of teachers are themselves 
making important discoveries. The students need to 
be taught by men with lively minds who are active 
workers in their chosen subject. After graduation, 
about half the best physics students remain in the 
universities to be trained as research workers. This 
training can, of course, only be satisfactorily carried 
out in a department with an active and varied research 
programme. Furthermore, it is now widely recognized 
that there is growing need for more formal teaching 
during postgraduate studies. Thus, the physics 
departments are first and foremost teaching depart- 
ments, 

Student numbers are expected to increase very 
substantially during the next decade. It will be most 
regrettable if this increase should upset the present 
balance between teaching and research time in the 
departments. Most heads of departmente feel that 
the present average staff-student ratio gives the 
teacher reasonable time for research. Thia view is 
also given by the Advisory Council on Scientific Policy 
in ite report for 1960/61 (Cmnd. 1592. H. M. S. O.). 
Thus, a very substantial increase in the number of 
physics staff members will be needed-—in fact, from 
about 700 now to about 1,100 by 1967. The most 
serious problems facing departments is how to recruit 
the extra 75 physicists needed each year to build up 
to this total by 1967. Almost all the departments are 
now experiencing considerable difficulty in finding 
first-class staff, thus the future trend is most dis- 
quieting. 

A decade or go ago, first-class physicists clamoured 
for university appointments. The situation is very 
different to-day. In their evidence the physicists 
told the Robbins Committee that, although they feel 
that the salary problem is important, the main reason 
for this change is that the present level of research 
resources—money and support staff—is inadequate. 
Many laboratories, other than those in universities, 
now offer much more attractive facilities for research 
work with no teaching duties. This is especially the 
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case in the United States. It is difficult to assess 
statistically the absolute loss of good physicists to 
foreign countries; it is often concluded that the 
majority return after a few years. The physicists 
comment, however, that many of their-most able 
colleagues remain in the United States and Canada. 
To illustrate their concern, a lst, which does not 
claim to be comprehensive, of some seventy names of 
British physicists who now hold either professorships 
in the United States and Canadian universities, or 
very senior posts in Government service or in industry 
in those countries, is appended to their evidence. It 
is interestmg to speculate how many of these might 
have been attracted home if more senior posts had 
been available in universities during the past ten 
years. At the moment there are probably about 
seventy professors of physics in Great Britain: it is 
evident that this number ought to be substantially 
increased during the next few years. 

During the past year or two, senior university 
physicists have frequently complained, in the Press 
and elsewhere, that they have to work too hard 
raising money for research projects. There are very 
many possible channels to explore—the Department 
of Scientific and Industrial Research, several Govern- 
ment departments and national boards, foreign 
Government bodies, foundations of various kinds and, 
no doubt, many others. Only rather small amounts 
of money come from the University Grants Com- 
mittee for general research expenditure. If a depart- 
ment is rehoused in a new building, then a generous 
equipment is made by the University Grants Com- 
mittee; but the normal grants to universities are . 
insufficient to maintain the general level of research. 
It is probably a good thing that professors have to 
apply to bodies outside their own universities for 
funds for new projects; these can then be assessed 
by experts on a national basis. The major trouble is 
that so many of these applications to outside 
agencies are for amounts of only a few thousand 
pounds, or less, often to be spread over two or even 
three years. This situation has arisen because the. 
grants for materials and apparatus made by the 
universities themselves, presumably from funds of 
the University Grants Committee, only amount, in 
many departments, to about one-third of their total 
income. All departments have asked for large 
increases from their universities during the next five 
years. It is to be hoped that the University Grante 
Committee will be sympathetic to these requests, and 
that universities will be given adequate resources to 
enable departments to finance wholly their smaller 
projects and to have adequate supporting funds for 
larger projecte. The national bodies will then be 
able to devote their resources to the larger projects, 
each costing at least a few thousand pounds. 

It is important to inquire how the average level 
of support for university physics research compares 
with the level in other institutions. A recent inquiry 
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shows that physics research in universities costs 
appreciably less than £3,000 per annum (including 
salaries, equipment and materials, etc.) for each 
graduate research worker. This is substantially leas 
than the corresponding average figure for Govern- 
ment and industrial laboratories. For example, in 
its report, Industrial Research in Manufacturing 
Industry, 1959-60, the Federation of British Indus- 
tries report an average expenditure of £8,750 per 
qualified (essentially graduate) worker in mdustrial 
research and development. Part of this marked 
discrepancy is due to the low level of funds for 
equipment and part to the smal] amount of technical 
help in university physics departments. 

It is true that Government and industrial labor- 
atories undertake more applied, relative to funda- 
mental, research than the universities. In the past 
this may have accounted for some of the large 
differences between the cost of research in non- 
teaching and in teaching laboratories. This situation 
has completely changed during recent years. Funda- 
mental or pure research in almost every branch of 
experimental physics now needs a great deal of 
ancillary technology. Many university physicists 
spend most of their research time in designing and 
building apparatus to do specific tasks. This equip- 
ment is not necessarily large, but is often complex. 
For example, modern electronics has grown in com- 
plexity while shrinking in volume. This expensive 
equipment can often be housed in a small area, but 
it requires a great deal of maintenance and opera- 
tional effort. 

Academic staff, in physics departments, who must 
spend a reasonable fraction of their time—perhaps 
up to one-half—teaching undergraduates and post- 
graduates ought to have an adequate ancillary staff. 
At the moment they each have, on average, about 
one technician (often poorly qualified) to help with 
this research. Only a very few experimental officers 
have been appointed in university physics depart- 
ments, and their salary scales are substantially below 
the scales operating in the Scientific Civil Service. It 
is clearly absurd that scientists with most important 
teaching duties have much leas help than the acientific 
officer grades in Government service, who are able to 
devote all their time to research. Owing to the con- 
tinual growth in the complexity of experimenta, the 
present generation of research students also need 
considerable technical assistance if they are to 
accomplish a worth-while piece of work in three 
years. To meet these requirements, a realistic, but still 
very modest, level of assistance would be one tech- 
nician per graduate research worker. This improve- 
ment would need about 1,000 extra technicians in 
the university departments now and, perhaps, about 
2,000 more by 1967. 

The Institute of Physics and the Physical Society 
has presented a very strong case to the Robbins 
Committee for continuing and strengthening the 
research effort in the physics departments of the 
universities and colleges of technology. Reports 
supporting university research are now very fashion- 
able: two recent examples are the annual report of 
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the Advisory Council on Scientific Manpower for 
1960/61 and the report of the Committee on the 
Management and Control of Research and Develop- 
ment (1961). The final question is, will the Govern- 
ment listen to all these recommendations and decide 
to spend a substantially greater fraction of our 
national income on university research in the future 
than they do at present ? 


VoL. 193 


MEETING THE CRISIS IN 
MATHEMATICAL TEACHING 


On Teaching Mathematics 

A Report on some Present-day Problems in the 
Teaching of Mathematics—The outcome of discus- 
sions and lectures at the Southampton Mathematical 
Conference, 1961, under the Chairmanship of Bryan 
Thwaites. (The Commonwealth Library of Science, 
Technology and Engineering. Mathematics Division,’ 
Vol. 1.) Pp. xxiv+116. (London and New York: 
Pergamon Press, 1961.) 7e. 6d.; 1.25 dollars. 


HIS report describes a third conference, meeting 

in numerous committees and in plenary sessions, 
for mathematicians from the schools, the universities 
and technical colleges, and from industry. The con- 
ference was not directly concerned with the recruit- 
ment of teachers, but mainly with the kind of mathe- 
matics which should be taught m the schools and 
universities, and the way in which this teaching 
should be done. The serious shortage of properly 
qualified teachers of mathematics demands nót only 
an increase in their number but a fully efficient use 
of those already engaged. Moreover, new material 
is continually presenting itself for inclusion `in 
syllabuses already over-crowded: room for this 
cannot be found merely by drastic pruning; we must 
also study economy of presentation, and take full 
advantage of the co-ordinating and simplifying 
power of certain modern mathematical concepte and 
modes of thought. The ultimate crisis may be ex- 
pected to occur when mathematics in the schools 
collapses through lack of teachers; but the immediate 
bottle-neck appears to be at the university stage. 
The conference therefore recommended the doubling 
of the university intake, and the provision of more 
broad courses of ‘general degree’ type to balance the 
highly specialized ‘honours degree’ type. Other 
bodies have pressed for this development, and the 
suggestions about detailed content of the broad 
courses made in this report are worthy of study. 
Further, it is suggested that the universities should 
be quick to provide refresher courses for school 
teachers. 

These admirable proposals bring the whole matter 
back again to the shortage of university lecturers; 
with their present staffs the universities could not 
cope with the fresh and quite substantial burden. It 
is suggested that universities may have to cease to 
insist on good research qualifications for all members 
of staff, and try to attract lecturers who could teach 
the broad courses, and parts of the specialized courses, 
but would not be expected to contribute to the 
research work of the department. In order to plan 
courses, the conference had to assume that such 
lecturers can be found, but it would be dangerous if 
they were found at the expense of the schools. 
Perhaps here we may see some hope in the provision 
of diploma courses for those now teaching to the 
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Ordinary Level of the General Certificate of Educa- 
tion; such courses will not only enable these teachers 
to take Advanced Level work, they also include some 
study of modern concepts of mathematics and 
encourage the introduction of such concepts into the 
school course, often at a surprisingly early stage. 
The industry and enthusiasm of teachers taking 
these diploma courses are heartening; to them in 
particular the reading of this report is recommended, 
for in it they will find much to help them directly in 
their efforte to raise the standard of their teaching, 
and some brief but illuminating indications of ways 
in which Britain’s industry is dependent on a bigger 
and better output of mathematicians from the 
schools. T. A. A. BROADBENT 


ANTHONY VAN LEEUWENHOEK’S 
SCIENTIFIC CORRESPONDENCE 


The Collected Letters of Anton! van Leeuwenhoek 
Vol. 6. Edited, illustrated and annotated by a Com- 
mission of Dutch Scientista. Pp. ix -+ 425+ 32 plates. 
(Amsterdam: Swets and Zeitlinger, 1961.) 178s. 


LIFFORD DOBELL, writing in 1932 his pleasant 

author’s epistle to the reader of his book, 
Antony van Leeuwenhoek and his ‘Little Animals’, 
referred constantly to the great difficulty he had 
experienced in discovering either an authentic account 
of the man or any adequate version of his work 
other than his original letters handwritten in Dutch 
of a somewhat archaic character. With typical 
meticulousness he therefore set himself the task of 
learning Dutch with the object of translating those 
letters which referred to Leeuwenhoek’s discoveries 
relating to Protozoa, bacteria and the like; in fact, 
the ‘little animals’. How much his task would have 
been lightened were he e in his search now, 
for this is Volume 6 of a definitive edition of all 
Leeuwenhoek’s letters in course of preparation by 
Dr. H. W. Julius and his group of Dutch collaborators! 
How much also, incidentally, the world might have 
lost had Dobell’s book not been written! In this 
present edition the provenance of each letter, and 
full references to its publication elsewhere, precedes 
the fill text, side by side, in the original Dutch and 
in English translation. Knowing no Dutch, I find it 
impossible to offer an opinion on the quality of the 
translation; the English text, however, conveys an 
even quality of excellence through which the simplicity 
and lively curiosity of the man is made lambently 
clear. 

This volume includes letters 90-101 (or 49-56 of 
Leeuwenhoek’s own numbering) written between 
April 1686 and July 1687. There are also included 
two short notes by Dr. A. Schierbeek, one putting 
into its proper perspective letter No. 92 written to 
the Royal Society and concerned with the origin of 
oak gall-nuts; the second establishing the interesting 
fact that Leeuwenhoek was officially appointed wine- 
gauger to the City of Delft in August 1679, and giving 
some account of his functions and duties in this 
capacity. It may be that this engagement throws 
some light on his predilection for calculations of the 
sizes and relationships of so many of the objects 
which he writes about. 

The letters, for the most part communicated to the 
Royal Society, report Leeuwenhoek’s observations 
on a wide variety of natural phenomena, and one is 
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filled with a renewed admiration for the meticulous- 
ness of his work and the acuteness of his mind. That 
he was often mistaken, and clung tenaciously to his 
views none the leas, is not to be wondered at; he was 
exploring mostly new ground with equipment which, 
by modern standards, was ludicrously madequate 
and from a background of knowledge still woefully 
insecure. Moreover, he had no language other than 
his native Dutch, and he was therefore unable to read 
the work of most of his contemporaries and in 
consequence was precluded from that full mterchange 
of ideas which is now such a commonplace of scientific 
life and thought that we cannot conceive of working 
in its absence. A notable, and well-known, example 
of this is apparent in his misconception of the ovum 
as a nest within which the spermatozoon develops 
and grows into a new organism. Whether he is 
recording his observations on the structure of seeds, 
oak galls and the like or discussing the development 
of the eggs of crustaceans and silkwormas, it is appar- 
ent how strongly his views and interpretations of 
observations are coloured by this mistaken idea. 

It is regrettable that the price of this edition (175s. 
for this volume alone) is prohibitive not only to most 
individuals but also to far too many libraries; not 
only is Leeuwenhoek’s work of very great historic 
interest, but also his minute exactitude in observation, 
his simple clarity of expression, and his humbleness 
set standards deserving of wider attention than they 
may receive should this work remain, as seems likely, 
relatively inaccessible. L. A. Harvey 


ADVANCES IN GEOPHYSICS 


Advances in Geophysics 

Vol. 7. Edited by H. E. Landsberg and J. Van 
Mieghem. Pp. x+333. (New York: Academic Press, 
Inc.; London: Academic Press, Inc. (London), Ltd., 
1961.) 88s. 


T is inevitable in a volume of this type, containing 

six articles most of which are only distantly related 
one to the other, that the way the authors treat their 
subjectes will show considerable differences. It is 
unlikely that this will inconvenience many readers 
since few will have an equal interest in all the articles. 

More than half the present volume is divided 
between a report by D. Fultz on “Development in 
Controlled Experiments on Larger Scale Geophysical 
Problems” and an article on “Atmospheric Tides” 
by M. Siebert. The former demonstrates that con- 
trolled laboratory experiments in such matters as 
atmospheric circulation, movements in the core and 
in the crust of the Earth, waves in lakes and a variety 
of other problems can provide useful, quantitative 
information. The paper is plentifully illustrated 
with photographs, and throughout the author streases 
the need to establish dynamical similarity between 
the experimental system and the full-scale phenomena. 
There is @ bibliography of about 350 references, most 
of which are dated in the last decade. The paper by 
Siebert includes first a history of present ideas about 
atmospheric tides and a description of the outstanding 
problems. This is followed by an outline of the 
mathematical theory in which free oscillation, 
Laplace’s tida] equation and gravitational and thermal 
excitation of atmospheric tides are covered. There 
is a bibliography of 108 references, two of which are 
noted as containing further references. 

The remainder of the book is divided between 
four papers. J. Van Isacker uses recent advances in 
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statistical treatment of data to develop the theory 
of stochastic time series for discrete sequences in a 
form suited to geophysical phenomena. H. A. 
Panofsky contributes a short paper, written in the 
style of a manual, on temperature and wind in the 
lower stratosphere. A. D. Belmont has written a 
ten-year review of ‘Arctic Meteorology” which will 
be as useful for the information it gives on data 
sources and for its survey of recent advances (there 
is a bibliography of 172 papers) as for its discussion 
of the usual meteorological features, including the 
stratospheric ‘‘sudden warmings”. The short final 
paper is by George C. Kennedy, who writes on “Phase 
Relations of Some Rocks and Minerals at High 
Temperatures and High Pressures”. One-half of 
this paper deals with equipment for subjecting test- 
samples to pressures exceeding 10,000 bars; the 
second half describes some results which have been 
obtained in this field. 
- There may be few geophysicists who will find all 

this volume interesting; there will be fewer still who 
will not find at least one of the articles of great 
interest. The production is up to the high standard 
set by earlier volumes of this series. 

A. C. BEST 


ORGANIC CRYSTAL STRUCTURES 


X-ray Analysis of Organic Structures 

By S. C. Nyburg. (Organic and Biological Chemistry: 
a Series of Monographs, Vol. 4.) Pp. xii + 434. 
(New York : Academic Press, Inc.; London: Acade- 
mic Press, Inc. (London), Ltd., 1961.) 13 dollars; 
93s. 


N the fifty years that have elapsed since Laue’s 

original discovery of X-ray diffraction by crystals a 
great new science of X-ray analysis has been built 
up. The theoretical foundations of the subject were 
well laid at an early date and their full exposition 
requires a number of volumes. The theory of crystal 
symmetry and space groups is much older, and this 
again is a lengthy subject. The phase problem and 
its ramifications is a more recent development, but 
many books have already been written about it. 
So much for the theory of X-ray analysis. Its results 
have been summarized in the large volumes of the 
Structurbertcht and the later Structure Reports which 
have been issued more or less annually ever since 
1928, but which are now unfortunately about nine 
years behind time. 

A sketch of nearly all this material, in so far as it 
relates to organio structures, is given in the volume 
now before us. It therefore clearly attempts the 
impossible, but does it rather well. The first six 
chapters deal with technical aspects of taking X-ray 
photographs, the unit cell and space-group, the 
intensities of X-ray reflexions, Fourier analysis and 
tha~phase problem, and questions of accuracy in 
structure analysis. The seventh chapter is by far the 
longest in the book and probably the most valuable. 
It gives the resulte of structure analyses of relatively 
low-molecular-weight organic compounds. It should 
be noted, however, that this category includes com- 
pounds up to the complexity of vitamin Bis» which 
would not usually be considered as of low molecular 
weight. The last two chapters are devoted to macro- 
molecular substances, including proteins, viruses and 
various synthetic polymers. All this material is well 
presented and gives a most valuable survey of the 
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field, bringing together chemically related sub- 
stances in a manner that cannot be achieved in the 
more detailed but scesttered volumes of Structure 
Reports. 

One cannot feel quite so happy about some of the 
earlier chapters. The treatment uses only a minimum 
of formal mathematics and this is perhaps a good 
thing in a book designed primarily for the chemist 
But even without mathematics, surely the funda- 
mental reasons for the limitation of symmetry in 
crystals and for the beautiful simpheity of their 
classification could be explained. Not to mention 
the law of rational indices and its consequences in 
such a context is rather lke describing Dalton’s 
atomic theory without mentioning the law of multiple 
proportions. Nevertheless, a considerable insight 
regarding the methods and techniques of modern 
X-ray crystallography may be gained from a careful 
perusal of these chapters, and the material is certainly 
well up to date. 

Misprints seem to be relatively few, but there 
appears to be an unfortunate mistake on p. 39, where 
it would surely be better to use the reciprocal of the 
Avogadro number rather than the mass of the hydro- 
gen atom, if molecular weights on the usual chemical 
scale are desired. In other words, the author confuses 
the mass corresponding to the unit of atomic weight 
with the mass of the hydrogen atom——quantities 
that differ by nearly 1 per cent. Excellent indices 
and very complete and up-to-date reference lists are 
provided. The book is a valuable addition to the 
literature on this subject. J. M. ROBERTSON 


RADIATION-INDUCED MUTATIONS 


Radiation, Genes and Man 

By Prof. Bruce Wallace and Prof. Th. Dobzhansky. 
Pp. xu + 206. (London: Methuen and Co., Ltd., 
1960.) 188. net. 


HIS is the English edition of a book published in 
1959 in the United States. Its main topic is the 
threat of genetic damage to man, but it ranges over a 
wide field: the elements of genetics, including popula- 
tion genetics, and of atomic and radiation physics; 
spontaneous and radiation-induced mutation and 
chromosome breakage; physiological radiation 
; carcinogenesis and cancer therapy. The 
authors’ moral point of view is stressed with admirable 
clarity and firmness: ‘Simply because our generation 
-——or our children’s generation—may not suffer 
greatly does not mean that the total damage to 
mankind will be slight. We cannot disregard the 
damage that will befall future generations, even 
though our emotional involvement in these genera- 
tions is slight’, and again, “If society sanctions the 
use of atomic energy, it must assume the responsibility 
for the genetic defects resulting therefrom”. 
Although some parte—especially the chapter on 
population genetics—-will be hard going for the non- 
specialist, the presentation in general is clear and 
very readable. Unfortunately, this is not so for the 
calculations on which assessment of actual radiation 
damage is based. These are unnecessarily involved 
and, in one important point, have led to a wrong 
conclusion. Most calculations contain estimates of 
total gene number, which are notoriously speculative 
and hazardous. In fact, in the book itself the estimate 
of total gene number in Drosophila is given as 5,000 
on p. 41 and 1,500 on p. 84, although this discrepancy 
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is obscured by the vague term “‘genes on one particu- 
lar chromosome”, which sometimes refers to the X, 
sometimes to chromosome II. As a matter of fact, 
estimates of gene number are irrelevant for the 
calculation of the doubling dose. Clearly, if the 
frequency of recessive sex-linked lethals in Drosophila 
is between 0-1 per cent and 0-3 per cent in untreated 
males and about 3 per cent in males irradiated with 
1,000 r., the doubling dose lies between 33 and 100 r., 

whatever the number of genes affected. Because this 
is 80, the authors’ calculated doubling dose is correct, 
although few geneticists dealing with Drosophila 
would agree with their estimate of 300 genes on the 
X-chromosome. Spontaneous mutation frequency at 
individual loci, however, has been over-estimated 
because of this under-estimate of gene number. 
Actually, the whole misleading calculations are 
unnecessary. Good estimates of mutation frequencies 
at individual loci in untreated and irradiated germ 
cells of Drosophila are available, a fact that seems 
to have escaped the notice of the authors. This is 
unfortunate, for it has led to the erroneous statement 
that a given dose of X-rays produces as many muta- 
tions in mouse loci as in Drosophila loci (p. 131), 
whereas in reality mutation-rate per locus per r. has 
been estimated directly as 3 x 10- in the spermato- 
gonia of Drosophila and 24 x 10° in those of the 
mouse. (A comparison between spermatozoa in 
Drosophila and spermatogonia in the mouse is in 
any way inadmissible because of the higher sensitivity 
of spermatozoa, which the authors themselves stress 
m a different context (p. 94).) A less-important 
point, which must be clear to the authors but some- 
how has gone wrong in the presentation, is that 
chromosome breakage in the germ cells does not 
inveriably result in zygotic death (p. 94); in the mouse, 
and presumably in man, & high proportion of chromo- 
some rearrangements results in viable translocations 
which reduce fertility of their carriers. 

The principle of not imposing “upon the reader our 
own opinions and conclusions without giving him at 
the same time some competence to judge their 
validity for himself’ (preface) is admirable in theory; 
in practice it involves the danger of confusion and 
misconceptions because the information vouchsafed 
the reader of this type of book is incomplete by 
necessity and tends to be biased because of human 
frailty. ‘The full extent of this danger has been real- 
ized in Chapter 8, which threatens to undo all the 
benefit the reader has derived from Chapters 1-7 and 
is likely to derive afterwards from Chapter 9, which 
includes one of the two sentences quoted at the 
beginning of this review. 

Chapter 8 deals with one of the most controversial 
hypotheses of modern genetics, the hypothesis that 
much or most of the genetical variation in populations 
is due to the beneficial effects of allelic heterozygosity. 
The authors seem to think that the reader should be 
able to take his stand in this controversy ; it is difficult 
to credit ‘them with the nasweté required for this 
belief. How can a reader, who in Chapter 2 was 
Introduced to chromosomes and genes and in Chapter 
6 to population genetics, be able not only to follow 
the highly technical arguments and admittedly 
“terrifying algebra” but even appraise them critic- 
ally ? How, moreover, can he do this without correct 
basic information ? Right at the beginning of the 
chapter he is told that the existence of heterotic 
alleles “on a gigantic scale” is suggested by hybrid 
corn. The much more generally accepted dominance 
theory of hybrid corn is not mentioned; in fact, it is 
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expressly stated that reference is made to genes that 
lack dominance. Similarly, the second author’s 
much discussed radiation experiment with flies 
isogenic for the second chromosome is described 
(p. 156) without mentioning that the resulte did, in 
fact, prove more than can be explained by the 
heterosis hypothesis, so that the interpretation of 
the whole experiment is still doubtful. 

It is true that the authors are cautious in discussing 
the way in which this concept of heterosis might 
affect the estimate of genetical radiation damage. 
Their unqualified statement in the concluding chapter 
“The vast majority of mutations are harmful” 
appears to show that they do not, themselves, believe 
it will have much effect. But the reader’s confidence 
may well have been shattered by the considerations 
in Chapter 8. A sentence like “Some inflow of new 
mutations may well be necessary” may make him 
feel that, after all, radiation-induced mutation has 
its good points as well as its bad ones, and that— 
given a sufficient number of loci with heterotic alleles 
—the good ones may prevail. This, certainly, is not 
the opinions of the authors; it would be a pity if, by 
their injudicious discussions of hypothetical situations, 
they should have achieved the opposite from what 
they obviously intended. CHARLOTTE AUERBAGH 


REVITALIZING GEOMETRY 


Introduction to Geometry 
By Prof. H. 8. M. Coxeter. Pp. xiv+443. (New 
York and London: John Wiley and Sons, Inc., 1961.) 
80s. 


HE author’s declared purpose in this book is to 

revive interest in geometry, which he finds a 
sadly neglected subject in the United States. If 
he cannot do this in the way he has set about it, it is 
hard to see how it can be done at all; every aspect of 
geometry capable of exciting the interest of an 
uninformed but intelligent reader is included, and 
nothing dull or too technical, Above all, the author 
never forgets that geometry is concerned with the 
shapes of things; algebra, trigonometry, and analysis 
are useful tools, but never allowed to dominate. 

The book is in four parte, and thought of as four 
years of a college course. How this arrangement is 
geared to the system in the United States I cannot 
say; In Britain it is as extracurricular reading for 
the intelligent undergraduate and sixth form school 
pupil, and perhaps even more for the teacher who is 
still determined not to become an automaton, that 
I see its value. 

Part 1, with much that is familiar on circles, 
triangles, etc., combmes a good deal that is less 
familiar, such as Morley’s theorem, and Fermat’s 
and Fagnano’s extremum problems, which are all 
treated by quite elementary methods; isometry, 
similarity, and symmetry, with the elements of two- 
dimensional crystallography (illustrated by some of 
M. C. Escher’s remarkable designs, and by common 
patterns of brickwork); and the geometry of circles 
and inversion. 

In Part 2 co-ordinates and complex numbers are 
introduced, and this section contains chapters on the 
Platonic solids, and on the Golden Section and 
PhyNotexis. Part 3 develops, in a rigorously axiom- 

atic manner, but not heavily, a variety of geometries, 
in the spirit of the Erlangen Programme. Order and 
continuity are treated much as in the author’s The 
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Real Projective Plane; then affine, projective and 
‘absolute’ geometry are dealt with in turn, the last- 
mentioned being based on the notions of separation 
and congruence; the finite groups of isometries 
(crystallographic point groups) come under this last 
heading, and hyperbolic geometry is treated as a 
specialization of it, alternative to Euclidean. 

Part 4 is mainly devoted to the differential geo- 
metry of curves and surfaces; but the last two 
chapters deal with the topology of surfaces (based 
mainly on the Euler—Poincaré characteristic) and 
with (Euchdean) four-dimensional geometry, especi- 
ally that of the six regular polytopes. 

It will be seen that the matter covered ranges from 
the elementary to the quite advanced. But the 
treatment is so lucid that the reader is carried on 
without dificulty—here and there indeed one is apt 
to be left amazed that topics one has taught for years 
are so simple after all. It is a book to be heartily 
enjoyed. Parrarok Du Van 


FUNDAMENTALS AND 
APPLICATIONS OF QUANTUM 
MECHANICS 


Quantum Theory 

Edited by D. R. Bates. Part 1: Elements. (Pure and 
Applied Physics: a Series of Monographs and Text- 
books, Vol. 10-1.) Pp. xv+447. (New York: 
Academic Press, Inc.; London: Academic Press, 
Inc. (London), Ltd., 1961.) 10 dollars; 80s. 


HIS is the first of a series of three volumes 

designed to provide an advanced, but fairly 
complete, text on the fundamentals and applications 
of quantum theory. This particular part is sub-titled 
Elements. It comprises nine separate chapters, 
written by seven different authors. The chapters 
vary from only 18 pages (on “The Variational 
Method”) to 136 pages (on “The Theory of Col- 
lisions”). As is implied by the sub-title these chapters 
are not intended to dea] with any particular applica- 
tions, but they set out to provide the basic frame- 
work and techniques. Thus, after two chapters on 
the fundamental principles of quantum mechanics, 
there are chapters on exactly soluble bound state 
problems, the continuum, stationary state perturba- 
tion theory, the variational method, the Wentzel- 
Kramers-Brilouin (WKB) approximation (which, 
the authors suggest, should be re-christened the 44 
—or asymptotic approximation—method), transitions 
and collision theory. 

The standard of knowledge assumed is that which 
may be expected in a third- or fourth-year mathe- 
matios student at a British university. The material 
covered is what it claims to be, the central part of the 
field. There does not seem to be very much missed 
out which one would have expected to find. 

A collective work of this kind inevitably has both 
advantages and disadvantages. The chief advantage 
is that most of the writers are themselves experts 
in their own field, so that they oan provide an author- 
ity impossible for one person in so wide a variety of 
topics. But the compensating disadvantage is that 
there is an overlapping of material, and occasionally 
disturbing differences of notation. For example, 
the- impact parameter is defined no less than 
times, and the Born approximation and the virial 
theorem twice. 
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There is some good stuff here: and, of course, it is 
absolutely up to date. However, my personal feeling 
is that with so distinguished a series of authors it is a 
pity that the level could not have been made a little 
more advanced, for there are places where a more 
sophisticated type of approach would have been more 
powerful. But to raise the level in this way would be 
to make the book less suitable as a general text-book. 
If some sort of compromise has to be made—as it 
obviously has—the present is probably about as good 
as it could be. If the remaining two parts are as 
successful as this first part, then the whole collection 
will undoubtedly prove a very useful reference source 
for people beginning their research in almost any 
branch of quantum theory. C. A. COULSON 


RECOGNITION AND CONTROL 


OF TERMITES 
Termites 
Their Recognition and Control. By W. Victor 
Harris. Pp. xii+187+65 plates. (London: Long- 


mans, Green and Co., Ltd., 1961.) 40s. not. 


ONSIDERING the importance of termites in 

tropical and sub-tropical countries, so many 
of which have the strongest of economic ties with 
Great Britain, it is rather surprising that no book of 
this kind has hitherto been published in the British 
Isles. With nearly a quarter of a century’s experience 
behind him as an entomologist in the tropics, and as 
head of the Colonial Office Termite Research Unit, 
Victor Harris has a fund of specialized experience on 
which to draw in writing this book. Indeed, in read- 
ing it, one feels that he has so much to say that it 
cannot be said fast enough. In places this has resulted 
in a construction that might well prove a little puzzling 
to readers not too well acquainted with the English 
language, who may be numerous. 

The book falls readily into two parts. The first 
is concerned with biology, morphology, classification 
and identification. In an order of insectes in which 
the species are all relatively so simple and uniform 
morphologically, definition of species presents such 
difficulties to the taxonomist that it is scarcely sur- 
prising to find that the keys stop at family-level. 
Beyond that point the soldiers and winged adults 
may provide morphological characters permitting 
recognition of the genus. ‘“Workers have few specific 
characters . . . and may become recognizable on 
acquaintance.” Termites, indeed, still present a 
challenge to the taxonomist. It is fortunate for the 
economic entomologist, whose concern is with control, 
that identification to species is relatively unimportant, 
as compared, for example, with Hemiptera or mos- 
quitoes, in the control of which it is essential. A 
curious feature of the chapter on classification is the 
absence of any comparative statement indicating how 
termites are to be distinguished from other insects, 
particularly the true ants: perhaps the complete 
lack of any reference to ‘white ante’ is deliberate ? 
However, Mr. Harris’s comprehensive summary of 
his views of the classification of termites, set out in 
this chapter, leads one to hope that he may give fuller 
expression to them elsewhere. This general account 
of termites ends with a most interesting chapter on 
the manner in which termites affect the soil that the 
vast majority of them inhabit. 

In what might be called the second part of the 
book, termites are treated in relation to the crops, 
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trees, timber and buildings which their activities so 
adversely affect wherever they occur. Within this 
grouping, the species are largely dealt with crop by 
crop on a geographical basis, and the species causing 
damage are noted or listed. Recommended methods 
of control are given or indicated. In the case of 
buildings, emphasis is laid, as is essential, on preven- 
tion of damage rather than cure. 

There are many books that deal with the control 
of insect pests ; few of them are as ‘alive’ as this one is. 
It will undoubtedly prove a great help to entomolo- 
gists and others confronted with a ‘termite problem’; 
and perhaps the author’s occasional witticism may 
lighten the gloom of the administrator whose bunga- 
low is being slowly eaten away under his feet by white 
ante. N. D. Rusy 
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LIBRARY SERVICES IN BRITAIN 


Special Library and Information Services in the 
United Kingdom 
Edited by J. Burkett. Pp. 200. 

Library Association, 1961.) 38s. 


XCEPT for some historical material, including D. 

R. Jamieson’s review of the research background, 
and Mr. Burkett’s own glance into the future in the 
last chapter, this book 1s essentially a descriptive 
account, fully representative if not entirely complete, 
of special library and information services in Britain. 
As such, it is a natural companion to the new edition 
of The Libraries of London, with which in character 
and preduction it may be fittingly compared, and 
two of ita chapters, those by Mr. Burkett himself on 
Government libraries and by Mr. D. B. Gibson on 
British Central scientific libraries, fill lacune in 
that volume. Mr. Burkett himself contributes 
five, and part of a sixth, out of the nine chapters, 
Mr. J. R. Smith describing the libraries and informa- 
tion service of the Atomic Energy Authority in the 
chapter on public authorities, and Mr. R..L. Collison 
the services of the British Broadcasting Corporation. 
There are three contributions to the chapter on the 
municipal contribution: Mr. P. Colehan deals with 
the role of public libraries generally, including the 
various exchange systems, etc.; Mr. F. R. Tayler 
considers Manchester's technical library service, 
already so admirable as to be a model of what could 
be rather than representative of what is generally 
found; and Mr. C. H. Wright looks at the possibilities 
of technical college libraries as already indicated in 
Hertfordshire and elsewhere. 

If the justification for including technical college 
libraries is plain, that for excluding university libraries 
and, in general, those of the professional institutions 
is then open to challenge. The Chemical Society 
Library is, however, included on the ground, again 
open to challenge, that it is representative, but is 
misplaced under ‘industrial libraries’. Admittedly, 
it is not easy to place all the material: libraries of the 
research associations are grouped under industrial 
libraries, but could equally well have been included 
with the Department of Scientific and Industrial 
Research. The descriptive material, however, is, in 
general, adequate having regard to the space avail- 
able. The chief grounds for criticism are in 
to the historical treatment, which is rarely adequate 
and fails to do justice to the work of the pioneers in 
the second two decades of this century. The names 
of Withers at the Shirley Institute, of Dawson in the 
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Rubber Industry Research Association at Croydon 
deserve mention and also the work of Barbour at 
Ardeer, which influenced the development of the library 
services in the subsequent main divisions of Imperial 
Chemical Industries, Ltd. Nor would these and 
other pioneers have been unmindful of the debt they 
themselves owe to many members of the public 
library service and university librarians whom they 
met at the annual conferences of the Association of 
Special Libraries and Information Bureaux. 

But if the historical aspect deserves more extended 
treatment than it here receives, Mr. Burkett shows 
himself fully aware of the interrelations, and indeed 
interlocking, of all classes of libraries and information 
services, if Britain is ever to have a worthy national 
service and the needs of industry, of Government, 
of science and technology are to be met at any reason- 
able cost. He might have quoted more freely from 
authoritative comment on this aspect, but he puts the 
situation reasonably enough, and if not all informed 
opinion is as confident about the future as Mr. Burkett 
is, his chapter gives sufficient pointers to what is 
needed if the Minister for Science really means to 
ensure that scientific literature is adequately covered 
and the flow of information fully implemented. 

R. BRigHTMAN 


BRITAIN AND ITS MIGRANT BIRDS 


Down the Long Wind 

A Study of Bird Migration. By Garth Christian. 
Pp. 240+16 plates. (London: George Newnes, Ltd., 
1961.) 218. net. 


R. GARTH CHRISTIAN, a writer from boy- 

hood, is now an editor and a prominent active 
naturalist. He is clearly well read in present and 
historical literature on birds. These varied attributes 
have helped him to write a book of interest and value 
to more than one type of reader. 

The keen ornithologist, bent on putting maximum 
time in the field and in correlating his data, will find 
here valuable up-to-date accounts of work on migra- 
tion otherwise accessible only by lengthy search of the 
literature. More than five pages of bibliography will 
enable him to trace the original sources if he wishes. 
The purely armchair reader will find absorbing 
accounts of a wide variety in bird migration and 
ecology. Not least important are the introduction 
by Aubrey Buxton and the author’s short closing 
chapter on “The Outlook for Tomorrow”. Mr. 
Buxton points out the danger to birds of the bird- 
watcher who accepts what he sees but who makes no 
attempt to contribute to understanding and hence to 
conservation. The author’s final chapter underlines 
many examples of present-day presaures on birds in 
@ rapidly changing world, re-inforcing the need for 
understanding and of conservation based on it. 

After a brief chapter on the Sussex bee-eaters, one 
on “Looking Back” gives historical references dating 
from migrating cranes in the Iliad to modern times, 
deals with some of the fascinating myths which have 
been used to afford alternative explanations for the 
fluctuating numbers of birds throughout the year, 
and has an assessment of the validity of the deduc- 
tions from ringing and recovery data. A series of 
other chapters deals with species where extensive 
records have given details of mass movements. 
Fifteen line-drawings are maps showing clearly these 
movements or relating breeding areas to wintering 
ones. One chapter discusses navigation by birds, 
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one traces the development of radar, and in another 
the problems of drift and dispersal are considered. 

Migration apart, the phenomenon of starling roosts 
is described, and their dispersal is discussed. Species 
in which migration at present seems to be a minor 
phenomenon receive consideration and ecological 
examination, while changes in the habitat of certain 
thrushes are traced. Before the concluding chapter 
are three in which owls, falcons and hawks, together 
with their connexion with pigeons, wild birds and 
keepers, are examined. 

The book is not aimed particularly at the specialist. 
General readers to whom I have lent my copy have 
found fascination among ita chapters, while the 
amateur naturalist of many types will read it from 
cover to cover. H. DUNNIOLIYY 


DEVELOPMENT AND LEARNING 


Education and Physical Growth 
Implications of the Study of Children’s Growth for 
Educational Theory and Practice. By Dr. J. M. 
Tanner. Pp. 144. (London: University of London 
Press, Ltd., 1961.) 128. 6d. net. 


LTHOUGH the frequency of educational theories 

bears some similarity to the number of educa- 
tionists and changes with bewildering rapidity, the 
number of substantiated facts on which the theories 
are based is still lamentably small. It was a hapoy 
thought, therefore, of the University of Leeds Insti- 
tute of Education to invite a leading authority on 
human growth to present a series of lectures in which 
his work could be related to present-day educational 
theory and practice. 

These lectures have been brought together in a 
valuable book which provides much useful informa- 
tion about the development of children. Tanner’s 
own work on the growth curves of physical character- 
istics, such as height, weight, muscle and skeletal 
structure, is examined along with existing knowledge 
about the way ın which growth gradients emerge. 
Even more significant for educationists are his descrip- 
tions of critica! periods of growth in animals which, 
depending on the stimulus (or lack of it) from the 
environment at the right time, may lead to the 
emergence (or repression) of certain qualities or 
characteristics. If such critical periods were con- 
firmed in children, the need for educationists to bring 
out the appropriate environmental stimulus at the 
critical time would become all too evident. Yet, as 
Tanner demonstrates, the lack of substantive facts 
about the growth of children enables him to provide 
few answers but many questions; the solution to these 
will only be provided when the amount of funda- 
mental research on child growth is increased consider- 
ably. 

To one pressing problem, however, enough informa- 
tion is available to provide a solution which seems 
clear and unquestionable. The different way in 
which different abilities emerge in young adolescents 
at differing times indicates that the raising of the 
school-leaving age for all children to sixteen years of 
age runs counter to all the demands and requirements 
of some of these children. To carry out such a doubt- 
ful policy is a striking example of how misguided 
humanitarianism supported by tidy administration 
can fly in the face of all known facts. Tanner’s book 
may well cause such zealots to think again. It 
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should be read not only by professional educationists 
but also by members of national and local education 
committees. The day may even come when such a 
work is made obligatory reading for all who have the 
charge of young people in industry. 

KATHLEEN M. HAWKINS 
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PLACE-NAMES IN THE WEST 
RIDING OF YORKSHIRE 


The Place-Names of the West Riding of Yorkshire 
By A. H. Smith. Part 4: Barkston Ash, Skyrack and 
Ainsty Wapentakes. Pp. xii+262. Part 5: Upper 
and Lower Claro Wapentakes. Pp. xii+222. Part 
8: East and West Staincliffe and Ewcross Wapen- 
takes. Pp. xii+274. (English Place-name Society, 
Volumes 33, 34 and 35.) (Cambridge: At the Univer- 
sity Press, 1961.) 35s. net.; 6.50 dollars each volume. 


HE present three volumes form the second 

instalment of a total of eight concerned with the 
West Riding, and it is good to see them follow so 
quickly on the earlier three which were reviewed in 
Nature (191, 208; 1961). The seventh volume will 
be concerned with the interpretation of the material 
now completely assembled, and the eighth will consist, 
of a general index to the place-names of Yorkshire 
es a whole. The present three volumes cover the 
county to the north of the Aire. They follow the 
earlier three volumes in including a large number of 
minor names and field names. Street-names of the 
largo settlements are also given space, and the whole 
constitutes a most impressive array of detailed evid- 
ence. 

We must wait until Volume 7 for a compre- 
hensive assessment of this mass of material. In the 
meantime, anyone who turns over the pages of the 
present volumes is left with at least two broad 
impressions. One is the intermingling of English 
and Scandinavian elements, not perhaps so frequently 
as in some other parts of northern England, but cer- 
tainly very noticeably. Scandinavian elements occur 
not only in names of adjacent townships and in 
juxtaposition within the same township but also 
sometimes combined within a single name; and there 
are also many examples of Scandinavianized forms 
of English names. A second impression is that of the 
large number of names that indicate the former 
presence of wood. We must picture the West 
Riding as being very largely covered by tracts of wood 
extending up the valleys below the bleak moorlands 
which offered pasture for sheep. 

Our impressions of these distributions will come 
more clearly into focus when Volume 7 is available. 
The implications of this great harvest of evidence 
will then be made clear in the form of analyses of the 
types of names together with notes on their distribu- 
tion, illustrated by maps. The interpretation of this 
material in the light of the wide variations in the 
geography of the county and in relation to the general 
history of England will constitute a major contribu- 
tion, far transcending its philological importance; 
that in itself may well be considerable, for through 
the West Riding ran the boundary between Mercians 
and Northumbrians. In the meantime, we can but 
salute the meticulous scholarship of the present 
volumes, and congratulate the English Place-Name 
Society on its continuing contributions to English 
scholarship. H. C. DARBY 
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ROLE OF HIGHER EDUCATION IN THE MODERN STATE* 
WITH SPECIAL REFERENCE TO PHYSICS 


By The Right Hon. VISCOUNT HAILSHAM 
Lord President of the Council and Minister for Sclence 


PHYSICS building is of course an integral part 
of any modern university. But ita significance 
> must be seen in a wider context than that simply of 
an addition to scientific knowledge or education. 
It must be seen in the context of the part which 
universities have to play in the intellectual and moral 
life of the twentieth century. 

There are those who see democracy in terms of 
egalitarianism, and, of course, since manhood 
suffrage and majority rule are indispensable parte 
of a democratic system, there is truth in this con- 
ception. But if this were the only truth about 
democracy, it would be a political system at least 
not self-evidently good, and certainly there would 
be no paradox, and there is a paradox, in the repeated 
experience in both the ancient and the modern world 
of democracies whose citizens voluntarily abandon 
their democratic privileges for some form of authori- 
tarian rule. 

Similarly, there are distinguished precedents for 
viewing even the freedom of society in terms simply 
of the absence of political subordination or arbitrary 
restraint. Both the philosophers and the lawyers, 
whose definitions of freedom differ in so much else, 
seem to agree at least in thia, and even the dis- 
tinguished statesmen whose pragmatic efforts at 
definition extended to four freedoms seamed to have 
progressed no further than the assertion of a positive 
right to speak and worship according to choice, and 
to enjoy a sufficient mintmum of political stability 
and economic sufficiency to be able to do so. 

But nothing is more certain either in theory or in 
practice than that democracies and political societies 
founded on such inadequate conceptions either of 
freedom or democracy are not what the engineers 
call stable structures. It is not, to use Marxian 
terminology, that they collapse because of inherent 
contradictions. It is that descriptions of political 
societies which take no account of certain intellectual 
and moral truths are inherently inadequate as 
accounts of what is required to maintain the stability 
of a social structure; and societies themselves which do 
not quantitatively and qualitatively make provision 
for an intellectual dite are doomed from the start 
to a false set of moral values and an inadequate basis 
of leadership and planning. It is not that they are 
self-contradictory; it is that there is something 
missing which leaves the whole edifice to collapse from 
shear inanition. 

It would of course be manifestly impossible, and, 
if not impossible, unendurably tedious, for me to 
embark on a new analysis of this particularly well- 
tilled field of political theory. But it will be, I 
think, both useful and appropriate if I insist on the 
indispensable role which universities must play in 
any conception of political society which is to be 
either free or democratic, and which is at the same 
time to be at all stable in character. It will 


* Substance of an address delivered by Viscount Hailsham at the 
epening on Jan 15 of the new Physics Building af the University 
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be useful because the part of the graduate and of 
intellectual distinction in a democracy is habitually 
underplayed. It is not inappropriate to our present 
undertaking because, as I shall try to show, the place 
of science in general, and of physics in particular 
int the intellectual life of modern society is, at present, ' 
widely misunderstood. 

We are rapidly approaching the position in the 
schools when only physical and mental or moral 
limitations in the pupil need really hold him back 
from an education equal to the best that money can 
buy, and when the great, though not unlimited 
resources of the State are available to create facilities 
for this education at every level of intellectual 
capacity, and even for all but the worst physical and . 
mental handicaps for learning. The system is, on 
the average, better than the independent system, 
on the average, and the independent system at ita 
best is no better than the provided system at ita best. 

These statements are of course open to a good 
many qualifications. They do not appear to be true 
mainly because the provided system is inherently 
local, and therefore the best of the provided system 
is only locally available; because of the independent 
system people tend to think only of the best rather 
than of the vast penumbra of small and inadequately 
run private institutions, and because, in buying an 
independent education, a parent can be getting 
advantages for himself or his family—for example 
education at a boarding school—which are sometimes 
quite distinct from any purely educational advan- 
tage; or where the supposed advantages are educa- 
tional, provision 4 la carte in accordance with personal 
preferences may certainly be different from, though 
it is not necessarily better than, the table d’héte 
provided by the local education authority. 

It is, however, in further education, and, at present 
I am referring specifically to university education, 
that I am quite certain that we are still woefully 
short of provision, in the 1960's, and I must add 
somewhat pessimistically in the light of the general 
atmosphere of expansion, that I do not personally 
see any light at the end of the tunnel, meaning as I 
do by this metaphor, a state of affairs in which the 
provision of places for further education is in balance 
as between supply and demand. 

This situation of quantitative inadequacy, which 
I believe lies at the bottom of almost every educa- 
tional question which we face, is accentuated by two 
factors—the arrival of the so-called bulge at the 
stage of further education, and in the steady increase, 
certainly at least of the order of 5 per cent a year 
compound interest, in the proportion of pupils opting 
to stay on at school until the completion of their schoo] 
course. 

I do not propose probing too deeply into the 
extent of the deficiency I have been trying to describe 
—the nature of the evils to which it gives rise, or even, 
although this is a very serious matter, the ways and 
means of remedy. These are questions for the schools 
and universities, for those of my colleagues who are 
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departmentally responsible for each, and for the 
Robbins Committee which was appointed a year or 
so back to go into this very question in the longer 
term. We shal] remain but a limping democracy and 
our freedom will be limited by the inadequate use 
we are able to make of it, so long as we are unable 
to achieve a situation in which everyone who can 
benefit from a higher education and wants to have it, 
can find a place available to him. How soon we can 
achieve this will depend on the restraints which we 

to impose on the improvement of our 
material comfort and our leisure and on the ability 
of our country to strengthen our economic life. 

I have always resisted the idea that even in our 
present inadecuate phase there are two cultures— 
the literate and the numerate. Those who argue 
that are really trying to describe two or three quite 
different defects of our present educational system. 
Our culture may be on the verge of moral and 
intellectual collapse or on the verge of an immense 
and explosive advance—but whatever the truth 
about either view it is not that there are two cultures. 
There is only one culture, one corpus of knowledge, 
a vast continuum of information in which there are 
not two but very many specialities, each capable of 
cross-fertilizing the others but each intelligible very 
largely only to its own specialists. Three of the quite 
different defects of the present system which give 
rise to the legend of two cultures are as follows: 
First, the pressure to get into places of higher educa- 
tion of all kinds is such that the whole educational 
systam is distorted in the direction of over-special- 
ization, and gives too little leisure for social and 
cultural activities of all kinds. Secondly, the range 
of university courses available is too narrow. In a 
more perfect world there would be courses and 
researches on a far greater scale intermediate between 
the extreme specializations—which I might exemplify 
by mathematics on one side and ancient languages 
or theology on the other. Notable examples of what 
I mean—apart from the general degree courses are 
the human sciences, economics, peography, or anthro- 
pology—all of which partake of many of the character- 
istica of so-called sciences and of so-called arts. 
Thirdly, the proportion of graduates in society ‘as a 
whole is too small a proportion of the literate popula- 
tion-—so that the popular culture is too shallow 
altogether to partake of the best in science or the 
arts, and fails to supply that fairly high level of 
general culture which would hold together in a 
homogeneous whole the divers specializations of the 
experts. 

In the meantime physics is a group of specialities 
within a speciality. It is also the point at which 
science comes closest to the visual arts. But the 
truth, of course, is that all first-rate brains, particu- 
larly in the sciences, have much of the artist built 
into their composition. The discovery of a new 
theory is the discovery of something which is reached 
by a flight of something like poetical imagination— 
T had almost said of fancy. The more I have to do 
with scientists of the first quality the more conscious 
I am of the affinity between scientific and artistic 


us. 

a7 is also clear that the dividing line between the 
physical and the life sciences is wearing again 
extremely thin. When one comes to examine the 
latest work of the molecular biologists one wonders 
more and more whether one is in the presence of 
chemists, biochemists, biologists or biophysicists. 
But what is equally important is that physica itself, 
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by the very magnitude of the apparatus it uses, 
is extending greatly into the field of politics and 
economics as well as philosophy. 

I reckon that about a quarter of the money I have 
to spend through the Research Councils, even without 
that spent by the Atomic Energy Authority, is spent 
in some form or another on physics. This is vastly 
more than its numerical share, if one took the student 
population—or of its direct economic consequences 
if one took its immediate commercial applications. 
Indeed it might even be argued that while we were 
spending our best brains and resources on radio- 
astronomy, the study of elementary particles, and 
the beginnings of space research, some of our com- 
mercial rivals were busy stealing our commercial 
trousers in the field of commercial production. I 
shall not pursue this further—except to say that if 
this be so, the remedy should be not necessarily to 
curtail the amount of first-class physics but to 
increase the amount of first-class engineering. But 
in the hght of the share which physics receives of the 
annual total available for civil science from Govern- 
ment sources I find myself a little surprised at some 
of the complaints of under-nourishment. 

However this may be, the annual budget on physics 
research is something like £10 million. This does not 
take account of applied nuclear research, nor of the 
moneys spent on physics by the University Grants 
Committee, and almost all the teaching and most of 
the research in the universities; nor does it include 
any of the relevant expenditure by the Minister of 
Education in the colleges of advanced technology, 
technical colleges, and the schools. Physics therefore 
has quite a considerable impact on economic policy, 
and when one reflects that a single piece of apparatus 
like a linear accelerator used within a single university 
may cost between half a million and a million pounds 
without any of the accessory equipment, it is quite 
clear that the growth of modern physics in the 
universities is going to throw up problems of adminis. 
tration and principle which cannot indefinitely be 
shelved either by Government or the universities 
themselves. The Advisory Council on Scientific 
Policy were unable this year to reach positive con- 
clusions, and it is clear that the matter will have to 
be debated in every university in the island. 

In the meantime, there is one question which will 
not wait for prolonged debate. This is the question 
of priorities between major projects which I have 
had to consider on three or four occasions in the past 
year. At present major physical work can be financed 
in several ways: (1) through the universities; either 
from their own funds or by grants from the Depart- 
ment of Scientific and Industrial Research; (2) 
through private foundations; (3) through the National 
Institute for Research in Nuclear Science the finances 
of which are at present on the budget of the Atomic 
Energy Authority ; (4) through international organiza- 
tions like the Conseil Européen pour la Recherche 
Nucléaire (CERN) at Geneva, to the budget of 
which we contribute but over which, of course, we 
can exercise only influence, but not control; and 
on a smaller scale the Department of Scientific and 
Industrial Research in ita own stations. 

There are thus five different and, to some extent, 
separate means of financing physical research. I 
am, of course, concerned only with overall national 
policy, and the expenditure, through various channels, 
of public money. But it is clear fram what I have 
said that the growth of the subject already threatens 
to outpace the organizations, and that fresh methods 
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tho meantime, I feel I must turn from these 





but scarcely less-important question of the prospects 
in life of those who study physics at the university— 
teachers, research workers, undergraduates, the out- 
pouring of a great teaching machine. Some people 
expressed a good deal of dismay when some months 
ago the Zuckerman Committee on Scientific Manpower 
ported that within a very few years demand and 
oly of scientists: would be in balance. Some 
pe ople inferred from. this that scientists would not 
be able to find a job—others complained that the 
Committee itself had an inadequate view of the uses 
to which scientists could be put. 
~ = I myself was thoroughly heartened by the report 
_ because I was able to read it in its context and to 
recognize that its finding meant no more than that 
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the thoroughly univliclesenie: ‘eituiatior 
obtained since the War was at length com: 
end, and that the educational system wouk 
be in a position, on certain assumptions 
means that the result is by no means. certain) 
catch up with the immense backlog of actually ad: 
tized purely vocational employment for phys 
and scientists as such. But this means no 
that physicists and scientists will be. 
employment for which their. traini 

admirably suited in all the fields for whic 
of every kind and administrators are want 
is splendid, and when it. happens, if it hap 
shall at last begin to see science and the 
begin to be valued at their true worth and pla 
proper part in the development. of societ 
myself be greatly surprised if this circumstance 
not indirectly increase, possibly. beyond. the cale 
tions which can now be made, the actual demand for 
vocationally employed scientists as well, — 


NORTH WALES, BANGOR _ 


NEW LABORATORIES FOR THE DEPARTMENT OF PHYSICS 
By Pror. E. R. ANDREW 


N January 15 new laboratories for the Depart- 
— ment of Physics were formally opened by the 
Bight Hon. the Viscount Hailsham, Lord President 
of the Council and Minister for Science (see preceding 
article, p. 919). The first stage had been built in 
1953, when Prof. E. A. Owen was occupant of the 
<o ehair of physics, and the larger, second stage was 
<: started in April 1960 during the tenure of the present 
professor, Prof. E. R. Andrew. The building has a 
total floor area of 25,000 sq. ft., and its cost, exclusive 
_ of furniture and equipment, was £170,000, of which 
£101,000 was for the second stage. The architects 
_ were Sir Percy Thomas and Son, of Shrewsbury, and 
tho builders of the second stage were Pochin (Con- 
— tractors), Ltd., of Middlewich. 
oc Ehe building has two floors on a rectangular plan, 
with its long frontage oriented to a southerly aspect. 
-The construction is of steel and concrete, clad mainly 
“oo py brick, with a pleasing facade of terrazzo for the 
— -= second stage. The main entrance, set in the centre of 
the façade, leads into a hall lightened by the use of 
large glass doors and an open-tread stair. The stair 
== ¢ontinues to the flat roof, which is constructed 
strongly enough for use and for the support of an 
< additional floor at a later date. 
A fine lecture theatre with excellent acoustics is 
situated on the first floor, seating 234 people in 
dividual tip-up seats. Although not provided with 
the standard of upholstery typical of a cinema, the 
degree of comfort is markedly higher than that of the 
traditional wooden lecture room seats, and is pro- 
ded at no greater cost. As a matter of policy it 
as decided that the theatre should have windows, 
id the large windows provided on the west side 
‘all can be obscured when required by motorized 
linds. In addition to its use for normal lectures of 
he Department, the theatre is in regular demand for 
onferences and general College activities, for which 
, ig proving a valuable and popular acquisition. In 
ddition to the main lecture theatre is a lecture room 
eating 90, and for smaller classes and colloquia a 
seminar room with informal seating. 
















The first floor also houses the practical laboratory — 
for first-year students. Seventy students can be 
accommodated at one time in a large well-lit labor- 
atory together with a smaller laboratory. for optics, 
two acoustically lined rooms for experiments with 
sound, and service rooms. The second-year labor- 
atories are located on the ground-floor, and here 45 
students can be accommodated. Light. from the long = 
range of south-facing windows is controlled by =< > 
venetian blinds, which are a feature throughout the ee 
building. — 

The departmental library, which houses the 
Physics Section of the College Library, is a spacious — 
room at the south-east end of the ground-floor. __ 
Adjacent is a Common Room, which serves also as 
an extension to the library, and for meetings of the =o 
Board of the Faculty of Science.. Here mid-morning 
and mid-afternoon refreshments are served to sustain 
the endeavours of the fifty fully resident members o 
the Department, namely, the academic staff, tec 
nical staff and research students. 

Much of the ground-floor is devoted to facilities f ee 
research. There are nine. research laboratories” of e 
assorted sizes, two dark-rooms and an electronics = 
workshop. Liberal electrical services are provided in 
the laboratories: single- and three-phase a.c., 12-V. 
a.c., audio supplies, and adjustable d.c. In keeping 
with contemporary needs, relatively sparing provisio 
is made of gas, water and drainage. Fixed bench 
have been fitted in the teaching laboratories; in th 
research laboratories only one fixed bench, inco 
porating sink, hot and cold water, gas and compresse 
air supplies, has been provided, leaving most of tł 
floor area free for bulky apparatus and rack-m 
equipment. A valuable time-saving servi 
internal automatic telephone in all inhabi 
Important facilities are a receipt and desp 
with an unloading bay, and a small goods li f 
the two floors. The catalogue of rooms is comp! et 
with offices for academic staff, a room for. glass 
blowing, an electrical switch room, a battery. room, 
a Jecture preparation room, apparatus stores and 
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Fig. 1. 


service rooms. The décor is in bright contemporary 
style with cheerful colours throughout. The first 
stage has been redecorated in the same vein, and the 
two stages are well integrated into a coherent whole. 
A grant of £9,000 has been made by the University 
Grants Committee for furniture and fittings and 
£80,000 for scientific apparatus. 

In addition to these new laboratories, the Depart- 
ment of Physics will continue to use the adjacent old 
Physics Building which houses the intermediate and 
the final-year honours laboratories, the main work- 
shops, the liquid-air plant, and six research labor- 
atories. The increased accommodation in the new 
building is enabling expansion to be made in the 
facilities of the old building, notably of the workshops. 
The old building will continue in use until the end 
of the decade, by which time it will be replaced by 


New physics laboratories of the University College of North Wales, showing first stage (right) and second stage (left) 


further additions to the new building. This old 
building had been opened by Sir J. J. Thomson in 
1926 and in its turn had replaced the original labor- 
atories opened by Lord Kelvin in 1885, during the 
tenure of the first professor of physics, Prof. Andrew 
Gray. 

The new laboratories will enable the Department 
of Physics to play its full part in the expansion of 
the College, which is planned to have a student 
population of 2,500 by the end of the decade. There 
are at present 265 students in the Department, 
including twenty research students. Research work 
is carried on in a wide but connected range of sub- 
jects, including nuclear magnetic resonance, electron 
spin resonance, X-ray crystallography, metal physics, 
dielectrics, semiconductors, infra-red spectroscopy 
and theoretical physics. 


HIGHER EDUCATION IN PHYSICS” 


HE Institute of Physics and the Physical Society, 

formed by the amalgamation of a well-known 
professional institution and a long-established learned 
society, is the body in Great Britain which is represen- 
tative in its membership of those who practise the 
profession of physics in industry, Government service 
and the higher ranks in education. For many years 


* Substance of a statement prepared by the Council of the Institute 
of Physica and the Physical Society for submission to the Committee 
on Higher Education, 


we have been actively concerned with higher educa- 
tion in physics, as an examining body and in other 
ways, but in submitting these comments on some 
aspects of the higher educational system of Great 
Britain that impinge on physics the Council of the 
Institute and Society has not relied solely on its 
past experience in this field. 

These comments have been prepared by a com- 
mittee comprising the following members: Prof. 
R. V. Jones (University of Aberdeen, chairman); 
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Sir John Cockcroft (University of Cambridge); Prof. 
B. Bleaney (University of Oxford); Prof. C. C. Butler 
(Imperial College of Science and Technology, 
London); Prof. G. K. T. Conn (University of Exeter); 
Prof. A. W. Merrison (University of Liverpool) ; Prof. 
(now Sir) N. F. Mott (University of Cambridge); 
Prof. A. B. Pippard (University of Cambridge); Prof. 
M. H. L. Pryce (University of Bristol); Dr. J. Topping 
(principal, Brunel College of Technology, London); 
Dr. F. A. Viok (Atomic Energy Research Establish- 
ment, Harwell); Prof. J. G. Wilson (University of 
Leeds); Mr. N. Clarke (Institute of Physics and 
the Physical Society, secretary). The committee 
has conducted a comprehensive inquiry among all the 
university physics departments and the physics 
departments of selected colleges of technology to 
obtain factual information on many of the problems 
with which the departments are faced. In addition, 
twenty-two professors of physios and the heads of 
five departments of physics in colleges of technology 
have met the committee. 


No. A819 


Physics in Higher Education 


In any system of scientific education physics 
occupies a special place, in some ways not unlike that 
of mathematics. It is the branch of science in which 
the greatest advances have been made in our know- 
ledge of our material environment and on which 
much of the industrial advance of the last fifty years 
has been based; it is also an essential foundation of 
all other branches of science and technology. Conse- 
quently, physics departments in universities and 
colleges of teehnology have a particularly heavy 
load of teaching for students who will eventually 
specialize in other disciplines. 

Complex problems arise in attempting to determine 
appropriate relationships between universities and 
colleges of advanced technology, but some matters of 
overriding importance are common to the two types 
of institution. In any institution, the education of 
physicists can only be carried out effectively and the 
innate ability of students oan only be realized 
adequately if certain conditions exist. To secure these 
conditions is the responsibility of the Government. 


The Demand for Physicists 


On the future need for professional physicists a 
measure of informed opinion can be given, but it is 
doubtful whether anyone can offer reliable, precise 
estimates of the necessary or desirable output for 
more than two or three years ahead. In view, how- 
ever, of the recent publication of the report of the 
Advisory Couneil on Scientific Policy, The Long-term 
Demand for Scientific Manpower!, some general 
comment on the widely quoted conclusion of that 
report that the available supply of qualified scientists 
will exceed the estimated demand by 1965 is 
desirable. Some aspects of the report make comment 
extremely difficult. In the first place, no attempt is 
made in it to break down the single total of qualified 
scientista and no indication is given whether, in the 
view of the sub-committee that produced the report, 
any particular kind of specialist is, or will be, more 
difficult to recruit than any other. Secondly, all who 
reach & minimum level of qualification are included 
equally in the grand total; the definition of qualifi- 
cation, identical with that adopted in an earlier 
Government report, includes many nominal specialists 
in physics who would not be accepted as sufficiently 
qualified academically for professional membership of 
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the Institute of Physica and the Physical Sooiety. 
The advance of physics, whether we be concerned with 
‘pure’ physies or the physics that is applied to tech- 
nology, depends critically, in fact, on the production 
of those with the highest levels of ability. We are 
certain that the supply of such people will not be 
remotely sufficient by 1966 or in any period for which 
it would be worth ing & forecast. 

The policies of the U.S.S.R. and the United States 
clearly are not based on any attitude of complacency 


towards the future supply of well-trained scientists. 


In a report, Sctentific Progress, the Universities and the 
Federal Government, issued in November 1960 by the 
U.8. President’s Science Advisory Committee, it is 
stated that “Simply in terms of economic self-interest 
our proper course is to Increase our investment in 
science just as fast as we can to a limit not yet in 
sight’’. From such knowledge as we have of pure and 
applied physical research in Britain, this American 
statement is a fair comment on British needs also. 
Any investment in science can be made only through 
investment in men of first-class ability, properly 
trained under the best people available and in an - 
environment that experience has shown to be 
essential for this task. 


Physics in British Universities 


In physics the United Kingdom has enjoyed an 
enviable reputation. Britain has had far more than a 
proportionate share of the most illustrious names in 
the history of physics in the past three hundred 
years; Britain has had a similarly favourable dis- 
proportion among the Nobel prize winners of the past 
half-century, although the Nobel prize has not been 
awarded to any British physicists for work carried 
out in the last ten years. With few exceptions these 
international figures of British origin have been, for 
all or most of their careers, university teachers and 
research workers. British universities provided them. 
with the environment in which their own creative 
genius could flourish and in which they could train 
new generations of physicists and, to the more able of 
their students, pass on something of their inspiration. 

For reasons that no doubt owed something to this 
tradition, British universities had little difficulty until 
very recently in attracting to their staffs an adequate 
proportionof the very best physicists. In attempt- 
ing to understand why the situation is, unfortunatoly, 
very different to-day it is necessary to consider why 
the universities have hitherto been attractive. The 
particular attraction of the universities for the best 
men has always been the opportunity of doing funda- 
mental research in conditions of unusual freedom, 
combined with a manageable teaching responsibility. 

Special attention must be directed to the place of 
research in any institution that is educating physicists. 
In some quarters the view is held that one can 
separate research from teaching, and it is argued 
that the universities ought not to be deflected from 
their main purpose—undergraduate teaching—by 
excessive concern for research. This is completely 
false. To attempt to put it mto practice would be 
fatal to undergraduate teaching in science and 
technology. In educating physicists of the highest 
level, research is an essential ingredient of the 
environment, and this is the crucial justification for 
university research. 

The value to the nation of university research in 
science is generally recognized. In its tenth annual 
report (1956-57) the Advisory Counoil on Scientific 
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Policy stated that “‘the universities ocoupy a position 
of supreme importance in research. Not only are their 
postgraduate schools the source of the majority of 
trained senior research workers in industry and 
Government establishments but it is in them that 
much of the country’s research in pure science is 
carried out, and it is from their research, directed to 
the pursuit of knowledge regardless of its applications, 
that stem most of the major discoveries which subse- 
quently can be applied to industry”. This statement 
is still true, although perhaps not to the same extent 
as formerly. It is also important that it should 
continue to be true and that our best students should 
be trained by men making important discoveries in 
their subject. Simply for material reasons, university 
research would have a strong claim to any resources 
“invested in science”’ as the United States report en- 
visaged, but we believe that the universities’ essential 
olaim rests on their position as educational institutions 
and on the necessity of research as part of the 
process of education. In the past few years British 
university departments of physics have experienced 
serious and increasing difficulty in maintaining their 
research facilities. One of the consequences is a 
corresponding difficulty in attracting staff of the 
required calibre. 


‘ Undergraduate Teaching 


It was noticeable that among the heads of depart- 
ments who met the Committee there was deep interest 
in the quality of undergraduate teaching in British 
universities. There are many problems, but no doubt 
the goodwill and the means exist within the depart- 
ments which will enable them to be solved. Ideally, 
some would welcome the possibility of a four-year 
undergraduate course for the honours degree; an 
alternative, which most would welcome, would be a 
broader three-year degree course with a fourth year 
for the best studente. We should prefer students to 
come to the university more broadly educated than 
at present and without the specialized third year in 
the sixth form which is now common. These problems, 
however, are of lesser significance than the funda- 
mental difficulty of the universities in attracting first- 
class staff. 


Staffing of Physics Departments 


In the questionnaire sent out by the Committee to 
university departments was sought information on 
undergraduate and graduate student numbers and 
academic staff numbers in 1955 and in the 1960-61 
session and forecasts of numbers in 1966-67 if the 
expansion requested by the University Grants Com- 
mittee is to be effected. 

Data are available for virtually all British univer- 
sities, the only exceptions being the University 
College of Wales, Aberystwyth, and some of the 
smaller London colleges. In October 1960 the per- 
manent academic staff of physics departments totalled 
about 620 (ref. 2), an increase of about 160 over the 
total in 1955, or an average annual increase of about 
30. (The report of the University Grants Committee 
for 1869-60 (ref. 2) gives a figure of 823, which must 
include some not regarded in our survey as permanent 
academic staff.) The heads of departments estimate 
that they will require a total of about 1,070 staff in 
1986-67 if the University Grants Committee’s policy 
is to be implemented and if staff/student ratios are to 
be merely maintained. This represents a net annual 
increase of some 75 physicists, two and a half times 
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the rate of the past few years; such a target is impos- 
sible to achieve unless standards are to be seriously ' 
reduced. Most, although certainly not all, physics 
departments have already found recruitment difficult. 
The proportion of university staff with second-class 
degrees has risen significantly since 1955. Some 
vacancies have remained unfilled for as long as five 
years; most departments that fill vacancies do so 
from only one or two candidates of reasonable 
quality; a few departments, including Oxford, 
Cambridge and. Imperial College, have so far not 
experienced real difficulty. The overall picture, 
which, of course, takes no account of the requirements 
of the new universities, is disquieting. It becomes 
even more serious when it is pointed out that most 
physics departments attach great importance to 
achieving a substantial increase in the amount of 
formal teaching given to graduate students and that 
many of them believe that tutorial systems for under- 
graduate students urgently need to be introduced or 
extended. For the first time in our scientific history 
conditions in British universities are failing to attract 
physiciste of the front rank. Unless this situation is 
changed, urgently, university education in physics in 
Britain must be seriously restricted in either quantity 
or quality. If quality should suffer more than has 
already happened, many of the existing staffs would 
leave the universities. 


Recruitment Difficulties of Universities 


There sre several reasons why the universities fail 
to attract enough of the best physicists. Salaries are 
one factor, especially for the younger men, but not 
the most important. In the past there has been no 
shortage of first-class young men willing to accept a 
low salary as the price of an academic atmosphere 
where they could engage in “‘the pursuit of knowledge 
regardless of its applications”. Physics has, however, 
now become a much more professional subject; with 
the greatly increased demand for physicists, both in 
the universities and elsewhere, there may well not be 
enough men disinterested in salaries to fill the univer- 
sity posts on the terms now offered. 

Apart from salaries, the universities’ difficulties 
have two causes. First, the pursuit of knowledge by 
research in physics is now made more difficult by 
Government policy towards the universities, in ways 
which we deal with later. Secondly, many laboratories, 
including many Government establishments, now 
offer exceptionally attractive facilities for research, 
with considerable scope for the disinterested pursuit 
of knowledge and with no teaching responsibilities; 
such facilities are especially plentiful in the United 
States, where there are fewer doubts than in Britain 
about the wisdom of investing in science by attracting 
the cream of British physicists. 


Competition of North America 


The loss of some of Britain’s very best scientific 
brains to the United States and Canada is extremely 
serious in relation to Britain’s economic future. This 
flow of scientists to America is often regarded in 
official circles rather complacently, as it is assumed 
that the majority return after two or three years. 
Statistics may lend support to such a view but such 
statistics relate to numbers, not quality. The serious- 
ness of the situation arises from the substantial 
vumber of Britain’s very best men who stay in the 
United States in senior permanent poste. Britain’s 
most able men are initially attracted to the United 
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States, which now has well-organized machinery to 
entice them, by the excellent scientific opportunities 
and facilities and not by high salaries, but if such men 
stay for a few years and reach positions extremely 
lucrative by British standards they are very unlikely 
to return. The names of about seventy British 
physicists, including five Fellows of the Royal 
Society, who now hold senior permanent appointmenta 
in America are appended to the report. A number 
(large in. terms of the requirements of Britain’s own 
universities) of the higher posts nm American industrial 
research are held by comparatively young, first-class 
British physicists whom one might have hoped to 
retain in British universities. Unless appropriate 
action is taken to change conditions in Britain the 
flow of brains to America can only increase, 


Difficulties of University Research 


The central problem in attracting staff to university 
physics departments is the provision on a scale 
appropriate to modern requirements of the facilities 
and atmosphere comparable to those which in the 
past were available for university research, which the 
universities now find difficult to provide because of 
financial difficulties and frustrations, but which, more 
than ever before, are available elsewhere. It is true 
that Government support for university research has 
increased substantially in the past few years, but the 
rate of increase has not been adequate for a subject 
such as physics. The growing-points of the subject 
lie in fields where research demands expensive equip- 
ment. These fields are determined by world research 
effort; the growth of physics elsewhere is not depen- 
dent on British financial stringency. All too often in 
British universities expensive equipment becomes 
available—if at all—only after excessive delay caused 
by financial restriction. The level of necessary 
financial support for research in British universities 
cannot be gauged by what may have been adequate 
in the past but only by what is done abroad or in the 
best of Britain’s non-teaching laboratories. In many 
American laboratories and in the best Government 
and industrial laboratories in Britain, the physicist 
will find a high degree of freedom, a sympathetic 
atmosphere encouraging to new ideas, adequate finan- 
cial resources for new equipment on a scale virtually 
unknown to British universities and no shortage of 
posts of responsibility. British universities oan offer 
the first of these and, so far as external factors may be 
conducive, the second. But this is not enough; on the 
debit side must be set the following factors, any of 
which may discourage an outstanding man. 

(a) British universities have still too few senior 
posta available: the president of the Royal Society, 
Sir Howard Florey, in his anniversary addresa on 
November 30, 1961, said: “The opinion has been 
expressed by many Fellows that the country par- 
ticularly needs more professorships equipped with 
adequate research faoilities if it is to give reasonable 
and proper encouragement to all of its best men and 
women”. 

(6) There is widespread failure to appreciate that 
research in physics is an expensive activity compared 
with research in other university subjects and com- 
pared with physics research of pre-war days. In the 
United States and the U.S.S.R. this fact is under- 
stood. At the present time in British university 
physics departments, current research expenditure on 
materials and apparatus alone (excluding, that is, all 
salaries of academic and technical staff and all over- 
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heads) is less than £1 million annually, apart from 
one or two of the more expensive projects. This is not 
a large sum viewed against the national expenditure 
on research and is small when compared with the 
corresponding figure in the United States. Research 
in universities costs somewhat less than £3,000 a year 
(including salaries, equipment and overheads) for each 
graduate research worker (that is, staff and postgradu- 
ate students). This is probably less than half of the 
corresponding figure for Government laboratories and 
the best industrial laboratories. Nevertheless, more 
than one-half of the million pounds referred to 
above has to be secured by heads of departments from 
sources other than the University Grants Committee, 
through contracts with other Government depart- 
ments or with industry. It includes substantial sums 
from the Department of Scientific and Industrial 
Research. The objections to the present system 
include uncertainty in forward planning and serious 
wastage of time of the most senior staff in securing 
financial support for research rather than in stimulat- 
ing its prosecution. Without this money Britain’s 
physics departmenta would cease to function as 
institutions of the quality we have known, for it 
would be impossible to attract high-quality staff and 
to provide undergraduate and graduate teaching by 
men who have the liveliness of mind generated by 
active work in their subject. Research facilities mean 
facilities for branches of the subject in which the best 
men are seeking to work and which, in the main, will 
be the fields in which greatest advances are being 
made. It is easy enough for them to go elsewhere, 
perhaps even abroad. where the cost of facilities will 
be regarded as a small price to pay for an outstanding 
man. 

The central provision of expensive equipment in 
national laboratories only partially meets this need for 
research facilities. The facilities within a university 
department must be adequate for ‘real’ research, 
related to real problems and sustained at a level that 
maintains contact with progreas elsewhere. 

(c) Universities in Britain, almost without excep- 
tion, have great difficulty in establishing sufficient 
posts in the various technical assistance grades and in 
filling such posts even when available. In this respect 
the disadvantage of the universities is very marked in 
comparison with Government research establishments 
and industrial research laboratories. The returns show 
that rather fewer than one thousand technicians are 
employed in university physics departments and of 
these about 700 are wholly or mainly engaged in 
support of research. This is less than one technician 
for each graduate research worker and indeed is little 
more than one technician for each member of the acad- 
emic staff. (The University Grants Committee report 
for 1959-60 (ref. 2) gives 977 technicians in physics 
departments and ratios of 0:8 staff per technician and 
1:9 staff and research students per technician.) In 
an industrial laboratory a graduate research worker 
would have probably three ancillary staff to support 
him. Moreover, salaries in industry for technicians 
are generally substantially better than those which 
the universities can offer. 

(d) It is increasingly difficult to attract sufficient 
of the best graduates to undertake postgraduate 
research, mainly because of the inadequate main- 
tenance allowances available. These allowances have 
always been less than the industrial and Government 
salaries offered to the young men concerned, and with 
this we do not quarrel, although we cannot subscribe 
to the view that research must be regarded as a luxury 
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for which one should be penalized. However, the 
disparity between grants and starting salaries is now 
so great as to be a serious discouragement. Allowing 
for income tax and certain advantages, the grant paid 
to rosearch students is equivalent to a salary of about 
£500 per annum; the usual starting salary in industry 
for n new graduate is about £800 per annum. 

(e) A special disability of universities is the lack of 
resources for travelling expenses for meetings and 
conferences. Te a scientist active in research atten- 
dance at such gatherings 18 a necessary part of his 
activity, as is recognized by industrial and Govern- 
ment laboratories. 

Urgent action should be taken on the following lines 
to deal with these problems. 

(1) There should be a substantial increase in the 
direct and assured provision of money for physics 
research, through whatever agency is responsible for 
financing the universities, at present the University 
. Grants Committee, with reasonable resources avall- 
able to heads of departments for use as need aribes, 
without the invariable necessity of long-term fore- 
casting. It is essential to have the resources to exploit 
initial successes immediately. 

(2) More chairs and readerships need to be areated 
in physics departments. .- 

(3) Technical and administrative assistance should 
be provided on a more adequate scale. 

(4) Grants to postgraduate students should be 
brought more nearly into line with salaries offered to 
new graduates by industry and the Scientific Civil 
Service. 

(5) Provision should be made for university staffs 
to attend scientific meetings as easily as people of 
comparable reputation in industry and Government 
service can do. 

These are the minimum requirements of policy if 
British physics departments are to continue to give 
the education that is expected of them. Most of the 
other problems can be solved within the universities 
or by collaboration between universities and schools. 
It should be repeated, however, that the essential 
problem is the maintenance of a scholarly environ- 
ment for higher education. The United States report 
already quoted stresses that “‘science and the making 
of scientists go best together” and that “in the 
absence of special considerations the university is the 
best place for basic research”. Theee two statements 
are the foundations of our own beliefs. 


Physics in Colleges of Technology 


It is the policy of the Government that the recently 
established colleges of advanced technology shall 
develop into institutions of university standard. 
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Several of them already have established physics 
courses for the Diploma in Technology. If they are 
eventually to acquire the repute enjoyed by some of 
our best university departments, the factors we have 
discussed above must be relevant to these colleges 
also. Research has not ın general been a normal 
activity of the staffs of these colleges and, in contrast 
to the universities, their problems are those associated 
with the establishment of research schools. These 
problems will eventually be solved only by the recruit- 
ment of more men of the calibre that the universities 
wish to recruit and this, of course, will be an aggrava- 
tion of the difficulties of the universities unless urgent 
steps are taken to solve them. The colleges have some 
special problems of their own. Most of them have so 
far found great difficulty in attracting research stu- 
dents because, unless these students are graduates 
of the University of London, they cannot work for the 
Ph.D. and the recently established award of member 
of the College of Technologists (M.C.T.) does not yet 
have an equal appeal. Unless a solution is found for 
this it would seem to be excessively difficult to build 
up research schools of repute. The colleges also find 
great difficulty in fillmg adequately the senior posts 
demanding real research ability. To some extent this 
may be influenced by the salary scales, which are far 
better than university scales for Junior posts but which 
offer fewer senior posts comparable in salary with 
university readerships, but we are inclined to the view 
that the determining factor is the general lack of 
research reputation. 


Conclusion 


At a time when a great increase of university educa- 
tion is planned, with particular emphasis on science, 
with new universities created and colleges of advanced 
technology established, British university physics 
departments face extreme difficulties in meeting the 
requirements of the educational facilities at present 
in existence. Physics is a fundamental science in 
which Great Britain has been recognized as one of the 
world’s leaders and in which other countries, 
especially the United States and the U.S.S.R., are 
investing heavily; the present plight of our physics 
departments shows itself in difficulty in staff recruit- 
ment and in the increasing number of outstanding 
physicisis who find it necessary to go abroad to secure 
adequate facilities for their work. Unless the present 
situation is changed, and rapidly, it would seem 
impossible even to maintain, let alone to expand, 
university resources in this basic science. The solu- 
tion, like the problem, lies entirely within the responsi- 
bility of Government policy. 

1 H.M.8.0. Crand. 1490. 
* H.M.8.0. Gmnd. 1489. 
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Dr. John Freeman 


é 


Wrrs the death of Dr. John Freeman on January 
18 in his eighty-sixth year, the Wright—Fleming 
Institute of St. Mary’s Hospital has lost a remarkable 
man, an all-round enthusiast, ideologist and thinker, 
who became consulting director of clinics for allergic 
disorders and emeritus director of allergy research at 
St. Mary’s Hospital, London. 

Born in Leeds the son of a solicitor, he went to 
Charterhouse and Oxford, and from there he served 


in the Boer War as a lance-corporal in the Oxfordshire 
Light Infantry. He resumed his clinical studies at 
St. Mary’s Hospital, and as a student of bacteriology 
won @ Radcliffe Travelling Fellowship at Oxford and 
studied at the Pasteur Institute in Paris and also in 
Berlin and Vienna. 

He was a keen rugby player as well as a rifle shot, 
and I first met him as a young student when going 
by train in 1905 to Rainham Ranges to be tried out 
as to fitness for the shooting team. In the compart- 
ment was an enthusiastic talkative young man, very 
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good-looking but careless as to dress, the brim of his 
straw hat being half broken off. In the opposite 
corner was a very quiet young unassuming man. I 
found that the first was John Freeman and the other 
the late Sir Alexander Fleming: both, of course, were 
to become colleagues of the great Sir Almroth Wright 
who founded the Inoculation Department of St. 
Mary’s Hospital, later to be known as the Wright- 
Fleming Institute. 

Freeman graduated B.Ch. in 1905, and D.M. in 
1907, and married in the same year Violet Hadden, 
of Murtle, Aberdeenshire. There were three sons and 
a daughter. Salaries of hospital workers in those 
days were very small or non-existent, and therefore 
private practice from Sir Almroth Wright downwards 
was encouraged. J. F. acquired a large house in 
Devonshire Place and soon had a big practice there 
as well as running a large clinic in the Inoculation 
Department at St. Mary’s. Certain colleagues, 
including Sir Alexander Fleming, Leonard Colebrook, 
Parry Morgan, Prof. Pannett and myself, among 
others. were privileged to consult from that address, 
and this’ was a happy house, for the hospitality and 
genislity shown to all colleagues by J. F. and his 
wife were excellent. 

In 1908 Freeman joined Leonard Noon in the study 
of hay fever. It was known by Dunbar’s researches 
that extract of pollen could produce the disease in a 
hay-fever subject, and would cause reactions if 
injected into the skm. Dunbar thought this was due 
to toxin and tried to get a passive immunity by 
injecting anti-sera from immunized horses. Freeman 
and Noon produced an active immunity by making 
@ series of pollen injections of graduated strength. 
Noon died all too soon of tuberculosis in 1911, 
leaving Freeman to develop and carry on his work, 
particularly in a large-clinic at St. Mary’s, where 
Freeman devoted a great deal of time as well as 
practising in private. 

Early in the First World War, Freeman, as a 
colonel in the Russian Army, went to Galicia to 
collect material for the preparation of large quantities 
of cholera vaccine, and after that joined Wright and 
his workers in the laboratories at the Casino m 
Boulogne. 

After this War he became clinical bacteriologist to 
the Hospital and also lecturer in bacteriology. 

In the Second World War he organized a practical 
service in blood transfusions, and spent a great 
deal of energy, not to mention money, in running it 
in a most efficient manner. 

But his life work was undoubtedly the study of 
hay fever and allergic disorders, and as a result forty 
years of experience and observation were published 
by him in 1950 in his erudite and at times amusing 
bock called Hay-Fever, a Key to the Allergic Dts- 
ordera, dedicated to “L. N. This account of my 
Stewardship”. A. B. PORTEOUS 


Prof. H. Deuel 


Wrrn the untimely death of Hans Deuel at the 
age of forty-six In Berne, Switzerland, agricultural 
chemistry lost one of its most versatile and active 
personalities. H. Deuel was born in Leipzig in 1916, 
where he attended the Konig-Albert-Gymnasium. 
He later moved to Zürich and studied agriculture at 
the Swiss Federal Institute of Technology, where he 
remained for the rest of his life. He graduated m 
agricultural chemistry with a Ph.D. degree and 
became full professor and head of the Department of 
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Agricultural Chemistry in 1949. In this position he 
succeeded his former teacher, Prof. H. Pallmann, 
who was elected president of the Swiss Federal Insti- 
tute of Technology. 

H. Deuel was primarily interested in the chemistry 
and properties of polysaccharides. He tried to relate 
specific properties (for example, gelation, complex 
formation) with structural features of these com- 
pounds. His investigations on plant gums and above 
all pectic substances are well known among specialists 
throughout the world. Through his many publica- 
tions he contributed to all aspects of pectin chemistry 
and became one of the foremost experts on pectic 
substances. 

In 1954 he published his work on the use of cross- 
linked neutral polysaccharides for the separation of 
high-molecular-weight from low-molecular-weight 
compounds. This method has been rediscovered and 
developed by Swedish workers and named ‘gel 
filtration’; it is now in general use in many labora- 
tories. 

Another field of active interest of H. Deuel was 
soil science, where he made many valuable contri- 
butions to the chemistry of soil constituents. His 
investigations on ion exchange properties of natural 
and synthetic ion exchangers are well known and led 
him to a study on the ion exchange properties of 
plant roots. H. Deuel also prepared new organic 
derivatives of clays and silica gel. His observations 
on the degradation of clays and silica ge) by o-diphen- 
ols shed new light on possible reactions involved in 
organic weathering. In recent years he has also 
been actively engaged in an investigation of carbo- 
hydrates in soils and on the chemistry of humic 
substances. 

H. Deuel’s life was fully devoted to his scientific 
interests which he pursued with enthusiasm and 
vigour. His knowledge of the literature was truly 
outstanding, and he always gave freely of his vast 
store of knowledge. To his co-workers and students 
he was an inspiring and ever-helpful teacher. H. 
Deue! liked vivid discussions; his mind was very 
critical but paired with a good senso of humour. 
He was not only a very capable and respected 
scientist but also a man of high moral standing and 
humanistic education. He will always be warmly. 
remembered by all who knew him. 

H. Deuel is survived by his widow and two sons. 

H. Nuouxom 


Mr. F. C. Cooke 


Frank CYRI COOKE, editor of World Crops, died 
on January 11] at the age of sixty-three. His 
as a chemist specializing in soap-making and the 
manufacture of alkaline a fitted him for his 
first appomtment with Unilever. In 1929 he accepted 
an Empire Marketing Board appointment in Malaya 
as assistant chemist for Copra Investigations. Later, 
he joined the Malayan Department of Agriculture as 
chemist, coconut products. An assiduous investi- 
gator, he rapidly became conversant with all aspecta 
of the subject and devoted his attention particularly 
to the improvement of copra production on small 
holdings. Eventually he devised a simple type of 
drying kiln—which has achieved world-wide recog- 
nition—capable of producing high-grade copra. 

In 1946, Frank Cooke became canning research 
officer, Malaya, in which capacity he investigated the 
canning of pineapples and other products. This work 
contributed materially to the rehabilitation of the 
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pineapple canning industry, which had suffered a 
tremendous setback during the Japanese occupation 
of the country. 

In 1949 he was appointed director of the Coconut 
Research Institute of Ceylon, a post he held for seven 
years, and which gave him an opportunity of proving 
that he possessed considerable administrative ability. 
As an acknowledged authority on coconuts and pine- 
applea, he visited a number of countries to study 
local problems and to give advice. He published 
many valuable reports and articles, notably on coco- 
nuts in the Philippines, Ceylon and the Seychelles, 
and on pineapples in Hawai. He also founded and 
edited for a number of years the QOeylon Ooconut 
Quarterly. 

Cooke returned from the East in 1957 to become 
editor of World Orops, a post he held with great 
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distinction until his death. He brought to his 
editorial duties a wide knowledge of agriculture and 
chemical engineering and a new-found ability to 
express deeply felt convictions with force and clarity. 
Throughout his career he did much to assist agri- 
culture in the tropics, especially in the less-developed 
countries. 

Frank Cooke saw active service in both World 
Wars. In the first he served for three years in Meso- 
potamia, Earlier in his career in Malaya he joined 
the Malayan Volunteer Forces. As a commissioned 
officer in this Unit he fought in the War in Malaya 
and was taken prisoner in Singapore. During the 
post-war emergency, advan was taken of his 
intimate knowledge of the country when he guided 
forces in jungle operations against communist bandits. 

D. H. Grist 


NEWS and VIEWS 


Inorganic Chemistry at Manchester : 
Prof. F. Fairbrother 


Prov. F. FarnproTrHur, who retires this year from 
his chair of inorganic chemistry in the University of 
Manchester, has spent almost the whole of his working 
life there since he entered the University as a Seaton 
Scholar in 1912. He graduated in 1915, with first- 
class honours in chemistry, and was appointed to the 
staff in 1919. He became reader in inorganic chemistry 
in 1941 and has held his present chair since 1960. 
During 1936-37 he held a Leverhulme Fellowship 
at the University of California and the California 
Institute of Technology. He has been for many years 
an examiner, and more recently chief examiner in 
chemistry, for the Joint Matriculation Board. His 
research, initially in the field of colloid chemistry, 
soon turned towards the measurement of dielectric 
polarization and ite significance in inorganic chemistry. 
His principal interests have been in the general nature 
of electrolytic dissociation processes, and his work 
has included studies on the dipole momenta of 
hydrogen hahdes and cyanogen halides, and the 
earliest recognition of the charge separation in iodine 
molecules caused by donor solvents. His demonstra- 
tion of equilibrium halogen exchange between certain 
organic chlorides and aluminium chloride, and so of 
the importance of carbonium ions in Friedel-Crafts 
reactions, was an important step forward in the 
study of that reaction. More recently he has worked 
on the chemistry of niobium and tantalum. Prof. 
Fairbrother was a pioneer in the study and teaching 
of inorganic chemistry on a physical basis. While 
inorganic chemistry suffered neglect in many univer- 
sities, it remained an important integral part of the 
Manchester School of Chemistry. His labours have 
provided a sound basis for further advance. 


Prof. J. Lewis 


Pror. FaAIRBROTHER is succeeded by Dr. J. Lewis, 
at present reader in inorganic chemistry m University 
College, London. Dr. Lewis graduated with first-class 
honours from the former University College, Notting- 
ham, in 1949. Three years later he went to Sheffield 
as assistant lecturer, transferring in 1956 to the 
Imperial College of Science and Technology, and in 
1957 to University College, where he was promoted 
to a readership last year. During 1960 he held a 
professorship in the Massachusettes Institute of Tech- 


nology, and while there travelled extensively in the 
United States. His early work was concerned with 
solutions in liquid dinitrogen tetroxide, and was 
followed by a study of the surface properties of liquid 
sodium. In recent years his main work has been in 
the field of transition metal complexes, and especially 
the application of magnetic and spectroscopic tech- 
niques to the elucidation of their structures. He is 
at present following up his early interest in metallic 
nitrosyls, developed while he was still at Nottingham. 


Veterinary Physiology at Edinburgh : Prof. A. iggo 


Dr. AINSLEY IGGOO has been appointed to the newly 
instituted chair of veterinary physiology at the Royal 
(Dick) School of Veterinary Studies, University of 
Edinburgh. Dr. Iggo was trained in New Zealand in 
agriculture and went to Sir John Eecles at Dunedin, 
where he obtained a B.Sc. with first-class 
honours. He worked on the movements of the 
stomach in ruminants at the Rowett Research 
Institute, Aberdeen, in 1951, and when he went to 
the Department of Physiology in the University of 
Edinburgh in 1952 he isolated single afferent nerve 
fibres from the bladder and stomach and related their 
activity to coutraction of the surrounding smooth 
muscle. He went on to isolate single afferent units 
which conduct at 1 m.p.s. and are presumably un- 
myelinated. With this useful technique, he has 
worked on the smallest fibres from the skin which 
were thought to be ‘non-specific’, and has shown that 
they are excited either by tension or by temperature 
changes. Dr. Iggo was elected to a Locke Research 
Fellowship in 1959. He spent a year at Canberra with 
Sir John Eccles working on the activation of Renshaw 
cells and allied problems and afterwards worked for a 
short time on temperature receptors with Prof. H. 
Hensel in the University of Marburg. He has had a 
variety of experience both of teaching medical, dental 
and physiology honours students and of full-time 
research. The Royal (Dick) School of Veterinary 
Studies is now moving its final-year departments to 
new buildings on the Bush Estate, where facilities 
have been provided for teaching and research in 
connexion with farm animals. As a result, the 
departments remaining in Edinburgh are now in a 
position to expand, and among the changes contem- 
plated precedence was given to the development of 
the Department of Veterinary Physiology. 
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U.S. National Bureau of Standards : 
Dr. J. 1. Hoffman 


Dr. James I. Horrman has retired as consultant 
to the Director of the National Bureau of Standards, 
U.S. Department of Commerce, after forty-three 
years’ service. An outstanding analytical chemist, 
Dr. Hoffman developed one of the first methods for 
purifying uranium, enabling the war-time Manhattan 
Project to secure pure materials for the production 
of uranium metal. Dr. Hoffman joined the staff of 
the Bureau in 1919 after a year of Army duty with 
the Chemical Warfare Service. In 1947 he became 
chief of the new Surface Chemistry Section, and was 
appointed assistant chief of the Chemistry Division 
in 1952. Four years later he became chief of the 
Metallurgy Division. As consultant to the Director, 
Dr. Hoffman has been concerned with problems 
associated with the pure metals programme. In 
1946 he was awarded the Hillebrand Prize for sig- 
nifivant contributions to chemical science. He was 
given a Department of Commerce Meritorious Service 
Silver Medal in 1950, and received an Exceptional 
Service Gold Medal, the Department’s highest honour, 
in 1956. He was also the recipient of the 1959 Fisher 
Award in Analytical Chemistry, the highest recog- 
nition for work in that field in the United States and 
Canada. 


The Institution of Electrical Engineers : 
Dr. G. F. Galnsborough 


Dr. Grorcs F. Garyssporouer has been appointed 
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- to suceeed Mr. W. K. Brasher as secretary of the 


Institution of Electrical Engineers. Dr. Gainsborough, 
born in the Shetland Isles in 1915, was educated at 
Christ’s Hospital and King’s College, London. He is 
a barrister-at-law of Gray’s Inn. After serving in the 
Physics Department of King’s College, he joined the 
Radio Division of the National Physical Laboratory 
and was attached, in 1944, to the British Common- 
wealth Scientific Office in Washington as a senior 
Scientific Officer. Shortly after his return to Britain 
he was transferred from the National Physical 
Laboratory to the Ministry of Supply, now the 
Ministry of Aviation, where he is an assistant secre- 
tary. He received his doctorate in 1947 and has 
presented several papers to the Institution, being 
awarded the Ambrose Fleming Premium in 1948. In 
"1960 he was seconded for a year to study at the 
Imperial Defence College. 


Secondment of U.K. University Teachers Overseas 


Ix a written answer in the House of Commons on 
February 21, the Secretary for Technical Co-opera- 
tion, Mr. D. Vosper, announced that, with the 
agreement of the British Council, he had set up a 
small committee, with Sir Charles Morris as chairman, 
to increase the flow of staff from British to overseas 
universities by entering into arrangements with 
universities for the supply of teachers on short-term 
secondment schemes, tailored to meet specific needs. 
The other members of the committee are: Mr. J. 8. 
Fulton, Sir Douglas Logan, Sir John Wolfenden, 
Prof. M. M. Swann, Mr. N. Leach and Mr. E. E. R. 
Church. The arrangements Mr. Vosper had in mind 
included easing re-entry to home universities, stimu- 
lating exchanges of staff and encouraging links 
between universities and university departments in 
Britain and universities and departments in other 
countries, for which purpose payments would, where 
necessary, be made from Commonwealth Education 
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or British Council funds. The new committee wonld 
work closely with the Inter-University Council for 
Higher Education Overseas, the British Council’s 
recruitment department and the Association of 
Universities of the British Commonwealth. On 
February 22 Mr. Vosper also announced that the 
Nigerian Government had asked the British Govern- 
ment to arrange this year for a Nigerian Teacher 
Vacation Course similar to, but on a larger scale 
than, that arrangement on its behalf last year, and 
that the Government had agreed to do so. Arrange- 
ments had been made accordingly with the British 
Council, the Mmistry of Education, the Scottish , 
Education Department and the Ministry of Educa- 
tion, Northern Ireland. The course would take place 
in July and August, and he hoped that British 
teacbers would come forward in good numbers. 


Royal Soclety and Nuffield Foundation Common- 
wealth Bursaries Scheme: 1962 


Awards under the Royal Society and NufHeld 
Foundation Commonwealth Bursaries Scheme for 
1962 have been made as follows: H. R. Arthur, 
senior lecturer in organic chemistry, University of 
Hong Kong, to assist him to visit Oxford and Man- 
chester to study new research techniques; Dr. J. P. 
Cooper, head of the Department of Developmental 
Genetics, Welsh Plant Breeding Station, Aberystwyth, 
to enable him to carry out work on the genetic control 
of climatic responses in herbage grasses at Canberra, 
and to visit New Zealand, for about three months 
from June; Prof. A. G. McLellan, professor of physics, 
University of Canterbury, to enable him to study 
solid-state physics at the Clarendon Laboratory, 
Oxford, for about nine months from January; Prof. 
D. C. Midgley, professor of hydraulic engineering, 
University of Witwatersrand, to enable him to carry 
out research work in flood hydrology and river 
hydraulics at the University of Alberta, for six 
months from January; Dr. C. ©. Narasimhamurti, 
lecturer in zoology, Andhra University, to enable him 
to spend a year from March at Cambridge gaining 
knowledge of present-day techniques in the field of 
protozoology; Dr. S. K. Roy, senior lecturer in 
physics, University of Malaya, to enable him to study 
low-temperature techniques at the Clarendon Labora- 
tory, Oxford, for six months from January; Prof. 
R. D. Singh, professor of mining engineering, M.B.M. 
Engineering College, Jodhpur, to enable him to study 
modern research in mining at centres in the United 
Kingdom between March and July; Dr. N. W. Tanner, 
senior research officer in physics, University of Oxford, 
to enable him to gain experience on a tandem acceler- 
ator at Canberra and on a cyclotron at Melbourne, 
for about three months from July; Dr. D. I. William- 
son, lecturer at the Marine Biological Station, Port 
Erin, Isle of Man, to enable him to study the hatching 
and rearing of decapod crustaceans and to discuss 
methods of plankton collection at the Marine Labora- 
tory, Cronulla, New South Walesa, for a year from 
September. 


Employment and Training of Teachers In Australia 


Ton Ausiralian Journal for Science, October 1961, 
includes three of the presidential] addresses to Sections 
of the Australian and New Zealand Association for 
the Advancement of Science. That of Principal 
I. S. Turner, to Section J (Education, Psychology 
and Philosophy), based largely on the Murray report 
and the report of the Australian Universities Com- 
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mission, deals with the relations of teachers’ colleges, 
universities and governments in Australia. HExpendi- 
ture on teacher training in State Teachers’ Colleges 
in 1959-60 totalled £10-5 million, compared with £54 
million on universities in 1958-60 and £103 million 
in 1961-63, and since 1940 enrolment in teachers’ 
coll has increased six-fold to more than 14,500 in 
1960. A first urgent need is for new, well-equipped 
buildings for many teachers’ colleges, while others 
need provision of special buildings, library, gym- 
nasia, laboratories, common rooms and _ greatly 
Increased grants for libraries and equipment. A 
second need is to lengthen all courses of teacher 
training to at least three years, or, in Principal 
Turner’s view, four years, but there is no indication 
of any move in this direction by the State Govern- 
ments. Only those students should be admitted to 
teachers’ training colleges who have qualified for 
matriculation at a level that should reasonably ensure 
success at the university, and a fourth need of the 
training colleges desiderated by Principal Turner is 
that staff should be recruited from anywhere in open 
competition and that the salaries and conditions of 
work including the granting of sabbatical leave should 
be the same as for university staff. He believes that 
the training of all teachers is a proper function of 
universities and that the training colleges, singly or 
in some appropriate geographical grouping, should 
become teachers’ colleges of a university. To achieve 
this in Australia it would be necessary to separate 
them from the State Departments of Education and 
grant them autonomy of the type enjoyed by the 
universities. For this purpose appointment of a 
special advisory committee of investigation is needed. 


Teaching of Genetics by Film 


In February 1961 a filmed introduction to first- 
year university genetics was released by McGraw-Hill 
and Co., Ltd. The series consisted of 48 half-hour 
films, and cost, in total, 4,806 dollars, or separately, 
160 dollars. The films were produced to be studied 
in conjunction with the MoGraw-Hill text-book, 
Principles of Genetics, by E. W. Sinnott, L. C. Dum 
and T. Dobzhansky, and are also supplemented by a 
study guide and work book by Prof. Irwin H. Hers- 
kowitz, who has acted as the ‘permanent’ lecturer in 
all the films. Each lecturer is a specialist, and the 
academic costa of the project have been met by a 
grant from the Ford Foundation Fund for the 
Advancement of Education to St. Louis University. 
Fourteen of the films and eleven of the lectures have 
now been reviewed by the Research Film Unit of the 
Institute of Animal Genetics, University of Edin- 
burgh. The reviewers state that, while the project 
possesses enormous latent possibilities, “in this 
instance it has failed, mainly due to the producers’ 
total lack of insight into the principles of teaching 
by flm”. In only two films was use made of any 
filmed sequences of living material other than that 
of the lecturer himself, and all supporting visual aids 
were of the blackboard diagram type. In no film 
reviewed was the impact of the animated diagram or 
the working model used. The producers’ approach 
was simplified to the extreme and consisted of filming 
the delivery of a normal lecture programme. The 
films are available from McGraw-Hill Publishing Co., 
Ltd., 95 Farringdon Street, London, E.C.4. 


Industrial Sociology 


Durme 1951-53, Unesco carried out an inter- 
national survey mto the university teaching of the 
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main disciplines in the social sciences. This resulted 
in the publication of a series of reports dealing with 
the teaching of sociology, social psychology and cul- 
tural anthropology, law, political science, inter- 
national relations and economics. Jn December 1954 
a general conference of Unesco invited the Secretariat 
to include surveys on criminology, statistics, demo- 
graphy and the administrative sciences which were 
all published in 1959-60. This series has now 
been extended to other fields of the social sciences, 
and a study on. industrial sociology, prepared by 
J. H. Smith, of the London School of Economics, 
deals with a specialized area of social sciences which 
is of comparatively recent origin, but which is growing 
fast and which has already shown ita capacity to 
explain some of the critical problems arising in 
industry (The Universtiy Teaching of Social Sctences : 
Industrial Soctology. 126. Paris: Unesco; 
London: H. M. S. O. 1961. 6.25 N.F.; 7s. 6d.; 1.50 
dollars). The author has endeavoured to assess the 
present state of development in industrial sociology 
as shown both in present-day teaching and research 
programmes and in the application of industrial 
sociology to specialized teaching, notably manage- 
ment training and the liberal education of technol- 
ogists and teaching in developing countries. The 
survey examined not only the heavily industrialized 
countries but also a number of other countries which 
pay attention to industrial sociology. 
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The National Museum of Wales 


Tse fifty-fourth annual report of the National 
Museum of Wales for 1960-61, referring to the 
Treasury grant of 90 per cent of the cost of the Weat 
Wing, anticipates that building will start in June 
1962 (Pp. 85+ 4 plates. Cardiff: National Museum 
of Wales, 1961). This will be the first building 
operation since 1932. Then follows an impressive 
record of departmental work. In geology, emphasis 
has been given to the continued re-organization of 
the reserve and study collections, the compilation of 
a comprehensive bibliography and index of the 
geology of Wales and the preparation of exhibita for 
the Brecknock and Tenby Museums. In botany, the 
artist has made models of twenty-six flowering plants 
to replace the previously exhibited dried specimens, 
and the table of cultivated plants has shown 269 
species during the year. In zoology, a new exhibit 
entitled “Some Modern Reptile” has been installed 
and considerable attention has been given to the 
reserve collections. In archmology, the modernization 
of the Roman gallery has continued and a further 
resoue excavation made at Dinorben hill-fort at 
Abergele. In industry, new exhibits of a model of a 
trepanning machine and a water tube boiler have 
been installed, and the illustration of the historic 
side of the Welsh tinplate industry has been 
strengthened. In art, various adjustments have been 
made in the display of the permanent collection. At 
St. Fagans, building work has concentrated on the 
re-erection of the fully thatched Hendre’r-wydd 
uchaf, from Llangynhafal, Denbighshire, and a Caer- 
narvonshire cottage. 


Durban Museum and Art Gallery 


THe annual report of the Museum and Art Gallery 
at Durban for 1980-61 refers to the completion of 
several schemes (Pp. 24. Durban: Durban Museum 
and Art Gallery, 1961). The Marine Hall, commenced 
two years ago, includes a display of Natal coastal 
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fishes, and the ve swamp and barracouta 
groups. In addition to these are exhibits of corals, 
sponges, starfishes and shells. In the panel display 
of shells an effective mosaio-like background of 
different pastel shades was used to good effect. The 
large habitat-group of South African mammals 
devoted to the herbivores of the Kruger National 
Park was revised. Seven large mural panels painted 
by the Director were hung on the first landing of the 
Museum and form an arresting feature as the building 
is entered. Several collecting journeys have been 
made to Portuguese East Africa, eastern Swaziland, 
Kenya and Tanganyika. In the Art Gallery a re- 
vision was made of the hanging of the permanent 
collection. 


Florida State Museum 


Tes Director’s report of the Florida State Museum 
for 1960-61 records an accelerated programme of 
exhibits to meet the expanding needs of the Museum 
(Pp. 24. Gainesville, Flo.: Florida State Museum, 
1961). To further public relations activities, a lively 
programme of temporary exhibits was presented 
during the year. Special exhibits of recent acquisi- 
tions to the collections were made from time to time. 
The year saw the continued growth of the research 
collections and the greater use of the collections by 
others than the staff. The Museum, which is part 
of the University of Florida, recognizes the im- 
portance of ita role as a unit of research and 
instruction. 


National Forest Parks In Britain 


THE original policy of the Forestry Commission was 
essentially concerned with the creation of a strategic 
reserve of timber and this was to be achieved mainly 
by afforestation. It could be argued that some of 
the aspects of what are considered to be essential to 
a national forest policy were omitted or not obvious 
in the original policy, but it has, through ciroum- 
stances, altered. One very welcome change which 
the Forestry Commission has been able to introduce 
is concerned with amenity, in particular the estab- 
lishment of National Forest Parks which are open 
for public enjoyment. Argyll National Park was the 
first, opened in 1935, and there are now seven. 
Individual National Forest Park guides are available, 
but the recently published Booklet No. 6, entitled 
National Forest Parks, is a generalized account of 
these parks, and it also includes the New Forest 
which, though not a National Forest Park, does 
provide similar scope for recreation and camping 
(Fo Commission. Booklet No. 6. Pp. 40. 
London: H.M. Stationery Office, 1961. 2s. 6d. net). 
There are, as well, notes on two arboreta and a 
forest garden open to the public. It is to be hoped 
that this very attractive booklet will find a wide 
circulation and so help to stimulate the British 
people to appreciate, love and enjoy their forests. 


Antigens of Tapeworms 


Stupy of the taxonomy of the tapeworms reveals 
a mass of confusing information. Among the cestodes 
affecting man and his domestic animals there are 
grounds for doubt as to the identity of even the 
common forms. In an attempt to clarify the position, 
B. E. Maddison, H. Whittle and R. Eladon-Dew have 
carried out a series of immunological investigations 
(South Afric. J. Sci., 10; October 1961). The experi- 
ments were concerned with the immune response to 
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infestations with the larval forms of various cestodes. 
The results show the complexity of the antigen- 
antibody against larval cestodes, and indicate the 
need for maximum caution in their interpretation. 
There are apparently both generic and specific anti- 
gens. Further work must be done to elucidate the 
problem, and trial experiments indicate that immuno- 
electrophoresis and chemical fractionation of the 
antigens will be useful. It is clear, however, that 
tbough there are common components, the cysterci 
from pork and from beef show differing antigens. 
This roduces the possibility that some pork measles 
may be due to larval forms of T. saginata. When 
examined in relation to anti-pork cysticercus serum, 
there appears to be a close antigenic relationship 
between the larvæ causing pork cysticercosis, beef 
cysticercosis and ‘tenuicollis’. The hydatid antigens 
are somewhat distinct from these; the differences, 
however, may be mainly quantitative in nature. 


Fishery Research Training Grants 


Tes Development Commissioners are offering, in 
association with the Ministry of Agriculture, Fisheries 
and Food and the Department of Agriculture and 
uate training grants 
in fishery research tenable from October 1. These 
grants are intended to enable selected candidates to 
undergo & specified course of training to fit them for 
the investigation of problems in raarine or fresh- 
water science. The Commissioners will consider appli- 
cations from candidates to register for a higher degree 
in circumstances where this seems likely to be con- 
sistent with the requirements of the approved fishery 
research training programme. The number of traming 
grantas to be awarded in 1962 will probably not exceed 
four, and candidates must be British subjects and 
should be graduates with honours in science in a 
British university or possess equivalent qualifications ; 
both men and women are eligible to apply. The value 
of the training grant will depend on the centre at 
which training is undertaken, and on whether the 
student is able to live at home, but will not normally 
be less than £270 nor exceed £470 per annum. 
Further information and forms of application, return- 
able by March 20, can be obtained from the Secretary, 
Development Commission, 3 Dean’s Yard, West- 
minster, London, 8.W.1. 


IBM Research Endowment Fund 


IBM United Kingdom, Ltd., continuing with its 
policy of some years past, has instituted a Research 
Endowment Fund under which free time is given on 
the full range of IBM equipment free of charge to 
approved academic and humanitarian research of a 
non-profit making nature. Applcations for free time 
on the IBM 7090, or other appropriate machines, are 
assessed by an independent consultant panel con- 
sisting of Sir Austin Bradford Hill, professor emeritus 
of medical statistics, University of London; Prof. 
Fred Hoyle, Plumian professor of astronomy and 
experimental philosophy, University of Cambridge; 
and Mr. M. V. Wilkes, director of the Mathematical 
Laboratory, University of Cambridge. In the past 
six months computer time has been given for research 
into problems of reactor systems, semi-conductors, 
physiology, ophthalmology, virology, etc. A total of 
twenty hours on the ABM 7090, or the equivalent on 
other machines, is reserved for 1962 and applications 
for free time are invited. Further information can be 
obtained from the Press and Public Relations Office, 
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IBM United Kingdom, Ltd., 101 Wigmore Street, 
London, W.1. 


Enzyme Chemistry of Phenolic Compounds 


A symposium on “The Enzyme Chemistry of 
Phenolic Compounds’, arranged by the Plant 
Phenolics Group of the University of Liverpool, will 
be held in the University during April 10-12. After 
an introductory address by Prof. N. A. Burges, 
papers to be read will include: purification of caste- 
chol oxidases (Dr. D. 8. Bendall and R. P. F. Gregory) ; 
plant polyphenol-oxidases and their relation with 
other oxidase systems in plants (Dr. J. G. Boswell); 
tea polyphenol-oxidase (Dr. E. A. H. Roberts); 
phenol-oxidases in streptomycetes (Prof. E. Kuister) ; 
tocopherols (Dr. J. Green); the role of ubiquinone 
and plastoquinone in plant metabolism (Prof. R. A. 
Morton); hydrolytic enzymes (Dr. J. B. Pridham); 
hydroxylation systems (Dr. J. B. Jepson); enzyme 
inhibition by phenolic compounds (A. H. Williams); 
tannin inhibition of plant mitochondria (Dr. A. G. 
Hulme and Dr. J. D. Jones); biological oxidation of 
aromatic rings by micro-organisms (Prof. W. Charles 
Evans); aromatic-acid reducing systems in fungi 
(Dr. H. M. Hurst); some new enzymatic reaction of 
phenols (Dr. B. R. Brown). Further information can 
be obtained from Dr. H. M. Hurst, Department of 
Botany, University of Liverpool. 


Food Supplies and Population Growth 


A CONFERENOE on “Food Supplies and Population 
Growth”, arranged by the Royal Statistical Society, 
is to be held at the London School of Economies on 
April 6. Subjecta under discussion will include: 
population trends (Dr. B. Benjamin, General Register 
Office); estimation of food requirements (Dr. R. 
Passmore, University of Edinburgh); future sources 
of food supply—-scientific problems (Dr. N. W. Pirie, 
Rothamsted Experimental Station); future sources 
of food supply—economuic problems (Prof. C. G. Clark, 
University of Oxford). Further information can be 
obtained from the honorary secretary, Prof. P. 
Armitage, Royal Statistical Society, 21 Bentinck 
Street, London, W.1. 


The Royal Institution 


Mr. Tuomas Martin, general secretary of the 
Royal Institution, 1929-50, has written a most 
attractive concise account of the Royal Institution 
(The Royal Institution. By Thomas Martin. Pp. 69. 
London: Royal Institution of Great Britain, 1961). 
With carefully chosen and admirable illustrations, Mr. 
Martin shows clearly how the Institution took its 
shape under the influence of Rumford, Davy, Faraday, 
Tyndall, Dewar and Sir William Bragg, and the 
unique place if occupies among British scientific 
institutions. Its function could scarcely have been 
better indicated or its past and potential contributions 
to the advancement of science or enrichment of 
society, and. the brief bibliography should induce some 
readers at least to go further into the story for 
themselves. 


Announcements 


Mr. K. 8. IMRI, of the University of New England, 
Armidale, has been appointed by the Royal Society 
to a Rutherford Scholarship, tenable for three years, 
to work on & problem involving radar astronomy 
techniques at the Nuffield Radio Astronomy Labor- 
atories, Jodrell Bank Experimental Station, Univer- 
sity of Manchester. 
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Tue Trustees of the Ramsay Memorial Fellowships 
Trust invite applications for two fellowships for 
advanced studenta of chemistry, each tenable for 
two years. Application forms, which should be 
returned before April 9, and further information can 
be obtained from the Jomt Honorary Secretaries, 
Ramsay Memorial Fellowships Trust, University 
College, Gower Street, London, W.C.1. 


Tue Royal Australian Chemical Institute invites 
applications from chemists who require assistance 
in meeting their travelling expenses in order to spend 
ther sabbatical leave m an Austrahan chemical 
laboratory attached to a university or the Common- 
wealth Scientific and Industrial Research Organiza- 
tion. The Institute is also prepared to arrange for 
visitors to travel within Australie. Further informa- 
tion can be obtained from the Australian Scientific 
Liaison Office, Africa House, Kingsway, London, 
W.C.2. 


THe Easter congress of the Universities Federation 
for Animal Welfare is to be held in Edinburgh during 
April 56-9. Further information oan be obtained from 
the Universities Federation for Animal Welfare 
(Easter Congress), 7a Lamb’s Conduit Passage, 
London, W.C.1. 


AN international conference on “Magnetic and 
Electric Resonance and Relaxation’’, arranged under 
the auspices of the Groupement AMPERE and the 
Netherlands Physical Society, is to be held at Eind- 
hoven during July 2-7. Furtber information can be 
obtained from Dr. D. J. Kroon, Philips Research 
Laboratories, Eindhoven. 


A. symposium on “Post-Tertiary Speciation in 
Europe”, arranged by the Systematics Association, 
is to be held in the Univeraity of Leicester during 
April 16-17. Further information can be obtained 
from Mr. Norman Tebble, Systematics Association, 
British Museum (Natural History), Cromwell Road, 
London, S.W.7. 


A SYMPOSIUM on “Some Problems in Commun- 
cating and Absorbing Technical Information”, organ- 
ized by the Technical Library and Information 
Service of the Hertfordshire County Council, is to be 
held at Hatfield College of Technology on March 
27. Further information can be obtained from the 
county technical lbrarian, Q. H. Wright, Hatfield 
College of Technology, Hatfield, Herts. 


A MEETING of the Photoelectric Spectrometry 
Group is to be held in King’s College, London, on 
March 16. The subject under discussion will be 
“Differential and Derivative Absorption Spectro- 
scopy”, and speakers will include: Dr. Q. L. Brown 
(King’s College, London); Dr. E. F. Daly (Unicam 
Instruments, Ltd., Cambridge); Dr. G. H. Beaven 
(Medical Research Council, London); C. E. Kendall 
and D. W. Huke (Dunlop Research Centre, Birming- 
ham); D. G. Lloyd (Monsanto Chemicals, Ltd., 
Ruabon). Further information can be obtained from 
the secretary, Mr. K. A. Macdonald, Unicam Instru- 
ments, Ltd., York Street, Cambridge. 


Erratum. The publishers of A Hole in the Bottom 
of the Sea reviewed on p. 718 of the February 24 issue 
of Nature are Weidenfeld and Nicolson, Ltd., and not 
Faber and Faber, Ltd., as stated. Furthermore, the 
price of the book is 25s. and not 42s. 
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ATMOSPHERIC TURBULENCE AND ITS RELATION TO AIRCRAFT 


ONE-DAY symposium on “Atmospheric Turbu- 

lence and its Relation to Aircraft” was held in 
the Royal Aircraft Establishment, Farnborough, on 
November 16, 1961, under the chairmanship of the 
director of the Establishment, Mr. M. J. Lighthill. 
The object of the symposium was two-fold: first, to 
bring together people interested in turbulence from a 
meteorological point of view and those people inter- 
ested in turbulence in relation to aircraft engineering, 
and secondly, to review existing knowledge (or lack 
of knowledge) about atmospheric turbulence from the 
points of view of the meteorologist and aircraft 
engineer. 

Altogether eleven papers were presented, of which 
six were concerned with meteorological and five with 
aircraft aspects. 

The introductory paper on “‘Atmospheric Turbul- 
ence and Aircraft’, by J. K. Zbrozek (Royal Aircraft 
Establishment, Bedford), gave a broad review of 
aircraft engineering problems where knowledge of 
atmospheric turbulence is of paramount importance. 
It was shown that the static strength and the fatigue 
life of an airframe are often determined by atmo- 
spheric turbulence considerations. A case was 
presented for more detailed knowledge of atmospheric 
furbulonce in relation to stability and control, 
stability augmentation and passenger comfort studies. 
The effect of @ vertical gradient of wind on the 
stability of a high-speed aircraft was described. 

The author discussed the merits of the two models 
of atmospheric turbulence used by the aircraft 
engineer. One model is based on the discrete gust 
concept, and describes the turbulence in terms of the 
frequency-of-occurrence distribution of ‘equivalent’ 
gusts (gusts per mile). The second model treats the 
turbulence as a continuous random process and 
describes it by spectral density functions and the 
probability distribution of turbulence r.m.s.’s. The 
range of turbulence wave-lengths of interest to the 
aircraft designer was defined, the importance being 
stressed of the long waves in the application to more 
advanced designs. Some examples of spectral 
densities of atmospheric turbulence measured by use 
of an aircraft as a m ing probe were given. 
The validity of Taylor’s hypothesis, the Importance 
and difficulty of a satisfactory definition of the 
turbulence scale, and possible peculiarities of high- 
altitude turbulence were briefly discussed. 

Prof. P. A. Sheppard (Imperial College of Science 
and Technology) in his paper “The Incidence of 
Atmospheric Turbulence” gave an overall picture of 
meteorological phenomena which are basic sources 
of atmospheric turbulence with a scale compatible 
with aircraft dynamics. The patterns of atmospheric 
motions and of heat-flow on a global scale were 
described and turbulence-generating processes dis- 
cussed. This broad picture of atmospheric turbulence 
was followed by descriptions of more specific turbu- 
lence phenomena. 

The turbulence in the Earth’s boundary layer was 
related to the turbulence-generating phenomena of 
the lapse-rate and wind-shear, and the concept of the 
Richardson number, the most important parameter 
in the turbulence of stratified fluids, was introduced. 
Clear-air turbulence and its relation to jet streams, 
and the jet streams themselves, were desoribed. 


Other types of turbulence, such as storm turbulence 
with its possibility of penetrating deep into the 
stratosphere and turbulence due to the topographical 
features of the ground, as distinguished from the 
effect of surface roughness, were discussed also. 

Dr. T. H. Ellison (University of Manchester), in 
his paper entitled “Mechanism of Atmospheric 
Turbulence”, approached the problem from the fluid 
mechanics point of view. He outlined the theoretical 
ideas concerned with the action of a density gradient 
on turbulence, introducing the flux form of Richardson 
number and suggesting an explanation of the existence 
of turbulence at Richardson numbers greater than 
one. The theoretical aspects of the turbulence in the 
Earth’s boundary layer, including heat-fiux effects, 
were expounded, and an interesting theory relating 
the Earth’s boundary layer parameters to the geo- 
strophic wind was outlined. Discussing the turbulence 
outside the boundary layer, Dr. Ellison explained the 
origins of wind shear at higher altitudes and pointed 
out the difficulties of determining the turbulence 
scale. 

It was shown, on dimensional grounds, that for 
wave numbers intermediate between that of the 
generation of energy and that where viscosity is 
important, the spectral density of turbulence must 
follow Kolmogoroff’s — 5/3 relationship. This relation- 
ship was confirmed by experimental evidence, but the 
scale of the turbulence generating large eddies ts still 
an open question. 

Dr. Ellison introduced many new and stimulating 
theoretical ideas and his outline of further research 
deserves serious consideration by the experimental 
worker in the field of atmospheric turbulence. 

A very comprehensive review of present knowledge 
of certain statistical properties of atmospheric 
turbulence at heights below about 1,000 m. was given 
by Dr. F. Pasquill of the Meteorological Office in a paper 
entitled ‘The Statistics of Turbulence in the Lower 
Part of the Atmosphere”. Dr. Pasquill introduced his 
paper by first defining some of the functions describing 
the statistical properties of turbulence and outlining 
the techniques of m ing turbulence and their 
limitations. The available data on the three velocity 
components of turbulence were analysed in terms of 
the intensity, the scale and the shape of the energy 
spectrum, and the results of analysis were tabulated. 
It was shown that in the inertial sub-range the decay 
of a turbulence spectrum with wave number does not 
always follow the -- 5/3 law, but deviations from this 
law were not systematic enough to draw any firm con- 
clusions. The scale of turbulence was found to be 
proportional to the height above the ground-level, 
decreasing with increasing thermal stability of the 
air. The intensity of the three components of 
turbulence was given as the ratio of the turbulence 
standard deviation to the mean wind-speed and the 
effecta of thermal stability of air were demonstrated. 
The analysis suggested also that the ratio of the 
standard deviation of the vertical component of 
turbulence to the friction velocity is constant and 
independent of height, in agreement with theoretical 
predictions (as, for example, LEllison’s paper). 
Finally, Dr. Pasquill presented ten examples of com- 
parisons between turbulence spectra as measured 
from an aeroplane and from a ‘fixed point’. 


934 ` 


High-altitude turbulence, excluding the turbulence 
im large cumulus, was described by Mr. J. K. Bannon 
of the Meteorological Office, in a paper entitled 
‘Turbulence in the Stratosphere and on the Upper 
Troposphere”. A tentative distribution of discrete 
gusts per mile and the percentage prevalence of rough 
air were given for altitudes up to 75,000 ft. It was 
pointed out that clear-air turbulence is usually found 
in comparatively shallow layers and the typical size 
of turbulence patches was indicated. The possible 
origins of high-altitude turbulence, with special 
reference to jet streams, were discussed, but it was 
pointed out that the forecasting of this type of 
turbulence is not yet possible. 

A new model of the air-flow in severe convective 
storms was described by Dr. F. H. Ludlam (Imperial 
College of Science and Technology) in his paper 
“Air Flow in Cumulonimbus”. The gist of the paper 
can best be given by quoting the author’s summary: 
“A new model of the air-flow in severe convective 
storms is described. It is suggested that strong wind 
shear in the vertical organizes the flow, and makes 
more efficient the release of kinetic energy. Conse- 
quently, in the severe storm, up- and down-draught 
speeds of 50-100 m./sec. may be attained. The 
organized flow permite the growth of hailstones of 
2-3 in. diameter. Strong draughts and intense 
precipitation occur over regions up to 10 miles across, 
surrounded by more extensive weaker precipitation 
and draughts which can be discriminated by the 
quantitative use of radar”. 

In the paper “Clear Air Stirring Motions Induced 
in Stebly Stratified Airstreams by Flow over Moun- 
tains”, Dr. R. 8. Scorer (Imperial College of Science 
and Technology) described many possible phenomena 
like billows and rotors of air motion when flowing 
over ground undulations, and illustrated them by 
photographs of corresponding cloud formations. 
One was very impressed by the profusion and beauty 
of these natural phenomena, but was left with the 
feeling that there is still a long way to go before 
it would be possible to forecast and estimate the magni- 
tude of the phenomena in the way needed for engin- 
eering applications. Although the author himself said: 
“.. . the atmosphere is so complicated that we are 
not going to elucidate its behaviour by theorizing or 
even experimenting”, he made some attempt to put 
theoretical reasoning into the dynamics of the problem. 

The aircraft designers’ point of view on atmospheric 
turbulence was put forward by Mr. G. F. H. Hemsley 
(Vickers-Armstrong, Ltd.) in his paper ‘Considera- 
tion of Air Turbulence in Aircraft Design”. The 
author outlined the problem areas in civil airframe 
design, emphasizing the effect of turbulence on the 
useful life of the aircraft. The difficulties were 
pointed out of achieving satisfactory handling 
characteristics on modern aircraft when the maximum 
usable lft is often determined by the balance between 
controllability and stability from one side and the 
response to gusta from the other. The author stressed 
the importance of weather forecasting in the flight 
planning of the modern jet transport, as the fuel 
reserves are a large percentage of the pay-load and 
even a small reduction in these could have a consider- 
able effect on the operating economics. This problem 
will be even more acute on the future of supersonic 


transport. 

In the fleld of miltary aircraft design, the author 
discussed a relatively new problem of high-speed, 
low-altitude flight. In this flight condition, atmo- 
spheric turbulence has to be seriously considered not 
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only in structural aspects but also in many others, 
such as comfort of crew, displays, weapon system, 
etc. In his conclusions, the author summarized the 
designers’ view on the present state of knowledge of 
atmospheric turbulence by saying, “We are striving 
for two things, safety and efficiency. These tend to 
be opposing objectives and only by detailed and 
accurate date can the optimum be achieved. Arbitrary 
definitions of the atmosphere are used as design 
criteria and we know from experience that the safety 
standards are acceptable. Can relaxations be made 
consistent with safety ?” 

A very thorough review of existing knowledge of 
atmospheric turbulence as seen by an aircraft engineer 
was given by Mr. N. I. Bullen (Royal Aircraft Estab- 
lishment, Farnborough) in a paper “Gust Loads on 
Aircraft”. The author discussed the ‘discrete gust’ 
concept, ite limitations and its relation to present 
requirements. A comparison was made between 
counting accelerometer data collected in Britain and 
the data based on V—g-A recorders from the United 
States, and attention was directed to the areas where 
information 18 scarce. 

In his paper “Aircraft Response to Turbulent 
Air’, Mr. J. Burnham (Royal Aircraft Establishment, 
Bedford) discussed in some detail the relation- 
ship between the ‘discrete gust’ and ‘continuous 
turbulence’ approaches to the assessing of aircraft 
response to atmospheric turbulence. It was pointed 
out that, for a large famuly of more orthodox aircraft, 
both approaches lead essentially to the same answer; 
however, the extension of this conclusion to more 
advanced designs is hampered by the lack of informa- 
tion in the low-frequency band. More information is 

about the long-wave components of atmo- 
spheric turbulence and the effects on human or 
automatic pilote at low frequencies should be studied. 

The main role of the Air Registration Board is to 
formulate design requirements with the view of 
ensuring a satisfactory level of safety. Among other 
things, the environmental conditions dictated by the 
motions of the atmosphere have to be specified. 
The atmospheric motions encompass not only the 
‘gusts’ which affect the airframe design but also other 
componenta of motion which lead to stability and 
control requiremente, take-off procedure, speed 
margin requirements, etc. The above aspects of 
airworthiness were expounded by Mr. W. Tye (Air 
Registration Board) in his paper “Atmospheric 
Turbulence Considerations in Civil Aircraft Air- 
worthiness”. In his concluding remarks, Mr. Tye 
presented a list of problems which require further 
exploration to satisfy the needs of the engineer con- 
cerned with airworthiness. This list can be regarded 
as & research programme for both meteorological and 
aeronautical workers in the immediate future. 

It is thought that the symposium fulfilled its 
original aims by bringing together meteorological and 
aeronautical research workers in the field of atmo- 
spheric turbulence. Each side has now a better 
picture of the aims and objectives of the other, and 
by pooling existing knowledge from both sides a 
somewhat better picture of atmospheric turbulence 
is emerging. Lack of time prevented full discussion of 
some of the papers, but it is hoped that it will be 
possible to organize further similar symposia when 
more restricted ranges of problems of atmospheric 
turbulence will be more extensively discussed. 

The proceedings of the symposium will be published 
by H.M. Stationery Office in book form. 

J. K. ZBROZEK 
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MICROBIOLOGY IN LATIN-AMERICA 


HE second Latin-American and the first Costa 

Rica National Congresses of Microbiology were 
jomtly held in San Jose during December 10-17, 
1961. The meeting was attended by about 300 
participants from 16 nations, including 50 from 
England, Canada and the United States. 

Listed in the scientific programme were more than 
150 titles, encompassing the following fields: general, 
medical and veterinary bacteriology; immunology; 
helminthology; mycology; protozoology; virology; 
phytopathology; and agricultural and industrial 
microbiology. The predominant interest was ex- 
preased in medical microbiology. Abstracts of papers 
are published in a general pro e and résumé, 
with full papers to be submitted individually through 
the usual scientific journals. 

Special symposia or panel sessions were concerned. 
with leishmaniasis, intestinal parasitosis, microbial 
physiology and biochemistry, and teaching of micro- 
biology and parasitology. Simultaneous Spanish— 
English translation made language no barrier to 
effective communication m the special sessions. 

Those present at the Congresses were afforded 
opportunity to inspect the entirely new and remark- 
ably designed buildings comprising the University 
of Costa Rica. The status of microbiology in the host 
nation was indicated by its position as a separate 
College and by an impressively functional and well- 
equipped building in University City. A day was 
devoted to a trip through the mountainous country- 
side to the Inter-American Institute of Agricultural 
Soience. 

Among the commercial and scientific exhibits, 
interest was especially expressed in Rerisia Latin- 
americana de Microbiologia, an international journal 
of the Latin-American Microbiological Association, 
now in its fourth volume. Luoid abstracts are 


provided in translation of the articles, which are 
usually in Spanish. Important for coverage in a 
great geographical area of microbiology, Revista is 
available at 6 dollars (U.8.) a year through the 
editor, Dr. J. M. Gutiérrez Vasquez, Escuela Nacional 
de Ciencias Biológicas, Instituto Politecnico Nacional, 
Mexico, D.F. 

The programme of the Congresses incorporated 
well-organized social events, including a grand ball 
in the Latin-American manner, which, as the inaugural 
session, was attended by the President of the Repub- 
lic, Senor Mario Echandi Jimenez. 

The Con were supervised by an Organizing 
Committee of the Costa Rica Association, the secre- 
tary-general of which was Dr. John L. de Abate. 
Officers of the Latin-American Association were: 
President, Geraldo Varela; Vice-President, Renato 
Soto Pacheco; Secretary, Luis Palencia Franco; and 
Treasurer, Enriqueta Pizarro Suarez. Their counter- 
parts in the Costa Rica Association were, respectively : 
Renato Soto Pacheco, Roger Bolanos, Fernando 
Montero-Gei, and Guillermo Monge Amador. 

Newly elected officers of the Latin-American 
Association are: President, A. Pomales Lebron; 
Secretary, Jose Oliver Gonzalez; and Treasurer, 
Irving Fox. 

The American Society for Microbiology was 
officially represented by Philipp Gerhardt (secretary) 
and R. W. Sarber (executive-secretary). Their travel 
was sponsored by the National Science Foundation 
and Difco Laboratories, Inc. 

The Latin-American Co are convened at 
three-year intervals, the first in 1958 at Mexico 
City and the third scheduled for 1964 at a place yet 
to be named. It holds promise of being as stimulating 
and rewarding as that just concluded. 

PHILIPP GERHARDT 


THE INFORMATION PROBLEM IN BIOSYSTEMATICS 


By Dr. V. H. HEYWOOD 
The Hartley Botanic Laboratorles, Unlversity of Liverpool 


N many branches of science to-day problems of 
A communication and dissemination of data and 
ideas are causing increasing concern. Progress 
depends in no small measure on the extent to which 
scientists can become informed of the work done by 
others so that they can build on it, or at worst not 
repeat it unnecessarily. Plant taxonomy is, by its 
very nature, largely concerned with the utilization 
and arrangement of published data, and has estab- 
lished over the centuries, and particularly in modern 
times, a complex series of methods and channels 
for its purpose of assembling, collating and presenting 
information. The way this is done should be com- 
pared with the facilities open to the younger discipline 
of plant biosystematics. For traditional taxonomy 
the information is dealt with at national, regional 
and international levels, and finds its expression in 
the form of lists, indexes, catalogues, revisions, 
Floras and the like. Individual countries usually 


prepare up-to-date Floras, and through national 
organizations and journals arrange the collection of 
floristic and taxonomic data. All this tends to 
minimize the delay between the original publication 
of new information and its easy accessibility to a 
wider public. 

Regional organizations have also been set up 
towards similar ends. Association pour l'Etude 
Taxonomique de la Flore d’Afrique Tropicale, the 
Flora Malesiana Foundation and the Flora Europæa 
Organization are examples. International co-opera- 
tion is also effected through bodies such as the Inter- 
national Association for Plant Taxonomy, which 
greatly assists the work of taxonomists through its 
various publications such as the Index Herbariorum, 
Index of Collectors, Index Nominum Genericorum, 
Index Felicum, ete. It also handles the collection of 
information for revision of the International Code of 
Botanical Nomenclature. Abstracting journals and 
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publications such as Index Kewensis, Fortechritte 
der Botanik and Excerpta Botanica are international 
in coverage, although all suffer from incompleteness 
to some extent. World surveys of various plant 
groups are published: the Pflanzenretch monographs, 
Die Natirlichen Pflanzenfamilien (second edition in 
course cf publication); and others are projected. 

The foregoing is a brief sample of the kind of 
facilities which are at the disposal of plant taxonom- 
ists. Impressive though they are, they still leave 
room for improvement. 

In the past 20-30 years, however, taxonomy has 
widenei its frontiers, and has devoted much of its 
efforts to investigating the nature of variation 
within taxonomic groups, using the experimental 
garden and the methods of cytogenetics, and it is to 
cover these activities that the term ‘biosystematics’ 
is now used. Biosystematists are less concerned with 
the naming and description of taxa than with popula- 
tion genetics and evolution. Their date often cannot 
be accommodated in orthodox taxonomic categories 
and special terminologies have been proposed. Apart 
from some catalogues of chromosome numbers 
(Darlington and Wylie, Tischler, Love and Love, 
etc.) little attempt is made to systematize biosystem- 
atic data and most of them are dispersed in scientific 
journals throughout the world. Abstracting systems 
are likewise limited, and it is worth noting that 
perhaps the most ureful is Plant Breeding Abstracts, 
prepared by an ‘applied’ institution, the Common- 
wealth Bureau at Cambridge. 

Biosystematics is therefore in an interesting 
condition: it is a new disciplme and has not yet had 
its methodology and resulta forced into a formalized 
straitjacket; yet the data already published are so 
numerous thet attempts will have to be made to 
bring them together and make them generally avail- 
able. 

These and similar problems were discussed at 
joint meetings of Sections 2 and 9 at the last Inter- 
national Botanical Congress in Montreal in 1959. It 
was initially proposed that the International Union 
of Biological Sciences set up a committee to consider 
biosystematic terminology and related problems, 
and report back to the next Congress. As a result 
the International Association for Plant Taxonomy, 
which is the branch for plant taxonomy of the Inter- 
national Union, nominated a committee for bio- 
systematic terminology (Taxon, 9, 88; 1960). 
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This committee met in Copenhagen in 1960 to 
discuss ways and means of collecting data; but it 
soon became obvious that there was a need for an 
organization to promote research and communication 
in biosystematics on an international basis. Follow- 
ing on discussions with the International Union for 
Plant Taxonomy, the International Organization of 
Biosystematists was founded with the following 
executive: A. Love (Montreal) president; T. W. 
Bécher (Copenhagen), vice-president; V. H. Heywood 
(Liverpool), secretary-general; C. Favarger (Neu- 
chétel); W. Gajewski (Kraków); B. Lovkvist (Lund); 
H. Lewis (Los Angeles); H. Merxmüller (München); 
D. H. Valentine (Durham). Initially, the Inter- 
national Organization of Biosystematists will not be 
a fully independent organization but will require that 
its members be also members of the International 
Association for Plant Taxonomy. This arrangement 
will, it is hoped, be mutually beneficial. 

Biosystematics is interpreted fairly broadly so as 
to cover such topics as genecology, experimental 
taxonomy, cytotaxonomy, micro-evolutionary studies 
and speciation, not only in flowering plants but also 
in all other groups of the plant kingdom. 

Much work relevant to biosystematics is carried out 
by autecologists, developmental physiologists and 
applied biclogists such as foresters, pharmacologists 
and agronomists. The International Organization 
of Biosystematists hopes to provide a forum for all 
these workers in diverse fields and bring them into 
much closer contact than at present. 

The initial activities of the organization were 
planned at a short meeting of the Executive Com- 
mittee held at the Institut de Botanique, Université 
de Neuchatel, at the invitation of Prof. C. Favarger 
(Taxon, December 1961). As a result of the discus- 
sions three schemes have been put in hand: (1) the 
establishment of a registration centre for the 
assembly and dissemination of biosvstematic 
data; (2) the establishment of a system to facilitate 
the acquisition of plant material for biosystematic 
research; (3) the preparation of a biosystematic 
glossary. 

An ever-expanding stream of biosystematio in- 
formation is being published, and it is hoped that 
before it becomes a flood some efforts will have been 
made through the International Organization of 
Biosystematists to deal with it in the most useful 
manner possible. 


TRAINING IN OCEANOGRAPHY 


8 long ago as 1955, in order to start a marine 
sciences programme, Unesco established an 
International Advisory Committee with a member- 
ship from all parts of the world and a competence in 
all aspects of the subject. 

The declared intention was to cultivate interest in 
the oceans, particularly in countries where, for 
various reasons, little activity in marine research had 
been possible or was being displayed. Once funds 
had become available, the wise decision was made to 
stage Unesco training courses in the marine sciences 
from time to time in regions backward in oceano- 
graphy. If this were done, not only would the seeds 
be sown s0 to speak; the tutors would also be able to 
select the men most worthy of Unesco fellowships. 
The expected outcome would be that, with the pro- 


gress of time, more and more regions would come to 
possess their own competent teachers. 

Developments have been along these lines. Towards 
the end of 1958 the South Asia Science Co-operation 
Office of Unesco (Delhi) arranged a Refresher 
Course in Marine Biology at Bombay in concert 
— the Institute of Science of the University 

ere. 

A year later, a regional training course was held at 
the Institut Océanographique, Nhatrang, in the 
Republic of Vietnam. This, under the sponsorship of 
the Unesco Science Co-operation Office for South- 
east Asia (Djakarta), was warmly welcomed and 
greatly helped by the host Government. The Nhat- 
rang course, which was attended by twenty-four 
trainees, lasted for about four months. 
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The latest Unesco activity of the kind has been a 
recent training course held in Morocco. Organized 
by the Middle-East Science Co-operation Office of 
Unesco (Cairo), acting through its enthusiastic and 
energetic director, Mr. Jan Smid, the course owed ite 
origin to an official invitation extended by the 
Moroccan Government during the general conference 
of Unesco at Cairo in November 1960. Held in Casa- 
blanca during November 23-December 20, 1961, 
this course was the first Unesco activity of the kind 
to be staged in the region. 

The twenty persons who attended it came from 
Kuwait, Lebanon, Libya, Egypt, Sudan, Syria, 
Tunisia, Turkey and Morocco. Half had English as 
their second language and half French. The director 
of the course was Dr. J. N. Carruthers of the British 
National Institute of Oceanography, and the tutor 
in marine biology was Dr. Raoul Seréne, the former 
director of the Nhatrang Institute. The Moroccan 
Government displayed great mterest in the course, 
which was publicly opened before a large concourse 
by the acting Minister of Education accompanied by 
other officials. Hospitality was on & generous scale, 
and the requisite transport facilities were provided. 
Great help was received from the resident French 
members of the Institute’s staff, and the director, 
Monsieur F. Varlet, made the two small vessels 
belonging to the Station available for the purposes of 
the course whenever desired. The excellent aquarium 
was & great boon for instructional purposes, and the 
controllimg authority, the Marine Marchande, arranged 
excellent visits to the sardine port of Safi and to the 
oyster lagoons at Oualidia. The Ministry of Educa- 
tion provided bus transport. A day was spent exami- 
ning beach fauna and flora under the guidance of 
Mile. Gantes, of Rabat University. 

The tuition given ranged broadly over all the 
aspects of physical oceanography and marine biology 
likely to be most useful to students of degree stan- 
dard, but every effort was made throughout to teach 
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things which the participants would, in turn, be able 
to teach in their own countries. To this end, demon- 
strations were made at sea of simple instruments of 
little cost and no diffloulty with which the returning 
students would easily be able to furnish themselves 
in order to start some elementary oceanographical 
teaching of their own nationals. The aim of the 
course was not to convey massive instruction but to 
arouse interest enough in things which can be done 
with very modest resources, to give grounds for the 
hope that some attention would be paid to the marine 
sciences in the countries from which the students 
came. This seems to be by far the best target for 
such Unesco activities, and, to further the aim in 
question, a comprehensive suite of simple instruments 
and a wide selection of suitable hand-books and 
charts were taken out from Britain. In addition, a 
number of suitable instructional films of British 
and American origin were exhibited during the 
course. 

As expected, the participants differed widely among 
themselves in respect both of academic background 
and personal interest, and it became clear that their 
chances of arousing interest in oceanographical 
matters in their own countries would differ also. 

Throughout the course the instruction had to be 
kept flexible both in physical oceanography and 
marine biology. As discovered also on a previous 
occasion, it would be unwise and unprofitable to 
attempt to teach such a course in keeping with a` 
fixed curriculum prepared in advance. 

The views of the tutors after the course had 
finished are quite easily stated: if Unesco can con- 
tinue to stage such traming programmes aimed at 
producing interested young men and women who 
wull be disciples of the marine sciences in their own 
countries, much of value will be achieved. If, on the 
other hand, such courses should ever trend towards 
ambitious university teaching, their value would be 
much less. J. N. CARRUTHERS 


NUCLEAR SCIENCE AND THE TRAINING OF YOUNG 
PEOPLE IN FRANCE 


HE Syndicat National des Instituteurs, the Com- 

missariat à l Energie Atomique and the Institut 
Pédagogique National have taken the initiative 
during the past year to provide school-children in 
France with courses treating the nuclear sciences in as 
simple and attractive a form as possible at various 
scholastic levels. 

Thus, since November 1959, thanks to the general 
secretary of the Syndicat des Instituteurs, M. Fores- 
tier, the Ecole Libératrice has undertaken the publica- 
tion of leaflets dealing with the nuclear sciences. 
These leaflets, prepared by Prof. M. Seguy, professor 
in the College of General Education, supply teachers 
with pedagogic information which can be presented 
straight away to their pupils. To further this effort, 
some weeks ago MM. Seguy and Beaussier, head of 
the Service d’Orientation Professionnelle of Seine-et- 
Oise, took part in three school television programmes 
designed to familiarize children in the higher classes 
with the applications of nuclear energy. However, 
some thought had to be given to reaching older 
children, in the 15-17 age-group, as well as adults. 

To fill a need for popularization which the national 
' ‘Press cannot adequately satisfy, the Institut Péda- 


gogique National and the Co iat à l'Energie 
Atomique have collaborated in organizing a serious 
audiovisual nuclear education programme. Thanks 
to the initiative and energy of M. Mesnier of the 
latter, and the teaching capabilities of M. Guillien _ 
of the former, a basic course followed by tests has 
been prepared and put into practice in less than six 
months. Eight lessons of 25 min. each, making up a 
course entitled “Initiation into Nuclear Physics”, 
have been organized and filmed at the Institut 
National des Sciences et Techniques Nucléaires at 
Saclay, with the collaboration of a young professor, 
M. Cambou. 

In this course, which ranges from the structure of 
matter to the running of a nuclear reactor, all the 
multiple resources of audiovisual methods, namely, 
diagrams, cartoons, outdoor films, laboratory experi- 
ments, have been used to complement the instruction 
given by the teacher, 

These courses were shown on television each Friday 
during November and December at 6.30 p.m., an 
hour suitable for viewing either in the teaching 
establishments, particularly in the case of boarders, 
or in homes or factories after work. An accompanying 
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A0-page pamphlet enlarging on the lessons was sent 
to all interested television viewers. ‘This pamphlet 
contains a series of simple problems printed on detach- 
able pages, to be sent back when solved to the 
Institut Pédagogique National. 

This project, the first of its kind in Europe, seems 
to have achieved considerable success. 

The correspondence received by the Institute 
Pédagogique National has beaten all records. The 
first transmissions produced more than 2,000 letters 
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from viewers, and more than 12,000 pamphlets have 
now been sent out. 

Certain industrial firms have organized viewing 
facilities for their technical personnel, with an in- 
structor present. Twelve copies of each film have 
already been ordered for various schools. The 
University of Montpellier intends to use them on the 
occasion of the Journées Nucléaires during March 
1962. Translations are already being requested from 
foreign countries. J. DEBIESSE 


RUDOLPH VIRCHOW MEDICAL SOCIETY 


HE one-hundredth anniversary of the Rudolf 

Virchow Medical Society of New York was 
marked by special celebrations. In his presidential 
address *, Prof. Joseph Berberich described how the 
original Society, Deutscher Medizinischer Leseverein 
von New York, was founded in December 1860 by a 
small group of German physicians, some of whom 
had left their Fatherland after the Revolution of 
1848. They wanted that freedom of expression for 
the same reason that led the patron of the Society, 
Rudolf Virchow, to emigrate at the same time from 
Berlin to the relatively free and open-minded 
University of Wurzburg in Bavaria. 

They lived mostly in the German quarters and met 
twice a month for the reading of papers and dis- 
cussion. The rules of the Society were very strict, 
with Prussian discipline. If someone was absent from 
a meeting he was penalized 25 cente. A number of 
German medical journals were read and exchanged 
among the members. By 1888 the number of mem- 
bers increased to 177, and the name was changed to 
the German Medical Society in the City of New York 
The reputation of the Society grew, and many out- 
standing physicians from Germany and Austria came 
to lecture to the Society. Men like E. von Leyden, 
Robert Koch, P. Ehrlich, F. von Exmarch, Friederich. 
von Müller, F. Sauerbruch, H. Strauss, Pasteur, 
Victor Schmieden, Killian and others read papers 
more or less as ambassadors of the European, and 
particularly of German, medicine, which was then at 
its highest level. 


* Proceedings of the Rudol 
New York,18, 1960. Edited by Hans 
George Schrefber. PP. vit 246. (Basle and 
1061. a Swiss fran 


Virchow Medica Society in the City 
E. Bejach, Hans Lehfeldt an 
ew York: 8. Karger, 


A second and influential impulse came after the 
First World War. The lost war and economic disaster 
made living difficult for many physicians in Germany. 
A great number left Germany for the United States. 
Those who stayed in New York found refuge in the 
Society. At the time it was not difficult for the 
newcomers to mix with the native physicians, since 
many American doctors were trained ın Germany and 
Austria and were well versed in the German language. 

Medical life after the First World War became more 
stimulating. With enormous financial backing the 
United States was soon a leading nation in the field of 
medicine. The gathering of political clouds in Europe 
in the beginning of the thirties cast a shadow on the 
Society. Political friction started among members and 
a number of them resigned. The exodus of a misled 
group of fanatics did no permanent harm. On June 
10, 1939, the name was changed to the Rudolf 
Virchow Medical Society in the City of New York. 

Almost at the same time (1938—39) came the third 
and greatest influx of German and Middle-European 
physicians to the United States. This wave of medical 
emigrants brought not only their own patients but 
also a good medical training and considerable experi- 
ence. Members of the Society did fundamental 
research in nerve electrophysiology, in the develop- 
ment of insulin shock, electro-shock or electro- 
encephalography, the cure of tuberculosis with new 
chemicals, treatment of nephrosis, histopathology of 
mental diseases, introduction of wetting agents into 
dermatology, the tuberculin patch test, noradrenalin 
in hypertension, mercury as a diureticum, diagnostic 
X-ray methods such as arteriography and veno- 
graphy, and myelography. 


— 


CENSUS OF SOVIET ZOOLOGISTS 


HE Zoological Institute of the U.S.S.R. Academy 

of Sciences published, in the form of a small 
book*, a list of Soviet zoologists, based on replies 
to a questionnaire sent out in 1858 to all universi- 
ties, research institutes and organizations employing 
pure and applied zoologists. Although the editors com- 
plain that many zoologists did not fill in the returns, 
the list comprises 2,738 (not 2,800 as stated in the 
preface) entries. It is arranged in alphabetical order 
of surnames and for each person his full name (both 
in Russian and in Latin characters), date of birth, 
present post, official and private address, and his 
speciality are given. 


y — of the Soviet’ Union. Pp. 290. (Moscow-Leningrad, 


A. classification by specialists at the end of the 
book is of interest, providing some indication of the 
present trends in Soviety zoology. The largest group 
(609) is that of parasitologists; this may reflect the 
fact that the director of the Zoological Institute, 
Academician E. N. Pavlovsky, has devoted many 
years to developing this particular branch of zoology. 
It is closely followed by entomologista, of which there 
are 508; but, unfortunately, there is no separate 
heading for economic entomologists, who appear to 
be a majority, nor for insect ecologists. Other 
mainly applied zoologists include hydrobiologists 
(272); medical zoologists (140); zoologists working on 
commercial hunting, wildfowling, ete. (125); agri- 
oultural zoologists (2 only); bee specialists (13); 
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students of domestic animals (83 and 4 more under 
the heading of animal husbandry); conservationists 
(2); zoology teachers (37). Others, presumably 
‘pure’, branches of zoology, are represented by these 
figures: morphology — physiology (55); embryo- 
logy (78); zoogeography (9); general ecology (3); 

ecology of vertebrates (301); (no heading for ecology 
of invertebrates); invertebrate zoology (39); verte- 
brate zoology (68); ornithology (140); teriology (108); 
herpetology (24); ichthyology (342); malacology (12); 
protistology (19); human anatomy (4); soil zoology 
(10); history of zoology (11); histology (48). A very 
low number of geneticists (8) is, perhaps, less surpris- 
ing to see than only five “Darwiniste”’, and there are 
no more than two biophysicists and two biometri- 
cians; there are, apparently, no biochemists (unless 
they are listed as physiologists) and only one experi- 
mental zoologist. When all groups are added to- 
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gether, the total number is 3,250, that is, about 500 
more than in the alphabetical list; this is because 
many persons indicated more than one speciality. 

The system of classification is such that it is almost 
impossible to see what proportion of zoologiste is 
carrying out basic research and what is engaged in 
practical applications. A glance through the list of 
entomologists and the institutions where they work 
suggests that, probably, more than half of them are 
engaged in pest control. If the same applies to 
zoologists and ecologists working, for example, on 
rodents and other economic animals, it appears that 
the great majority of Soviet zoclogists is engaged in 
applied work. 

Although admittedly incomplete and somewhat 
out of date, the list will be useful to zoologists in 
other countries who may wish to exchange publica- 
tions with their Soviet colleagues. 


COMMONWEALTH SCHOLARSHIP COMMISSION 


HE second annual report * of the Commonwealth 

Scholarship Commission shows that there were 
168 Commonwealth scholars studying at United 
Kingdom universities and colleges during 1960-61. 
In the 1961 competition, 232 candidates have accepted 
the offer of scholarships, 40 of them coming from 
India, 28 from Canada and 22 from both Australia 
and Pakistan. 

One feature of the report will lead to some disquiet. 
The Commission made a prelimmary examination of 
the problem which it is likely to face in considering 
applications for extension of tenure in and after the 
third year of the Commonwealth Scholarship and 
Fellowship Plan. A number of scholars have accepted 
two-year awards and has been admitted to courses 
of research for which three years of study are needed 
if the holder is to obtain the doctorate at which he 
aims. For such scholars to return to their country 
with their research half-completed, and without a 
qualification, will engender frustration and militate 
against the realization of the aims for which the 
Commonwealth Scholarship and Fellowship Plan 
was instituted. At the Commonwealth Education 


* Commonwealth Relations Office: Colonial Office. Second Annual 
Report of the Commonwealth Scholarship Commiasion in the United 
Kin Kingdom! for the year endag: 80th September 1961. Pp. 86. (London: 

H. M.8. O., 1962.) 22. 3d. 


Conference in 1959 it was anticipated that most 
candidates would, on taking up awards, have already 
had some postgraduate experience which would 
enable them to obtain a higher degree in the United 
Kingdom with two years further work. It is found, 
however, after two years experience of selection of 
candidates for United Kingdom awards, that ‘a 
majority of them enter the competition in the final 
year of their course for a first degree or its equivalent 
and are judged to need at least three years furtber 
work if they are to proceed to a Ph:D. on their 
scholarship. It is therefore expected that a sub- 
stantial number of the 1960 scholars will have good 
grounds for asking for an extension of tenure for a 
third year. The Commonwealth Scholarships Act, 
1959, prescribes that not more than 500 awards 
may be held at any one time. If the statutory limit 
remains unaltered, and during 1961-62 the Commis- 
sion wishes to extend the tenure of a substantial 
number of the 1960 awards for @ third year (that is, 
tenure during 1962-63), it will have to choose between 
granting such third-year extensions and making, in 
the 1962 competition, the total of 250 fresh awards 
which it would normally seek to make. There would 
thus be a clash between the claims of existing scholars 
and the expectations of the several countries making 
new nominations. 


FORESTRY RESEARCH IN BRITAIN 


HE report * on forest research for the year ended 

March 1960, issued by the Forestry Commission, 
contains accounts of the research work carried out 
by the Forestry Commission research staff and by 
workers attached to universities and other institu- 
tions, most of whom are aided by grants from the 
Forestry Commission. In it there are a number of 
good photographs, but some of these would have been 
improved by the inclusion of an object to provide a 
comparison. of size. The general trend of the re- 
search work is in keeping with the developmental 
stage the Forestry Commission has reached, and it 
is also indicative, in some measure, of what is likely 
to become normal practice in the fairly near future. 


* Fores Commission. ort on Forest Research for the ger 
a mo 1000; Pp. viH +208+18 plates. (London: H.M 8.0., 
not. 


Afforestation is still a dominant work in which the 
Forestry Commission is engaged, and must hope to 
be engaged for some time to come. Afforestation 
problems are being investigated on difficult sites, 
including disused sand and gravel workings, on areas 
overlying impermeable clay and on exposed and 
elevated sites. But more and more attention is now 
being directed to the problems of existing forests such 
as their improvement, stand structure and regenera- 
tion. Large areas of forest have been established on 
peat, and this medium contains particular difficulties 
which are not easy to overcome. It requires draining ; 
few tree species can be grown on it; the stability of 
the trees is often precarious; and there is now evid- 
ence, after some years, of a deficiency of potash and 
other elements in pine stands established successfully 
by deep draining and cultivation of the peat and aided 
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by phosphatic fertilizers applied at the time of plant- 
ing. It is also realized that some pure stands may be 
improved by transforming them into mixtures, and so 


long-term experiments have been established for this , 


general purpose which also include a comparison of 
the effect of pure and mixed stands on soil conditions. 

Considerable attention to the soil is being given 
by way of fertilizer trials on sand dunes and on deep 
peat, by soil analyses and studies of the breakdown 
of litter by the soil microfauna. The effect of wind on 
Britain’s forests is a major consideration and 80 
studies continue to be made on windblows, the 
stability of trees and stands and the recording of sir- 
flow in relation to shelterbelts. 

Nylon netting, as a cheaply erected alternative to 
conventional netting, and wire-strand fencing for 
exclusion of deer from regeneration areas are showing 
encouraging results. Another line of research in 
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forest protection is the use of herbicides to maintain 
efficient, non-inflammable firebreaks. Although suc- 
cessful results have been obtained, a limiting factor 
to their use is the expense, and thus it seems unlikely 
that they will be used except for particular cases 
where the high cost can be justified. 

After eleven years of experience of pruning conifers 
by disbudding, the conclusions reached are that it 
has been a failure with some species and not suffici- - 
ently successful with the others to warrant it being 
applied on a forest scale. So Britain’s new forests 
are no longer in danger of having grotesque tufted 
poles scattered through them. 

Those responsible for directing and implementing 
the research work of the Forestry Commission are 
to be congratulated on the good results that have 
been obtained and on publishing them in such an 
attractive manner. C. J. TAYLOR 
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INTERSTELLAR COMMUNICATION AND HUMAN EVOLUTION 


By Pror. ROBERT ASCHER 
Department of Soclology and Anthropology, Cornell University 
AND 


Pror. MARCIA ASCHER 
Department of Mathematles and Physics, Ithaca College, New York 


COCCONI and P. Morrison have recently 
. entertained the possibility of interstellar com- 
munication!. 

More recently a search for signals from other 
civilizations was considered by von Hoerner?. In 
the later article it is pointed out that the potential of 
a search is largely dependent on the adequacy of 
guesses about the probability of the existence of 
extraterrestial technical civilizations, the probable 
stage of development of a civilization which we might 
contact, the longévity of attempts at contact follow- 
ing success or failure, and the result of possible contact 
and exchange. Attention is given to the determina- 
tion of these and other factors and some numerical 
estimates are suggested. Presumably this and simular 
investigations will form the basis for the design of 
listening and sending apparatus. This ambitious 
and expensive endeavour may benefit by using models 
founded on human evolution as well as extraterrestial 
data, and constructed with the end of increasing the 
reasonableness of the guesses. This article indicates 
initial steps in this direction. 

The use of a model or series of models which 
involve human evolution is necessarily based on 
two assumptions. We assume that throughout 
hominid history, since the origin of hominids and 
culture, there has existed sufficient curiosity to 
motivate attempts to contact self-conscious life-forms 
and some means of doing so. Secondly, we assume 
that the effectiveness of the barriers which separated 
different populations during prehistoric times was 
equivalent to the effectiveness of the barrier which 
now separates Earth civilization from possible extra- 
terrestrial civilizations. The first assumption is 
supported in interpretations of the archeological 
and fossil hominid records and in behavioural studies 
of the higher primates and other advanced mam- 
malian forms. The second assumption is tenable 
because for most of prehistory the only means of 
communication was bipedal locomotion. Extensive 


bodies of water, in particular, were restrictive to 
contact between small terrestrial populations. Both 
assumptions are related by opposition; curiosity 
encouraged contact and effective barriers inhibited it. 
In order to construct the proposed models some 
definitions used in the recent article in Sotence are 
re-cast. There, a technical civilization is defined by 
the ‘‘presence of highly advanced radio techniques” ; 
here, a technical civilization is defined by the presence 
of barrier-surmounting techniques, irrespective of the 
barrier or the techniques. This reformulation is not 
only necessary for the inclusion of relevant informa- 
tion but is also necessary for the entire endeavour. 
It would be shortsighted and inhibiting to future 
ideas on communication to view possible extra- 
terrestrial civilizations enthnocentrically, or rather, 
electrocentrically, by supposing that the highest 
form of communication now reached on Earth. is the 
highest form that will be reached here or can -be 
reached elsewhere. Along with this, we substitute 
contact activities for contact signals. Even if within- 
vision devices, such as large fires, were used as contact 
signals in prehistoric times, they would be difficult 
for the prehistorian to locate, impossible to interpret 
with confidence, and are not directly relevant to the 
barrier-surmounting problems with which we are 
concerned. On the other hand, evidence of contact 
activities such as intrusive tools are the data with 
which the student of human evolution is familiar. 
Within the context of the present problem, we 
tentatively divide prehistory into two technical 
orders and call the first early prehistory and the 
second, later prehistory. The principal criterion for 
this division is the barrier-surmounting technique 
or techniques which existed during each order. The 
analogy between prehistoric contact and exchange, 
and hypothesized extraterrestrial contact and ex- 
change, is suggested in the following description. 
Early prehistory begins with the origin of hominids 
and technology more than 1,000,000 years ago and 
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lasts until approximately 8,000 years ago. At least 
four major hominid populations existed at some time 
during this era: Australopithecus, Pithecanthropus, 
Neanderthal, and Homo sapiens. The size of any 
population isolate probably never exceeded 100 
individuals. These isolates, developed by budding 
from parent populations, micro-evolved (biologically 
and technologically) in relatively independent niches. 
The technological differences between isolates was 
never great; when contact was achieved near-equals 
met. Later prehistory begins about 8,000 years ago 
and lasts until about 1,000 B.c. Only one hominid 
form, Homo sapiens, inhabited the world. For some 
populations, at least two barrier-surmounting tech- 
niques in addition to walking came into being, 
namely, the long-distance ship and domesticated 
riding animals. In early prehistory contact and 
exchange occurred between technologically similar 
but biologically diverse populations. In later pre- 
history contact was usually initiated by those 
populations with advanced techniques and equal 
exchange was rare. 

The analogy is more than merely suggestive. In- 
formation from human evolution can be used to intro- 
duce additional factors into the reasons for the 
development and replacement of life-forms possessing 
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complex technologies over immense spans of time 
and large distances. The use of archæological- 
paleontological data in a model describing contact 
can refine numerical estimates for factors already 
proposed and add new factors with numerical 
estimates. The data learned from prehistory can be 
particularly useful in evaluating the effects of success- 
ful contacts and, therefore, the degree and results 
of the establishment of continuing exchange. The 
use of both early and later prehistory enables the 
testing of a contact model. Data describing a pre- 
historic population or populations can be substituted 
into the equations in the model and the indicated 
conclusions compared with the facts of human evolu- 
tion. We grant that it would be difficult to infer the 
effects of unsuccessful attempts at contact from the 
data because such cases leave no obvious records, 
Nevertheless some estimates can be made on the 
basis of a consideration of the successful cases as 
contrasted with the opportunities available and the 
known barriers. Specific cases which can be examined | 
in the context of the present problem include, for 
example, Neanderthal-Homo sapiens contact and 
transpacific exchange. 

* Cocconi, G., and Morrison, P., Nature, 184, 844 (1959), 

*von Hoerner, P., Science, 184. 1839 (1961), 


PREPARATIVE THIN-LAYER CHROMATOGRAPHY AS AN 
ALTERNATIVE FOR COLUMN CHROMATOGRAPHY 


By F. J. RITTER and G. M. MEYER 
Central Laboratory T.N.O., Delft, The Netherlands 


l OMATOGRAPHY on adsorbent-coated glass 
strips or plates is frequently used as a qualitative 
analytical method. We have modified the tech- 
niques described by Kirchner! and Stahl? to make it 
applicable for preparative purposes. The method 
compares favourably with column chromatography 
in many cases. 

The adsorbent is ‘Kieselgel G’ or ‘Aluminiumoxyd 
G (E. Merck A.G., Darmstadt). The silica was mixed 
with twice its weight of water and the alumina with 
5/4 of its weight. It is convenient to use a glass plate 
holder, such as the ‘Tovidur Schablone’ (Desaga 
G.m.b.H., Heidelberg), in which five glass plates can 
be coated simultaneously. The layer of adsorbent is 
applied to glass plates of 20 x 20 cm. by means of 
a simple spreading device made up of three brass 
plates (Fig. 1). The difference in height between 
the lower rims of the middle plate and the two outer 
guide plates can be varied and is fixed by four screws. 
With a ‘split width’ of 1 mm., optimum results have 
been obtained. When thicker layers are applied, 
cracks often appear at the surface when the ‘chromato- 
plate’ is dried and, moreover, the separation is less 
effective than with l-mm. layers, even in those cases 
where the surface remains smooth (Fig. 2). This 
might be due partly to differences in concentration 
of the material adsorbed on the surface and in the 
lower parts of the layer, respectively. 

The mixture to be separated is applied to the plate 
in a narrow band. This method is well known in 
paper chromatography, where the band can be 
applied by a variety of methods, for example, by 


using a pipette, wedge or brush. The vulnerable ` 


layer of silica or alumina is, however, easily damaged 
by these methods, especially when a relatively large 


volume of liquid is applied. Moreover, it is v 
difficult to obtain a regular, narrow band by one of 
these methods. 
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Fig. 1, Spreading device for the coating of a glass plate with a 
layer of an adsorbent 





Fig. 2. Separation of dyestuffs on layers of different thickness. 

A, thickness, 2 mm.; B, thickness, 1 mm.; O, thickness, 0-2 mm. 

_In each case, 75 mgm. of a mixture of equal amounts of àzo- 

benzene (a), sudan yellow (s), and p-aminoazobenzene (p) was 
applied to the starting-line 
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Fig. 4. ‘Vacuum cleaner’ for the collection of corresponding bands 
into a Soxhlet thimble 


We therefore constructed a controlled sample 
applicator, by which a solution of the mixture to be 
separated can be syringed on the starting-line with- 
out damaging the layer (Fig. 3). 

The applicator consists of a rectangular table of 
aluminium, covered with asbestos, on which a 2-ml. 
syringe (standard 50, Socorex, Lausanne), carrying 
an injector of 0-5-mm. outer diameter “BD-Yale-29’ 
(Beckton Dickinson Co., Great Britain), is mounted. 
The syringe holder is equipped with an adjustable 
pressure valve and a screw-top. It is connected with 
a stopcock by a rubber tube. Holder and stopcock 
are mounted on a sliding plate which can be moved 
about two bars. The syringe is provided with a 
sintered glass filter. The stopcock is connected with 
a nitrogen cylinder, pump or pressured-air duct. 
The solution to be separated is syringed under slight 
pressure (adjusted by the valve) on the starting-line 
as a thin jet, while moving the sliding-plate backward 
and forward. The chromatoplate is usually heated 
before, so as to obtain a rapid evaporation of the 
solvent. Methylene chloride and acetone were mostly 
‘used as solvents. 
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In this way, 0-5 ml. solution can easily be applied 
in one run to the starting line, without damaging 
the layer, and a narrow, regular band is obtained. 

The development of the chromatogram is carried 
out in the usual way'*. Most of the compounds 
which we investigated were visible in daylight or 
ultra-violet light. If not, a band of the layer was 
separated from the main part by removing a small 
strip of adsorbent between this band and the main 
part and spraying the band with a suitable agent, 
for example, sulphurie acid. 

The bands of the individual compounds were 
marked on the layer and were removed by a small 
‘vacuum cleaner’ made of glass (Fig. 4). The cleaner 
is connected to a water pump. In this apparatus, 
the adsorbent containing the compound to be isolated 
is directly sucked into a thimble of a Soxhet extractor. 
Corresponding bands of a number of chromatoplates 
can thus be collected quickly, without producing 
dust. The adsorbent is then extracted in a Soxhlet 
apparatus to yield the compound to be isolated. 

With the procedure described here we separated 
mixtures of up to 75 mgm. containing up to 25 mgm. 
of the individual compounds, on one chromatoplate 
within a few hours. As it is easily possible to run 
about fifteen chromatograms simultaneously, the 
separation of gm.-amounts of mixtures, and the 
isolation of some hundreds of mgm. of the individual 
compounds from these mixtures, can be effected 
within a day. 

As compared with column chromatography, pre- 
parative thin-layer chromatography has the disad- 
vantage of being difficult to automatize. On the 
other hand, it has many advantages. It is simple to 
perform, and easy to extend, by running more parallel 
experiments or carrying it out as a ‘conveyor-belt’ 
type of work. It is easy to control the efficiency of 
the separation at an early stage. By running small- 
scale qualitative experiments, a large variety of 
eluents can be tested in a short time before the 
preparative work is done. When compared with 
preparative paper chromatography, thin-layer 
chromatography is quicker and gives better separations 
in most cases. For detection, any agent can be used, 
even sulphuric acid. 

We have applied the method with success to the 
separation of steroids (for example, progesterone, 
17a-hydroxyprogesterone, 4-chloroprogesterone) poly- 
phenyls (for example, o-, m- and p-terphenyl) 
and dyestuffs (for example, azobenzene, p-amino- 
azobenzene and Sudan yellow). 

The apparatus described will be produced on a 
commercial scale in due course. 

1 Kirchner, J. G., Miller, J. M., and Keller, G. J., Anal, Chem., 23, 420 
(1951). Miller, J. M., and Kirchner, J. C., ibid., 25, 1107 (1953). 

* Stahl, E., Chemiker Z., 82,323 (1958); Angew. Chemie, 73, 646 (1961). 

—— von, and Neher, R., Helv. Chem. Acta, 39, 1664 (1956). 


summary of Hais, I. M., and Macek, K., Handbuch der 
Papierchromatographie, 2, 49 (Fischer Verlag, J ena, 1960). 


EFFECT OF PHYSICAL EXERCISE ON SOME ENZYMES IN THE SERUM 


By Pror. PENTTI |. HALONEN and Dr. AARNE KONTTINEN 
Wihuri Research Institute, Helsinki 


HE determination of serum enzyme activity has 
acquired large-scale clinical significance, especi- 
ally since the introduction of optical measurement of 
some dehydrogenases and transaminases. Heart and 
liver diseases are the field in which modern enzym- 


ology has proved most valuable as a diagnostic aid. 
Normally, enzyme activity in the serum is minimal 
compared with that in the tissues'. In the presence 
of various organic lesions, such as infarctions, it is 
appreciably increased. 
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Although in numerous investigations empirical 
observations have been made concerning the increase 
of enzyme activity in the serum, the mechanism 
underlying this enhancement is obscure. The in- 
creased activity in the serum has been interpreted 
to depend on the release of enzymes from the tissues 
into the circulation. It has been established that 
after myocardial infarction enzyme activity in the 
necrotized heart muscle falls near to zero while there 
is a simultaneous increase in activity in the serum, 
and the elevation in the serum is correlated with the 
size of the infarction?. However, there is evidence 
that the enzyme activity of the serum can also rise 
in many ‘unspecific’ states, for example, in vitamin 
deficiency? and after administration of catechol- 
amines‘, It is also reported that after physical 
effort elevation in some enzymes in the serum may 
occur5-?, In the hope that such elevation in the serum 
enzymes might throw some light on the corresponding 
changes in serum enzymes liable to increase in patho- 
logical states, some clinically important enzymes were 
examined in the serum of subjects undergoing strenu- 
ous physical exercise. 

The subjects of the present experiment were twenty 
healthy soldiers. These were young men (age-range 
19-21 years) just undergoing basic military training 
and so accustomed to physical exercise. 

The exercise consisted of hard marchmg lasting 
2 hr. Half-way through the march there was a 
§-min. pause. During these 2 hr. the men walked 
16 km., each carrying a pack weighing 8 kgm. and a 
rifle weighing 4:6 kgm. Thus the exercise was strenu- 
ous but not exhausting. On the morning of the experi- 
ments the men woke at the usual time (six o’clock), 
and had a light breakfast after 4 hr. The march 
began 2 hr. later. The experiment waa carried out 
on four different days under similar conditions. 

The blood samples, 4 in number from every man, 
were taken at intervals of 2 hr. at times as shown in 


Table 1. MERAN VALUES AND STANDARD ERRORS OF THH MBAN FOR 
SARUM BREZYME ACTIVITIES AT Two-HOUR INTHRVALS IN 20 Muy, 
TH RXAROISA BETWREN DETERMINATIONS b AND © 


a b g . 
LDH 244 4 411 98 258 2 412 62 394 8 42717 2910 +18-35 
MDH 100-4 + 906 129:2 + 9-48 1684 + 7-900 158-4 + 8-06 
SDH 078+ 010 1-144 018 1'284 0 21 102+ 0°12 
GOT 15% +118 1836 £114 172 £112 170 + 0'83 
ALD 4 68-+ 0 51 5 86+ 0-27 6-964 0 40 502+ 0'85 
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Figs. 1 and 2. The men were not 
allowed to smoke or eat until 
the recovery sample had been 
taken 2 hr. after the end of the 
march. During the recovery 
period they could drink water. 

The serum enzymes studied 
were three dehydrogenases, 
namely, lactic dehydrogenase 
(LDH), malic dehydrogenase 
(MDH), and sorbitol dehydro- 
The glutamic 
oxalacetic transaminase (GOT) 
and aldolase (ALD) activities in 
the serum were also measured. 
The measurements were made 
at 25° C. with the laboratory kita 
of Boehringer and Soehne, Ger- 
many. 

The changes in the activities 
of these enzymes are presented 
m Figs. 1 and 2. The corre- 
sponding mean values and stand- 
ard errors of the mean are shown 
in Table 1. Activities of serum 
LDH (P < 0-001), MDH (P < 0-01) and aldolase 
(P < 0-01) increased after the exercise. On the other 
hand, the activities of SDH and GOT showed no 
significant changes. 

The clearest change was seen in serum LDH 
activity. There was an increase in every subject. 
In 4 cases the elevation was pathological from the 
point of clinical significance if 500 units/ml. is taken 
as the upper limit of normal values. There was 
already a fall within 2 hr. after the exercise, when 
the recovery sample was taken. MDH showed an 
increase in activity in 17 of the 20 cases studied and 
in aldolase activity in 14 cases. In five cases the 
aldolase activity reached a pathological level after 
the march. 

Previous investigations concerning serum enzyme 
activities in man during exercise have been made in 
connexion with experiments of short duration. For 
example, Loll and Hilscher’ reported a slight eleva- 
tion in serum aldolase, LDH and GOT in connexion 
with 5-min. walking on an ergometer. Richter and 
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Konitzer® noted a rise in serum aldolase in untrained, 
but not in trained, subjects after exercise lasting 
15 min., and Schlang’ reported strong increase of 
serum GOT after exercise lasting only some minutes. 


As a result of lengthy (16 hr.) experiments on . 


animals, Altland and Highman® have postulated that 
the mechanism underlying the increase in serum 
enzyme activity is due to liberation of enzymes from 
damaged cells. In this kind of experiment the 
increase in serum enzyme activity lasted some days, 
as is usual in connexion with cell damage. In the 
preeent work, however, there was a return to normal 
enzyme activity very soon after the experiment, 
pointing to other possibilities as elevating factors. 
It seems scarcely credible that physical exercise of the 
degree involved in the present work could have caused 
cell damage in such well-trained men as the subjects 
were. 

Leaving aside the question of the tissues from 
which enzymes are released into the circulation, the 
rise noted in LDH, MDH and aldolase, but not in 
GOT and SDH, implies that the releasing mechanism 
seems not to depend on the molecular weight of the 
e 


enzyme activity may be increased permeability of the 
cell membrane, for which physical activity could be 
responsible®. The role also of the mitochondrial 
membrane, which is known to maintain a great con- 
centration gradient, for example, of e I 
(ref. 10), may play a part. It is possible that the 
catecholamines released into the circulation during 
exercise!! may be responsible for the increased enzyme 
activity in the serum, as catecholamines caused a 
rise in serum enzyme activity in rats‘. In this 
connexion it is also worth mentioning that deficient 
oxygen supply can lead to the release of enzymes into 
the circulation". 

The possibility that enzymes may accumulate 
more abundantly in the organism when needed seems 
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improbable in connexion with such a short experiment. 
although there is evidence that some enzymes May 
increase during long-term training in animals!?-!5 
and in serum aldolase activity in man’*. However, 
we did not observe any rise in serum LDH or GOT 
activity in 10 men of sedentary occupation during a 
6-week basic training period. 

Despite the fact that the pathological values noted 
in serum LDH and aldolase activity after the exercise 
can scarcely be supposed to have any clinical signifi- 
cance, clarification of the mechanism responsible 
might perhaps throw some light on the rise in serum 
enzyme activity which occurs in pathological states. 
It appears probable that membrane permeability 
may play a decisive part in the regulation of enzyme 
activity in the serum. In our laboratory we have 
tried to study the diffusion of enzymes in vtro, but 
our equipment is still too crude to give information 
about these relations. From the clinical point of 
view also, much clarification is needed before con- 
clusions can be drawn regarding the mechanism of 

e release for meaningful comparison of the 
behaviour of different enzymes in pathological states. 


i Wróblewski, F., Jervis, G., and LaDue, J. S., Ann. Intern. Med., 
45, 782 (1066). 
3 atm , Wróblewski, F., and LaDnue, J. 8., Circulation, 18, 161 
$ Beckmann, E., and Buddecke, E., Klin. Weekr , 34, 818 (1956). 
s ae (a B., Maling, H. M., and Thompson, H, 0., Amer. J. Physiol., 
86, 486 (1959). 


‘ Lol, H., and Hilacher, A., Arzal. Forsch., 12, 11/86 (19658). 

* Richter, K., and Konltzer, K., Klin. Wschr., 38, 908 (1960). 
’Soblang, H. A., Amer. J. Med. Sci., 242, 388 (1961). 

* Altland, P. D., and Highman, B., Amer. J. Physiol., 201, 398 (1061). 
* Marier, K. L., Amer. J. Physiol., 185, 1 (1956). 

1t Bucher, T., and Klingenberg, M., Angw. Cham., 70, 552 (1958). 
11 Gray, L, Beetham, jun., W. P., Proc. Soc. Exp. Biol. (N.Y.), 96, 

636 (1957). 

n Highman, B., and Altland, P. D., Amer. J. Physiot.,199, 981 (1960). 
13 Takovlev, N. N., Fiziol. Z. (Mosk.), 36, 744 (1050). 

u Tampols’kaya, L. I, Pinol. Z. (Mosk.), 38, 91 (1952). 

u Hearn, G. B., and Wainlo, W. W., Amer. J. Physiol., 185, 348 (1956). 
1 Cantone, A., and Cerretelll, P., Int. Z. angew, Physiol., 18, 107 (1060). 
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CONSERVATION OF MULTI-ENZYME SYSTEMS THROUGH 
CRYOGENICS 


(Il) SUCCINOXIDASE 


By Dr. JAMES M. KLINKHAMER and Dr. BERTRAM EICHEL 


Institute of Stomatological Research, Sias Research Laboratories, 
Brooks Hospltal, Brookline, Mass. 


OMOGENATES, tissue extracts and isolated 
are used in metabolic and enzymological 
studies. Results obtained with these techniques have 
yielded considerable information of accepted value in 
apite of the introduction of numerous experimental 
artefacts. Correlative interpretation from such results 
with regard to the living cell are open to objection. 
Lovelock and Smith! brought small mammals into 
a state of suspended animation by means of quick 
freezing in liquid gases. After such complete 
vitrification they were able to resuscitate these 
animals with remarkable results. It occurred to us 
that the principles of Lovelock and Smith could be 
used to begin to bridge the gap between the meta- 
bolism of living cells and broken cell preparations. 


This article deala with the study of succinoxidase 
activity in broken cell preparations of frozen hearts 
obtained from animals after their complete vitrifica- 
tion in liquid nitrogen, compared with broken cell 
preparations of extirpated hearts prepared from 
decapitated animals. Analytical data are described 
which demonstrate the profound influence of total 
animal vitrification on succinoxidase activities. 

Male mice of the OD 1 (Charles River Mouse 
Farms, Brookline 46, Massachusetts) strain, total 
body-weight 20-25 gm., were immersed in liquid 
nitrogen (—190° O.) for 5 min. to achieve complete 
vitrification. Various organs were rapidly chiselled 
out of the frozen animals, during which procedure the 
temperatures of the organs were not permitted to 
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rise above — 150° ©. The organs were immediately 
replaced in the liquid nitrogen. A variety of organ 
preparations suitable for examination were devised. 
Two of these preparations for heart were compared 
with conventional heart homogenates. 

The three heart preparations were made as follows: 

(1) Conventional homogenates. Two mice were 
decapitated, the hearte extirpated, cut into small 
pieces, weighed and homogenized for 1 min. in a cold 
Ten Broeck glass homogenizer with ice-cold 0-1 M 
KH,PO,.Na,HPO, buffer, pH 7:3, to yield a1: 40 
wet weight/volume dilution. 

(2) Oruoslices. Four vitrified hearts were freeze- 
mounted on the object carrier of a rotary microtome, 
sectioned at 102 under a continuous stream of liquid 
nitrogen, and directly collected in a liquid nitrogen 
bath. (For each of the conventional homogenates 
and cryohomogenates two hearts were used, while 
for the cryoslice preparations four hearts were cut to 
obtein a comparable yield.) Just prior to assay, the 
nitrogen was permitted to evaporate and the eryo- 
slices were suspended in ice-cold 0-1 M phosphate 
buffer, pH 7-3. (The wet weight by volume dilution 
was not known, since only rough estimates of the 
amounts of cryoslice tissues were possible.) At no 
point, up to the time of suspension in the buffer, 
was the temperature of these slices permitted to 
rise above — 150° C, 

(3) Cryohomogenates. Two vitrified hearts were 
permitted to thaw, cut into small pieces, weighed 
and homogenized for 1 min. in a cold Ten Broeck 
glass homogenizer with ice-cold 0-1 M phosphate 
buffer, pH 7:3, to yield a 1 : 40 wet weight/volume 
dilution. 

Succinoxidase activity was determined with a 
Warburg respirometer. 

The flask system contained the following reactants: 

Main compartment. 0:25 ml. of 0:1 M phosphate 
buffer, pH 7-3, containing 1-0 mgm. of cytochrome c 
(Sigma Chemical Company, Type IV beef heart 
cytochrome c, 74 per cent purity based on mol. wt. 
of 12,270); 2-0 mL of 0-1 M phosphate buffer, pH 7-3 
(when the cytochrome c solution was omitted, 0-28 
ml. of buffer was substituted); 0-5 ml. of a 1: 40 
dilution, weight by volume, of the conventional 
homogenate or cryohomogenate preparations and 
0-5 ml. of eryoslice preparations. (Again, the wet 
weight by volume dilution was not known, since only 
rough estimates of the amounts of cryoslice tissues 
were possible.) 

Side-arm. 0-25 ml. of 0-5 M sodium succinate in 
0-1 M phosphate buffer, pH 7-3. 

Cenire well. 0-25 ml. of 10 per cent calcium hydrox- 
ide suspension. 

Succinoxidase activities in the absence and presence 
of exogenous cytochrome o for the three heart prepara- 
tions are given in Fig. 1. From these first attempts, 
eryohomogenate succinoxidase Qo, values were remark- 
ably higher than the conventional homogenate Qo, 
values. (For dry weights 2:0 or 3-0 ml. aliquots of 
each preparation were centrifuged at 27,000g for 
10 min. The pellets were re-suspended in distilled 
water and re-centrifuged at 27,000g. The pellets 
were then taken up in 2:0 ml. aliquota of water and 
dried in a constant temperature oven at 70° C.) The 
cryohomogenate succinoxidase QO, was 600 per cent 
greater than conventional homogenates with respect 
to endogenous cytochrome ¢ and 400 per cent greater 
with respect to endogenous plus exogenous cytochrome 
c. It was evident that rapid freezing’ of the animal 
in liquid nitrogen and removal of the heart in the 
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frozen state, followed by thawing and rapid homo- 
genization, maintained the integrity of the succin- 
oxidase multi-enzyme system to an extent previously 
undisclosed in conventional broken cell preparations. 

Succinoxidase activities of cryoslice preparations 
were considerably lower than those of cryohomogen- 
ates. At first this result proved disappointing, since 
it was expected that the cryoslice preparation would 
yield the highest activities. However, the interplay 
of three factors rendered such resulta negative. 
They were: $ 

(1) Inability to determine the wet weight yield 
of the cryoslices. 

(2) The dry weight vield per unit wet weight of 
tissue for the cryoslices was greater than the dry 
weight yield for homogenates from an equivalent 
amount of tissue. The cryohomogenates lost more 
soluble proteins and microsomes following centri- 
fugation than the non-homogenized cryoslices. 

(3) The cryoslices were prepared from hearts 
which were filled with blood. 

Despite these shortcomings, it should be emphas- 
ized that whole-heart cryoslice preparations yielded 
100 per cent greater Qo, succinoxidase activities than 
those obtained with conventional homogenates. 

To confirm the marked difference between the 
eryohomogenates and conventional homogenates, 
28 mice were used in pairs to provide seven additional 
preparations of each kind of homogenate. The resulta 
are summarized in Fig. 2. The heights of the bars give 
the average values obtained. Each open circle 
represents the value obtained for a single preparation. 

The average succinoxidase Qo, wet weight with 
respect to endogenous cytochrome e for the conven- 
tional homogenates were 4:8. (The oxygen uptake 
per hour per mgm. of wet weight of tissue contained 
in a 1: 40 homogenate dilution.) The addition of 
exogenous cytochrome c raised the Q value to 9-2, 
a 92 per cent increase. 

For cryohomogenates, the average succinoxidase 
Q value with respect to endogenous cytochrome e 
was 25-4. The addition of cytochrome c raised the 
Q value to 34-1, a 34 per cent increase. 

Comparing the succinoxidase Qo, wet weights, with 
respect to endogenous cytochrome c, cryohomogen- 
ates exhibit 390 per cent greater activity than 


E 20 N 
3 
N 

N 
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conventional homogenates. When the Qo, wet 
weights for succinoxidase in the presence of exogenous 
cytochrome c were compared, cryohomogenates 
showed 270 per cent greater activity than conven- 
tional homogenates. The læser per cent increase in 
activity, when cryohomogenates in the presence of 
exogenous cytochrome c were compared with conven- 
tional homogenates, was a result of the greater 
stimulation by exogenous cytochrome ¢ of the con- 
ventional heart homogenate succinoxidase system. 

These results demonstrate the following: 

(1) Very high succinoxidase activities are character- 
istic of mouse heart cryohomogenates. This finding 
is in contrast to the discouraging results of Lynen’, 
who showed that immersion of conventional homo- 
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genates in liquid air mactivates the succinoxidase 
system. 

(2) When mouse hearta are frozen in liquid nitro- 
gen, followed by thawing and glass homogenization 
(erychomogenates), the structural integrity of the 
mitochondria is so maintained that the multi-enzyme 
succinoxidase functions at near maximal capacity. 
This conclusion is confirmed by two facts. First, 
cryohomogenate succinoxidase activity is remarkably 
higher than conventional homogenate succinoxidase. 
Secondly, the addition of exogenous cytochrome c 
stimulates conventional homogenate succmoxidase 
approximately 300 per cent more than it does oryo- 
homogenate succinoxidase. This demonstrates that 
conventional heart homogenate mitochondria have 
lost considerable endogenous cytochrome c. 

(3) The mitochondria of the conventional homo- 
genate are defective in at least two ways: (a) the loss 
of endogenous cytochrome c, which is readily detect- 
able; (b) the succinoxidase system itself is defective 
in some other way. The latter conclusion is supported 
by the finding that addition of exogenous cytochrome 
c to the conventional heart succinoxidase system does 
not raise ita activity to that of the heart cryohomo- 
genate with respect to endogenous cytochrome c. 
The magnitude of the defect has become apparent 
as a result of the above findings. The nature of the 
defect remains undetermined. Continuing investiga- 
tion of cryohomogenates may provide this answer. 

(4) Cryohomogenate preparations may yield suc- 
cinoxidase activities which are nearly equal to the 
maximal activity potential of the intact heart. This 
possibility 1s strengthened by the observation that 
oryoslices, in spite of the difficulties enumerated 
here, consistently yield succinoxidase activities 
which are greater than those detected in conventional 
homogenates. 

Based on these findings and conclusions, cryo- 
homogenates provide a new tool for the understanding 
of multi-enzyme systems and metabolic pathways. 
Cryohomogenates also may provide a new foundation 
for the preparation and study of isolated enzyme 
systems, 

This work was supported in part by National 
Institutes of Health grant RG 6331. 


1 Lovelock, J. E., and Smith, A. U , N.Y. Acad. Sci., 80, 487 (1059) ' 
Smith, A. U., tbid., 80, 291 (1959). 
1 Lynen, F. Z., Physiol, Chem., 284, 146 (1940). 
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RELATIVE ACTIVITY OF THE GIBBERELLINS 


By P. W. BRIAN, H. G. HEMMING and D. LOWE 


Imperial Chemical Industries Limited, Pharmaceutlcals Divislon, 
Akers Research Laboratories, Welwyn 


NTIL quite recently only four gibberellins were 
known: A, Ay, A; (gibberellic acid) and A,, all 
metabolic products of the fungus 
Gibberella fujtkurot, A, having 
also been found in higher plant 
tissues!. Since 1959 five more 
gibberellins have been described. 
These are: A,, isolated from 
immature seeds of Phaseolus I 
multiflorus? and P. vulgarts*; 
A, and A,, also obtained 
from seeds of P. multiflorust; 
A, and.A,, from G. fuji- 


A,: ReH,R’= 
Ay: RR’ =H,R’ OH 
A,: R=R’=R’=OH 
Ay: Reh’ =R’ =H 


kuroi’. 


follows: 


Their structural relationships 


| Fes 


Me dee Ne CO ae 
IT TIT (A;) 


R'=OH  4,: R=OH 
Ay: RH 


are as 
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We have compared the activity of these nine 
gibberellins by a number of bioassay procedures. 
The compounds were first compared in small groups, 
with gibberellic acid as a standard, at a few widely 
spaced doses; afterwards, they were compared, so far 
as possible, in a single experiment, the doses being 
chosen so that sufficient pomts were available to 
make it possible to draw a dose/response curve for 
each gibberellin. The results summarized here show 
wide variations in activity and several interesting 
examples of specificity; only differences of high 
statistical significance (P < 0-01) are shown. 

Dwarf pea stem growth. In this bioassay, using the 
variety Meteor, there is a linear relationship between 
response and log dose’. Gibberellic acid at a dose of 
l ugm./plant trebled stem extension in 14 days. 
The gibberellins can be arranged in the following 
order of activity: 


Gibberellin 


: A, > Ay m Ay> Aam Ar = Ae > A> A> As 
Relative activity: 80 10 5 


100 1 inactive 

The figures given for relative activity are only 
approximate, since not all gibberellins had similar 
dose/response relationships; in particular, 4, had a 
more prolonged effect on growth than A, go that ite 
activity relative to A, was dependent on the length 
of the time-interval between application and measure- 
ment of response. 

Dwarf maize leaf-sheath growth. In this bioassay 
there is a linear relationship between log dose and 
log response’; in our experiments all gibberellins 
gave parallel log dose/log response lines with any one 
mutant dwarf, so that accurate comparisons of 
activity could be made. Under our conditions a dose 
of 0-1 ugm./plant of gibberellic acid increased exten- 
sion of the first and second leaf-sheaths by 100-150 
per cent, depending on the mutant used, in 10 days. 
For three mutant dwarfs the orders of activity of 
the gibberellins were as follows: 


d-i 

Gibberellin: A {Į A,= A; m Á; > Ago ÁA, œ A, > Am Ay 
Relative activity: : * 100 s j 10 , 0-8 

d-3 

Gibberellin: Ám A = A > A me A, > Ay > 4g = Ay > As 
Relative activity: 200 > ~ 100 66 10 j 
d-5 

Gibberellin: A, = Ay = Ay > Aim Ag > Ay Ag > Ag > Ay 
Relate aciri 00 aa 20 30 1 


Three examples of specificity oan be seen: (a) the 
low activity of A, on d-1 as compared with its 
activity on d-3 and d-65, first noted by Phinney’; 
(b) the even more extreme differential for 4,, highly 
effective on d-3 and d-5, but almost without effect on 
d-1; (c) a less-marked specificity exhibited by A, 
appreciably leas effective on d-5 than on d-1 or d-3. 
A further point of interest was that the log dose/log 
response curves differed in slope in different mutants 
and that there appeared to be a negative correlation 
between slope and the endogenous growth-rate, 
Thus, d-5 had the lowest endogenous growth-rate 
but gave the steepest log dose/log response curves. 
A similar relation has been observed with peas’, 

Lettuce hypocotyl growth. We have used a technique 
very similar to that of Frankland and Wareing®, 
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using the lettuce variety Arctic King. Under our 
conditions, gibberellic acid at 25 ugm. /ml. quad- 
rupled hypocotyl-length in 2 days. All gibberellins 
showed a linear log dose/response relationship. All 
except A, and A, gave parallel log dose/response 
lines, the slope for these two gibberellins bemg mg- 
nificantly steeper than the rest; A, also seemed to 
reach a saturating value sooner than other gibberel- 
lins. The relative activities given for A, and A, m 
the following table, based on doses needed to double 
hypocotyl length, are thus somewhat arbitrary: 
Gibbereilin A, > A, > Ay = Ay > Ay = Ap= Ay > Ag > Ay 
Relative activity: 200 100 38 4 1 — 
Cucumber hypocotyl growth. In this method’ the 
gibberellins are applied to the cotyledons of pre- 
germinated seeds in a 2 ul. drop of ethanol, and 
hypocotyl-length is measured after 3 days further 
growth in hght at 25°. A dose of 10 pgm./plant 
gibberellic acid increases hypocotyl length by 100 per 
cent. The following order of activity is based on 
experiments with two varieties of ridge-cucumber, 
Improved Long Green and Perfection; with both 
varieties a linear log dose/response relation is obtained. 
Gibberellin. A= Arm A, > Ay = Ay = Ay > Ay = Ay > Ay 
Relative astavity: c. 6,000 100 10 1 
The most striking feature is the extremely high 
activity of A., previously noted on several occa- 
sions'*-i%, and of A, and A,. High activity may be 
associated with the absence of a hydroxyl in the 
7-position®, but further examples are needed before 
this proposition can be confidently put forward. 
Lettuce seed germination. Germmation of Grand 
Rapids lettuce is severely reduced in darkness at 30°. 
Under our conditions germination was 40 per cent in 
controls, and was raised to 70 per cent by 2 5 ugm./ml. 
gibberellic acid. We have not been able to establish 
a simple relationship between dose and response, 80 
that accurate estimation of relative activity of the 
gibberellins is not possible, but they can be arranged 
in the following order of activity with some confidence: 
A, = Ar > Ay > 4,0 A, > 4p = 4em Apm Ay 


A,, A,, Ag and A, were inactive at the highest 
concentration tested (20 ygm./ml.); =A, and A, 
induced complete germination at 25 ugm. jml., 
whereas A, at 20 ugm./ml. only raised germination 
to 75 per cent. The high activity of A, in breaking 
lettuce seed dormancy has been previously noted’; 
it is interesting to find A, behaving similarly again, 
though áp associated with A, and A, in great 
activity on cucumber, is inactive in this bioassay. 

Discusston. Our results have shown that the quite 
minor differences in structure among the known 
natural gibberellins are responsible for major differ- 
ences in activity and specificity. The unexpected 
degree of specificity that has been disclosed will 
affect our thinking about the gibberellins in two 
important respects. First, failure to induce an 
expected response by a gibberellin may not neceg- 
sarily mean that the gibberellin hormone system is 
not involved in that particular response, but may 
only indicate that the wrong gibberellin has been 
applied, and that another might have induced the 
response. Secondly, it is now abundantly clear that 
in studies of endogenous plant gibberellins, the 
detection and measurement by bioassay of which is 
involved, the choice of bioassay technique becomes a 
critical problem; in most cases it would be best to 


use a bioassay based on s response of the plant under 
examination. 
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We have been pvid to see the results of a 
similar series of comparisons of gibberellins by 
Wittwer and Bukovac!t in advance of publication; 
in all major respects their results agree with ours. 
Woe hope in due course to publish our results in greater 
detail, whən more adequate discussion of related 
work will be possible. We wish to acknowledge our 
indebtedness to Dr. B. O. Phinney for generous gifte 
of mutant dwarf maize seed, and to our colleagues in 
the Organic Chemistry Department of these labor- 
atories for supplying the gibberellins. 


1 Brian, P. W., Set. Prog., 49, 1 (1961). 
t MacMillan, J., Seaton, J. O., and Suter, P. J., Tetrahedron, 11, 60 
60 (1960). 
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3-PYRIDINEACETIC ACID AND NICOTINIC ACID: BLOOD LEVELS, 
URINARY ELIMINATION AND EXCRETION OF NICOTINIC 
ACID DERIVATIVES IN MAN 


By Dr. E. GINOULHIAC, Dr. L. T. TENCONI and Pror, F. M. CHIANCONE 
Medical and Clinical Research Department, Lepetit S.p.A., Milan 


Seal 


N a previous investigation of 3-pyridineacetic acid 
(3-PAA) we found that this compound is almost 
totally eliminated unchanged with the urine and that 
it does not affect the urinary excretion of nicotinic 
acid derivatives'. These results, which we obtained 
in rate given @ single oral dose of the compound, have 
also been obtained in man in analogous experimental 
conditions’. 
3-Pyridineacetic acid, which is a higher homologue 
of nicotinic acid (NA), shares only a few of the latter’s 
pharmacological and therapeutic properties, such as 
its hypocholesteremic effect, demonstrated both in 
laboratory animals and in man?-‘. 


() COOH ree 
N X 


mcotinio acid 3-pyridineacetic acid 


As of an investigation of the relations between, 
3-P. and NA we have done some comparative 
work on the metabolism of these two compounds in 
man and on their influence on the excretion of nico- 
tinic acid derivatives. 

Healthy volunteers were given a 500-mgm. dose of 
3-PAA and of NA by mouth, and the relevant blood 
and urine determinations were carried out. 

Using the Huff and Perlzweig method for N,- 
methylnicotinamide*, Price’s method for pyridone 
(N - methyl - 2 - pyridone - 6 - carboxamide)’ and the 
method described by Ginoulhiac and Tenconi!® for 
the Koenig-positive substances, we obtained the 
following resulta. 

Blood levels. At equal doses, far higher and more 
lasting values are obtained after giving 3-PAA than 
after giving NA (Fig. 1). This result was confirmed 
in two other groups of three subjects each, beyond 
the first 3 hr. after administration of 3-PAA or NA. 


In the blood samples taken at the third hour we 
obtained as mean values for these two groups 3-94 
— 38 y/ml. of serum for NA and 3-PAA, respec- 
tively 

These values fit in very well with those of the 
Fig. 1 curves and confirm the different trends in the 
blood levels of the two substances after oral adminis- 
tration. 

Urinary elimination. In the urine collected 24 hr. 
following administration of 3-PAA or of NA we found 
on average 91 per cent of the 3-PAA and 18-4 per 
cent of the NA (Fig. 2). The urine was collected 
every 2 hr. for the first 8 hr. after administration. 
The highest 3-PAA elimination was found in the 
sample taken between the second and the fourth 
hour, whereas for NA the rate was highest in the 
first 2 hr. Fig. 2 shows clearly the different rate of 
elimination of the two substances over a period of 
time in the conditions of our experiment. 
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Fig. 1. Blood-levele of Koenig-positive substances after oral 
administration of 500 mgm. of Aa amd or nicotinic 
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Fig. 2. Urmary elimination of Kmp fave substances after 
oral administration of 500 mgm. of 8-pyridineacetic acid or 
nicotimie seid 
Shaded, 8-PAA; black, NA 

Hzxereitton of nicotinic acid and ta derivatwes. In 
the urine collected 24 and 48 hr. after administration 
‘of 3-PAA the Koenig-positive substances, N,~methy]l- 
nicotinamide and pyridone, were estimated separately. 
Determinations had been carried out on the urine of 
the same subjects a few days before administering 
3-PAA or NA (basal values). Table 1 gives the 
results obtained in three subjects. These results 
corroborate our earlier statement (Fig. 2) about 
the excretion of Koenig-positive substances and 
show also that the content of these substances in 
the urine of the second day after administration of 
3-PAA or NA is equal to that of the basal urine. 

These results after administration of NA fit in well 
with those of Holman and De Lange’: in human 
urine of the 72 hr. following single oral dose of 
500 mgm. of NA they found this acid and related 
compounds (N,-methylnicotinamide, pyridone and 
acid hydrolysable nicotinic acid derivatives) corre- 
sponding to 76—77 per cent of the administered NA. 


Table 1 
0-24 hr. 24-48 hr, 
Koenlg- N- Koenig- Ny 
Subjects posttive methyl- positivo methyl- 
gub- micotin- Pyridone sub- nicotin- Pyridone 
stances amide Bhances amide 
Basal values 
L 2°87 11:94 80:87 
y 2 84 7-10 015 
8 4-28 9 50 6 91 
Administration of mootinic acid 500 mgm./per os 
L 106-75 61°83 272°82 2°82 16°48 7115 
y 04°43 61°44 182-80 215 14°84 40-20 
8 7400 127-50 10689 6°35 29 60 89-92 
Administration of 8-pyridineacetic acid 500 mgm./per as 
L 870-70* 9-72 29-20 1°88 11-44 81-15 
Yy 491-51* 9 59 11-58 
8 493 68" 8 01 6°86 6°85 6 25 960 
Administration of magnesium pyridineacetate 600 mgm./per os 
L 445-27* 14°17 85°62 6-92 18-11 81-80 
y 484-52 * 6 71 8-47 $15 4:93 T48 
8 476-50* 12-24 12°10 18°50 12-92 10-62 


The Koenig-positive substances wore assayed and expreased as NA. 

* Indicates the Koenlg-positive substances assayed and expreased 
as 3-PAA, values, of course, include the basal quantity of 
Koonig-positive substances, which is anyway ble in com- 
parson with the 3-PAA elimination.) Ohromatographio analysis of 

e urine of the second day after administration of 8-PAA oonfirma 
that Kosnig-pomtive substances are excreted in the form of nicotimie 
acid derivatives and not as 3-PAA. 
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The excretion of N,-methylnicotinamide and of 
pytidone in the urine collected after administration 
of NA—especially in the first 24 hr.—was greatly 
increased, whereas it was unchanged after 3-PAA. 
The fact that 3-PAA does not affect the urinary 
excretion of N,-methylnicotinamide or of pyridone is 
proved once again by the resulte obtained in the 
same subjects after a 600 mgm. oral dose of mag- 
nesium pyridineacetate. 

Fig. 3 shows the curves for the elimination of 
Koenig-positive substances, of N,-methylnicotin- 
amide and of pyridone in the urine collected periodic- 
ally after giving NA. It is interesting to note the 
coincidence of the peaks of the N,-methyinicotin- 
amide and pyridone curves with the fall of the 
elimination rate of Koenig-positive substances. 





elimination (mgm. 
oenig-posltive subs 


Fig.8. Urina .) of ¥,;-methylnicotinamide, 
pyridons and nees after oral administration 
of 500 m of mucotinie acid 
~~, Nicotinic acid; ~~, V:-methylnicotanamide; - - -, pyridone 


Conclusions. The curves for the concentration of 
3-PAA (3-pyridineacetic acid) in the blood after oral 
administration of 500 mgm. of this compound in man 
show higher and more lasting levels than those of NA 
(nicotinic acid) administered at the same dose and 
by the same procedure. 

3-PAA is excreted with the urine almost com- 
pletely (91 per cent) and unchanged, and does not 
affect urinary excretion of nicotinic acid derivatives 
(Koenig-positive substances, N,-methylnicotinamide 
and pyridone). 

NA is excreted with the urine more quickly, though 
only in part unchanged, and the quantities of 
N,-methylnicotinamide and pyridone are greatly 
increased. The sum of the values for the urinary 
elimination of Koenig-positive substances and of 
N,-methylnicotinamide and pyridone all calculated 
as nicotinic acid (after subtracting the corresponding 
basal values) gives 2-39 m.mol., that is, 58-9 per cent 
of the acid administered. 

These differences between the two compounds are 
obviously significant with regard to their pharmaco- 
logical actions and their therapeutic use. 


1 Ginouthiac, B., and Tenconi, L. T., Min. Med., 51, 1188 (1960). 

* Ferrari, V., and Campagnari, F., Min. Med., 51, 1147 (1960). 

* Chianoons, F, M., Riforma Mead., 74, 270 (1960), 

* Ratti, G., and De Fina, E., Lancet, il, 917 (1950). 

* Nicolis, F. B., Ayforma Med., 74, 786 (1960). 

* Huff, J. W., and Perlrwelg, A. W., J. Biol. Chem., 187, 157 (1947). 

t Price, J. ML, J. Biol. Chem., S11, 117 (1954). : 
* D'Amato, V., and Tenconi, L. T., Min. Med., 51, 1183 (1980). 

* Holman, W. J. M., and De Lange, D. J., Biochem. J., 185, 604 (1950). 
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EFFECTS OF ISO- AND HETERO-ANTIBODIES AGAINST SPECIFIC 
ANTIGENS OF THE TRANSPLANTABLE NOVIKOFF 
HEPATOMA OF THE RAT (SOLID FORM) 


By Dr. S. DECARVALHO and Da. H. J. RAND 


Department of Pathology, Doctors Hospital and Cancer Research Laboratory, Rand Development 
Corporation, Cleveland, Ohio 


NTIGENIC analysis of tumour cells in animals 
and man during the past 60 years'~"4 has revealed 
enough evidence that tumour cells may indeed 
contain antigens common to normal cells (heretofore 
referred to as ‘normal’ antigens) and, in addition, 
antigens only found in tumour cells, cancer antigens. 

Transplantation of a tumour from an animal of 
one species to an animal of the same or different 
species results in antibody response by the recipient 
against both normal {iso- or hetero-antigens) and 
tumour antigens. Since both types of antibodies 
may be deleterious to the tumour, demonstration of 
tumour-specific immunity, that is, that due to 
antibodies against the tumour antigens, is only 
possible when response to normal components is 
eliminated. This is usually accomplished by the use 
of iso- or coiso-genetic animals, such as mono- 
zygotic twins, closely inbred strains or primary rather 
than transplanted tumours. Isolation of tumour 
antigen from homogenates’4.5.¢ prior to immuniza- 
tion may replace the need for isogenetic hosts and 
lend new significance to immunity to transplantable 
tumours. 

These principles apply to the grafting of intact 
tumour cells as well as to immunization (iso- or 
hetero-) with whole crude homogenates or extracts 
of tumour cells. 

However, in cell-free immunization against isolog- 
ous (transplantable) tumours, tumour-specific im- 
munity can be demonstrated if previous separation 
of normal from tumour antigens is accomplished. 
Antibodies, whether of the iso- or the hetero- variety, 
against tumour antigens may be shown by reactions 
of identification in gel-diffusion and others to be dis- 
tinct from antibodies against normal componenta’4.b.c . 

The use of the method of segregation of normal 
from cancer antigens described previously’ as applied 
to the Novikoff hepatoma of the rat made it possible 
to examine specific active and passive Immunity 
against this tumour. The findings of Linh with the 
Walker carcinoma of the rat*, of Trufelli with a 
methyleholanthrene-induced fibrosarcoma and a 
spontaneous plasmocytoma of the hamster’, of 
Southam in human normal and cancer patients?:1° 
and in preliminary immunization trials m cancer 
patients! seem to agree with the conclusions drawn 
from the following investigations with the Novikoff 
hepatoma. 

Active immunization by tsologous antigen. Tumour 
antigens were separated by the method described 
elsewhere’s, A solution of tumour antigen containing 
35 mgm./ml. of protein in phosphate buffered saline 
at pH 7-2 was injected for 5 consecutive days by 
multiple routes to a group of 36 female rats, Sprague- 
Dawley -Holtzman non-inbred descendants, of 250 


mgm. average weight (Group I). Pre-immune and 
trans-immune weekly collections of serum and 
additional intramuscular booster injections were 
continued up to 16 weeks. 

Antibody titrations were performed by using 
dilutions of serum versus the tumour antigen. The 
end-point is the last dilution that still shows a visible 
line of precipitation in agar. Of 36 animals, 30 
developed antibody titres of 2-4-4-2~8-5, 

The sera of 10 of the 30 rats with good immune 
response was collected for the investigations described 
here. 

Another group of 36 rate (Group II) received similar 
amounts of rat liver protein prepared by the same 
method used for the tumour protein. Gel-diffusion 
patterns of the sera of animals in Group II revealed 
that neither anti-liver nor anti-hepatoma antibodies 
developed in this group. Sera from 10 animals was 
also collected for future use. 

The 26 animals in Group I, the 26 in Group II 
plus 20 additional non-treated animals (Group LT) 
were grafted intraperitoneally with Novikoff hepa- 
toma, each receiving 107 viable cells. Table 1 shows 
the results of this experiment. 


Table 1. RBSULTS OF CHALLENGING WITH HEPATOMA CRIS Rats 
ACTIVELY INMUNIZUD WITH PURIFIED HEPATOMA ANTIGENS 
Survival No. of 
No. of Time of time of regresmons 
Groups of tumours a co Ig over No 
animals over No. oO Ours with of animals 
of animals (days) tumours with 
(days) tumours 
Group I: 8/26 15 25 1/8 
26 animals {ving 
tumour antigen 
Group I. 5/26 4-8 6-8 1/26 
26 animals receiving 
— liver protem 
up Itt 26/26 4-8 6-8 2/26 


26 pa r E 
animals 


Results in Table 1 indicate that solid tumour 
immunity against the transplantable tumour was 
conferred by active immunization with the tumour 
antigen. This active immunization required at least 
14 weeks before reaching the of antibody 
production, a period similar to that found by Novikoff 
for immunization with microsomal fractions of the 
tumour??. 

There was a correlation between antibody titre 
and resistance to tumour transplantation. The 8 
animals in Group I showing tumours were those 
showing the lowest titres (2-1-2) at the end of the 
14 weeks. Thus 2-° might represent the lowest titre 
capable of conferring full resistance against the 
establishment of 10’ hepatoma cells in the peritoneal 
cavity. The 18 (61 per cent resistant) animals 
rejected the tumour following intraperitoneal injec- 
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Table 2. Passive IMMUNIZATION OF RATS GRAFTED HE¥PATOMA CELLS WITH RABBIT ANTI-HBPATOMA y-GLODULIN 
Figures represent number of tumours over number of rats treated 


Days from tumour grafting 
Rabbit y-globulin —6 — 56 wn -3 ~~ 2 -1 0 1 2 3 4 5 8 8 
Non-fimmuns 11/12 ie 12/42 421/12 11/12 12/12 142/12 12/12 12/12 12/12 13/12 10/12 12/12 12/12 
Anti-rat liver 12/12 11/12 142/12 ET 12/12 12/12 12/12 11/12 12/12 12/12 12/12 12/12 12/12 12/12 
Anti-hepatomsa 8/12 8/12 9/12 2/12 1/12 2j12 1/12 6/12 2/12 2/12 3/12 8/12 7/18 8/12 


tions of hepatoma cells 4 times at weekly intervals. 
Immunization against the transplantable tumour 
results when, in a small number of animals, in a series 
of routine passages, receiving the same number of 
viable cells, by the same route, the tumour fails to 
. grow or, if it grows, it then regresses. Higher per- 
centage of resistant animals (regressions) occurs with 
intramuscular and subcutaneous routes, Anti- 
tumour antibody titres in the serum of the animals 
varied from 2 to 2-°. No titres were detected in the 
animals with tumours progressing actively. Although 
these antibodies gave reactions of identity in agar 
with iso-antibodies of the cell-free immunization 
group, there was a difference in the kineties of the 
two processes. Immunity by cells occurred much 
earlier and reached higher titres than by cell-free 
antigens. 

Even though hyperimmunized animals were resis- 
tant to standard-size inocula of the hepatoma ,107) 
cells, intravenous or intraperitoneal injections of much 
larger inocula (102° cells) produced tumours in 65 
per cent of these animals. 24 hr. after re-challenge 
with massive tumour inocula it was found that the 
anti-tumour antibody titre had fallen from a previous 
2-8 to 2-1 or even 0. This result, which is essentially 
the same found by Linh and Dufour® for the Walker 
tumour, indicates absorption of circulating antibodies 
by tumour cells. This absorption 1s specific, as liver 
cells, when injected, did not absorb tumour antibodies. 

An attempt was then made to break tumour 
immunity by in vwo neutralization of antibodies with 
large amounts of cell-free tumour antigen. 

Animals actively immunized by tumour antigens 
or by whole cells, after resisting to at least four 
consecutive re-challenges with tumour cells, received 
a dose of tumour antigen ten-fold higher than each 
immunizing dose, intravenously (350 mgm./ml.). 
24 hr. later they received a standard amount of 
hepatoma cells intraperitoneally (10°). Twenty- 
eight of 36 animals (85 per cent) developed tumours 
in 6-8 days and died in the same period. No antibody 
titres were determined in this experiment. 

Passive transfer of iso-antibodies from hepatoma- 
resistant rats to animals with actively growing 
tumours did not retard tumour growth but conferred 
resistance against establishment of the tumour as 
illustrated in the following experiment. 

Serum collected from rats rendered resistant by 
exposure to tumour cells or to tumour antigen obtained 
in previous experiments was injected in doses of 
0-5-1-0 ml. intramuscularly for 6 days before tumour 
grafting in Group I and for 6 days following tumour 
graft (Group I). While 90 per cent of the animals 
in Group IT developed tumours and died in 6 days, 
only 20 per cent of the animals in Group I showed 
tumours and died in 15—20 days. 

Passive immunization urth heterologous antibodies. 
Anti-rat liver and anti-hepatoma antisera were 
produced in white New Zealand rabbits with liver 
antigens and with purified tumour antigens. Gamma- 
globulins of these rabbits with titres up to 2-1 were 
used in the way indicated in Table 2. 

Immunotherapy up to the fifth day of tumour 
transplantation was still successful in inducing 


tumour regression. This is a late date for this kind 
of tumour, which kills between the fifth and eighth © 
day. The histological picture of a tumour regressing 
under spontaneous or induced immunity, either 
active or passive, was the same—necrosis, cell 
degeneration, phagocytosis of debris by histiocytes 
and by giant multi-nucleated cells and marked 
plasmocytic infiltration. 

Antibody response is the result of intermittent 
rather than continuous antigenic stimulus. This 
notion, often taken for granted and as often over- 
looked, is in the basis of the common practice of 
periodic inoculations for active immunization in 
man and animals. Bacterial and viral infections are 
usually cyclic phenomena. A rise in antigen release 
due to microbial proliferation is followed by a rise in 
antibody production which tends to the annihilation 
of the micro-organism, hence cessation of the massive 
release of antigen and decreased, though persistent, 
antibody production. Should the antibody response 
by itself not be enough to cope with the infection 
(anaided by other therapeutic means), antigen 
release would continue. The continued antigenic 
overstimulation results in antibody consumption and 
finally antibody inhibition. This immunological . 
paralysis or collapse of ‘body resistances’ repre- 
sented the so-called anergio state (anergy) of septi- 


cwmias. Barrett gives reasons for the ‘‘consider- 
able resemblance” between tumour and bacterial 
immunity. 


In a patient with an actively growing tumour, 
tumour decay is a source of continuous antigen 
release. In sub-clinical!® and early clinical stages of 
tumour growth or after an efficient resection of the 
tumour, antibodies may be detected in the serum. 
This situation uncovers the submerged part of the 
cancer ‘iceberg’. The tumour cells absorb circulating 
antibody as fast as it is produced. This increases 
tumour decay, which in turn leads to a new flood 
of tumour antigen with consequent inhibition 
of antibody production and unhindered tumour 
growth. 

Specific immune paralysis of the host is thus the 
end result of immunological rather than metabolic 
interference, since preterminal patients may still 
respond to other unrelated antigens. 

Pertinent to these findings is an observation 
described in Hulka et al.1*, who found anti-placental 
antibodies absorbed on the placenta and circulating 
in the blood postpartum but not during pregnancy. 
when they are absorbed on placental antigens in situ. 
Virus-induced tumours such as polyomatous neo- 
plasms contain large quantities of anti-polyoma 
antibodies, a fact that made this virus elusive for a 
long time. The dependence of finding?” or pro- 
ducing!?-18 circulating antibodies on the growth- 
state of the tumour might explain why only a small 
number of cancer patients show such antibodies and 
generally those with smaller tumours. Since the 
outcome depends on the balance of the two forces, 
clinical experiences of hundreds of years have shown 
that in an overwhelming number of cases spontaneous 
auto-immunization is not sufficient. Finding or not 
finding spontaneous antibodies at a certain moment 
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does not have prognostic significance. In all prob- 
ability it indicates the rate of antibody consumption 
rather than antibody production. 

While tm vivo neutralization of circulating anti- 
bodies by large doses of tumour antigen or their 
absorption in growing tumour cells may represent 
mechanisms by which the tumour breaks through 
the host resistance, it by no means indicates that it 
has annihilated host resistance but only produced a 
reversible state of immunological unresponsiveness. 
Southam? offers as a possibility that, after surgical 
or radiological elimination of a large primary lesion, 
a rebuilding in host resistance may occur accounting 
for regression or reduction of metastases. On the 
contrary, a suddon flow of tumour antigen, as seen 
after partial irradiation, chemotherapy, or experi- 
mentally when trying to hyperimmunize actively 
patients with growing lesions?’, can result in immuno- 
logical detriment followed by acceleration of tumour 
growth. A parallel situation was created in our 
hepatoma model when resistant animals, de-immun- 
ized by massive intravenous injection of tumour 
antigen, were challenged with tumour cells not 24 hr. 
after, as described before, but 5-8 days after injection 
of the antigen. 75 per cent of these animals rejected 
the tumour again. 

Active immunization by purified tumour antigens 
was thus far, as expected, successful only against the 
establishment of the tumour but was soon over- 
whelmed by an established tumour, a conclusion also 
‘arrived at by other workers with different models. 
Its future clinical indications, it could be predicted, 
may reside in total prophylaxis or in the prevention 
of recurrence in the patient just recently and efficiently 
operated for tumour removal. 
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-In conclusion, with antigens separated from 
Novikoff tumour of the rat by a method described 
previously, resistance to the transplantable tumour 
was induced both actively and passively. 

Furthermore, de-immunization of resistant animals 
was obtained 24 hr. after intravenous administration 
of large doses of antigen. Resistance was recovered 
5-6 days later. While the problems of transplantable 
tumours are fully recognized, the use of specific 
fractions from these tumours instead of whole tumour 
homogenates or tumour cells simplifies the model 
and makes valid inferences of the present resulta to 
other induced or spontaneous tumours. 
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NATURE OF THE DEFECT IN ALCAPTONURIA 
By V. G. ZANNONI, J. E. SEEGMILLER and Dr B. N. La DU- 


National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Bethesda, Maryland 


LCAPTONURIA is a rare metabolic disease 

characterized by the excretion of homogentisic 
acid in the urine, due to a hereditary defect in the 
metabolism of tyrosine!. More than 50 years 
Garrod proposed that alcaptonuric individuals lacked 
the enzyme catalysing the oxidation of homogentisic 
acid?, and in 1958 it was shown in this laboratory 
that homogentisic acid oxidase activity was missing 
in liver obtained by biopsy from an alcaptonuria 
patient?. 

Recently, we have been able to obtain liver and 
kidney tissue at autopsy from another patient with 
alcaptonuria from a different family than our first 
patient. In addition, we have obtained a specimen 
of the kidney (at autopsy) following the death of the 
aleaptonuric patient previously reported. The 
analysis of these tissues for the tyrosine oxidation 
enzyme activities is the subject of the present article. 
Since homogentisic acid oxidase activity normally 
occurs in Mammalian kidney, as well as liver*', it 
was of interest to determine whether ‘the alcaptonuric 
individual lacks the enzyme in both organs, or whether 
the defect is limited to the liver. 

The tissues removed at autopsy were frozen and 
analysed as soon as possible. Samples of liver and 
kidney were homogenized in a Potter-Elvehjem- 
type glass- homogenizer with 4 volumes of cold 0-9 


per cent potassium chloride solution in a cold room 
at 5° ©. Homogenates were centrifuged at 12,0007 
for 20 min., and the resulting supernatant fractions. 
containing about 25 mgm. of protein per ml., were 
used in the experiments described here. The chemical 
substrates and reagents required for the enzymatic 
assays were prepared as previously described?. Homo- 
gentisio acid-“C labelled in the carboxyl group was 
kindly synthesized by Dr. E. M. Qal, University of 
California. The preparation had a specific activity 
of approximately 1 pc./mgm. Tyrosine transaminase, 
p-hydroxyphenylpyruvic acid oxidase and homo- 
gentisic acid oxidase were determined manometrically 
and maleylacetoacetic acid isomerase and fumaryl- 
acetoacetic acid hydrolase were determined spectro- 
photometrically, as previously described?. The more 
sensitive method to measure homogentisic acid 
oxidase activity, based on the conversion of carbon-14 
labelled substrate to labeled acetoacetic acid, 
followed by decarboxylation with 4-aminoantipyrine, 
and subsequent determination of “CO, in a liquid 
scintillation counter, was basically the same method 
as used previously?. By this technique, the oxidation 
of 0-5 ugm. of homogentisic acid per incubation 
vessel would yield approximately 500 c. p. m. 

Table 1 shows the activity of the series of enzymes 
in liver which catalyse the oxidation of tyrosine to 
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Table 1, Aottviry oF TYROSINE OXIDATION ENSYMES IN ALOAPTON- 
URIO AND NON-ALOAPTONURIO HUMAN LIVER 


—— ao (a) 
Non-alcapto- Aleaptonuris Non-aleapto- Aleaptonuric 


Enzyme nure liver, liv nuris liver, ” ver, 
autopsy (5) autopsy (e) biopsy (d)  biopay (¢) 
Tyrosine 
&m1nase 0 67 8°85 3-6 3-2 
— 
eny c 
acid bridal 43 5°60 67 4:6 
Homogentista 
acid oxidase 118 <0 006 26 8 <0 0048 
Maleylaceto- 
acebic anid ' 
isomerase (f) 1456 $90 860 780 
Fumarylaceto- 
acetic acid 
hydrolase 140 10-3 290 22 0 


(a) Activity calculated as micromoles of substrate oxidized per hour 
per 0-1 gm. wet weight of hver 
i 86-year-old o with Hodgkin's diseaso 
G. 8, 44- year-old male iti aloa loaptonuria. Cage 1 (ref. 18). 
d) 5-year-old female with oo ngoni a somolytic ansmia, 
e) G. W., 58-year old male with alcaptonuria. 
) Units calculated as an 2 tical density A Gans hour per 0°1 gm. 
wet woight of liver (ref. 19). Merase and tyrosine transaminase 
activities are Jabile and atone rapidly in autopsy material 


Table 2. AOTIVITY OF HOMOGRNTIBIO ACID OXIDASE IN ALOGAPTON- 


URIO AND NON-ALOAPTORURIC HUMAN KIDKRY 
Enzyme activity 
Hydroxy- 
Homogentisio phenyl- 
Patlent Kidney acid oxdase pyruvic acid 
tuse — — 
JOLE, ivi 
Age,sex Condition kidney lar M = 
J. L. IB. Non-aloapto- Biopsy 5-4 — 
G.L 8,9 — Autopsy 2°09 0°62 
N.W. 68; ng 2.7 1:07 
G.8.* 44,$ Alcaptonuric F 0006 0:98 
G.W.t 56,8 bi * <0:006 0:85 


* We are indebted to Dr. Robert Jordan, U.S. Public Health Service 
Hospi tal, Baltimore, Md., for making the autopsy tissues available to 


g Bame patient as G. W. ın Table 1. 


acetoacetic acid. These values were determined in 
homogenates of liver obtained at autopsy from 
alcaptonuric patient G. S., and from a non-alcapton- 
urio patient. For comparison, resulta previously 
reported? are also included to show the activity of 
these enzymes in liver obtained by biopsy from 
alcaptonuric patient G.W. The new date confirm 
the absence of liver homogentisic acid oxidase activity 
in @ second alcaptonuric individual (G. S.) from a 
different family. The autopsy liver homogenates 
were also incubated with 5 pmoles of 2,5-dihydroxy- 
phenylpyruvic acid and 2,5-p,1- dihydroxyphenylal- 
anine and the reaction followed manometrically. No 
oxidation was detected with either of these substrates 
and this is further evidence against their being 
intermediates in the normal pathway of tyrosine 
oxidation? >*7?, 

“ Homogenates of kidney obtained at autopsy from 
both alcaptonuric patients (G. S. and G. W.) and 
from non-alcaptonuric patients, were also assayed 
for homogentisic acid oxidase activity (Table 2). 
All the kidney specimens from the non-alcaptonuric 
individuals contained homogentisic acid oxidase 
activity which could be easily measured by the 
manometric assay. On the other hand, the kidney 
homogenates from the alcaptonuric patients contained 
no detectable homogentisic acid oxidase activity, 
even when assayed by the sensitive method using 
radioactive substrate. However, the enzyme 

which forms homogentisic acid, d-hydroxypheny]l- 
pyruvic acid oxidase, was found to have about the 
same activity in both non-alcaptonuric and alcapton- 
uric kidney homogenates. The presence of normal 
amounts of p-hydroxyphenylpyruvic acid oxidase in 
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these tissues is good evidence that the lack of homo- 
gentisic acid oxidase activity in the alcaptonuric 
lidney homogenates was not due to ita decomposition 
before analysis, since we have found p-hydroxypheny!- 
pyruvic acid oxidase to be less stable than homogen- 
tisic acid oxidase on storage. 

The findings that only one enzyme in the series of 
enzymes involved in tyrosine metabolism is missing 
in alcaptonuria, and that the enzymes subsequent to 
the metabolic block are present in normal amounte’, 
are of interest when one considers the factors that 
control the level of enzyme activity in tissues. So 
far as is known, the substrate for the enzyme maleyl- 
acetoacetic acid isomerase is produced only from 
homogentisic acid. Ifthe metabolic block were indeed 
complete, as our work indicates, this would be an 
example of the production of an enzyme in the 
complete absence of ita substrate. It would suggest 
that, in contrast to adaptive enzymes which require 
the presence of substrates for their production, the 
genetic control of maleylacetoacetic acid isomerase 
production is independent of the presence of sub- 
strate. 

The absence of homogentisic acid oxidase from 
kidney as well as from liver in alcaptonuria is pertinent 
in speculations on the nature of the genetic defect 
in this disease. Some hereditary enzymatic defects 
are ‘universal’, for example, galactosmmia®', aeta- 
lasia!®: and total albiniam™, in which the enzyme 
activity is affected in all of the tissues where it 
normally occurs. However, in others, the enzymatic 
defect is limited to only one organ or tissue, for 
example, the muscle!*!* or the liver’? phosphorylase 
defects as types of glycogen storage disease and 
localized albinism!*. It appears that the defect in 
alcaptonuria is of the ‘universal’ type, although 
homogentisic acid oxidase has been demonstrated 
with certainty only in liver and kidney in normal 
mammals‘®, With the more sensitive assay using 
radioactive homogentisic acid it may be possible to 
detect the enzyme in some other tissues as well. 
Such a source, particularly if it were readily accessible, 
would facilitate the search for lower than normal 
levels of enzyme activity in individuals heterozygous 
for alcaptonuria. 
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SENSIBILIZATION BY MEANS OF POTASSIUM PERIODATE OF 
INHIBITOR-RESISTANT A2 INFLUENZA VIRUS STRAINS 
TO NON-SPECIFIC SERUM INHIBITORS 


By Dr. B. STYK 


Institute of Virology, Czechoslovak Academy of Sciences, Bratislava 


TRAINS of A2 influenza virus can be roughly 

divided into two groups according to their sensi- 
tivity to specific antibodies and non-specific inhibitors: 
into the ‘avid’, inhibitor-sensitive, and ‘non-avid’, 
inhibitor-resistant, strains. It has been assumed 
that inhibitor-resistant particles of A2 virus possess, 
as compared with inhibitor-sensitive particles, an 
additional surface layer, which prevents inhibitor- 
resistant particles from reacting with specific anti- 
bodies and especially with non-specific inhibitors. 
Were it possible to remove this layer, for example, by 
treatment with potassium periodate, the reactivity 
of inhibitor-resistant particles could be increased. 
By contrast, if the properties of inhibitor-sensitive 
particles were due to a surface layer susceptible to 
the action of potassium periodate, a decrease or even 
abolition of the sensitivity (‘avidity’) could be ex- 
pected after treatment with potassium periodate. 
It is not known how treatment with potassium 
periodate would affect the distribution of ionized 
groups on, and the net charge of, the virus particles 
and: thus change their adsorbing properties, including 
their sensitivity to inhibitors. 

Experiments were carried out to test the above 
hypothesis. Inhibitor-resistant strains A2/Singe- 
pore/57 and A2/Bratislava 4/57 and inhibitor-sensi- 
tive strains 42/Bratislava 12/58 and A2/Singapore/57 
(a sensitive line) were treated by different concentra- 
tions of potassium periodate. The viruses were used 
in the form of infected allantoic fluids. ‘Pure lines’ 
of inhibitor-sensitive strains were obtained by the 
limiting dilution method. Equal volumes of virus 
(allantoic fluid) and potassium periodate solution 
were incubated for 1 hr. at room temperature. 
Excess periodate was then removed by adding two 
volumes of 10 per cent glucose solution. Hæmag- 
glutination-inhibition tests were made by the stand- 
ard test-tube method, using 4 hemagglutinating units 
of virus and fowl erythrocytes. The hemagglutina- 
tion-inhibition titres are expressed as reciprocals of the 
highest initial serum dilution (per 0-25 ml.), which 
inhibited the hemagglutination. Non-specific in- 
hibitors were tested mostly in normal guinea pig 
sera and in control experiments also in normal 
horse, rabbit and ferret sera. All sera were heated 
at 56° O. for 30 min. The occurrence of non-specific 
hemagglutination inhibitors (also called y-inhibitors) 
in all the sera mentioned has been reported!—. 

In the first experiments, the viruses were treated 
with a M/25 solution of potassium periodate, which 
can only be obtained when dissolving the substance 
in warm solvent. This concentration of potassium 
periodate was found not to decrease the hamagglutin- 
ating activity of A and Al viruses’. In some of our 
experiments, hemagglutinating activity of both 
inhibitor-resistant and inhibitor-sensitive strains of 
A2 influenza decreased markedly or was completely 


destroyed. In most instances, however, the hemag- 
glutinating titres were not substantially lowered. 

All inhibitor-resistant A2 strains treated with 
potassium periodate were inhibited in the hamag- 
glutination-inhibition tests by normal guinea -pig 
serum up to a titre from 320 to 1,280. Untreated 
viruses were not inhibited by this serum diluted 
l : 2-5. Thus the sensitivity to y-inhibitora of 
inhibitor-resistant strains increased 128-512 times, 
but it did not reach that of inhibitor-sensitive strains, 
with which titres of 10,240-20,480 were obtained using 
the same serum. (Similar results were obtained by 
Fazekas de 8t. Groth and Graham‘ by treatment 
with potassium periodate of B-Lee influenza virus. 
The strain became more sensitive to non-specific g- 
inhibitors, but not so sensitive as the heated indicator 
virus.) When heating the inhibitor-resistant 42 
strains at 56° C. for 30 min. before treating them with 
potassium periodate, the hamagglutination-inhibition 
titres with guinea pig serum were the same as with 
unheated viruses treated with potassium periodate. 

The experiments were repeated several times with 
similar results, provided that suitable, sensitive 
erythrocytes were used. With erythrocytes from some 
cocks the haemagglutimation-inhibition titres were 
considerably lower. 

Inhibitor-resistant strains treated with potassium 
periodate were also inhibited by normal horse, 
rabbit and ferret sera, but to lower titres than with 
guinea pig serum (see Table 1). The sensitivity of 
inhibitor-sensitive strains also increased after treat- 
ment with periodate, two-fold with guinea pig and 
horse sera and up to eight-fold with rabbit and ferret 
sera. 


Table 1. TITRES OF NON-SPEOUFIO INHIBITORS IN NORMAL HBATHD 
ANIMAL SHEBA WITH AZ INFLUENZA VIRUSES UNTREATED (1) AND 
BATSD WITH PoTassrum PERIODATE GUD 


Virus strains 
A [R-AZ 18-—A2 
Sera Brat./57 Sing./57 Sing./57 
I It I I I i 
Guinea pig <26 640 <25 1,280 0,240 ,480 
orse < 10 80 <10 160 10,240 20,480 
Rabbit <10 40 <10 80 640 5,120 
Ferret <l 80 <10 160 1,280 10,240 


TR, inhibitor-resistant; IS, imhibitor-senstive, 


Attempts were made to determine the lowest 
concentrations of potassium periodate which would 
still sensibilize the inhibitor-resistant strains. These 
concentrations were 1/25-M/50 for the A2/Sing./57 
strain and M/50-M/75 for the A2/Brat. 4/57 strain. 
With lower concentrations, the sensibilization of 
inhibitor-resistant strains was ial. With still 
lower concentrations (4/100 and M/160 with the 
former and latter strains, respectively), the strains 
remained insensitive to non-specific guinea pig serum 
inhibitors. 

Infectivity of A2 influenza virus is destroyed by 
M/25-M/75 concentrations of periodate. Thus I 
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failed to obtain an inhibitor-sensitive strain following 
inoculation of an inhibitor-resistant strain treated 
with periodate into the ochorioallantois of chick 
embryos. No virus multiplication could be detected, 
although 3 blind passages were carried out. Hæm- 
agglutinins in a titre of 2 were found after incubation 
in one egg inoculated with M/75 periodate-treated 
A2/Sing./567 virus. No virus could be detected in 
sub-cultures, so that incomplete virus or non-specific 
hemagglutination were involved. An M/100 period- 
ate-treated inhibitor-resistant A2/Sing./57 strain 
yielded, after multiplication in chick embryos, a 
progeny insensitive to non-specific inhibitors. 
These results suggest that inhibitor-resistant parti- 
cles of A2 influenza virus differ from inhibitor- 
sensitive particles by possessing on their surface 
some layer—possibly of a sugar nature—which 
covers the receptors for non-specific serum inhibitors. 
Potassium periodate seems to remove this layer, thus 
rendering the receptors free and enabling them to 
react with the inhibitors. It is interesting that the 
periodate exerted no comparable effect on the mouse- 
adapted inhibitor-resistant strain A2/Brat. 4/57. 
This could mean that, during the adaptation of virus 
to mice, some changes occurred in the surface layer 
of the virus particles, possibly that an additional 
layer was superimposed, preventing the access and 
action of periodate ions. It could also be assumed 
that proteins from the host organism adsorbed on to, 
or incorporated into, the surface of ‘mouse-adapted’ 
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virus particles have other properties than such 
proteins from chick embryos, which could also affect 
the adsorbing capacity of virus particles. 

Experiments were also carried out to examine 
whether the sensitivity (avidity) of 42 virus strains to 
specific antibodies is affected by periodate treatment. 
The reactivity of inhibitor-resistant and -sensitive 
strains was examined with both ‘imperfect’? anti- 
bodies from early immune mouse sera (heated and 
unheated) and ‘classical’ antibodies from hyperim- 
mune mouse sera. It was found that the titre of 
specific antiheamagglutinins against M/25 periodate- 
treated inhibitor-resistant and -sensitive viruses 
increased at the most two-fold as compared with 
untreated viruses. Thus the effect of periodate on 
inhibitor-resistant strains was considerably leas in 
this case as compared with the increased sensitivity 
of these strains to non-specific inhibitors. However, 
the difference in the avidity to specific antibodies 
between the inhibitor-resistant and -sensitive strains 
is much less pronounced than the difference in their 
sensitivity to non-specific inhibitors. 
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ESCAPE OF PSEUDOTOLITHUS SENEGALENSIS (C. AND V.) FROM 
TRAWL NETS IN A NIGERIAN FISHERY 


By M. J. MANN 
Federal Fisheries Service, Lagos 


N order to control the rational exploitation of the 

stocks of a tropical demersal fishery the importance 
of the early establishment of appropriate mesh-size 
regulations has already been stated}. Trawl catches 
from the coastal waters of Nigeria include a large 
variety of species, as is typical of a tropical fishery. 
Since each species a different length/girth 
ratio on which selection depends, experiments to 
determine the most suitable single-mesh size for this 
trawl fishery were concentrated on the croaker 
(Pseudotolithus senegalensis (O. and VY.) and P. typus 
(Bieeker)) as being economically the most important 
single constituent of the catch, and at present 
accounting for about 40 per cent of the total value 
of trawl landings in Nigeria. 

In a trawl the codend 1s reported? to be the most 
important section of the net regulating the escape of 
fish, and thus a trawl was adapted to receive inter- 
changeable experimental codends, which were en- 
closed in a fine mesh cover-bag designed to retain 
any escaping fish from the experimental nets. 

The main body of the Vigneron—Dahl trawl of 45- 
ft. headline was composed of & 3-in. cotton mesh, 
and braided on to each terminal mesh of the batings 
and of the experimental codends were a series of brass 
rings of 14 in. diameter. The 10-ft.-long cover-bag 
of l-in. nylon mesh was permanently attached to the 
body of the trawl three meshes above the terminal 
brass rings, and was protected from chafing by a 
large mesh nylon cord bag. Each experimental 


codend was 6 ft. in length, thus providing ample 
space for the mass of fish obtained from large hauls 
and also limiting the site of the escapes to the codend 
itself and not to the after part of the batings. The 
experimental codends, braided at 14, 2, 24 and 3 in. 
(internal stretched mesh dimension) were deliberately 
not treated with any preservative. The slight shrink- 
age in the mesh size recorded at the end of the experi- 
ment is detailed in Table 1. 


Table 1. OHARACTERISTICS OF EXPHRDIENTAL CODBNDS 
Nominal 

mesh Í N M R a Y 

(m.) (cem)  (om.) 
1t 14 44 8-68 088 01818 6-002 
2 12 86 4:56 0 87 ©1782 8-912 
24 13 28 5:70 0-65 0-1886 2-896 
8 12 23 7°09 1-14 s 2442 8-444 

J, No. of hauls; N, No. of meshes measured; ean mesh size 


(0m), R, range of mosh size, o, standard —— KA coefficient 
of variation. 


Each codend was in turn ‘married’ to the trawl 
by lacing a suitable length of electric flex through 
alternate rings from the batings and the codend. 
This method of ‘zip-fastening’ a codend on to a trawl 
has previously been described by Birkoff”. It proved 
very successful and enabled a new codend to be 
quickly replaced at sea. 

Working from the M.F.V. Haplorer, a 45-ft. North 
Sea trawler of a nominal 60 h.p., the gear was fished 
in twelve inshore areas adjacent to Lagos Harbour, 
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Table 2 BODY-LANGTH AT 50 PRR CENT RATENTION POINTS FOR 
Peeudotolithus senegalensis AND P. typus 
P. senegalensis P. typus 
M LAy n Læ.. n 
3-88 106 447 11-0 170 
4-56 18-5 491 17-2 152 
5°78 20-0 493 22-0 161 
7°09 22-2 660 28:0 91 


M, mean mesh size (cm.): Les, body-length (am. at 50 per cent 
retention); n, number of fis fish. ji ; 7 


commencing on December 3, 1958, and finishing 
on January 15, 1959. 

From the 48 successful hauls, each of the 2,091 
Pseudotolithus senegalensis and the 674 P. typus 
retained by the gear in either the codend or the cover- 
bag were measured (body-length), and the data 
given in Table 2 have been deduced from the per- 
centage retention of each centimetre length-class in 
each experimental net. 

However, the conversion of the recorded standard 
lengths to total lengths, using the allometric indices 
deduced by Collignon*, enables a comparison to be 
made with similar selection data given by Longhurst’. 
The numbers of P. typus were too small to provide 
satisfactory selection ogives, and the 50 per cant 
retention-lengths given for this species in Table 2 
are not sufficiently accurate to determine the values 
of S (selection factor). 

Although the gear lacked any of the refinements 
suggested by Cassie* and used by Longhurst, the 
masking effects of the cover-bag were assumed to be 


Table 3. EXPERIMENTAL SELHOTION FACTORS POR Paudotolukut 
senegalensis 


M LB 55 I Lis § n 
8°68 105 180-5 13870 3-77 447 
4:56 18-5 120-9 17 54 85 491 
5-79 20-0 128-5 25 69 4.44 498 
7:09 22-2 128-0 28°42 401 660 
Af, mean mesh size (cn); Las, body-length (om. at 50 per cent 
—— ZI, conversion index; De total length (om. at 50 per cent 
retention): 8, selection factor «= Lal M; n, number of fish. 
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negligible, and the selection factors for Pseudotolithus 
senegalensis obtained (Table 3) are of the same order 
as those produced by Longhurst. 

Since a large mesh is relatively more flexible than 
a small mesh of the same material, the value of S 
would be expected to rise with increase of M (mean 
mesh size (om.)), and this expectation is supported 
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by the above results (Table 4). Similarly, the value of 
Table 4. SELECTION FACTORS FOR Paeudotoliidus senegalensis 

Material if S$ Author 

Predicted 3°66 Longhurst 

Cotton 462 3°76 Longhurst 

Nylon 4°50 4:57 Longhurst 

Hemp 8°68 8-77 Mann 
emp 4:56 8-85 Mann 

Hemp 5°79 444 Mann 

Hemp 7°09 401 Mann 


if, mean mesh size (om.); S, selection factor. 


S should rise with an increasé in flexibility and 
reduction of friction of the material used. The mean 
values of S for meshes of about 4-5 cm. (cotton, 3-76; 
hemp, 3°85; and nylon, 4-57) support this assumption. 
That the experimental values for the selection factor 
all exceed the predicted figure can be attributed, as 
Longhurst has already suggested, to imperfect 
escapement owing to: the occlusion of the meshes by 
debris, filamentous fish, scoyphomeduss, ete., and the 
cover-bag; the inability to escape of dead or damaged 
specimens injured by the net or by other members of 
the catch; and the short hauls (30 min.), which did 
not allow sufficient time for all possible escapes to be 
completed before the catch was landed. 
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PIGMENTS IN ZOOPLANKTON FA-CES 


By RONALD |. CURRIE 
National Institute of Oceanography, Wormley, Godalming 


pe pigment estimations’ are frequently used 
as an index of the biomass of phytoplankton in 
the sea, but most authors who have used them 
appreciate the necessity for reserve in their inter- 
pretation. Not only does the chlorophyll-to-carbon 
ratio vary widely in different environmental conditions 
but also there are reporta that some of the pigment 
measured is inactive or ‘dead’ chlorophyll? originating 
from dead algae, broken-down chloroplasts and the 
feecal products of herbivorous animals. Interference 
from such ‘detrital’ chlorophyll is, however, difficult 
to assess, for little is known about the fate of chloro- 
phyll in the sea. Analyses of sediments rarely show 
the presence of chlorophyll a although this form is 
abundant enough in the planktonic algae, and there 
is no clear picture of the rate or manner of breakdown 
of the chlorophyll. 

Gorham’, comparing acetone extracts of the living 
and dead diatom Melosira, reported shifte in the 
absorption. peaks from about 435 my to 410 my, and 
from about 620 mp to 605 my, which are suggestive 
of a breakdown of chlorophyll a to phsophytin a. 
The present observations, which are concerned with 


the fecal pigments of a planktonic herbivore, show 
further evidence of a rapid breakdown of ingested 
chlorophyll a. 

Material was obtained from a number of plankton 
hauls made off Garroch Head in the Firth of Clyde. 
A number of these hauls were virtually of mono- 
specific composition and provided large quantities of 
Calanus finmarchicus uncontaminated by the presence 
of other organisms. Defscation occurred rapidly 
in these animals, and it proved necessary to re- 
suspend them, as soon as possible after capture, in 
filtered sea-water go that the fecal pellets could be 
collected uncontaminated by detritus from the net 
haul. The latter was eliminated by washing the 
animals before re-suspension. 

The fecal pellets were removed after 3 or 4 hr. by 
passing the water containing the Calanus through 
graded filters, the Calanus first being removed on a 
coarse mesh and the fecal pellets collected on a fine 
mesh silk. The pellets were then removed from the 
silk with a camel hair brush, washed by re-suspension 
in filtered sea-water, centrifuged and then macerated 
in 90 per cent aqueous acetone. Simultaneous blank 
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a 0 150 Confirmatory evidence of this change of absorption 
~ was obtained from the feecal pellets of sixty Calanus 
[ \ which were fed in the laboratory for a period of four 
— days on a culture of Syracosphaera (Fig. 2). 
06 ex 0 100 Extracts of the fæces of Meganyctiphanes norvegica 
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of the fæces of Calanus ected on pe 11, 1981 
(solid hne). The absorptio ‘ci of an — of the ph plankton 
on which the Calanus had been feeding 1s shown by the Broken ime 


experiments showed no significant contamination with 
phytoplankton. 


At the same time as these plankton hauls were. 


taken, water samples from the surface layers were 
collected for the measurement of the phytoplankton 
pigments. The phytoplankton also proved to be 
almost monospecific, with a small Skeletonema sp. 
dominant, and this was helpful in the present work 
because the relative proportions of the different 
pigments varies greatly in different phytoplankton 
species. 

Absorption curves of the phytoplankton and the 
Calanus feces extracts measured at 10-myu intervals 
are shown in Fig. 1, and while they both represent a 
mixture of several pigments, comparison of the two 
curves shows clearly: a shift of the blue absorption 
peak from about 435 mu to 410 mu, a shift of the 
smaller peak at 625 mu to 610 my, and some indica- 
tion of a small shift to longer wave-lengths of the peak 
at 665 mu. These changes are consistent with a 
change of the chlorophyll of the algae to some of ita 
derivatives‘. Maxima at 668, 611, 535 and 414 my for 
the phorbines or phorbides derived from chlorophyll 
a are quoted by Orr and Grady’, who also show curves 
for pheophytin a in chloroform and ether, the 
maxima of which closely resemble those of the facal 
extract, excepting that the pheophytin peak at 507 
my. is probably masked by other pigments. 
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showed a similar shift in the red absorption peak,’ 
but no clear maximum was evident in the blue, and 
the absorption of the Meganycttphanes extracts rose 
steadily into the ultra-violet. Presumably some 
yellow substance in the extracis masked the blue 
chlorophyll peak, and this may not be surprising in 
view of the mixed diet of Meganyctiphanes’, 

The qualitative significance of these alterations 
in the spectral absorption of the extracts can scarcely 
be doubted in spite of the mixed nature of the pig- 
ments, but no attempt has been made to express them 
in quantitative terms. At the beginning of these 
extractions it was soon evident that large quantities: 
of feecal pellets were necessary to obtain a measurable 
extract, and the low absorptivity of the extract 
(4 ml. of solvent and a 1 cm. cell were used) of the 
fæces from 60 Calanus fed for four days (Fig. 2) gives. 
some indication of the small amounts of pigment to 
be found in the fæces. Furthermore, Aronoff” shows 
that the degradation producte of chlorophyll have a 
much lower absorptivity than the chlorophyll itself. 
Gorham’ quotes “the mere conversion of chlorophyll 
to phmophytin lessens light absorption of acetone 
extracts by about 30 per cent”. 

On the other hand, the Richards and Thompson 
method derives its estimate of chlorophyll a from the 
absorptivity of the extract at 665 mu, at which wave- 
length the absorption of pheophytin is quite high. 
There seems little doubt, however, when one con- 
siders the relatively large quantities of fecal pellets 
used for the present extracts, that interference from 
fæces in the pigment estimation is probably a very 
minor problem, but a useful check on contamination 
could be made by comparison of the absorptivities of 
extracts at 410 and 435 mu.. A stronger absorption at. 
410 my would be qualitatively indicative of con- 
tamination by degradation products. 

These findings of a rapid degradation of ingested 
chlorophyll may seem to conflict with evidence of 
the passage of living phytoplankton cells through the 
guts of planktonic herbivores, but no doubt this can 
be reconciled in the feeding-rate. Reports of the 
excretion of living cells all appear to originate from 
animals feeding at an excessive rate on dense cultures 
of algae and the maximum rate of digestion may well 
be reached before the maximum rate of physical 
ingestion. In any event, the excretion of living cells 
is irrelevant to the question of interference by ‘dead 
chorophyll’ in phytoplankton biomass estimates. 

It is hoped to extend this work to a quantitative 
examination of fecal pigmenta and to the determina- 
tion of the particular chlorophyll degradation pro- 
ducts which are components of these extracts. 

I thank Mr. A. de C. Baker for his help, and the 
Director and staff of the Scottish Marine Biological 
Association Laboratory at Millport for the facilities 
and assistance which they provided. 
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ISOLATION AND IDENTIFICATION OF A RECEPTOR 
POTENTIAL FROM THE PURE CONE FOVEA 
OF THE MONKEY RETINA 


By Dr. KENNETH T. BROWN and Dr. KOSUKE WATANABE — 
Department of Physiology, University of Callfornla Medical Center, San Francisco 


T has been shown in the cat that under specified 

conditions an intraretinal electrode can record a 
local ERG (LERG) which comes only from a small 
retinal area immediately surrounding the electrode}. 
The components of this LERG are fundamentally 
identical to those of the ERG from the- entire retina’. 
The LERG of the cat has been shown to consist of 
four major components, which have been localized!-. 
These include the c-wave, which appears to originate 
from the pigment epithelium, and the a-wave from a 
distal portion of the receptor (probably the outer 
segment). There is also a b-wave and a newly 
isolated negative DC component, both from structures 
near the outer margin of the inner nuclear layer. 
A direct deduction from this work is that if all com- 
ponents could be abolished except that which 
contributes the a-wave, receptor responses of the 
mammalian retina would be isolated. 

Two methods of approaching this goal have been 
devised and applied in experiments on 9 Cynamolgus 
and 4 Rhesus macaque monkeys. These are closely 
related diurnal monkeys, and histological sections 
reveal that the foveas of the two species are very 
similar in size and shape. In both cases the central 
fovea is a special area, about 0-30 mm. in diameter, 
where only the pigment epithelium and receptor layer 
are fully developed. The ganglionic and inner 
nuclear layers are swept to one side of this area. 
Thus in the LERG from the central fovea any com- 
ponents generated by surface layers of the retina 
should be reduced or absent, while the c-wave should 
be unaffected and the a-wave should be larger because 
of the denser packing of receptors. It is possible to 
looate an electrode, under direct visual control, for 
penetration of the centre of the fovea. The LERG 
is restricted primarily to the fovea by placing the 
indifferent electrode in the vi humort, and by 
using & small stimulus spot, about 0:25 mm. in 
diameter, carefully focused and centred on the 
electrode tip. 

Another method is selective clamping of the retinal 
circulation. This is done by inserting a stainless steel 
rod, with a rounded and polished end, into the eye. 
This rod is visually located on the optic disk and 
used to apply pressure on retinal vessels where they 
enter the eye. Cessation of fow of blood in the retinal 
vessels ia visually verified, and the choroidal circula- 
tion is not affected since choroidal vessels do not 
enter through the optic nerve. Capillaries of the 
retinal circulation in both monkey* and catë extend 
to the outer margin of the inner nuclear layer; thus 
it is usually assumed that both the ganglionic and 
inner nuclear layers depend exclusively on the 
retinal circulation. The pigment epithelium and the 
receptors are in an avascular zone of the retina, and 
have been considered to obtain at least part of their 
requrements from the choriocapillaris. 


General methods for microelectrode work in the 
intact mammalian eye have been described by Brown 
and Wiesel’. A device has now been designed which 
permits insertion of three needles into the mammalian 
eye. One needle carries a tungsten microelectrode 
with a tip diameter of less than 0-5. The retinal 
depth of this electrode is controlled by a hydraulic 
electrode advancer. The second needle is used for 
inserting a silver—silver chloride indifferent electrode 
into the vitreous humor. The steel rod for clamping 
the retinal circulation is introduced through the third 
needle. A newly designed light stimulator gives 
well-fooused retinal stimuli which can be precisely 
controlled in size and position, as well as in other 
parameters. 

Fig. 1 shows records from Cynamoigus with the 
electrode close to the retinal side of Bruch’s mem- 
brane. In the peripheral retina the normal control 
record shows a positive a-wave, followed by a nega- 
tive b-wave, then a slow and small positive c-wave, 
and a negative d-wave at termination of the stimulus. 
The normal record in the fovea shows a greatly 
reduced 6-wave. Also the positive recovery phase of 
the d-wave is missing. This portion of the d-wave of 
the monkey has now been identified with termination 
of the negative DC component. Although the negative 
DC component is clearly present in penetrations of 
the peripheral retina, it has not been detected in the 
fovea. The c-wave is about the same amplitude in 
both periphery and fovea, but both the a-wave and 
the negative deflexion at termination of the stimulus 
are larger in the fovea. Thus predictions of foveal 
results from previous work in the cat were all con- 
firmed. The small b-wave recorded in the fovea is 
probably because responses were detected to some 
extent from surface layers of the retina immediately 
surrounding the fovea. The a-wave and negative 
defiexion at termination of the stimulus have proved 
to be the onset and termination of the receptor 
response of the monkey ; this response was not clearly 
isolated in the fovea when the retinal circulation was 
functional. 

When the retinal circulation was clamped, the 
b-wave was eliminated in both periphery and fovea. 
Also the positive recovery phase of the d-wave was 
removed from the peripheral record; this was because 
the negative DC component was abolished. Records 
from the peripheral monkey retina, under normal 
conditions, showed that the negative DC component 
was maximum in amplitude near the outer margin 
of the inner nuclear layer. When the retinal cireula- 
tion was clamped, records from that level of the retina 
showed that the negative DC component was com- 
pletely eliminated. Thus the b-wave and negative 
DC component are both derived from cells which 
depend exclusively on the retinal circulation. The 
c-wave survived indefinitely after clamping the retinal 
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Periphery Fovea c-wave of the cat prevents the receptor 
potential from being isolated as com- 
Retinal pletely as desired, the time-course of 
circulation —_ — — the receptor potential of the cat is 
ped clearly slower than that of the monkey. 
Normal d \ The rapid initial rise of the cat 
control o A receptor potential corresponds to the 
— | a-wave. but then there is a slower rise 
l to the final level of positıve potential; 
— — — — — — — — when the stimulus terminates there 
from adjacent to the retinal side of Bruch's membrane, under normal is no phase of rapid decay but only a 


intensit ra. In maximum for the o picai ee Mba Ss the apea a — — OS — ane 
— 


the repetition-rate was one every 1 
shown upward in accordance with the convertion for — work, 
signa 


circulation, and appears to be the same amplitude in 
the periphery and fovea. The other potential which 
survived indefinitely, in addition to the c-wave, has 
been identified as a receptor potential. This term 
is used in the sense that the potential has its origin 
from the receptors themselves; evidence for this 
identification is summarized later. No inference 1s 
intended that the receptor potential functions as a 
generator potential, since that is not yet known. 
Also, the visual receptor is defined in this article as 
the entire receptor cell, including the outer segment 
at the distal end and the proximal terminal which 
makes synapses with second-order neurones. 

The main characteristics of the receptor potential 
are a rapid rise, followed by a steady level of positive 
potential which is well maintained, even during 
stimuli of several seconds duration. Then the poten- 
tial decays rather rapidly when the stimulus is 

terminated. The small positive peak at the begin- 
ing of this potential, in the foveal record, is not 
found under all stimulus conditions; it disappears 
if the stimulus spot exceeds about 1-0 mm. in 
diameter. 

The latency of the receptor potential corresponds 
to that of the a-wave. Hence the a-wave of the 
normal LERG is identified as the leading edge of the 
receptor potential, which is cut off by the rapid and 
large negative deflexion of the b-wave. Likewise, the 
termination of the receptor potential contributes the 
initial negative phase of the d-wave. Thus the d-wave 
of the monkey does not appear to be generated at a 
single level of the retina, but representa the combined 
result of termination of the positive receptor poten- 
tial, followed by termination of the negative DC 
component from the inner nuclear layer. 

The most complete isolation of the receptor 
potential was attained in the fovea with the retinal 
circulation clamped. This is because the receptor 
potential of the fovea is larger than that of the 
periphery, and therefore larger in relation to the 
c-wave. The c-wave is slow m time-course, and in 
Cynamolgus is quite small in relation to the foveal 
receptor potential; hence it produced little distortion 
of the foveal receptor potential. Although detailed 
histology is not available for Oynamolgus, the central 
fovea of the Rhesus macaque is well known to be a pure 
cone area. Control experiments in the Rhesus 
macaque yielded foveal receptor potentials which 
showed no differences in shape from those of Cynamol- 
gus. It therefore appears that the time-course of the 
cone receptor potential has been determmed to a close 
approximation. 

Effects of clamping the retinal circulation have also 
been studied in the cat retina. Although the large 


delayed and slow decay. Since the 
cat retina contains predominantly 
rods, and since the time-course of its 
receptor potential differs from that 
of a pure cone fovea, the receptor 
potential from rods appears to have 
a slower time-course than that from cones. It 
also appears that the different shapes of the off- 
responses in LERG’S from cone and rod retinas may 
now be understood in terms of the different decay- 
rates of cone and rod receptor potentials. 

Control experiments m the cat show that when the 
retinal and choroidal circulation are both clamped by 
raising the intraocular pressure, all componente of 
the ERG are abolished. This finding eliminates the 
possibility that the c-wave and receptor potential] 
survive indefinitely after clamping the retinal circula- 
tion only because of a high resistance to ischwmia. 
It therefore seems.clear that when the retinal circula- 
tion is clamped these components are supported 
indefinitely by the choroidal circulation. 

Major points which identify the receptor potential 
in this work will now be summarized. (1) The leading 
edge of this potential contributes the a-wave; this 
has been shown for both monkey and cat. It is well 
known from work on cold-blooded vertebrates that 
the a-wave may be recorded in isolated retinss which 
have been stripped away from the pigment epithelium. 
Thus the potential which contributes the a-wavo 
cannot be generated by the pigment cells. The only 
other cells of the retina which one might predict to 
be unaffected by clamping the retinal circulation 
are the receptors themselves. (2) When the retinal 
circulation is clamped in the monkey, the potential 
which contributes the a-wave is much larger in the 
fovea than in the peripheral retina. Since this effect 
does not occur for the c-wave, it cannot be due to 
altered electrical recording conditions in the fovea. 
Hence the potential contributing the a-wave must 
come from retinal cells which are larger or more 
abundant in the fovea; the only cells which meet this 
criterion are the receptors, which are more abundant. 
(3) The leading edge of the receptor potential should 
have the shortest latency of any retinal response, and 
this requirement is met by the potential which 
contributes the a-wave. The a-wave has the shortest 
latency of any response yet detected in the retina; 
in the cat reliable values as short as 1-7 msec. have 
now been obtained’, (4) The positive receptor 
potential, like the a-wave of the LERG‘, has maxi- 
mum amplitude when the electrode is near the distal 
tips of the receptors. 

The receptor potential of this work appears to be 
fundamentally identical with the ERG component, 
previously designated P IIT, which has been isolated 
in cold-blooded vertebrate retinw by methods of 
massage, coolmg and application of potassium 
chloride*. The methods reported here for isolating 
P ITI in the monkey retina permit ite examination 
under stable conditions. its identification as a receptor 
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potential, and the recording of this receptor potential 
from a pure cone ares of the retina. 

The adequate stimulus for all single receptors 
studied to date causes depolarization of the receptor. 
Thus the positive polarity of the extracellular receptor 
potential, isolated in this article, requires explanation. 
When the retinal ciroulation is clamped, records 
from the peripheral retina of Cynamolgus show that 
as the electrode is withdrawn from Bruch’s mem- 
brane there is initially a steady decline of the positive 
receptor potential to zero. During further withdrawal 
a negative potential is detected, of similar time-course 
to the positive receptor potential, and this negative 
potential passes through an amplitude maximum 
when the electrode is near the level of the proximal 
receptor terminals. Since the potentials of opposite 
polarity appear to have identical time-courses, they 
probably represent a source and sink of current flow 
within the same cell. Our hypothesis is that the 
negative receptor potential is due to depolarization 
of the proximal terminal of the receptor; this draws 
current from the distal terminal, thus producing a 
source of current which is responsible for the positive 
polarity of the receptor potential recorded from the 
distal terminal. When the electrode is withdrawn 
from the fovea, with the retinal circulation clamped, 
the positive potential simply declines and the nega- 
tive potential is not seen. Foveal receptors have their 
somata in the fovea, but the proximal terminals of 
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these receptors are in the parafoveal region. Absence 
of the negative potential in the fovea probably means 
that the sink of the receptor potential occurs in a 
portion of the receptor which is not present in the 
fovea; hence this finding also identifies the proximal 
receptor terminal as the probable origin of the 
negative response. The problem is being investigated 
further by several methods. 

The recorded increase of receptor potential, when 
the retinal circulation is clamped, is of special interest. 
This effect is especially great in the foveal records of 
Fig. 1, and the magnitude of this effect varies con- 
siderably between preparations. Of several hypo- 
theses concerning its origin, perhaps the most inter- 
esting is that it is due to a release from inhibitory 
interactions between the proximal ‘terminals of 
receptors. Evidence supporting this hypothesis 
has been obtained, but further investigation is 
required. 

1 Brown, K. T. and Wiesel, T N , J. Phynol., 158, 229 (1961). 

* Brown, K. T., and Wiesel, F. N., J. Physiol., 188, 257 (1961). 

+ Brown, K. T., and Tasala, K., J. Physvol., 188, 281 (1061). 

‘ ee ie Ths Vertebrate Visual Syetem, 600 (Univ. Chicago Prosa, 
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‘Michaelson, I. O., Reitnal Carculation in Man and Animals, 41 
(Charles O. Thomas, Springfield, iuinota, 1954). 


* Brown, K. T., and Wiesel, T. N., J. PAystol.,149, 587 (1959). 
7 Ogden, T. — and Brown, K. T. (unpublished results). 


ort R., Mechanisms of the Retina, 52 (Oxford Univ. 
Press, —2 947) 


APPARENT MOVEMENT IN REPETITIVELY PATTERNED FIELDS 


By Dr. MALCOLM E. WILSON 


Department of Communication, University of Keele, and the Department of Psychological Medicine, 
Institute of Neurology, Queen Square, London, W.C.1 


T; 1957 MacKay! reported that when a pattern 
of many regularly spaced parallel lines is super- 
imposed on to a display of ‘visual noise’ on a tele- 
vision screen, then the ‘noise’ appears to move at 
right-angles to the lines of the pattern. The direction 
of the movement was described as ‘complementary’ 
to the direction of the pattern contours. The work 
to be described here was designed to elucidate the 
mechanism involved and has led to the discovery of a 
new perceptual effect. 

J. P. Wilson? used as a ‘noise’ source a ciné film, 
successive frames of which were photographs of large 
numbers of identical but irregularly distributed dots. 
When the ciné film was projected on to a regular line 
pattern, the dots again seemed to ‘pour’ at right-angles 
to the contours. He suggested that the motion might 
be due to an illusion which is produced if a frame in 
which a black dot is half-hidden by «@ line is followed 
rapidly by one showing the line alone. The appearance 
is of a dot ‘leaping’ behind the line. The illusion is 
absent if the dot and the line do not overlap in the 
first picture. Since these two situations occur repeat- 
edly at many points on a pattern on to which a oiné 
film of ‘visual noise’ is projected, Wilson suggested 
that they may favour an overall appearance of motion 
across the lines. This would imply that the presence 
of half-hidden dots is essential to the perception of 
movement at right-angles to the contours of a 
repetitive pattern. 

The first experiment to be described was undertaken 
to teat this suggestion. A ciné film of green, randomly 
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spaced dots on a blaok ground was used as a ‘noise’ 
source. Superimposed was a pattern of black con- 
centric circles on a ground bisected vertically into 
equal red and green areas. On one side the green 
dots were visible only on the black circles, and many 
were thus partly obscured. On the other side the 
dots were clearly visible on both the black circles and 
the intervening red ground. The dota were seen to 
move in a radial direction on both sides of the pattern, 
and the same movement persisted when either side 
of the pattern was viewed alone. Dot movement in 
a radial direction is normally seen when the stimulus 
pattern is of black and white concentric circles and ` 
the ciné dote are white. These resulta suggest that 
the unidirectionality of the movement seen with these 
patterns is independent of the presence of half-hidden 
dots. It would remain possible, however, that the 
intersection of dots by contours is necessary. 

A ciné film of white dots on a black background 
was therefore projected on to a ground-glass screen 
through a ‘filter’ which restricted the dote to a series 
of locations, as shown in Fig. 1. A pattern of twenty- 
three parallel, equally spaced, horizontal black stripes 
on a white ground was superimposed by means of a 
lightly silvered mirror. Thus on the left side the 
contours of the stripes intersected with the dota, 
while on the right they were excluded from them. 
The dots, however, were seen to move up and down 
on both sides of the pattern in the usual way, that is, 
regardless of whether or not they were intersected by 
contours. In the absence of the whole, or a part, of 
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Fig. 1. 


Relationship of the ‘filtered’ dots to a sample of the 
superimposed stripe pattern. Not to scale 


the superimposed stripe pattern movement appeared 
random in the corresponding part of the display of 
dots. Thus it is clear that neither the presence of 
half-hidden dots nor the intersection of dots by 
contours is necessary for the illusion of movement at 
right-angles to the contours of a repetitive line pattern. 

An alternative hypothesis may now be considered. 
When a ciné film of the type described by Wilson? is 
projected on to a plain ground the dots appear to be 
in random motion. This is an example of the phi- 
phenomenon, motion being seen between dots in 
adjacent positiona on successive frames of the film. 
A dot on one frame may be followed on the next by 
two dots equally far from the position of the first, 
but in different directions. The first dot may appear 
to move to the position of either of the other dots 
equally often, or to both simultaneously. Such 
alternatives in the direction of apparent movement 
are being presented repeatedly throughout the whole 
field of dots. 

It seemed possible that a superimposed line pattern 
might organize the overall movement of the dots, 
by influencing these alternatives wherever they 
occurred. If it could be shown that phi-movement 


was more readily seen in a direction at right-angles - 


to the contours, then this would provide an alterna- 
tive explanation of the way in which a line pattern 
influences the direction of motion of the randomly 
moving dots on a ciné film or television screan. 

A display was therefore devised in which apparent 
movement in two directions was possible. Three 
circular neon lamps were arranged at the corners of & 
right-angled isosceles triangle. The upper two lamps 
were separated from the lower lamp by one of three 
different distances, as in Fig. 2. The upper two lamps 
were illuminated together, followed after an interval 
of darkness by the lower lamp. The duration of 
Ulumination of each lamp was equal to the interval 
of darkness. The interval between cycles was five 
times as long as that between the illumination of the 
upper and the lower lamps. Movement was usually 
seen to occur simultaneously from the upper lamps 
to the lower lamp. Different observers took part in 
each of five different experiments under the conditions 
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shown in Table 1. For each subject the durations 
were adjusted until apparent movement was optimal, 
and these durations were then held constant through- 
out the observations made by him. The three dis- 
tances between the upper two lamps and the lower 
lamp were presented in random order for each subject. 

The stripe pattern was superimposed on the lamp 
display with two different orientations in balanced 
order. One orientation was as illustrated in Fig. 2 
(stripes from upper left to lower right), and the other 
was at right-anglea to this (from upper right to lower 
left). Thus one of the two equal sides of the triangle of 
lamps always lay across the stripes, while the other lay 
along a black stripe. The observer fixated a point 
2° below the lower lamp, and after 5 sec. viewing . 
of the stripe pattern alone the lamps were flashed in 
sequence for ten cycles. The observer was then asked 
to state down which side of the triangle he had seen 
movement, or, if on both sides, which movement was 
the more striking. 

The results shown in Table 1 indicate that the two 
conditions of orientation of the pattern give rise, 
with the binocular viewing in experiment I, to signifi- 
cant differences in the direction of apparent move- 
ment. The effect is about twice as great as in the 
monocular experiments 2 and 3, in which, however, 
it is still significant. The single line in experiment 4 
has no significant effect, while experiment 5 shows 
that six lines have no leas effect than forty. 

Thus the resulte of experiment 1 confirm the sug- 
gestion that where apparent movement may be seen 
in one of two alternative directions, it is more readily 
geen across the contours of a regularly repeated pat- 
tern than in a direction parallel to the contours. Un- 
expectedly, movement down the side at right-angles 
to the stripes was sometimes accompanied by an 
apparent movement of the lamp at the top of the 
other side of the triangle, out across the stripes in 
the same direction as, and parallel to, the first 
movement. This was reported on 10 per cent of the 
1,032 exposures in experiments 1 and 5, rarely in the 


Table 1 
ata orlentation Significance 
———— BE B-A of B-A 
Era hie rds Boore = +241 Pa <0 005 
Pattern has pes ~ — 7 +150 m=O 
ight eye only used. Boore= Score= +91 PH<0-025 
tern has 40 stripes —4 8 *48 1* 10 
Haat: eye views pattern aslo Score = +18 4 Pe=<0 005 
of 40 stripes. 63 471 
Left eye views lamps. n=10 
4 
Binocular viewing. Becore = Score == —-06 PeNS 
Pattern has one stripe +17 +11 
only. 127 
Exp. ð. Pattern orientation Significance 
C. E D. g O-D of C-D 
Binocular viewing Score= Score= 00 P=>N.S. 
Pattern has 40 st stripes in — 49 — 4.9 
C, and 6 in 1214 


— seen predominantly on the ihe scored +1. Movement 
predominantly on the left scored Movement seen equally 
rian vad left, or no movement seon, scored 0. Soore given is the mean 
ebrale sam of the eighteen observations made by each 
observations In exp. tee In column B-A a pos ositive score 
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Soore B-A tn 


exp. 
PpO 05. Both probabilities Mann-Whitney U 
test with one tal 

Pattern luminance 7:6 ft. L on the black, 81 3 ft. 1. on the white 


2 does not significantly differ from that in exp. 8 
calculated using thse 





— Relationship of the neon lamps (represented by white 


) to the su 


rimposed stripe pattern. One — was always 
at position 4, w i 


e the other two lamps were st positions 1 and 7, 
2 and 6, or Z and & 


monocular experiments 2 and 3, and never in the 
absence of stripes or when the pattern was of one 
stripe only. This ilusion may well play a large 
part m the movement seen across contours with the 
projected ciné dots. Movement down the side of the 
triangle parallel to the stripes was never accompanied 
by an apparent movement of the third lamp in a 
parallel direction. 

The effect of stripe orientation on the direction of 
apparent movement produced when the pattern is 
viewed monocularly is approximately one-half as 
great as that resulting from binocular viewing. This 
parallels my observers’ frequent comments that 
movement of the cmé dota 1s more striking when 
looked at with both eyes than with one eye’. It also 
parallels J. P. Wilson’s’ observation that comple- 
mentary activity seen as an after image lasts approxim- 
ately twice as long if it follows binocular rather than 
monocular stimulation. 

Experiments 2 and 3 show that the effect of the 
pattern on the direction of apparent movement is 
almost the same when the movement is seen with one 
eye while the pattern is seen with the other, as when 
both lights and pattern are seen with the same eye. 
MacKay? reported that ‘limited transfer’ occurs if 
one eye views & radial line pattern, and the other 
random dots on a television screen. Although not 
comparable quantitatively, both these results show 
that a pattern seen with one eye can influence the 
direction of apparent movement seen with the other. 

The results of experiments 4 and 6 show that the 
minimum number of stripes required in a pattern for 
it to influence the direction in which apparent move- 
ment is seen is a value intermediate between one and 
seven. No observations have been reported of the 
minimum number of stripes required to create an 
illusion of movement of ciné dots across the stripes. 
However, J. P. Wilson’ did find that most subjects 
required between four and ten lines in the stimulus 
pattern before a complementary after image was 
seen. These results suggest that a similar mechanism 
may underlie complementary activity whether seen 
as an after image or in ‘visual noise’. 


NATURE 


March 10, ]962 vor 193 

The observation already mentioned, that a single 
flashing lamp may appear to move across the lines 
of a repetitive pattern, suggested a new way of demon- 
strating complementary movement. Instead of a 
single lamp, a stroboscopically illuminated display 
of randémly distributed dots was projected about 
twice per second on to patterns of radial lines or 
concentric circles. The impression created was that 
the dots were in circular and radial motion respec- 
tively. If the same dots were projected on to a plain 
field, no clear movement was seen. If the plain 
field was replaced by one of irregular lines, then the 
motion once more became obvious, but irregular in 
in direction. 

This situation has some resemblances to that 
reported. by MacKay’, in which a self-luminous object 
appeared to be ahead of a stroboscopically lighted 
background when the two were in fact moved to- 
gether. In the present experiment movement of the 
images on the retina is provided not by objective 
movement of the lamp and background but by eye 
movements. Every time the eyes change their 
direction of movement the stroboscopically lighted 
dots would be expected to move relative to the 
ateadily lighted background. When the fleld of dots 
is projected on to an i ar line pattern this 
produces an illusion of movement which is not random 
in direction, but is probably related to the direction 
of eye movements. This movement may then be 
directionally influenced in the same way as the phi- 
phenomenon when the irregular pattern is replaced 
by one of regularly repeated lines. 

As & proposal to bring these observations together 
the following may be suggested. A ly spaced 
pattern of lines sets up some kind of activity—called 
“co-operative oscillation’ by MacKay!—in the visual 
system at several levels, one of which is probably 
central to the optic chiasma. The intensity of this 
activity depends on factors in the stimulus pattern 
and is doubled if the pattern is seen with both eyes 
rather than one eye. The activity spreads to affect 
the systems subserving both eyes. This activity 
will of itself be unseen, but it will modify all further 
information passing this level, from whichever eye 
this information comes. The exact form of the com- 
plementary image which the observer sees will there- 
fore depend on the nature of the information from 
his eyes which is being distorted. 

Thus the direction of movement of ciné dots or of 
other kinds of illusory movement may be altered, the 
presence of complementary activity being indicated 
by the appearance of phi-movement in a comple- 
mentary direction. I have also noted that phosphenes 
produced by prolonged pressure on one eye may be 
similarly organized into a static complementary 
pattern when the other eye views repetitive lines. 
One might speculate that the complementary activity 
seen as an after image with the eyes closed is the 
result of distortion of the pattern of random spon- 
taneous activity in the visual system. Some prelimin- 
ary observations suggest that this sort of distortion 
may also affect the visibility of lines exposed for 
very brief durations, the visibility depending on 
their orientation relative to a previously seen line 
pattern. 

The support of the Medical Research Council in 
thia work is gratefully acknowledged. 

1 Mackay, D. M., Nature, 180, 849, 1145 (1057). 

t Mackay, D. M., Nature, 181, 862 (1958). 

* Wilson, J. P., Ph.D. Thess, Univ. of London (1960). 
1 MacKay, D. M., Nature, 192, 789 (1961). 

*AlacKay, D, M, Nature, 181, 507 (1058). 
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LETTERS TO 


GEOPHYSICS 


Effects of Nuclear Explosions on the 
lonosphere 


Dusmwma October 30, 1961, some unusual pheno- 
mena occurred in the F’-layer of the ionosphere over 
Lindau/Harz which may be ascribed to the explosion 
of the 50-megaton TNT nuclear bomb at 08 h. 33 m. 
33 s. V.T. over Novaya Zemlya. Between the $-hr. 
observations at 10 h. 00 m. and 10 h. 30 m. v.t. the 
critical frequency of the #'2-layer increased by 3:7 
Mc./s. This corresponds to an increase of the maxi- 
mum electron density of more than 100 per cent. 
Afterwards the critical frequency dropped in an 
oscillatory manner showing up four maxima at 
intervals of approximately 14 hr. each (Fig. 1). The 
ionograms during the period (Fig. 2), particularly at 
il h. 30 m. and 12 h. 30 m., exhibit very unusual 
features which cannot be explained by merely vertical 
reflexions. The critical frequency is so poorly defined 
on several of the ionograms that respective values 
have been amitted and replaced by the conventional 
letter S on the plot. ; 

Unfortunately, the precise time of the onset of the 
disturbance cannot be determined since the ionograms 
are taken at $-hourly intervals only. From the fact 
that the critical frequency was still normal at 10 h. 
00 m., and unusually high at 10 h. 30 m. there results 
a velocity of the ‘agent’ of 460<v.<610 m/sec. 
That may be ascribed to a sound wave travelling at a 
higher velocity than in the troposphere due to the 
higher temperature in the ionospbere. It might be 
mentioned that even on the record at 10 h. 00 m. a 
distinct F1 stratification shows up which is very 
unusual during magnetically quiet days in October. 
As a matter of fact Kp waa O, Oa 2-, 3- for the 
four 3-hourly intervals on October 30, 00-12 h. 
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On the following day a minor disturbance occurred 
in the #'2-layer between 16 h. 00 m. and 17 h. 30 m. 
which looks ike the overhead transition of an inhomo- 
geneity. It ıs tempting to ascribe this disturbance 
either to the transition of the sound wave encircling 
the Earth the other way round or to the second 
transition of the sound wave after a full round-the- 
world trip. The resulting velocity would be 330 and 
380 m./sec. respectively. There is, however, only 
one effect in the F2-layer in contrast to the expecta- 
tion that both waves might occur with comparable 
amplitude and produce similar effects. A comparison 
with the observations of other stations at different 
distances will yield probably conclusive resulta. 

A. significant increase of the critical frequency of the 
F2-layer was also observed after the explosion of a 
smaller nuclear bomb over Novaya Zemlya on 
October 23, 1961. Unfortunately only hourly iono- 
grams are available during the most interesting time 
between 10 and 12h. v.r. Thus the beginning of the 
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disturbance cannot be fixed better than + 30 min. 
Similar to the event of October 30, the critical fre- 
quency of the /2-layer increased by 3-7 Mc./s between 
10 h. 00 m. and 11 h. 00 m. (Fig. 3). After a sharp 
drop a second maximum occurred 1% hr. later. 
Generally the disturbance was less pronounced than 
that of October 30, and the ionograms did not show 
any peculiarities besides the large increase of the F2 
critical frequency. 
WALTER DIEMINGER 
Harry Kont 
Max-Planck-Institut fur Aeronomie, 
Institut fur Jonospharen-Physik, 
Lindau/Harz, Germany. 


Nuclear Explosions and the Gravity- 
Time Curve 


Aw Askania gravimeter (GS.11) of the type using a 
static helical spring without astatization and damped 
aperiodically, having a period of 1-5 sec. and a sensi- 
tivity of about 10 cm./milligal., has been used at 
Hyderabad (lat. 17° 26’; long. 78° 27) to record the 
variation of the value of gravity for a major part of a 
year with the view of studying Earth tides. The 
recording system is an optical one where a moving- 
coil galvanometer, the period of which is 17 seo., has 
been used, and the response of the gravimeter 
pendulum to the disturbances in the crustal regions of 
the Earth is magnified nearly 400,000 times, which is 
much more than that ordinarily achieved by seismo- 
meters. Our observation station has the advantage 
of being situated about 400 km. away from the coast 
on either side, which to a large extent eliminates the 
offect of Ocean Tides. In principle, a gravimeter is 
an extremely sensitive seismograph and hence, in 
addition to measuring the tidal force, ıt also acte as a 
monitor for earthquakes or asimilar seismic disturb- 
ances. 

On February 26, 1961, at about 23 hr. 50 min. 
(1.8.7.) the gravity-time record (Fig. 1) showed a 
disturbance, and this was confirmed by the seiamic 
records (east-west and north-south components 
using a Milne-Shaw type seismograph) obtained at a 
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neighbouring observatory. A characteristic feature 
of this disturbance is that it attains a high amplitude 
and dies down gradually within a period of about 3 hr., 
presumably due to large attenuation of energy in the 
crustal regions. It may be added here that this was 
due to an earthquake, with its epicentre off the coast 
of Kyushu and one of the most powerful among those 
reported during the year. 

In the months of September and October, the 
normal run of the gravity-time curve showed several 
interesting disturbances of a different kind. These 
disturbances are of longer duration and exhibit 
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constant and continued high amplitudes. In some 


cases, the record showed a disturbance lasting for 
more than 24 hr. and the amplitude was sometimes 
so great that the spot went out of the field. Some of 
the prominent ones during those months corresponded 
approximately to the nuclear explosions carried out 
by the Soviet Union at Novaya Zemlya, in the Arctic 
region. Fig. 2 shows a typical record of the disturb- 
ance caused on the gravity-time record at the time 
of the nuclear explosion of October 25. The disturb- 
ance continued for a period of more than 9 hr. The 
exact mechanism of the propagation of the waves is 
not clear, but it is probable that it is very distinct and 
different from the corresponding phenomenon caused 
by an earthquake. The prolonged high amplitude 
can be attributed to the fact that the shock waves 
generated by explosions in mid-air take a much 
longer time to be damped than the usual earthquake 
waves generated in the crust itself. A large number 
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of disturbances of the type described here, presumably 
due to mid-air nuclear explosions, have been observed. 

We suggest that the gravimeter will prove & very 
useful instrument for the detection and identification 
of atmospheric tests. Further work in this direction 
18 m progress and will be reported elsewhere. 

We aro grateful to Prof. §. Bhagavantam for many 
helpful discussions in regard to this work. 

8. BALAKRISHNA 
a P. V. JOHNSON 

Geology Department, 

Osmania University, 
Hyderabad. 


GEOCHEMISTRY 


Electrical — Mi of Fayalite 
and Spine 


À KNOWLEDGE of the electrical conductivity of tho 
‘arth at various depths is of importance in many 
aspects of geomagnetism. It has been suggested! 
that the core of the Earth acts as a self-exciting 
dynamo, with electromagnetic coupling between the 
mantle and the core. This coupling depends on the 
electrical conductivity of the mantle, and some 
indication of the value of the latter is given by the 
analysis of the diurnal and secular variations in the 
geomagnetic field and the sporadic variations arising 
from magnetic storms. The calculations of Lahir 
and Price*, which are based on the induction of Earth 
currents by currents in the ionosphere, indicate that 
the electrical conductivity of the upper part of the 
mantle increases considerably with depth. 

As part of a study on the ortho-silicates in olivine 
(Fe,8iO, + Mg,SiO,) we have measured the electrical 
conductivity of pure fayalite, Fe,SiO,, at a range of 
pressure and temperature. Hughes? studied peridote 
at 1,333-1,613° K. and at 1,000-8,500 kgm. cm.~’, 
and found that the conductivity o was given by 
c = 0, exp(-H/kT), where op = 4 x 105 ohm 
em.-!, and E = 2-7 eV. at zero pressure, and also 
found a decrease in conductivity with increasing 
pressure such that dlnc/ap~ 4 x 10* bart. It is 
probable that in this range of temperature the con- 
ductivity isionic. However, this type of conductivity 
will be greatly decreased at high pressures owing to 
decrease in ionic mobilities, and it is probable that 
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these measurements do not apply to the conditions 
in the Earth’s mantle, except for depths less than a 
few hundred kilometres. 

We prepared the pure fayalite using a Tuttle’ cold- 
seal bomb from pure ferrous oxalate FeC,0,.2H,0 
and anhydrous silica mixed in the theoretical propor- 
tions and sealed in a gold capsule, and heated at 800° 
C. for 24 hr. at 1,000 bars, or at 700°—800° C. for 4—6 hr. 
at 2,000 bars. The product, a white or greyish 
powder, was characterized optically and by means of 
X-ray powder diffraction. 

The electrical conductivity of a small disk com- 
pressed to 35,000 bars at 27°-680° ©. was determined 
by means of an apparatus similar to that used by 
Griggs and Kennedy'*, modified by suitable insulation 
to allow for electrical measurements. Runs were 
made at constant pressure and varying temperature, 
and measurements of conductivity o were found to 
fit the equation o = g, exp(— H/kT), as is seen in 
Fig. 1 in which log, is plotted against 1/7 for 23 
k.bars; for an intrinsic semi-conductor the energy 
gap is 2H. The values of E and c, decreased with 
increasing pressure, as is seen in Fig. 2 and Fig. 3. 
It is probable that the conductivity arises from elec- 
tron transfer Fe*+ > Fe*+ + e. In the mantle addi- 
tional conductivity would arise from other ions such 
as Mn*+ capable of electron transfer. Solid solution 
of fayalite in forsterite (Mg,8i0,) would be expected 
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to reduce the conductivity to less than that of the 
former. We hope to study these effects further. 

In addition, we have converted fayalite to a spinel 
by means of the Griggs—Kennedy apparatus, by the 
use of a pressure of 35,000 bars at 510°~-520° C. for 
3hr. A trace of water was present to act as a ‘mineral- 
izer’. ‘The X-ray powder-diffraction pattern 
with that found by Ringwood’. The electrical con- 
ductivity of the spinel at 35,000 bars over a range of 
temperature 27°-343° C. was found to be much greater 
than that of fayalite at the same pressure. This 
difference is presumably related to the ease with 
which iron atoms of different valency can be accom- 
modated in the spinel structure. 

Pressures were checked by means of the bismuth 
transformation I—II, by the use of bismuth wire we 
have drawn by the Taylor process’. We have found 
that these Taylor wires are particularly suitable for 
pressure calibration. 

These preliminary studies indicate a mechanism by 
which high conductivities may be reached in the 
mantle. It is hoped to extend this work to the study 
of solid solutions of fayalite and forsterite and to the 
further study of spinel structures. 

A more detailed account of this work will be 
prepared for publication elsewhere. Our thanks are 
due to the Department of Scientific and Industrial 
Research for financial support of this work, and one 
of us (A. K. J.) wishes to thank the Ministry of Educa- 
tion of the Republic of Iraq for financial support. 

R. 8. Brapiey 

A. K. Jama 

D. C. Monro 
School of Chemistry, í 

University of Leeds. 
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‘Condon Parabolæ’ in Molecular Spectra 

In his original paper on the quantitative explana- 
tion of the Franck-Condon principle, Condon? 
predicted the expected locus of strong bands on the 
v’, v” plane by classical mechanics and the corre- 
spondence principle. For simple harmonic oscillator 
potentials he predicted a quadratic relationship be- 
tween v’ and v” which can be compared with the 
position of observed strong bands on the Deslandres 
diagram. The well-known primary Condon ‘para- 
bolæ’ which often pass through (0,0) and are roughly 
symmetric about v’ = v” were thus confirmed. 

Using quantum mechanics in a second paper’, the 
influence of the overlap integral of the two vibrational 
wave functions on the band intensity was established. 
The circumstances in which these ideas were developed 
has been also reviewed by Condon’. 


= (20 + 6")? 


g= (os + ae” + 2h Atar”*)* (Wo 4+ apg” IIR — aye” [ (w? 
16 we” (we? + os”)? (ws! 
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Further investigation of the geometry in the v’, v” 
plane of the loci of intense bands using modern con- 
cepts of molecular spectroscopy and quantum mech- 
anics does not appear to have been made. The exist- 
ence of subsidiary co-axial ‘parabole’ has been 
demonstrated experimentally‘, as well as theoretically’ 
in extensive arrays of calculated Franck—Condon 
factors. From the observed location of these “parab- 
ole’ (which are not always completely symmetrical 
about v’ = v”) general rules of thumb have been 
proposed* for the influence of Ars = re’ — re” on 
the position of the vertex, its displacement from the 
origin (v = v” = 0), and tbe width of the parabole. 

It is therefore the purpose of this communication 
briefly to discuss a simple derivation of the Franck- 
Condon locus which is based on our knowledge of 
molecular potentials and their vibrational energy- 
levels. This problem is not only of academic interest 
but also has practical applications in the identification 
and location of new strong bands which lie on the 
locus. 

Perhaps the simplest statement of Franck—Condon 
principle is fi, = fi, "fia are the two turning- 
points of the oscillator for the vibrational level v of 
the family G(v) of vibrational levels for the potential 
U(r) (that is, O(r,,,.) = G(v)). The principle implies 
that the transition is most likely to occur between 
levels for which there is little or no change in the 
respective most probable internuclear separations 
(which are the oscillator turning points). 

In the case of the simple harmonic oscillator model 
of the potential: 
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U(r) = 2rpewe? (r — re)! = koe? (r — fe)? 
and 
G(v) = we (v + 1/2) 
Thus: 
foe = t V+ re 
where 


=s (v 4 1/2)/kwe 


Applying to principle ri, = fj”: 

(V — VP — 2A (V + V”) + At = 0 (1) 
where 

A = te’ — re” 


In V’, V” plane equation (1) is the parabola 
yi = da(a — c) about V’ = YV” as xv axis. The dis- 
placement o of the vertex down this axis from the 
origin and the focal distance a in this case are both 
equal to A*/24/2. 

In the v’,v” plane the curve is a skewed and dis- 
placed parabola: 


(y — a)? = 4a(@ — B) (2) 


where the x axis is inclined to the v” axis by an angle 
the tangent of which is w.’/w,”. 


kA? (co's)? 
(as? F wet)? 


and the displaced vertex is at: 


The focal distance a = 


(wre? — we?) — weds” (eo! + we") (1 + 2hA* we’ — we") 


~~ Oa?) - we'we” (0s + we") (1 + 2h A? 
ce)? RA? 
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Thus, the general parabolic form of the locus when 
simple harmonic potentials are assumed is confirmed, 
but the strong implication in spectroscopic literature 
that the parabole have a major axis v’ = v” is clearly 
shown not to be the case unless the w,.’s are very 
close together. This occurs for a number of band 
systems and possibly has led to the common assump- 
tion that Condon parabole are symmetrical about 
vw =v". Equation (2) has been compared with the 
disposition of the locus of actual strong bands from 
a number of band systems, and also the primary 
locus in calculated Franck—Condon factor arrays. The 
comparison is good in spite of the assumption of the 
simple harmonic oscillator potential. 

The same method has been used with the assump- 
tion of Morse potentials and the primary locus in 
this case is an open double-limbed curve which 1s not 
parabolic but quartic. This calculation will be dis- 
cussed elsewhere. 

Finally, in so far as the existence of the subsidiary 
‘parabolx’ are concerned, it has also been pointed 
out elsewhere’ that the primary and subsidiary 
parabole pass through those vsv” values for which 
the largest contribution to each overlap integral 
arises from a strong overlap in r between. one antinode 
of each of the wave functions dy’, Yo. The wave 
functions (r) have v + 1 antinodes of which the 
general one is r;(°) and the i'th subsidiary parabola 
is then given by the conditions: 
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p0) — 
MW 42-1 T l 
(v) _ (r) 
ri = 


When += 1 the results of this somewhat more 
rigorous approach correlate very well with the simple 
calculations discussed here. 

This work has been supported in part by research 
grants from the National Research Council of Canada, 
the Ontario Research Foundation and the Air Force 
Office of Scientific Research and, in part, by con- 
tracta with the Air Force Cambridge Research Centre, 
the Office of Naval Research and the Department 
of Defence Production of Canada. 
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Beryllium-7 and Fission Products in 
Surface Air 


THs existence of berylium-7, produced naturally 
by cosmic-ray interactions with atmospheric con- 
stituents, was first reported in rain-water by Arnold 
and Al-Saliht. During 1954 measurements on the 
concentration of this nuclide in surface air were made 
in Canada by Cruikshank ef al.*, using radiochemical 
procedures. At two of their sampling sites these 
authors observed a seasonal variation in the concen- 
tration of beryllium-7 which they ascribed to varia- 
tions in precipitation. In 1960 we published compara- 
tive measurements on the beryllium-7 and fission 
product-levels in surface air which included pro- 
visional resulte suggestive of a related seasonal varia- 
tion in the beryllium-7 and fission product concen- 
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trations’. This communication presents the resulte of 
our measurements on beryllium-7 during the period 
January 1960~September 1961 and on cerium-144 and 
cesium-137 during the period January 1960-Septem- 
ber 1961. The latter results form a continuation of 
work previously reported*-5, 

As previously described* surface air has been 
sampled at our laboratory site at Sutton, Surrey 
(51° N., 0°), using an electrostatic precipitator. The 
dust collected has been studied using a low back- 
ground y-ray scintillation spectrometer; the activities 
of the naturally produced berylhum-7 and the fission 
products cerium-144 and cesium-137 have been 
estimated from the areas under the 0-478 MeV., 
0-133 MeV. and 0-662 MeV. photopeaks respectively. 
Our spectra also give evidence for the presence of the 
fission products rhodium-106 and antimony-125, but 
at much lower concentrations. The presence of 210- 
day rhodium-102, reported as having been produced 
as & tracer in certain nuclear tests during 1958*, 
might be expected to confuse the measurement by 
y-apectrometry of beryllium-7 since rhodium-]02 
emits y-radiation of similar energy’. However, decay 
measurements indicate that during the period January 
1960—June 1961 less than 20 per cent of the counts 
in the 0:-478-MeV. photopeak were due to a longer-lived 
component. Though the limit cannot be set as low 
for later samples due to the relatively long half-life of 
beryllium-7 (53 days), no signs of the presence of 
rhodium-102 have yet been observed. A radio- 
chemical separation for rhodium was carried out by 
Mr. J. O. Crookall of this Department on the 
sample collected during July 8-21, 1960; no activity 
was detected. Our results would therefore suggest 
that in terms of activity the rhodium-102, if present, 
is leas than 5 per cent of the beryllium-7 activity 
at time of sampling. In the measurements reported. 
here no allowance has been made for any rhodium- 
102 contribution. 

Fig. 1 shows our results for beryllium-7, and Table 1 
gives the results of the fission-product measurementa. 
The values are corrected for decay to the mid- 
collection period. It has been assumed that our 
collection efficiency is the same for beryllium-7 as it 
is for fission products. Although we have been 
unable to sample continuously during this period, a 
seasonal fluctuation in concentration ig apparent for 
all these nuclides during both years. Since there is 
no such regular fluctuation in the rainfall it would 
appear probable that the gross variations in both the 
fission product and beryllium-7 concentrations are 
due to the influx of stratospheric air into the tropo- 
sphere during the spring. 

It is interesting to compare our values with those 
recently reported by Gustafson eè al.* for samples 
collected at the Argonne National Laboratory (42° 
N., 88° W.). The seasonal variation observed by 
theso authors is less prominent than that observed 
by us. Thus if the minima in the concentrations in 


Tablo 1. OCONCHENTRATIONS (OURIE x 10-1! PER KGM, AIR) OF FISSION 
PRODUCTS IW BURFAOR AIR 


Mean — of Pertod of oe 
collestio (days Ceasium-137 Cenum-144 

7/1 P 14 10 18 
19/1/61 15 1-5 2-3 
16/2/61 13 2°6 8-8 
17/4/61 10 8-4 18-4 
4/6/61 12 75 08 
16/5/61 16 78 114 
7/6/61 26 6-0 9-4 
80/6/61 17 76 8 2 
18/8/61 3-8 49 
3/8/61 2 1-4 2-4 
6/9/61 4 | 14 26 
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Fig. 1. Beryllum-7 concentration in surface air 


surface air which occur during the winter are regard- 
ed as a measure of the amount of continuous transfer 
of stratospheric debris to the troposphere, Gustafson 
reports that only 40 per cent of the total removal of 
cesium-137 is via the spring break for the period 
autumn 1959 io autumn 1960. The corresponding 
figure for our site is about 70 per cent, and this 
applies not only to the periods 1959-60 and 1960-61 
but also to both beryllium- 7 and cæsium-137. It is 
clear that transfer vie the spring break is more impor- 
tant at a latitude of 60° N. than it is at a latitude of 
42° N. It may be noted that Cruikshank et al.? only 
observed a marked seasonal variation in beryllium-7 
levels for the more northerly of their sampling stations. 

Our results show little evidence for consistently 
higher concentrations of beryllium-7 during the 
summer than during the winter, such as was reported 
by Gustafson ef al.*, Again this is presumably a 
latitude effect, since the variation in height of the 
tropopause during summer and winter is greater at 
40° N. than it is at 50° N. 
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Up to September 1961 the certum-144/cmsium-137 
ratios for our samples varied in accordance with a 
mean time of origin of April-May 1958, in agreement 
with our 1960 results’. It has not been possible to 
continue the measurements on beryllium-7 beyond 
September 1961 due to the influx of short-lived 
nuclides resulting from the recent nuclear tests. 

The above measurements are in good agreement 
with those made by the United Kingdom Atomic 
Energy Authority (D. H: Pierson, personal com- 
munication). 

I wish to record my thanks to the members of this 
Department from whom I have received help in the 
course of this work. I am especially indebted to 
Prof. W. YV. Mayneord for his constant encourage- 
ment and for many helpful discussions. 
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The Lorentz Parameter in Magnetic 
Fields in Dilute Silver-Manganese Alloys 
at Helium Temperatures 


IN a recent attempt! to separate the lattice and 
the electronic components of the thermal conduct- 
ivity of polycrystalline rods of dilute silver-manganese 
alloys at liquid helium temperatures, the method of 
Gruneisen—De Haas? was used. The measured thermal 
conductivities jg] in magnetic fields (including 
H = 0), at a temperature T, were plotted against 
ofa] T (where the o[q]’s were the corresponding elec- 
trical conductivities at that temperature). If it 
can be assumed that the lattice thermal conduct- 
ivity (A,) and the electronic Lorentz parameter (Le) 
are unaffected by magnetic fields, the following rela- 
tion should hoid: 

Aa = Deo, T + 2, 

The isotherms were indeed found to be approximate 
straight lines, from which it appeared that Le is not 
significantly affected by magnetic fields. This method 
of analysis simultaneously brought out the result that 
(except probably at temperatures less than about 
1° K.) ZL, in these alloys in zero field, violatéd the 
law of Wiedmann—Franz—Lorentz in that: (1) it had 
a value less than the normal ‘Sommerfeld’ value L,; 
(2) it was not constant with respect to temperature, 
even in the liquid helium region. 

An explanation was offered? for the violation of 
the law of Wiedmann—Franz—Lorentz in these alloys 
at helium temperatures, in terms of the transition 
to ferro-/antiferro-magnetism and the consequent 
possibility of inelastic scattering of the conduction 
electrons by the magnetic ions having closely spaced 
energy-levels. It appears to me that the explanation 
for the insignificant influence of H on Le should be 
determined likewise in terms of the transition of these 
alloys to ferro-/antiferro-magnetism. The measure- 
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ments of the magnetization and the electrical magneto- 
resistance of dilute copper—-manganese alloys by 
Schmitt and Jacobs‘, and the phenomenon of hystere- 
sis exhibited in these, suggest that ferromagnetic inter- 
action might be dominant in small domains while 
the domains are themselves coupled antiferro- 
magnetically®*. 

The theory of Sondheimer and Wilson’ on the 
magneto-resistance effect in metals assumes, for the 
sake of mathematical tractability, that the conduction 
electrons occupy two overlapping bands, each having 
spherical symmetry. The conductivity due to each 
band, under the influence of a transverse magnetic 
field, is then calculated. If Zyo) is less than Lz 
(which is the case with the alloys that I used), it is 
shown that Linj/Lio] should increase with H, reach 
a maximum and. then decrease asymptotically td 
unity; so that, for fields as large as 25 k.gauss and 
more L. may not exhibit a marked variation with 
H (see Fig. 13 of ref. 8). 

Below the temperature of magnetic transition of 
the alloys that I used, L, seems to have, more or leas, 
the same value in zero external magnetic field as 
in large external fields. It is as if the conduction 
electrons encounter a large effective magnetic field 
(of the order of 25 k.gauss or more) even in a zero 
external field. Two instances, which also point 
to such a behaviour, in ferro-/antiferro-magnetic 
material, are indicated here. 

First, it is well known that the galvano-magnatic 
and thermomagnetice effects in ferromagnetic material 
‘can be separated into two components, one due to 
the magnetization and the other due to the mag- 
netizing force. The former is always present owing 
to the spontaneous magnetization, even in a zero 
external field (see, for example, refs. 9 and 10). 

It has been shown by Pugh, Rostoker and 
Schindler!', from their measurements on nickel, that 
the component of the Hall effect, proportional to 
the magnetization (the so-called ‘extraordinary’ com- 
ponent), is indicative of an effective Lorentz magnetic 
field-force of H + 4raM acting on the conduction 
electrons during their passage through the magnetic 
domains. Here, H is the magnetizing field, æ the 
‘field’ parameter and M the magnetization. They 
obtain very large values for a, which they interpret 
as being due to strong correlation between the posi- 
tions of the conduction electrons and the locations 
of very high magnetic fields identified with the 
d-band ‘magnetic holes’. 

In the case of the dilute silver-manganese alloys 
that I used, if we associate the internal field H: with 
the exchange interaction of the electrons with the 
manganese ions!* and if, following Schmitt, we con- 
sider the spin degeneracy of the ground-state of the 
latter to be removed by this field, we can write 
AH ~ uH: (where AF is the energy separation of 
the levels into which the ground-state of the man- 
ganese ion in these alloys is split, and u the magnetic 
moment of the manganese ion in these alloys). We 
may take u=5 Bohr magnetons, the value obtained 
experimentally also by Scheil ez al.14. My estimates" 
give AZ/k ~ 10, 11 and 14° K. for my alloys, in 
order of increasing manganese content (k being the 
Boltzmann constant), so that, correspondingly, 
H; ~ 80, 33 and 42 k.gauss. 

Secondly, De Nobel and Du Chatenier™ have tried 
to explain the large anomalies in the specific 
heat of silver-manganese alloys at low temperatures, 
in terms of the Schottky effect. Their data seam to 
require a large energy separation between the split 
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levels of the ese ground-state and hence a ~ 
large internal field of the order of 25 k.gauss. ` 
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Electromagnetic Shock Tube capable 
of producing a Well-formed Shock 
Wave of Low Attenuation 


WHILm present electromagnetic shook tubes!-? will 
generate very strong shock waves frequently and in a 
simple manner, many designs suffer from pronounced 
attenuation of the shock wave together with the 
formation of secondary shock waves. 

In most cases the shock tube driver effectively 
injects a slug of gas (volume at room temperature 
~(D = diam. shock tube)*) along the shock tube. 
The electromagnetic force which accelerates this slug 
ceases after the slug has moved a distance ~ D from 
the driver. If both the slug and the shock compressed 
gas are assumed to be at the same uniform pressure, 
then if momentum is conserved it can be seen that 
when the slug has moved a few tube diameters along 
the tube then it will have swept up several times its 
own mass of gas and will have slowed to a small 
fraction of its initial velocity 

In practice, retardation of the shock can only be 
accomplished by a rarefaction which propagates 
forwards from the rear of the driver slug. Thus for a 
time ts (dependent on the speed of sound in the slug 
and also its length) homogeneity of the shock-heated 
gas will be preserv 

With both these models it can be shown simply that 
use of a denser fluid for the driver slug will reduce the 
attenuation of the shock wave. 

The increased mass of the driver slug will also 
reduce the effect of secondary shock waves caused by 
the ejection from the driver section of vaporized wall 
material. 

Such an electromagnetic shock tube with a high- 
density driver has been constructed (Fig. 1). The 
driver section contains nitrogen at a pressure of 
several atmospheres; this section is separated from 
the main tube (for evacuation purposes) by a thin 
diaphragm in the manner adopted in conventional 
shock tubes. 

A low-inductence driver section injects the driver 
slug through a ‘Mylar’ diaphragm (10 * in. thick) into 
the partially evacuated shock tube. The shock tube 
is 2 in. in diameter and the driver section is powered 
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by a 10,000 joule. 20-kV. condenser bank, which 
generates a maximum peak current of ~ 10° amp. 
The initiating spark gap switch is integral with the 
driver section. Photomultipher measurements show 
that shock speeds in argon of 10'~10* cm./sec. are 
obtained by operating the condenser bank at the 
appropriate voltage (220 kV.). At a working 
pressure of 1 mm., the observed diminution in shock 
velocity of ~ 10 per cent at I m. from the driver 
is twice that predicted by the simple uniform pressure 
model discussed above. There is no sign of a second- 
ary shock wave. 

The sbock wave is accurately reproducible in time, 
jitter in the time-interval between electrical triggering 
of the condenser bank and the arrival of the conse- 
quent shock wave at a point — 1 m. from the driver 
being + 6 usec., hence the shock tube is eminently 
suitable for use with equipment such as a rotating 
mirror streak camera which requires a high degree of 

chronization. 

This shock tube possesses most of the advantages of 
the electromagnetic shock tube (low stored energy, 
fast operation, simple construction, high synchron- 
ization) but sacrifices some shock strength in the 
interests of producing a simple shock wave of low 
attenuation. Presumably greater shock speeds could 
be obtained by using a more powerful condenser bank. 
However, the property of low attenuation is an 
important one as it enables experiments to be carried 
out on the shock-heated plasma in a régime remote 
from the driver discharge both in position and time. 
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Long-range Transmission of Atmospheric 
Disturbances 


Tzs Research Institute of National Defence in 
Sweden operates a microbarograph at 59° 20’ N. and 
18° 6’ E. in Stockholm. The instrument is a modifica- 
tion of the Shida type!" with four pressure intakes 
within a radius of 25 m. The main characteristics 
include: a minimum discernible pressure variation 
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of 0-5 ubar, a sensitivity relative middle frequencies 
of 3 db. at 0:01 and 0-5 c./sec., and a stability of 
better than 5 ubar/24 hr. 

The recordings made on October 23, 24, 30 and 
31, 1961, show disturbances of special interest when 
the pressure variations emanating from cold fronte, 
thunderstorms and low-pressure regions have been 
accounted for. 

On October 23 a damped sinusoidal disturbance 
started at 10.36 hr. a.m.t. (Fig. 1). The maximum 
amplitude is estimated to be about 500 ubar peak 
to peak. On October 30 at 10.38 hr. G.m.T. a similar 
disturbance occurred (Fig. 2). The amplitude was 
estimated from an ordinary barograph recording 
(Liljequist, G., personal communication) to be about 
1,600 ubar peak to peak. The pressure variations 
shown in Figs. 3 and 4 began on October 31 at 
17.62 hr. a.m.t. and 23.20 hr. G. M. P., respectively. 

According to M. Bath (personal communication), 
seismic disturbances originating from rather large 
nuclear explosions were actuated in the Novaya 
Zemlya region, 2,160 km. from Stockholm, at 08.32 
hr. @.m.T. on October 23 and 08.34 hr. G. M. T. on 
October 30. 

It seams to us that it is likely that the pressure 
disturbances in Stockholm on October 23 and 30 
were generated by these large explosions and that 
the two disturbances on October 31 originated from 
the explosion of October 30. They can be explained 
as passages of reflexion at the antipode of Novaya 


Toe 

AUREEES 
=ASREES ER REREEE ED 
SERBS" ADEE ERA EERE REE 
seRGeG? REESEEASE SKE EEE 
s 

7 

2 


JERN JENNEN ENAN 
a ua 


me EE er 
BRRRBEA IRIE RRARASRE RE 
SRELREE LURES 
SERRRERP SEREEERRRE 


WA M EN Ei 


i 
PA 
ad 


a 
2828S SS 


- 


IAIIIICCCC. 
= 
i EET 
PETE ETE TFET IT FE 


BALERS HK 


pif ei nt i tins Bit 
2 PeieixG-iitijtitii~ci ttt 3 


TeeHELE 
BREERGEE 

PTT Tro 
PT 
PTI Toa 


I 








SEN BIBER: | 
iat Lit HM CET a A j 
fij bek gd R i 
DAMI (aoe aL AS a li 
i ES : 
i i n 
i EE L 
ER Wi 
Oo 
2e ee 3770 67 
-1 4700 Hr knh r 
do Wale Tol ee MOHD ps Fe 
rali — A, Apt 
IME RAL T a EE — 
| a H 
O JRO BOO KYO IAEA AIO OGO KSO 1900 
4 oR ease shee ee 3//06/ l- 
, x) Act tet peop a 
matt ows LA A PUA ths LNA Als Lk 
Ht tattoo ba ET 
Tr PT TE i 
i | E Er RUA 
3 O PPOO OOO OORO 


Figs. 1-4. Alr pressure variations recorded at Stockholm 


no.4sia March 10, 1962 


I 
ose na YEA igh — $ 


yS 


— — — 





Fig. 6. Schematic diagram of air disturbance transmitted around 
the Barth. 0, Detonation; 1, first arrivals 2, second arrival; 
i arrive 


Zemlya and at Novaya Zemlya again, as shown 
schematically in Fig. 5. The passage of an eventual 
third reflexion was masked by violent local tur- 
bulence. It was found, on later inspection, that the 
disturbance of October 23 returned similarly on 
October 24 at 17.45 hr. G. M. P. 
Around the Earth propagated air disturbances 
were recorded after the Krakatoa eruption in 1883 °, 
but not after the Siberian meteor fall in 1908 4. 
R. ARASKOG 
U. Ericsson 
H. WAGNER 

Research Institute of National Defence, 

Stockholm 80. 

1 Namokawa, T., Mem. Coll. Ses. Kyoto Imp. Unto., A, 19, 287 (1986). 

2 Wagner, H. (in preparation). 

2Perntner, J. M., Meteorol. Z., 24, 829 (1889). 

s Astapowitch, J. S., Quart. J. Roy, Afeteorol. Boc., 60, 493 (1934). 


CHEMISTRY 


Infra-Red Spectrum of the Spinels NinSiO,, 
Ni GeO; and their Solid Solutions 


Onn of us (A. E. R.)! has recently succeeded in 
synthesizing the spinel form of Ni,810, and of the 
solid solutions Ni,(Si,Ge)O,. An infra-red examina- 
tion of these new phases has been carried out, as it is 
expected to throw some light on the interpretation of 
the infra-red spectra of the spinel germanates. 

A schematic representation of the observed infra- 
red patterns is given in Fig. 1. The spectra of Ni,Si0, 
and Ni,GeO, spinels are characterized by their great 
simplicity (3 strong bands only in the spectral range 
1,000—-280 em.-4), which may be contrasted with the 
complex spectrum given by the olivine form of 
Ni,SiO,. This increase in complexity is related to both 
the lower symmetry of the olivine structure, and a 
fairly large deformation of the SiO, tetrahedra’. 
This particular problem will not be discussed here. 

Now, so far as the assignment of the spectra is 
concerned, the experimental results may be treated in 
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two different ways?: the rigorous one is to consider 
the possible vibrational modes of the whole unit cell 
and to deduce from the symmetry properties which of 
the vibrations are infra-red active: Waldron‘ has 
carried out such a treatment in the case of spinel 
ferrites and found that 4 fundamental modes only are 
infra-red active. It is possible, however, to consider “ 
separately the vibrations of the different co-ordinated 
groups present in the structure (SiO, tetrahedra, 
NiO, octahedra, eto.); such a treatment is only an 
approximate one and should be used with caution, 
but its reliability has been verified by one of the 
authors in a number of cases?. Despite its approximate 
character, this method may be very useful because of 
its ability to give information about the co-ordination 
around & given jon. 

The successive spectra of the solid solutions 
Ni,(8i,<Gez)O, are characterized by the following 
changes when x is varying from 0 to 1 (the prominent 
features only will be discussed here): 

(1) A decrease of intensity and a small downward 
shift of the band centred near 820 cm.~'; this band 
eventually disappears in pure N1,GeQ,. 

(2) The appearance and increase of intensity of a 
band centred near 700 cm.-}. 

(3) The bands centred near 510 and 470 cm.-} 
exhibit a similar, but not so clear-cut, behaviour; the 
former band disappears abruptly for 0-40 < æ 
< 0-60, while the appearance of the latter is masked 
by the existence of a low-intensity band in this region, 
even in Ni,SiO, (this weak band may well be due to 
either Ni,SiO, itself, or to an accompanying impurity, 
namely, NiO or Ni-tale). 

(4) The band lying in the low-frequency region 
(400-300 cm.~!) does not suffer any important change 
in intensity, bat it is smoothly shifted towards low 
frequencies when œ increases; this shift is a quite 
regular one, as illustrated by Fig. 2. 

Now, the following reasoning seems to be rather 
attractive®: the bands which are disappearing when 2 
increases should be assigned to co-ordinated groups 
around silicon; the bands the intensity of which 
increases should be assigned to co-ordinated groups 
around germanium; and the low-frequency band, the 
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Fig. 1. Block diagram of the successive infra-red spectra in the 
saries Ni,(81,-xGex)O, 
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Fig. 2. Position of the low-frequency band versus composition 
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intensity of which remains nearly unchanged, should 
be assigned to co-ordinated groups which are main- 
tained throughout the whole series, namely, co- 
ordinated groups around nickel. The precise nature of 
these co-ordinated groups depends on the normal or 
the inverse nature of the spinels, and we shall first 
discuss the spectrum of Ni,Si0O, in this respect. 

The high-frequency band 825 cm.-! may be assigned 
to the antisymmetric stretching frequency of either 
SiO, tetrahedra (normal spinel), or SiO, octahedra 
(inverse spinel). The antisymmetric stretching 
frequency of SiO, tetrahedra in orthosilicates has been 
reported to lie in the 1,000-850 cm.~! range (ref. 5); the 
assignment of the 825 om.-! band to iO, tetrahedra 
is thus fairly reasonable. This is consistent with the 
fact that the occurrence of SiO, octahedra has never 
been proved in silicates; on the other hand, a com- 
parison of the available characteristic frequencies for 
XO, (tetrahedral) and XO, (octahedral) groups? 
allows a rough estimation of the absorption range 
which may be expected for SiO, octahedra: this turns 
out to be 700-600 om.-?. 

Ni,SiO, is thus a normal spinel, and the three 
strong bands may be assigned as follows: 825 cm.-', 
asymmetric stretching frequency of SiO, tetrahedra ; 
516 com., asymmetric bending frequency of SiO, 
tetrahedra; 380 om.-!, asymmetric stretching fre- 
quency of NiO, octahedra. 

The same reasoning may be applied to Ni,GeQ, and 
will not be repeated; we just need to mention that the 
antisymmetric stretching frequency of GeO, tetra- 
hedra has been observed in the 830-670 om.-! range 
in a large series of orthogermanates (Tarte, P., to be 
published): the 689 cm.-! band of Ni,GeO, may thus 
be considered as good evidence for the occurrence of 
GeO, tetrahedra, and Ni,GeQ, is a normal spinel, a 
conclusion in accordance with the X-ray data of 
Durif-Varambon’ and Romeijn’. 

The spectral changes in the whole series 
Ni,(8i,-2Gez)O, when v increases from 0 to 1 are now 
readily understood. The progressive replacement of 
the 825 by the 690 om.-? band is related to the 
replacement of SiO, by GeO, tetrahedra; the same is 
true for the bands 516 and 470 om.-!; we have 
already noticed that the changes are not so regular for 
this pair of bands: this may be explained by the 
fact that these bands are related, not to a pure 
bending mode of SiO, or GeO, tetrahedra, but to a 
composite motion where this bending mode is some- 
what mixed up with a motion of the lattice as a 
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whole. Finally, the low-frequency band may be 
assigned to a motion which can be roughly described 
as a stretching frequency of the NiO, octahedra with, 
however, a more-or-less important contribution of 
the whole lattice motion. The regular shift of this 
band towards the low frequencies when the german- 
ium content increases is readily explained by the 
expansion of the lattice. 
P. Tarte 


Department of General Chemistry, 
University of Liége. 
A. E. RNoOwoop 


Department of Geophysics, 
Australian National University, 
Canberra. 
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Stabilization of Keratin Structure by 
Incorporated Water 


Watt and Kennett! have shown that the equilibrium 
weight of wool fibres dried tn vacuo (W,) is a function 
of their sorption history. The variation of W, was 
shown to be due to water incorporated in the keratin 
structure. The lowest value of W, is obtained by 
drying fibres which have been saturated with water 
or water vapour, while maximum values for W, are 
obtained by leaving the fibres at intermediate relative 
humidities prior to desorption. Increases in W, 
occur over a period of weeks and may amount to 
3-5 per cent. 

The presence of incorporated water modifies the 
state of the keratin and produces the following 
physical effects listed: (1) The incorporated water 
makes no contribution to the electrical conduc- 
tivity of wool fibres ın vacuo. Normally, absorbed 
water greatly increases the conductivity*. (2) The 
rate of uptake of water by wool fibres containing 
incorporated water, following a step change of 
humidity from dry to more than 80 per cent relative 
humidity, is less than for fibres with no incorporated 
water. The reduction of the rate of uptake is greater 
if the fibres are under a constant stress. (3) The 
mechanical longitudinal rigidity of the wool fibres 
containing incorporated water is mereased?. Norm- 
ally, the presence of water decreases the rigidity of 
wool fibres*. (4) The rate of drying tn vacuo at leas 
than 80° C. is not affected by the presence of incor- 
porated water. Very little of the incorporated water 
could be removed by raising the temperature. For 
example, Watt and Kennett! found that for fibres 
containing 0-9 per cent of incorporated water less 
than 0-05 per cent was removed at 140°C. Above 
this temperature keratin decomposes. 

The fact that the incorporated water does not 
contribute to the measured conductivity implies that 
it is strongly bound to the structure and does not 
supply protons for conduction. Algie, Downes and 
Mackay* have proposed that keratin is a protonic 
semiconductor. The increased mechanical longitu- 
dinal rigidity and reduced rate of water uptake 

that new cross-links have been introduced 
into the fibres since these properties depend on the 
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ease of disruption of intermolecular bonds within the 
fibres. An increase in cross-linking due to inoor- 
porated water has been proposed concurrently® to 
account for an increased longitudinal stress (measured 
after 15-min. stress relaxation). 

Watt, Kennett and James* have shown that the 
energy of desorption of water from wool reached 
16-8 keal./mole. It follows then that the incorporated 
water which is as strongly bound as some of the 
keratin itself requires a higher energy than 16-8 keal./ 
mole for removal from the keratin structure. It is 
unlikely that such high energies of water attachment 
are to be achieved in keratin by co-operative hydro- 
gen bonding of the type proposed by Huggins’ to 

account for the stability of proteins. 

’ We propose that the high binding-energy is pro- 
duced by the formation of extra cross-links which 
enable the growth of keratin-water crystallites, that 
is, the incorporated water is strongly bound and acts 
as a lattice stabilizer. It is possible that the keratin- 
water crystallites may be difficult to detect by X-ray 
methods. They would be small and not necessarily 
well ordered with respect to each other since keratin 
itself is not highly crystalline as indicated by its 
diffase X-ray diagram. The concept of changes in 
crystallinity and lattice stabilization by incorporated 
water is most closely approximated by that described 
by Barrer*. He proposed that, in minerals, water can 
be incorporated into the structure as ‘water of 
mineralization’ which stabilizes the crystal lattice. 

An increase of crystallinity in polymers?’ leads to 
modifications in sorption behaviour similar to those 
observed in keratin. This implies that in keratin 
also there are changes of crystallinity. If the in- 
corporated water were merely trapped within the 
keratin structure by steric hindrance it is unlikely 
that changes in the sorption behaviour would be 
observed. - 

A theory similar to the ‘iceberg’ theory of protein 
complexing in solution proposed by Klotz and 
Luborsky?*, in which water in an ice-like state forms 
inter-protein bonding, could not apply. If the water 
incorporated in keratin were in an ice-like state it 
would be expected to produce an increase in con- 
ductivity. 

In regard to the electrical conduction of protein/ 
water systems several theories have been put forward 
recently. Murphy! has proposed that conduction is 
due to the dissociation of impurity ions. Taylor! 
has stressed the importance of the dielectric constant 
of the protein/water mixture in controlling the dis- 
sociation. Eley and Spivey™ have proposed that, 
in proteins, conduction in the dry state is electronic, 
while, near saturation, protonic semiconduction 
occurs. Algie etal. have proposed that conduction 
is protonic for dry keratin and for keratin containing 
water. 

All the above theories neglect the possibility that 
some water may be present which has no effect on 
the conductivity. We heve stated that incorporated 
water makes no contribution to conductivity and 
that it is strongly bound. From an examination of 
conductance as a function of water content it is 
seen that the increase in conductance is related to the 
increase in mobile water as defined by Cassie45. It is 
apparent that only the mobile water acts as a donor 
of protons. 

Protonic conduction in dry keratin probably 
occurs in a fashion similar to that proposed by Baker 
and Yager!" for polyamides, that is, the peptide 
group is ionized and protons are transferred along 
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the «-helices via hydrogen bonds. Since the ‘incor- 
porated’ water does not contribute to the conduct- 
ivity we may reasonably conclude that this water is 
not attached to the peptide groups. 

The evidence provided by conductivity measure- 
ments together with the modifications to the physical 
behaviour of the keratin~water system produced by 
incorporated water have led us to conclude that this 
water is Incorporated in keratin—-water crystallites. 


J. E. ALGE 
I. C. Warr ~ 
Commonwealth Scientific and : 
Industrial Research Organization, 
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Estimation of Aliphatic Nitro Compounds 


ALTHOUGH & number of methods for estimating 
aliphatic nitro compounds have been desoribed, all 
have various shortcomings. They are either in- 
sensitive!, non-specific’, require special equipment?-4, - 
or are rather complicated to carry out®*. No one 
seems to have based an analytical procedure on the 
observation that primary aliphatic nitro compounds 
when bydrolysed by sulphuric acid yield hydroxyl- 
amine’. This is a very specific reaction. To my know- 
ledge, the only other compounds which yield hydroxyl- 
amine on acid bydrolysis are oximes. Hydroxylamine 
can be determined readily by oxidizing it with iodine 
to form nitrous acid’, which in turn is determined 
colorimetrically by diazotizing sulphanilic acid and- 
coupling with a-naphthylamine®. I developed a pro- 
cedure based on these reactions for analysing culture 
filtrates of mutants of Streptomyces venezuelae in an 
investigation of the biosynthesis of the antibiotic, 
chloramphenicol’. The procedure has proved to be 
specific, sensitive and easy to perform. 

A determination is carried out as follows. The 
sample (1 ml.) is pipetted into a test tube with a 
mark at the 10 ml.-level. To the sample ] ml. of 
sulphanilic acid solution (0-5 gm. in 35 per cent 
acetic acid) and 1 ml. 6 N sulphuric acid are added 
and the tube is placed in a boiling water bath for 
15 min. In this step any nitrite present in the culture 
filtrate is removed by the sulphanilic acid and the 
nitrocompound is converted to hydroxylamine. On 
cooling, 1:8 ml. acetate buffer (35 gm. sodium acetate 
in 100 ml. distilled water) is added and, after 
this is followed by 0-4 ml. iodine solution (1-3 gm. 
iodine in 100-ml. glacial acetic acid). The tube is 
shaken and allowed to stand for 4 min. to oxidize 
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Optical density (at 550 my) 





. 10 80 50 70 100 
Nitroethane (as «gm. nitro nitrogen) 
Fig. 1 


the hydroxylamine to nitrous acid. 1 ml. arsenite 
solution (2 gm. sodium arsenite in 100 ml. distilled 
water) is added to remove the excess iodine. Finally, 
l-ml. naphthylamine solution (0-2 gm. «-naphthyl- 
amine hydrochloride in 100 ml. 35 per cent acetio 
acid) is added, the volume made up to the ]0-ml. 
mark on the tube, and the contents thoroughly mixed. 
20 min. are allowed for development of the magenta 
colour, formed by coupling of the «-naphthylamine 
to the sulphanilic acid which has been diazotized 
by the nitrous acid. The intensity of the colour 
formed is determined by measuring the optical 
density in a colorimeter at 550 muy. 

A standard curve for redistilled nitroethane is given 
in Fig. 1. Other primary aliphatic nitro compounds 
which were tested (I-nitropropane, 4-chloro-8, 2-di- 
nitrostyrene, and ethyl B-carbethoxy-8-nitrovalerate) 
reacted, all at a concentration of 5 pgm. or less of nitro 
nitrogen per ml. An interesting findmg was that 
secondary aliphatic nitro compounds (diethyl y- 
nitropimelate, 1-phenyl-2-nitropropane, and ethyl 
B-hydroxy-y-nitrocaproate) also reacted at this con- 
centration. The mechanism by which they do so 
was not established. According to Grebber and 
Kerabinos* secondary aliphatic nitro compounds 
form nitrous acid on acid hydrolysis, so that these 
compounds, unlike the primary ones, should give a 
colour reaction without the addition of iodine. This 
would be an elegant way of distinguishing between 
them. However, neither the primary nor the second- 
ary aliphatic nitro compounds gave a colour reaction 
when the oxidation step with iodine was omitted. 

Tertiary aliphatic nitro compounds (2-nitro-2- 
methyl-l-propanol and _ ¢rts-(B-carboxyethy]l)-nitro- 
methane) and aromatic nitro compounds (chlor- 
amphenicol, nitrobenzaldehyde, p-nitrophenylacetic 
acid, p-nitrophenylserinol and dinitrophenol) did not 
react. Determinations were not significantly affected 
by culture medium in which S. venezuelae had been 
grown. The analytical procedure described can there- 
fore be applied to screen mutants of this actinomycete 
for the production of primary and secondary aliphatic 
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nitro compounds, even in the presence of chlor- 
amphenicol. 

Rarra B. L. GWATEIN 
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: — ae as? and Treon, J. F., Indust. Eng. Chem., Anal. Ra.,12, 


* Grebber, K., and Karabinos, J. V., J. Hos. Nat. Bur. Stand., 49, 
188 (1952). 


* Kruse, J. M., Anal. Chem., 31, 1854 (1959). 
t Kemula, W., Sybilska, D., and Geisler, J., Chem. Anal. (Warsaw), L, 
144 (1958). 


: Jones, p R,, and Riddick, J. A., Anal. Chem., 28, 1187 (1956). 


* Suzuki, S., Muramoto, ¥., Ueno, "ML, and, Sugano, T., Bull. Chem. 
Soo. —— 30, 776 (1957). 


ering, E. F., An Outkne of Orꝗonie Nitrogen Compounds (Univ. 
ithoprinters, Ypsilanti, Michigan, 1045), i 


Blom, J., Biochem. Z., 194, 385 (1928), 


* Bnell, F, D., and Snell, O. T., Colorimetric Methods of Analysts (D. 
van Nostrand Co., New York, 1040). 


1° Gwatkin, R. B., pe Gottlieb, D., J. Bact., 71, 828 (1956). 


Phthalimidomethy! Group for the 
Reversible Protection of the Carboxylic 
Function - 


ONLY a few types of esters are known which can 
be converted under mild and specific conditions to 
their corresponding acids?-*. I have observed that 
carboxylic acids are readily obtained from their 
phthalimidomethylesters (1): 


Q 


o b 
6 
on treatment with dry hydrogen chloride in dry 
dioxane or ethylacetate for 16 hr., with dry hydrogen 
bromide in acetic acid for 10-15 min. or with 
hydrazine hydrate in ethanol at room temperature 
for 3 hr. 

The key substance for the synthesis of (I) is 
N-chloromethylphthalimide, which is easily obtained 
in a two-stage reaction, startmg from phthalimide. 
According to Pucher and Johnson”, phthalimide is 
converted to phthalimidomethanol. After treating 
the phthalimidomethanol with thionylchloride until 
dissolved, the N-chloromethylphthalimide is obtained 
after evaporation of the excess thionylchloride. After 
crystallization from toluene, the product possessed 
a meltmg point of 132°. When kept dry it is stable 
indefinitely. 

The phthalimidomethylesters are prepared accord- 
ing to the method of Schwyzer et al.. One mole of 
acid (N-substituted amino-acid or peptide) is dis- 
solved in dry ethyl acetate, and after the addition 
of 1 mole of triethylamine and 1 mole of N-chloro- 
methylphthalimide, the mixture is left at 37° over- 
night. Thereafter, the mixture is refluxed for 15- 
30 min. The solution is then freed from insoluble 
triethylamine hydrochloride by filtration, and after 
evaporation of the ethyl acetate the phthalimido- 
methylesters are obtamed. 

In this way I prepared the phthalimidomethylesters 
of: acetic acid, benzoic acid, carbobenzoxy-glycine, 
carbobenzoxy-DiL-alanine, carbobenzoxy-L-phenyl- 
alanine, di-carbobenzoxy-L-tyrosine, carbobenzoxy-L- 
glutamic acid; carbobenzoxy-1-leucyl]-L-leucine, 
carbobenzoxy-glycyl-L-phenylalanine and phthaloy!- 
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glycylglycine in crystalline form in yields of 70-80 
per cent of the theory. 

_ The phthalimidomethylesters of carbobenzoxy-L- 
leucine, carbobenzoxy-L-proline and carbobenzoxy- 
8-benzyl-L-aspartic acid have been obtained as oils. 

Since the phthalimidomethylesters were resistant 
to catalytic hydrogenation, I obtained, after reductive 
decarbobenzoxylation, the phthalimidomethylesters 
of the afore-mentioned amino-acids, in the form of 
their crystalline p-toluenesulphonates in yields of 
80-90 per cent (theoretical). 

No racemization was observed durmg the syn- 
thesis of the phthalimidomethylesters of the above- 
mentioned carbobenzoxy amino-acids and peptides. 

p GQ. H. L. Nerrens 

Department of Biochemistry, 
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Analysis of Commercially Available Fatty 
Acids 


Tam introduction of polyethylene glycol adipate as a 
stationary phase in gas/liquid chromatography has 
made possible the separation and identification of the 
long-chain fatty acids present in such materials as 
montan wax. This method has also proved useful in 
assessing the purity of commercially available fatty 
acids required for work with Langmuir monolayers. 
The acids were esterified with methanol and sulphuric 
acid, The esters were recrystallized from methanol, 
and were analysed chromatographically, using an 
18-in. column (10 per cent polyethylene glycol + 1 per 
cent phosphoric acid on ‘Celite’) at a temperature of 
210° C., with a hydrogen-nitrogen gas mixture 
(75 : 26) flowing at 25 ml./min. A flame-ionization 
detector was used. Results of the analysis of a number 
of commercially available acids are summarized in 
Table 1. 


Several of these acids are sufficiently pure for 
monolayer work. Higher homologues of adequate 
purity can be readily obtained by an anodio synthesis 
with the monomethyl ester of a dibasic acid and 
stearic or behenic acid. 

D. W. TANNER 
P. J. Krprine 


Warren Spring Laboratory, 
Stevenage, Herts. 


i Honni P E., Kipping, P. J., and Jeffery, P. G., Nature, 168, 65 


t Ralston, A. W., Fatty Acids and iheir Derivatives (J. Wiley, New 
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Fractionation of Peat Bitumen by 
Anion-Exchange Chromatography 


A BENZENH/ETHANOL (65 : 35) Soxhlet extract of 
air-dried high-moor peat (bitumen) has been separated 
into fractions by means of a column of the strongly 
basic anion-exchange resin ‘De-Acidite FF’ in the 
acetate form. The resin was converted from the 
chloride form in the manner described by Logie’. 
The effluent was collected in 2:5 gm. fractions and 
optical density measurements at 285 my were 
employed for the detection of the eluted fractions. 

A cold methanol extract of the solid bitumen from 
the Soxhlet extraction was ‘added to the ‘anion- 
exchange column (4 x 1 om.) and allowed to pass into 
the resin giving a dark brown band at the surface. The 
column was then eluted with methanol until the 
optical density of the effluent had fallen to the low 
values characteristic of the eluant. Elution was then 
continued, first with 25 per cent v/v glacial acetic 
acid in methanol, and then with glacial acetic acid 
only, until the optical density had, in both cases, fallen 
to the low values characteristic of the bitumen-free 
effluent. When the optical density readings of the 
effluent were high (>1) a distinct yellowish-brown 
coloration could be seen visually. This yellow to 
brown coloration is general for solutions of peat 
bitumen in organic solvents. 

Prolonged elution with each of the solvents did not 
clear the passage of the dark brown band down the 
column, although the band probably released the 
eluted fractions. Another experiment in which a 
large volume of methanol extract of the bitumen was 
added to the column resulted in an increase of the 
band-width with contmued addition of the extract. 
This was probably due to the expenditure of the ion- , 
exchange capacity higher up the column. 

It was also observed that elution of the column 
containing the methanol extract of bitumen with 1 
per cent diethylamine in ethanol, prior to elution with 
the above solvents, did not release any material 
absorbing at 285 my. 


Table 1, ANALYSIS OF THA METHYL KSTERS OF COMAIEROIALLY AVAILABLE Farry AIDS 


Melting polnt (° ree Weight (per cant) of methyl ester of the acid with carbon number 
No. Found (ref. 2) 18 18 20 21 22 28 24 26 28 30 
Aold supplier A : 
Stearic, 99 per cent 18 67 68 · 26 947 2°0 0:7 
°  Arachidic, 20 70 85 0-8 42:4 10 6548 10 
Behenie, 90 per cent 22 68-70 79-05 70 14-0 - 77 7 18 
Lignoocerto 24 82 “15 2-8 07-4 
Cerotio 28 84-84 -D 7 28 972 
Acid supplier B : 
Steario, 99 per oent 18 60 -5—70 69 6 > 90 0 
Arachidio, syn 20 76 5-76 76 85 100 
Behentic 22 7 79-95 83 96°7 
CG 24 82-82 5 84-15 ‘Trace Trace Trace 5°90 Trace 008 83 
Oerotic, synth 26 87-7 100 
Montanic, puriss. synth 28 89 00-9 00 
Melssic, puriss. synth. 80 1 6 88-6 11-2 888 


976 


This step-wise elution of bitumen on an anion- 
exchange column in the acetate form is understood on 
the grounds that the weakly acidic bitumen is ionized 
to an appreciable extent in the high pH 1 per cent 
diethylamine in methanol solution, thus ensuring 
retention of the bitumen on the column. With 
decreasing pH of the eluant from methanol through 
25 per cent glacial acetic acid in methanol to glacial 
acetic acid, there is a decrease in the extent of ioniza- 
tion of the bitumen with its consequent release from 
the column in stages according to the pH of the 
eluting solvent. The fact that peat bitumens consist 
of a mixture of acids or acidic groups of differing 
strength is confirmed by the resulta of other experi- 
ments on humic material, for example, the electro- 
metric titration studies of van Dijk? on humic acids 
which differentiate between the less-weak acid 
carboxyl groups and the very weak acid (probably) 
phenolic hydroxy! groups. 

Further work is now in progress and the results 
will be published elsewhere together with details of 


the present experiments. J. D. R. THOMAS 


Department of Chemistry and Biology, 
Welsh College of Advanced Technology, 
Cathays Park, Cardiff. 
! Logie, D., Analyst, 82, 668 (1057). 
‘Van Dijk, H., Sei. Proc. Roy. Dublin Soe., A, 1 (4), 168 (1960). 


RADIATION CHEMISTRY 


Free Radical Formation and Oxygen 
Effect in Irradiated Polymethyl- 
methacrylate 

Wuen plastics, such as polymethylmethacrylate 
(‘Perspex’), are irradiated with large doses (of the 
order of 1 Mrad) of ionizing radiations, for example, 
X-rays or electrons, optical changes can be observed! 
and the appearance of electron spin resonance signals? 
indicates the formation of free radicals in the solid. 
In the case of ‘Perspex’ the diffusion of oxygen into 
the irradiated plastic causes changes in the optical 
absorption spectrum and information regarding the 
diffusion process may thus be obtained’. We have 
found, however, that in the case of ultra-violet- 
transmitting plasticizer free ‘Perspex’ (kindly pro- 
vided by Imperial Chemical Industries, Ltd.), when 
the well-known 4 + 5 line electron spin resonance 
spectrum’ due to the methylmethacrylate free 
radical was produced by large doses, subsequent 
exposure of the irradiated sample to an atmosphere 
of air or oxygen for periods up to 12 weeks at ~ 25°C. 
did not lead to a change in the electron spin resonance 
spectrum which would have corresponded to the 
formation of a peroxide radical. The 4 + 5 line 
spectrum persisted slightly weakened arid with the 
ratio of 4 to 6 line spectrum intensity modified. 

On the other hand, using a Varian 100-kc. modula- 
tion X-band electron spin resonance spectrometer at 
ita highest sensitivity, we were able to observe 
detectable signals at doses as low as ~ I krad of 
X-rays. One example obtained in a sample which 
was saturated with oxygen by diffusion prior to 
irradiation and then irradiated with ~ 45 krad of 
X-rays is shown in Fig. 1. It corresponds to that 
expected from a peroxide radical, O3 or BO,, show- 
ing anisotropy, but not HO,, which is expected to 
also show some doublet hyperfine splitting. 

No trace of the 4 + 6 line spectrum was observable 
in oxygen-saturated samples until doses higher than 
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Fig. 1. Electron spin resonance spectrum of oxygen-saturated 
‘Perspex’ wradiated with ~ 45 krads of X-rays at room tem- 
perature. Spectrum measured at 77° K, 


_ that used in obtaining Fig. 1 were used. With in- 


creasing dose the 4 + 65 line spectrum appeared 
superimposed on the peroxide spectrum, until at 
doses of the order of 1 Mrad the peroxide spectrum 
was swamped by the 4 + 5 line one. Lower doses 
were sufficient to reach the transition in air-saturated 
samples, and the lowest ones in evacuated samples. 

We conclude that when oxygen is present in the 
orgenic polymer during irradiation the peroxide 
radical is formed to the exclusion of the organic 
radical giving the 4 + 5 line spectrum. 
- The peroxide radical shows a g-value anisotropy 
with gy = 2-034 and g; = 2-010, the separation being 
38 gauss. 

We hope to publish full details of these and related? 
experiments in the near future. 


ALAN QARRINGTON 
Department of Theoretical Chemistry, 
GABRIEL Srey * 


Department of Radiotherapeuties, 
Cambridge. 
* Bir Simon Marks Fellow, on leave from the Hebrew University, 
Jerusalem, 
1 Day, M. J., and Stein, G., Nature, 168, 644 (1051). 
* Schneider, B. E., Day, M. J., and Stein, G., Nature, 168, 645 esate 
Ingram, D. J. E. Free Radtoals, 186, 201 (Bu rths, 1958). 
* Stein, G., Faraday Soc. Drec., 12, 227 (1952). Day, M. J., and Stein, 
G. (to be published). 
‘Ingram, D. J. E., Symons, M. O. R., and Townsend, Sf. G., Trans. 
Farad. Soe., 64, 409 (1958). Abraham, R. J.,/Melville, H. W.. 
Ovenall, D, W , and en, D. H., bid., 1188. 


* Swallow, A. J., Radiation Ohemisiry of Organic Compounds, 165 
(Pergamon Press, 1960). 
* Smaller, B, Symp. Pree Radicals, Uppsala, 1961 (in the press). 


Effect of p- or/and y-rays on Gas Dis- 
charge 


A OHLORINE-FILLED all-glass ozonizer (pm, = 120 
mm. mercury at 30°) under alternating-current {50 
cycles/sea.) excitation produced a new effect, hitherto 
unreported, when irradiated with 8- or/and y-rays. 
Under identical conditions of excitation and detection, 
B- or/and y-radiations of fixed activity increased the 
discharge current + (in darkness) at low applied 
potentials and as the applied potential is enhanced 
gradually this increase + A+ in i decreased and 
reversed sign to — At. While this phenomenon is 





r/and ‘y-emanation is- ‘increased, that + Ai 
reased gradually at constant applied potential V to 
ttain saturation at —— activities. Similar to the 
aversion of + Ai to — ‘Ad with applied potential, 
an activity inversion under constant V has been 
bserved while the ae ity is increased gradually 
. + At appeared to be 
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BIOCHEMISTRY 


_ Microspectrophotometry of. Hæmosiderin 
— Granules 


cs “Tan chief forms of storage iron in the himan body 
are. ferritin and hxemosiderin}. 
-o identifed by Laufberger (1937) as an unusual iron- 
Containing protein. Chemical analysis, electron 
microscopy, and immunochemical studies have shown 
that the ferritin moiety consists of a homogeneous 
and immunologically distinet protein matrix (apofer- 
-= ritin) with varying numbers of ferric hydroxide 
ia micelles interspersed in the interstices?. 
_ Hemosiderin is usually characterized by its histo- 
re logical properties. rather than. its physico-chemical! 
ones, and is defined as microscopically visible granules 
in tissue which give a positive Prussian blue stain‘. 
oe Recently, several investigators, after painstaking 
isolation and analysis of hemosiderin granules, have 
east serious doubt. on the view that hemosiderin 
= eonsists only of aggregated ferritin molecules in an 
altered physical state. Richter‘, using the electron 
_ microscope, has noted that “the iron hydroxides 
contained in hemosiderin can occur in physically 
different forms, that certain hemosiderin. ‘granules 
contain iron hydroxide micelles related to those of 
ferritin, though different in size and shape”. Other 



























a hemosiderin‘*, < Mucopolysaccharides, 
guanine and 2: deoxy -- ribose have also been 
dentified in isolated hæmosiderin®. 

In an attempt to circumvent the difficulties of 


sctrophotometric measurements were carried out 
dentified in situ hemosiderin granules in both 
ly frozen and. formalin-fixed, lipid-extracted 
sue. The microspectrophotometer used was that 
igned and described by Strother and Wolken’. The 
ed tissue (a) was a surgical specimen of a traumatic 
woma which contained numerous yellow-brown 
mosiderin granules. The fresh tissue (b) was from 
autopsied case of multiple myeloma. It was frozen 
_— 60° C. and sections were cut in a cryostat at 
20° C. These sections were mounted on glass slides 
th coverslips and the edges sealed with ‘Vaseline’. 
e hemosiderin granules were of nearly uniform 
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Fig. 1; Absorption spectra of hemosiderin granule $ 
Formalin-fix lipid-extracted,. . paraffin-embed: “tissue 5 iaa, 
average of six determinations. (b) O—— O, Freshly frozen tisane; TERE 
average — two determinations Sana 
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‘The granules. were viewed 
magnifications of 50x. and 150x. The absorptio: 
spectra were measured at 10-mp intervals from 400 m 
to 700 mu. : 
The spectra obtained are. illustrated i in Fig. 1: 
curves are typical of many determinations 
shows an average absorption spectrum of the hem 
siderin granules in fixed tissue cells. There are slig 
variations between this curve and each individual | 
determination, as might be anticipated, the averaj e 
tending to minimize extraneous peaks. Curve b is an 
average absorption spectrum of hemosiderin granules — 
in the freshly frozen tissue. There is good agreement — 
of the absorption peaks between that of the fixed 
tissue and freshly frozen tissue, with the exception 
that, peaks below 540. mu (curve b) are kee Ww 
defined. 
The absorption peaks for the hemösideria grano 
show similarities to those of protoporphyri 
Table 1 the absorption peaks for hemoside 
compared with those for protoporphyrin in var 
solvents, as listed by Lemberg and Legge’, 1 
represents a significant. portion. of the hemos 
spectrum. There is no explanation at pres 
absorption at 470-480 aw and at 660-680 ap 
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Band Protoporphyrin a $ Lanu -Fixed tissue 
qov. (0urve a) 

— 80. 
I 633 632 
Ya 604 605 
585 589 
It 576 560 
Tit 537 542 
iv 502 508 
— 470 
Soret 396 412 


Shoden and Sturgeon? have dissolved. 
in mercaptoacetic acid and obtained a s 
indicates that porphyrins are present. Th 
tion curve shows a peak at 410-415 my fi 
gradually sloping curve throughout the r 
Our results are in ace 
; magdeuring the abao rptic 
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spectra of granules in situ unaltered by the rigours of 
isolation and extraction. sharper and much better- 
defined absorption peaks were obtained. The failure 
of others to find porphyrins may be due to the 
extraction process or to the fact that the porphyrins 
may be loosely bound to the granule surface without 
strong chemical linkage. Chemical analysis of 
extracted hemosiderin granules indicates non-protein 
nitrogen to which the porphyrins may also be con- 
tributing. The presence of porphyrin absorption 
peaks in the hemosiderin granules supports the 
hypothesis that they are related to red blood cell 
degradation’. These results also suggest that micro- 
spectrophotometry is a useful tool for analysis of 
pigments in human tissue. 

This investigation was supported in part by the 
United States Public Health Service Institute of 
Neurological Diseases and Blindness (B-397 c7). 

C. L. WELLS 
J. J. WOLKEN 


Departments of Pathology, Presbyterian-University 
Hospital and Biophysical Research Laboratory, 
Eye and Ear Hospital, 
University of Pittsburgh School of Medicine, 
Pittsburgh, Pennsylvania. 
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Analyses of Samples of Ambergris 


In 1953, Dr. Robert Clarke while on board the 
whaling factory ship Southern Harvester found inside a 
sperm whale a boulder of ambergris weighing 926 lb.". 
Through the kindness of the owners, Messrs. Chr. 
Salvesen and Co., of Leith, six samples were taken 
from places in the boulder, the positions being marked 
on Figs. 1 and 2, which are reproduced by kind per- 
mission of Messrs. Salvesen. These samples were 
brought to the Laboratory of the Government 
Chemist by Dr. Robert Clarke, of the National 
Institute of Oceanography for examination for the 
main constituents, in the hope that the results would 
throw light on the mode of formation of ambergris. 

The samples were quite small, the largest weighing 
some 15 gm., and were coated with a white bloom, 
underneath which they showed the typical browns 
and yellows of medium-grade ambergris. Most 
contained minute fragments of cuttle fish beak, and 
all but one were of a hard waxy consistency, the other 
sample, No. 5, being friable. 

The method of analysis was based on the work of 
Hardwick and Laws’, and was essentially the direct 
quantitative application of their chromatographic 
method of examination of ambergris. The ether- 
insoluble phosphate, essentially the total inorganic 
phosphate, was determined by the method of Kitson 
and Mellon? on the wet-ashed residues after ether 
extraction. The ashes were obtained by low-tempera- 
ture ignition, below 500° C. 
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Fig. 1 





Fig, 2 


The analyses of the samples, as might be expected, 
show the inhomogeneity of the boulder, but are not 
sufficient in number to give a complete picture of the 
variation of composition with distance from the 
central axis or along the axis of the mass. Neverthe- 
less, some useful inferences can be drawn from 
consideration of the analytical data together with the 
photographs (Fig. 3). 

Ambreine and epicoprostanol are the two typifying 
substances of ambergris, and the figures for the 
amount of ambreine + epicoprostanol, as a percentage 
of the total ether-soluble matter, can be used to 
show variations in composition within the boulder. 
It seems likely that the mass is ‘richer’ in the middle, 


Wide Narrow 


18 





Fig. 3. Figures are (ambreine + epicoprostanol/ether-soluble x 
100) per cent. The diagram is not to scale, but the locations are 
as correct as possible, though no exact measurements are available 
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hysical typifying feature 
. re well shown in Figs. 1 
and 2. No satisfactory tk y of their formation has 
yet: been put forward, ‘but rom the first theory suc- 
essive depositions woul account for their presence, 
ind. for the second . theory, complicated. physico- 
themical changes akin to, diquid. crystallization would 
0 required. 

For comparison the contents of the only other large 
_» boulder of ambergris* known to have been analysed’ 
are given here. The analyses were made in the 
<o Government Laboratory by Mr. E. Q. Laws. Sample 
A came from the extreme outer layer. B from the 

core and C from the inner core. 














eee Table 1. RESULTS (AS PERCENTAGES BY WEIGHT) 

RARE as Sample No. RS eas | 2 8 4: $ 

ee cue Wide part Narrow end 

| thersolable . "087 96-3. 94-6 97-5 THB 94 
~ Ambreine “B98 23-4 21-3 253 26-5 18 


2 4 
oe Epleoprostanol gear + a 


a P,O, insoluble in ether 22 0-7 





















: 0:23 0-23 OL 28 0-7 
— (Am hreine + enleoprostanol x 100.579 3833 520 89-7 386 18-0 
Honea n Ether-soluble = 
oe Spectrographic examination of All samples contain magnesium 
the ash, and calcium, with small amounts 
of sodium, manganese, copper, 
iron and silicon; with trace 
amounts of zine, aluminium and 
nickel, 
Table 2 
Sample A B G 
 Ether-soluble s 10:5 975o- 985 
oo. Am breine 10 11. 28-0 
qut Epicoprostanol * O86 266. 11-4 
As 57-4 5-0 1-7 
Ambreine + epicoprostanol x 100 17-7 460 41-8 








Ether-soluble 


F ‘hough fewer results are obtainable, a picture similar to ‘that: for the 
arger boulder is shown, 
* Laws, E. Q. (private communication), 








A In the happy event of a boulder of ambergris of the 
me size being discovered in the future, if facilities 
sampling were available, the following scheme 
be advantageous: 

To take as many samples as possible (weighing 
gm. for analytical convenience). 


is of the boulder. 
(3) To take samples at known distances and direc- 
ions from the axis (noting the presence of striations, 


te.). 

(4) If possible to take specimens of the gut wall 
above, along and below the boulder for histological 
"examination. 

The examination of the samples taken thus would 
enable a truer picture of the structure of boulders of 
-ambergris to be obtained, and provide valuable 


` of ambergris. 
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_ protein under the conditions of assay. . 


_menadione as acceptor. The results are p 
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barbituric —— sats related” < Comp 
chondrial oxidations has been. mown 
of Quastel!3. Other authors? A . 
evidence that this drug, as well as othe 
acid derivatives, acts by inhibiting t 
reduced pyridine coenzymes by the electron transport > 
chain; its site of action has been localized at the. 
flavoprotein-level in the case of phosphorylating | ae 
particles'!; between the flavoprotein and the eyto- 
chromes in the case of a non-phosphorylating prep: 
ation of reduced diphosphopyridine nucleotide 
(DPNH)-cytochrome c reductase; ooo ees 
Recently two. diaphorases. which — Gately the 
oxidation of both DPNH and reduced eh ee 
pyridine nucleotide (TPNH) by a number of ele 
acceptors including vitamins K, and K, ha 
isolated from ox brain and purified’.14, The activit; 
of both enzymes with either DPNH or TPNH as 
substrate has been found to be inhibited in the 
standard assay conditions by amytalat concentrations 
similar to those effective with the particulate prepara- 
tions. The work which is reported here indicates 
that with both diaphorases the inhibition by amytali is 
competitive with respect to the substrate 
Diaphorase I, further purified by chromatography 
on a column of carboxymethyleellulose, had a specific 
activity of 400 moles: DPNH  oxidized/m 





















































Diaphorase II had a specific activity of 6 
DPNH _ oxidized/min./mgm. proteint. Th 
procedure was the same as previously ; 
with the exception that no albumin was add 
reaction medium. : 

Fig. 1 shows the — ‘of a. tal l 
with diaphorase I in which the rate of the re 
measured at increasing concentrations of 
presence and absence of amytal 5 x 10-* 


form of the double reciprocal ‘plot a 
Lineweaver and Burk'*.. It can be seen tl 
values obtained by extrapolation to in 
concentration are the same with and witho 
as would be expected for an inhibitio 
petitive type. Similar results have bee 
using 2,6-dichlorophenol indophen 
ferricyanide as electron acceptors ( 

Similar results have been obtained v 
II. As in the case of the first enzyme, at 
tion is competitive with DPNH. The same 
also obtained using TPNH as substrate. > : 

Working with a phosphorylating mitochondria 


pr eparation, Chance has shown that partal in uibit 
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rotein. p aen fractions? 
a aoaie mechanism of the — “des results of a ne ) 
iere could be expected to produce identical disturbing lipid and mucoid fractions with a com 
Mele pound, consisting of itaconic acid and polyphosphorie 
a acid. . oe 
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Clearing Tissue Homogenates __ ee 
THE separation, isolation and identification of the —— 


protein fractions in different tissues have recently __ 


been of ever-increasing interest, because of the possis: - 
bility of isolating biologically very active fractions, — — 
for example, serum protein fractions from placental = 
tissue! or fractions which influence the coagulation —— 
system*. — 
Contrary to the qualitative separation of the . 
tissue proteins, for example, that performed on 



























and isolation of the ‘protein fraction is difficult, 
because of the high content of lipoprotein- and 


procedures. 5 
Apart from the. rather expensive precipitation of : 







all-scale, quantitative estimatio 
only a few authors have beer 
y lipid and mucoid systems 
This communication gives: some. 
procedure for the removal of th 
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The polypho: ric acid. was obtained from ` 
30x; Switzerland. The itacon 
acid was commercial available: The human brains 
liver and placental ssue were obtained from differe 
hospitais in Copenhagen, Denmark. | a 
One part of itaconic acid (ITA) was mixed with 
parts of polyphosphoric acid... The mixture w 
heated slowly to 140-165° Celcius, at which temper 
ture the compound was kept for a few minu 
afterwards slowly cooled down by standing i 


air. After cooking. the. — was poured 
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Fig. 1. Aikalise pios —5 zones (1, 2, 3 a 4) in extracts of 
human n liver ——— elect autolysis an d (B) by n-butanol 
extraction, ect —— in tris-citrate buffer 


distinct cannot be completely excluded on the 
basis of data obtained with only one substrate. 
Morton’® introduced the use of n-butanol to free 
alkaline phosphatase from association with lipoid 
materia] in tissues. The activity in the $-lipoprotein 
region in the butanol extract (B) may represent 
extracted, but undissociated, phosphatase—lipoprotein 
complex. The relative absence of activity in this 
region in the autolysed preparation (A) may be due 
to more complete dissociation of any such complex by 
autolysis, to reduced extraction of it, or to instability 
of lipoprotein over the autolysis period. 

Variations in the pattern of tissue alkaline phos- 
phatase iso-enzymes resulting from the use of different 
methods of preparation are rtant when compar- 
ing such a pattern with the electrophoretic distribu- 
tion of the serum enzyme; for example, when 
attempting to decide which organ is contributing to a 
raised serum enzyme-level in disease. 

D. W. Moss 
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Postgraduate Medical School, 
London, W.12. 
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* Poulik, M. D., Nature, 180, 1477 (1957). 
* Albers, H., and Albers, E., Z. Physiol. Chem., Hoppe-Seyler's, 232, 
47, 165, 189 (1935). 
* Morton, R. K., Nature, 166, 1092 (1950). 
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Microsomal Cytochromes of the Adrenal 
Gland 


In a previous publication, we described the isolation 
of microsomal cytochrome b, from hog adrenal 
microsomes'. Recently, Spiro and Ball published a 
detailed report on the respiratory enzymes and cyto- 
chrome patterns of bovine adrenals in which cortex 
and medulla were dealt with separately**. These 
authors, however, found no evidence for the occur- 
rence of cytochrome b, in bovine adrenal glands. In 
order to elucidate this discrepancy, it was desirable 
to gather further information on adrenal cytochromes. 
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Mitochondria and microsomes were obtained by 
centrifugation of the respective adrenal tissue homo- 
genates in 0-25 M sucrose to Schneider's 
method’. I am, however, aware of the fact that a 
clean separation of sub-cellular fractions from adrenal 
homogenates is difficult. to achieve by means of the 
conventional centrifugation techniques. For ex- 
ample, I found the contamination of adrenal micro- 
somes with mitocnondria to be 20-40 per cent as 
judged from the succinic oxidase activities’. In spite 
of these difficulties it was decided to use the con- 
ventional names ‘mitochondria’ and ‘microsomes’ in 
this communication. Medulla and cortex were sep- 
arated by careful preparation of the adrenal glands. 
Deoxycholate extracts were prepared as described 
by Spiro and Ball*. 

(a) Hog adrenals. Fig. 1 shows the absorption 
spectra of mitochondria and microsomes from hog 
adrenal cortex, rendered soluble by means of deoxy- 
cholate and reduced by dithionite. The mitochondrial 
spectrum is not very characteristic; there is only one 
shoulder in the 550-553 my. region ‘which is probably 
due to cytochromes ¢ + c, (curve 1). Under the 
same experimental conditions the microsome prep- 
aration shows two distinct peaks between 500 and 
600 mu (curve II). The maximum of the a-band 
was found at 556 my and the maximum of the 8-band 
at 526-530 mu. In the Soret-region maximal absorp- _ 
tion in the reduced state was observed at 423-424 mu 
and in the oxidized state at 413-414 my, respectively. 
These results are in full agreement with the spectral 
characteristics of isolated cytochrome b, from both 
liver and hog adrenals? as well. There is no doubt 
that cytochrome b, is a constituent of liver miero- 
somes. For comparison, curve II of Fig. 1 shows 
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Fig. 1. Absorption — of deoxycholate-solubilized dithionite- 
—— ced preparations. Mitochondria of ho enal 


II, microsomes of h adrenal nal cortex; III, microsomes of hog 
liver; IV, es of hog adrenal med 
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o Fig. 2. Absorption spectra of deoxycholate-solubilized: miero- 
somes of bovine adrenal medulla. 4 (dashed curve), oxidized 
form; B (solid curve), reduced form 


the spectrum of hog liver microsomes. It is identical 
-with the absorption spectrum of hog adrenal miero- 
somes: (curves IL and TV). . Control experiments 
-= yevealed that the spectral properties of isolated cyto- 
hromo b; treated with 2 per cent deoxycholate 
remain unchanged. In similar experiments cyto- 
-chrome b; was found to be the predominant. hemo- 
protein not only of the cortex but of hog adrenal 
medullary microsomes as well (curve FV). These 
results are further evidence for the occurrence of 
_ eytochrome b; in hog adrenals and are in agreement 
with the successful isolation of this pigment from hog 
». adrenals as reported earlier!. 
2... (b) Bovine adrenals. A different picture, however, 
was obtained when the spectral behaviour of mito- 
— _ chondria and microsomes from beef adrenals was 
investigated. No cytochrome b; could be detected 
either in the cortex or in the medulla of bovine 
adrenals. In Fig. 2 the absorption spectrum of de- 



















iedulla is shown. In the reduced state there is only 
ne sharp absorption. band in the a-region with a 
aximum at 559 mp. “In several preparations 





oret region absorption maxima were found at 
myu (reduced form) and: 416 mu (oxidized form), 
pectively. This compound could be detected in 
dullary mitochondria (‘large granule frac- 
and microsomes. -It was, however, more 
t.in the microsomal fraction. 

se results are in agreement with the findings of 
piro and Ball, who stated that the predominant 
chrome of bovine adrenal medulla is a compound 
‘ing in the reduced.form an «-peak at 559 my. 
942 Huszák had already found this band in 
yectroscopic studies of the adrenal medulla’. This 
pigment. still awaits isolation and further character- 


ization. It is interesting to note that this ‘eyto- 





to. the adrenal medulla. In a number of exper 
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_ capillaries in the organs tested‘. 


xycholate- solubilized. microsomes of bovine adrenal- 


maximal absorption was. found at 560 my. In the 


chrome 559’ in higher animals seems to be restricted _ 
eriments. ey; 
ith the various tissues no ‘cytochrome 559” could be 



























































‘occurrence of a hemoprotein wi 
spectral properties, however, is wel 
microscomes (‘cytochrom ba)ꝰ anc 
fradiae*. Neither in mitochondria. t nor 2 
of bovine adrenal cortex could’ signifi 
of ‘cytochrome 559’ be found. These 
eate that interesting species differenc 
the cytochrome pattern of adrenal gla 
generalizing conclusions. in this. _respe 
avoided. oe, RS aga 








Physiologisch kanada l Institut, 
University of Giessen, x 
| Germany. 





* Schneider, W. O., J. Biol. Chem ; 
’ Leonhauser, S., Leybold, Ka; Krisch, K.. an 

H., Page, A, C.,. and Folkers, K. 

(in the. press). — 
* Strittmatter, P. and Velick, 8. Ree Biot, Che 
* Huszak, L, Biochem. Z, $12, 330 (1942), 
— Ee M., and Morton, R.: K, Biochem, Ja 
* Birk, Y., Silver; W, S., and Heia, A. H., Biochim, Biophys.. Ae 
25, 237 (198). í 





PHYSIOLOGY 


Visceral Pain evoked by ineeacArteri 
Injection of Substance P- 


Iv has been demonstrated!2 that the intra-a te 
injection of 1-2 pgm. of bradykinin into var 
organs throughout the body of the cat and dog wil 
evoke vocalization and the other events which com- 
prise the pseudo-affective reflexes which Woodworth 
and Sherrington? obtained by electrical stimulation of 
somatic and splanchnic afferents in the decerebrate 
eat. The receptors. concerned are the free-branching 
unmyelinated terminals of paravascular nerves which 
are found in the connective tissue space surrounding 





Since substance P (ref. 5), a polypeptide like brad 
kinin, is found to be present in high concentration in 
dorsal roots and the nuelei of the dorsal columan: s 
has been suggested that it might function as the 
chemical transmitter of the first order of senso 
neurones’. It stimulates the sensory, endings 
perfused rabbit’s ear (isolated except for the affe: 
nerve connecting it to the head), resulting ma 
fall in blood pressure, when i — into the per! 
fluid’, Substance P (8,500 ut 
antagonize morphine (3°m m; Akari). analar 
(12,000 units/kgm.) to cause hyperalgesia X 
when injected subeutaneously®. Furthermore 
bradykinin, it produces poin, when applied 0 
blister base in man’, i 

It was therefore of interest to ascertain 
substance P would induce vocalization. 
visceral pain, on intra-arterial injection... 
stance P used was in part material which 
Gaddum very kindly gave us, and. in 
material prepared from bovine brain 
Pernow’s method*. The first was made uj 
75 —— and the second, whieh had a AEP 














>se gadana response (vocalization, respiratory and 
essure change) fo intra-arterial injection of algesic 
the heart (coronary artery) and hind leg (femoral artery) 
‘a Acetylcholine bromide or acetylcholine (250 ugm. in 
\, histamine hydrochloride or histamine (100 agm. in 0-1 
tural bradykinin or C-B? (equiv. 3-5 ugm., synthetic 
R ivkinin or S-BK in 0-5 mi}, substance P or aubstance P! 
— 57 agm, P in 1-0 ml), C-BR* (equiv. 2-5 ugm. S-BK in 
oo Ob mb), substance P* (equiv, 1-43 pgm. P in 0-5 m .). Time on 
— bottom line in min; baokgronna thin lines = 4 sec., thick lines = 
i set, 















. of the do. 
2h mk) 
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— We. 2.° Pseudo-affective response to intra-arterial injection of 
o Algesie agents into splenic artery of the dog, Potassium — 


(4 mgm, in 025 mhh acetylcholine (500 gym, in 0-5 mi), 

Bey arexy tryptamine creatinine sulphate or 5-HT (300 ugm. in 
3 mb), CBE (equiv. 1-25 pem. S-BK in 025 mlj, substance. 
P* (equiv, 2-36 ugm. P in 1-0 mi), substance P* ba 4-29 
oo ppm. Pin L5 ral), Abbreviations and time as in Fig 1 


J comparison. - Dogs under chloralose were prepared 
: with, polyethylene tubes placed in an appropriate 

























described by Guzman et al.*. Vocalization, respiration 
blood pressure were recorded with a Sanborn 150 
graph, observations usually beginning 4 or more 
r chloralose administration. 

1e tests showed at once that substance P stimu- 
receptors in the leg, spleen and heart to evoke 
lization, etc., in a manner similar to bradykinin. 


here are 35 units of substance P per pgm. of 
ialt, shows that the range of just effective doses 
ayes P and veto — that. sub- 


Table 1 
Minimal voċalization dose 
0-57-4-3 ugm. 
1°25-8-5 nem. 


100-0 pgm., 
200-0~-750-0 ugm. 
300-0 


HET 
9 ll 0 mem. 


branch of the femoral, eplonio or coronary artery as . 


comparison of activity on a weight basis, assuming 









— as the — of nociception focalized to. a por 
of that field. This in turn depends on v she 
substance P is a transmitter of the sensory. neurones: 
concerned with nociception. Its presence in higk 
centration in the dorsal column nuclei’ may relate 
the adjacent nucleus cervicalis lateralis of Bro 
which serves as a relay in a dorsolateral apino-t ) p 
(nociceptive ?) system in the catis, — | | 
cet D. Porter : 
“F. GUZMAN 
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Effect of Human Pituitary Growth 
Hormone on the Length of Dicestrus 
in the Mouse 
Ferguson and Wallace? demonstrated that human — 


pituitary growth hormone supplied by Raben showed = i>. 
the same effect as prolactin on the crop gland of the 


8 





s (prolongation of dicstrus 
nouse) 
er a 


in F 
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Response in probit: 
S9 










6s 125 

Tog scale (ugm.) — 
Fig. 1 Dose-response curves of the human pituitary. growth 
hormone and of the bovine prolactin, I, bovine prolactin, 


Armour Laboratories, Lot No. D 14083-2B; u, human —— 
_ growth: hormone (Raben) 
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luman growth hormone 


igeon. Since I have re 
ive assay for the lut 
ch depends on th 
he mouse it seemed to 








ingation of dicsstrus in 
orth while investigating 
uman pituitary growth hormone by this technique. 
‘he method has already been used to. compare 
: different preparations of prolactin?. 

Human. pituitary’ growth hormone was prepared 
by Raben’s method in the Department of Biochem- 
stry; University of Cambridge, and kindly supplied 
by Dr. A. Korner. It was found to be active in pro- 
oe longing diestrus in the mouse, and when assayed 
against bovine prolactin, Armour Laboratories, Lot 
No. D 14083-2B (assumed potency 20 1.u./mgm.), it 
— was shown to contain the equivalent of 6-0 units/ 
mem. (95 per cent fiducial limits 4-4-8-2). The results 
are given in detail in Table 1 and Fig. 1. Ferguson 
and Wallace found that Raben’s preparation con- 
tained the equivalent: of 2-8 1.u./mgm. using standard 
— sheep prolactin, NIH/PS 3 as a reference substance. 
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Milk Secretion and Re-absorption from 
the Udder 


[ois well established that milk is synthesized in the 
_ gseeretory epithelium of the mammary gland from 
precursor substances, and that this complicated 
‘process is regulated by the central nervous system 
and by the endocrine glands. In recent years some 
“new observations have been made in this laboratory 
regarding milk secretion which may offer an impor- 
ant contribution to the present-day concepts. These 
servations arise from experiments which we!-* have 
een conducting since 1954 on lactating goats. 

‘ive to eight minutes after injecting Na,H®?PO, 
900 ue.) into the blood, phosphorus-32 can be 
ected in the milk, at first as inorganic phosphorus. 

seemed worth while to ascertain to what extent the 
wesence of this inorganic phosphorus in the milk 
adicated a process of simple. diffusion or of secretion. 

f the former were the correct interpretation then the 
iffusion should be two-way. We therefore injected 
abelled phosphate through the teat canal into the 
dder cistern and at various intervals determined the 
etivity of jugular blood samples. An appreciable 
ransition of phosphorus-32 from the udder storage 
ystem into the blood was observed (Fig. 1). This 
phenomenon we called ‘re-absorption’. 

he picture is similar when either caleium-45 
or methionine labelled with sulphur-35 is placed 
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like "phosphosus-82, is — in ‘the bloot 
ganic compound within a few- minut 
administration into the udder cistern.. 
Since the milk constituents | ‘phosphorus 
and calcium are dissolved in the milk, re-abs 
of these components is accompanied by 
ference to the blood of quantities of water 
An appreciable lapse of time is necessary fo 
incorporation of phosphorus-32_ into the. org: 
components of milk whereas inorganic phos sho 
appears in-the milk within a few minute ir 
the labelled phosphorus in the udder cistern. This is 
confirmation. of the double origin of mill constit- me 
uents; that is, as a result of secretion, and of a two- ——— 
way diffusion which Proceeds rapidly and eon- A a 
tinuously. 
Re-absorption from the mammary “glana i un 
doubtedly a physiological Process. as the following 
observations indicate: 
(1) Stimulation of mammary gland. receptors, by. 
milking or by massage of one-half the udder, i increases 
the rate of which isotopes are re-absorbed from the 
cistern of the other half the udder as judged by a 
activity of the blood. ` — 
(2) The central nervous system plays a part in the 
re-absorption phenomena as proved by exp 
ments with amphetamine and amylobarbitone sodium. es 
30 mgm. amphetamine appreciably stimulates the 























re-absorption of phosphorus-32 or sulphur-35 into the 


blood. An opposite result is obtained with amylo- 
barbitone sodium, which. inhibits the re-absorption — 
phenomena (Fig. 2). ees 
(3) If posterior a extract is injected into the 
blood re-absorption of the isotopes from the udder 
increases in a way similar to that noted on stimu- 
lation of the mammary gland receptors by milkin; 
This might presumably be regarded as additional 
evidence illustrating the participation of. the 1 neur 
hypophysis in milk ejection*. 
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Time after isotope administration (min.) | 
Fig. 1. Re-absorption of phosphorus from the udder into the blood 
(goat No. 10) following administration into the right teat of 


900 He. phosphorus-32.. Arrow indicates the moment of isotope 
_ administration oe 




















60 
| Time after isotope administration (min.) 


oo Bigs 2. Amphetamine and amylobarbitone sodium experiment on 

os goat No, 18. 900 ue. phosphorus-32 administered into the teat. 

“om Re-absorption after treatment with amphetamine; -= =, re- 

absorption after treatment with amylobarbitone sodium. The 

first arrews indicate the moment of isotope administration; the 
second arrows, massage of the udder 


_ Adrenocorticotrophin is known to inhibit milk 

oo synthesis in the udder’. It was found that when 

— -injected intravenously into blood or directly. into 

the udder adrenocorticotrophin also inhibits the 

. re-absorption from the mammary gland of labelled 
sulphur and phosphorus. 

It is also of interest to note that 10 mgm. ergotoxin 
may suffice to inhibit the re-absorption processes in 
the udder irrespective of the mode of its administra- 
tion. 

(4) Further experiments showed that not only does 
re-absorption accompany milk secretion but also the 
secretory process itself requires the re-absorption of 
milk constituents from the udder into the blood. The 

_ secretory process in the gland cannot proceed if the 
alveoli are completely freed of milk. If indeed the 
isotope is administered into the udder under con- 

ditions of maximum milk evacuation obtained by 
careful milking and injection of posterior-pituitary 
extract, re-absorption of the isotope from the udder 
is greatly retarded and so is milk secretion. In other 
words, a decrease in the re-absorption-rate is accom- 

-panied by a disturbance of the secretory process, 

The residual milk in the udder is indispensable for 
the synthesis of additional milk in the intervals 

_ between milkings. 

As A complete analysis of the secretory process in the 
— mammary gland should obviously take into account 
-the re-absorption phenomena which are in some way 

sary for the normal functioning of this organ. 

mammary gland seems to require continuous 
ition, and it is possible that the continual 

r of milk constituents from the udder into the 

d lays the part of such a stimulus. 
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cally — pump v was 3 first put forward by Hodg 
for muscle and nerve. He suggested that a potass 
ion might be transported into the cell for each so 
ion actively extruded, leading to an electrical ne 
rality with respect to the operation of the sodim 
pump. This idea has been tested in the followin 
experiments. — — 

The membrane potentials of frog sartorii ana : 
in sodium by overnight soaking in cold potassium 
free Ringer-Conway fluid (with 120 m. equiv. sodi amj 
1.) were measured by the micro-electrode tecl nique of. 
Graham and Gerard? immediately on re-inam 
and with companion muscles similarly treated | : 
3 hr. re-immersion in recovery fluids containing — 
10 m.equiv. potassium/l. E 

In the first series of experiments the re-immersion = =; 


















fluid contained choline chloride replacing all the 


sodium salt of the Ringer fluid, and the 10 m.equiv. 
potassium was in the form of bicarbonate and. phos- 
phate buffer. In this immersion fluid loss of sodium = 
from the fibres by diffusion or by the sodium-pump is 
greatly facilitated. In another series of experiments. ` 
the sodium-rich companion muscles were re-immersed 

in Ringer-Conway fluid containing 104 m.equiv. 
sodium and 10 m.equiv. potassium per litre, under 
which conditions active extrusion of sodium has 
already been demonstrated*-. 

After the potential measurements the muscles were 
analysed for potassium by the flame photometer 
following incineration in boiling concentrated nitric 
acid, and the potassium concentration in the muscle 
fibre water calculated. From this value the potassium 
equilibrium potential was calculated from the Nernst 
equation. The mean observed and calculated poten- 
tials are shown in Table 1. 


Table 1. OBSERVED AND CALCULATED MEMBRANE POTENTIALS OF 
SoOpIUM-RICH FROG SARTORIT BEFORE AND AFTER EXTRUSION OF 
SODIUM INTO RECOVERY FLUIDS 


Mean membrane potentials (mV.} 


In choline chloride 120/104 sodium procedure 

Observed Calculated Observed Calculated 

Before extrusion 838 + O06 DOI +t 26 63-44 07 5623 + 0°9 
After extrusion 60-5 +06 58:04 21 560+ 1:1 6580 + 06 


It is evident from Table 1 that the observed | 
potential is greater than the potassium equilibrium 
potential while the marked extrusion of sodium is 
taking place, and that both potentials are in good 
agreement within the range of experimental error 
when extrusion declines after 3 hr. That this in- 
creased potential is associated with sodium move- 
ment rather than with chloride movement was shown = 
by re-immersing the sodium-rich muscle in chloride- = 
free recovery fluid, and measuring the membrane 
potentials under these conditions. In one case the 
sodium and chloride of the Ringer fluid was replaced ==. 
by sucrose, providing good conditions for loss of | 
sodium from the fibres. In another case where sodium : 
extrusion against a concentration gradient was to be- 
examined the chloride of the Ringer-Conway fluid = 
was replaced by sulphate and the sodium concentra- = 
tion was reduced to 90 m.equiv./L to give isotonicity — 
and the same ionic strength’. Both recovery fluids 
contained 10 m.equiv. potassium as bicarbonate and . 
phosphate. The observed and. calculated mean = 
membrane potentials. in chloride- free recovery fluid 
are shown. in Table 2. ae oe ee 
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g the considerable extru- 
here, makes the interior 
the ogi ih respect to the exterior, 
hereby causing potas i 
estore conditions of- el 


the fibres along with sodit as in the chloride-free 
recovery fluids, the exit f sodium can still result in a 
‘marked inerease in membrane potential, suggesting 
that. chloride does not..contribute much to the 
observed potential under these conditions, but moves 
passively like the potassium to equilibrium at the 

end of the period of extrusion of sodium. 
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PHARMACOLOGY 


Fusidic Acid: a New Antibiotic 

apie From the fermentation broth of a strain of 
cooo Fusidium a hitherto unrecorded antibiotic, for which 

<- the name ‘fusidic acid’ is proposed, has been isolated. 
Phe organism was cultured in deep culture fermen- 

tors at 24° C. and pH 6-5-7-5 in a complete medium 
=: containing sucrose and corn steep liquor, maximum 
production being achieved in atout 120 hr. The 
activity was determined by the agar cup- -plate 
-ynethod using Staphylococcus aureus as test organism. 
“The antibiotic was extracted from the clarified 
roth at pH 5 with methyl isobutyl ketone and con- 
entrated further on extraction of the organic phase 
aqueous sodium hydroxide at pH 11. From the 
or entrated aqueous solution thus obtained, fusidie 
acid was prec ‘ipitated as a crystalline benzene solvate 
m acidification in the presence of benzene. Pure 
olvent-free fusidic acid (m.p. 192°--93° C., [a]2?—~9° 
all. rotations in chloroform)) separated from an 
thereal solution of the recrystallized benzene solvate 
n standing. The acid. is sparingly soluble in water, 
ther, and hexane, but soluble in alcohols, acetone, 
hloroform, and pyridine. The soldium salt is readily 
Huble in water. 
- Fugidie acid (1) is a carboxylic acid, which contains 
-earbon, hydrogen, and oxygen only. The elementary 
analysis and the equivalent weight. obtained by 
‘electrometric titration in 50 per cent (v/v) ethanol, 
agree well with the formula C,,H,,0, — C, 
































5 ea suggests si 
ot neutral, but that its 


> move into the fibres to. 
al neutrality within the — f£ (1) ove 

should be moving out of — charcoal i in ethanol: yielded dihydrofusidi 
CH, 06. 


hydrogenation over platinum oxide in g 


(mp. 172°--73° C 

















72-03; H, 9-36 per cent; equiv. weigh 
C;,H,,0, requires: O, 72-06; H, 9-36 
= 5167). he —— found by 


(m.p. 153°- 54° C., see rte), i is ol tain 

at on with dia: omethane. Fusidic acid « 

— group.. and. — — groups 
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-Catalytioa aderim t a | 
H,O (m.p. 182°-83° C., [a]; 


acid afforded yotrahy rofund, acid iON 
a [p - 64°). 
between the ultra-violet spectra of (1) an 
MEtOH, max.) 204 muy E 4. 200), for the . chr 


tuted isolated double ond. The second c cl r omophore, 
lost in going from (III) to (IV) (EtOH, max.) 220 mu ` 
(e 8,300)), is characteristic of an «.8-unsaturated acid = 
having not more than one hydrogen atom at the 
double kond. Since (IV) gave no colour with. tetra- ii 
nitromethane, (I) must contain a tetracyclie ring- 
system. Further structural work, the — of whin ee 
will be reported elsewhere, is in progress. Sue Ge 


ANTIMICROBLAL Spucrnus or Pusipic. AoD 


Table 1. 
Coneentration required 
Organism for 50 percent 


inhibition (Hgm: jml D 
Staph. aureus, penicillin- 








sensitive (6 strains): 0-04-0-7 
Staph. aureus, penicillin- 

resistant (15 strains) 0:05-0-2 
Str, pyogenes (2 strains) 4+20 
D. pneumoniae (G6 strains) 5-20: 
N. gonorrhoeae (3. strains) 0:4-08 
N. meningitidis 0-3 
C. diphtheriae (2 strains) 0-01-0602 
B. subtilis 0-6. 
Clostridium tetant 0-02 
E, coli > 100 
KR. pneumoniae 100 
Sal. typhimurium > 100 
Sh. dysenteriae > 100 
P vulgaris > 100 
Ps. aeruginosa >100 
Myca, tuberculosis V, hum. 0-8 
C, albicans > 100 
Asp. fumigalus ; > 100 
T. mentagrophytes > 100 













The sodium salt of fusidie acid was tested — 
number of micro organ’sms by a serial di lutic 
method. The concentrations which cause 50 per ce 
inhibition are giv en in Table 1. ; 

Fusidic acid is non-toxic. The subeutanco 
oral LD,, in mice were found to be 1- 2 om. an 
per kgm. body-weight, respectively. ‘The int 
LD, of the sodium salt was 0-2 gm. per kgm 
weight. E 

Daily oral administration of fusidic acid to 
doses of 0-4 gm. per kgm. body-weight ovi 
of 6 months was well tolerated. Post-mortem 
ation revealed no pathological changes. _ 





K. Ronorr — 
L. TYBRING 
Leo Pharmaceutical Products, 
Copenhagen. 












7 : S haion ‘potoanalyser (Technicon, Ltd. 
> Chertsey Surrey), in combination with a fluorimeter 

i carte Co., Ltd., London), has been adapted for 
estimation of adrenaline and noradrenaline by a 
3 ‘ensayo of a EA method’. The 
















are é neutralized to methyl-red (pH 6-0-6-5) 
ddition of 0-8 M disodium phosphate followed 
sodium hydroxide? before being placed in the 
— cups. Standards are prepared by dilution of 
“stock solutions of adrenaline and noradrenaline with 
~ 0-1. sodium acetate buffer pH 6-0, so as to approxim- 
9 ate as closely as possible the composition of the 
eluates since the resulting fluorescence is sensitive 
<u to the ionic strength of the sample. 
- Oxidation of the amines occurs in the recipient 
..., Stream of the dialyser ; the resulting products are then 
= mixed with an alkaline solution of an antoxidant 
in order that rearrangement to the corresponding 
— — lutines may take place. Adrenaline and 
= noradrenaline are estimated together by using 0:3 
“per cent ascorbic acid as antoxidant, which is mixed 
with 10 per cent sodium hydroxide just before 
entering the recipient stream. In this way the 
Increase in the blank value which is obtained if the 
combined reagents are used can be prevented. Nor- 
adrenaline is estimated separately by 1 per cent thio- 
glycollic acid in place of ascorbie acid; the fluores- 
cence due. to adrenaline is then almost completely 
suppressed... The arrangement of the flow lines and 
modules: of the autoanalyser is shown in Fig. 1. 





Dialyser 


Discard 
“HUGO OG OL 


| U! m1 Recorder 


lr mt —* J. Flow diagram of the autoanalyser. Reagents are as follows 
Mo eth tube sizes (in. ) for the proportioning pump in —— 
“Ly sample (0-045); 2, air (0-056); 3, water (0-45): 4, potassium 
ferricyanide 0°005 per cent in 0-05 AT acetate buffer, pH 6-0, 
saturated with octan-2-o01 (0-065); B, air (0-056); 6 , 10 per cent 
aqueous sodium hydroxide (0-045); 2. 0-3 per cent ascorbic acid 
cent thioglycollic acid (0: 03); Š, waste from flow-cell (0-11) 
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e mixed reagent streams containing the lutines 
to a flow-cell mounted in the fluorimeter. 
g to the limitation of space in the instrument a 
of the type employed in colorimetry cannot be 
ut a simple U-tube of 4-mm. bore ‘Pyrex’ glass 
atisfactory. Excess liquid can be aspirated 
is of a side-arm on one of the limbs of the U 
turned to the pump. The lower part of the 
jounted in a cylindrical block of black poly- 
h contains apertures for the light beams and 
ed in a similar way to the cuvette holder 
with the instrument. The ascending limb 
centred at the focus of the exciting 



























Gagm.)_ (em 
Adrenaline N oradrenaline Adei meo $ 
Plasma 10 8-5 l 
* 20 0 20-4 
5 50 0 48-0 
i 0 10 0-0 
i 0 20 0-3 
i 0 50 0-2 
i 10 50 92 
, 50 10 47-0 
3 26 20 22-0 
Brain 
homogenate 10 100 ‘12-0 
i 106 10 96-1 
50 50 48-0 
ĝ 50 0-4 
50 0 53-0 







Activation of fluorescence is at 420 my using filter 

LF3/1 in conjunction with cut- off filter LFT (510 my) 
on the secondary side. — 

Electrical output. from the J is taken Sere 
from the galvanometer terminals to the recorder via | 
a jack on the front panel of the instrument. A coios 
reference potential for the recorder is obtained from 
a 1-:5-V. dry cell in series with a 1 megohm high 
stability resistor. 

The autoanalyser is run at 40 samples per hour, a 
space being left between each cup, and 2 ml. are 
required containing 5-100 umgm. adrenaline or. 
noradrenaline per ml. A ‘faded’ blank is not necessary 
with eluates from alumina; this point may be checked 
by re-running the samples with the antoxidant 
replaced by water. The results of recovery experi- 
ments in which the amines were added to alumina 
eluates obtained from dog plasma or rat brain homo- 
genates are shown in Table 1. 

R. J. MERRIES 


Pharmacological Research Department, 
Pfizer Ltd., Sandwich, Kent. 


i m, — y and Floding, I., Acta Physiol. Scand., 33, Supp., 
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PATHOLOGY 


Allergen Testing on Monkeys passively 
sensitized by Hay Fever and Asthma 
Reagins of Human Sera 
Direct skin-serateh tests upon allergic individuals 
are sometimes dangerous, and are inconvenient and 
time-consuming for both the patient and allergist. 
The classical Prausnitz—Kiistner test (P-K test} is 
subject to the same objections and, in addition, 
subjects the volunteer serum recipient to the risk. of 
infection with serum hepatitis. These considerations -=> 
lead us to the use of an alternative method for = = 
indirect testing in our studies on the purification of 
castor allergens. | 
It has been shown?‘ that blood sera from individ- 
uals actively allergic to the seed proteins of Ricinus 
communis will passively sensitize the skin of the = — 
cynomolgus monkey, Macaca irus, to the seed and => 
pollen antigens. Extravasation of intravenously 
injected Evans blue dye together: with wheal forma- aa 
tion occurred in the serum-sensitized sites when the 
monkey was challenged with the antigens. The 
successful use* of the technique in the diagnosis. of: 
castor bean allergy encouraged: us to investigate its- 
applicability in other allergic conditions such as ha 
fever and asthma due to pollens and animal dan 
A member of the re: aff was suffering fr 
hay fever due to wild. — pollen, and one o th 























GROES 0+ hae) DOU 1 himself to be allergic to 
gs. Blood samples were obtained from these 
als and together with sera supplied by co- 












aneous 
nonkeys. 
vere injected intradermally into the light areas of the 
heeks, chin, neck, abdomen, and arms. A 48-hr. 
nterval was allowed to elapse in order for the allergy 
antibodies to attach themselves to the tissues and for 
the primary non-specific irritation to disappear. 

_ After 48 hr. each animal was given an intravenous 
injection of 2-0 ml. of 0 “cent Evans blue dye in 
tonic salt solution: ie dye injections were 
ollowed within a few mi i 
either 0-5 ml. of a 1: 20 dilution of mixed orchard. 
grass pollen extract in. 50 per cent glycerol—saline or 









guinea pig hair. Several of the monkeys being used 
-< for the castor bean allergy studies were also used for 
the grass and dander allergy studies; the specific 
passive cutaneous. anaphylaxis reactions did not 
‘interfere with each other when each of the serum 
_ donors was allergic to only one of the antigens being 

tested. Serum from a grass-sensitive person served 


Oe very well as the non-allergic control for the castor 
tests or the guinea pig dander tests, and the converse — 


Within 3 min. after the injection of the grass 


_ -antigens there was intense blueing in the sites which 
had been injected with sera from the hay fever 
patients. The ecastor-sensitive sites remained un- 

c4ohanged. On one animal, wheals formed in the areas 

of extravasation of the blue dye. 

Mo have pointed out? that wheals do not always 
| appear even though extravasation of intravenously 
injected dye does occur. It appears that the extrava- 
= sation of the dye. corresponds to flare formation 
rather than to wheal occurrence. When wheals do 
form along with extravasation of dye, the extravasa- 


— ‘tion always covers a greater area. than does. the- 


wheal. Furthermore, physical struggle and excite- 
ment inhibit wheal formation but do not affect the 
extravasation of dye in the passive cutaneous ana- 
phylaxis reaction. Reserpine administration quietens 
the animals and appears to enhance wheal formation. 
= [tis possible that tranquillization of anxious or excited 
patients might enhance their skin reactivity also. 
Similar passive cutaneous anaphylaxis reactions were 
observed in sites sensitized to guinea pig dander 
when the animals were challenged with the guinea pig 
dander extract. Challenge. with guinea pig serum, 
ouse, and rabbit dander did not cause a passive 
utaneous anaphylaxis reaction in sites sensitized to 
he guinea pig dander. — : 

e failure of guinea pig serum to elicit, passive 
cous anaphylaxis reaction in sites sensitized to 
a pig dander was unexpected since horse serum 
ill often elicit reactions in individuals known to be 
liergic to horse dander. It was considered possible 
hat the patient (S. L.) might be allergic to dust from 
he guinea pig food. This proved not to be true, but 
his serum did show passive cutaneous anaphylaxis 
reaction to mixed orchard grass, indicating that S. L. 
is allergic to these antigens also. 

= From these, and previous results, it is concluded 
that. the passive cutaneous anaphylaxis reaction in 
the monkey is useful in laboratory testing for allergens 
causing hay fever and asthma when due to pollens 
and animal danders. It is probable that the technique 
~ is applicable to other types of allergies and immuno- 



















tes to half an hour with 


with the warm saline extract from 100 mgm. of- 


transpires that: (1) There exists a close and d 


the growth-retarding effect or with the incidence of A 








logical idiosyncrasies observed in hum 
Sera from individuals allergic to other 
being sought for our investigations. = 
We are indebted to allergists Frank 
Portland, Oregon, Thurman Dannenber 
Creek, California, and T. W. Green, Berke 
fornia, for the samples of grass-allergic sera. 
LAURENCE Larrp Lay 
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_ ELAINE YAMANA 

Western Regional Research Laboratory, . 
Agricultural Research Service, 
U.S. Department of Agriculture, 

| Albany, California... 
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Lead Acetate and Development o 

Embryo 

Tue experimental work of Ancel!-*, Giraudi and > 
Landauer*~* directed the attention of many workers 

to experimental teratology, and, in the past few years, = 





many papers have been published dealing with the 
effects produced on the embryonic development of 





chicks, guinea pigs, mice and rabbits by nutritional 
deficit, antimetabolic drugs, sulphamides and some 
enzymatic systems... From all the data reported it 
relationship between dosage and the effects obt ained, 
which only breaks down when marginal treatment 
considered, namely, the use either of very low dosag 
which does not interfere with embryonic -develop- 
ment, or of very high dosage which is always con e 
nected with the death of the embryos. (2) The altera Nig 
tions produced by each particular substance are 
different either qualitatively or quantitatively, 
The most obvious morphological alterations are — 
associated with skeletal abnormalities, with the face, 
with cutaneous pigment and with dwarfism.. Special 
alterations termed ‘fenocopies’ have also been observed _ 
which are very similar to the alterations observed for _ Bes 
genetical mutation. The biochemical study of these 
particular alterations are likely to be a very profitable 
approach to the understanding of many genetic 
problems and of the normal embryonic development. 
Another field worthy of study is the relationship 














between substances producing ‘professional’ diseases 
(as lead, benzole, tar) and the single steps ofembryonic 
development. For this reason we planned a system- 
atic study of this problem and now refer the effec 
of a treatment with 20 per cent lead acetate on ‘th 
development of chick embryos. oe a ee 
We used in our tests 120 eggs from White Leghorn 
fowls. These were subdivided into 3 groups each of 
40 eggs and injected into the yolk sacs 0-05 ml: (10 
mgm.). 0-10 mi. (20 mgm.), 0-15 ml. (30 mgm 
respectively of the lead acetate solution after 8 day: 
of incubation. 20 untreated eggs served as control fo 
the three experimental groups. A daily chee 
eggs gave us the opportunity to follow the n 
rate. The eggs that survived were opene 
living embryos weighed after 18 days of it 
the malformations observed were recorded. 
We have been able to demonstrate that; (1) ' 


is practically no difference at all, in connexion with 



























Pore 


“Bt: Teun 
day 


malformations, in the groups treated with 10 and 20 
f lead acetate. (2) The mortality-rate of the 
ups treated is directly proportional to the 
used, as can be seen in Fig. 1 and in Table I: 
of the eggs treated with 30 mgm. of lead 
urvived. (3) A notable decrease in the body- 
ight. occurs. The mean body-weights were, 
gm. in the group treated with 10 mgm., and 
gm. in the group treated with 20 mgm., as 
ympared with 19-25 gm. for the control animals. 










































Survival of embryos (per cont) 3 


10 11 12 13 14 15 16 17 18 19 20 


8 9 
Days 
Fig. I. ©,10mgm.; (1,20 mgm.; @, 30 mgm. 


In consideration of the results obtained and par- 

ticularly of the high mortality-rate and of the high 
percentage of malformations produced by treatment 

‘with lead acetate we propose carrying out further work 
on this subject. 
| | P. DE FRANCISCIS 
F. BOCCALATTE 

-Department of Human Physiology 
and Department of Professional Disease, 
` Medical School, University of Naples. 
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IMMUNOLOGY 


o-immunization in the Rabbit with 
Antibody-coated Erythrocytes 


RecEnTLY, Finn et al. have suggested that it may 
jossible to prevent the antigenic stimulation 
-positive foetal cells in Rh-negative mothers 
the cells cross the placental barrier. Their 
j: -confirmed the theory that intact foetal 
lis- gam access to the maternal circulation 
aduce antibody formation and that higher 
bilities of Rh iso-immunization occur when 

, transplacental hemorrhage has’ taken 
r proposal for prophylaxis and the experi- 
work reported are based on the recognition 
30 incompatibility eon fors Deon against 










Rh immunization. They reported that the ad 
tration of Rh-positive (D) cells to volunteer reci 
followed shortly thereafter by anti-D, result: 
rapid disappearance of these cells from the circulation 
and prevents Rh sensitization. Although the result 
show that this may obtain in their experiments 
feel that there are certain dangers- inherent in tt 
technique which could result in more rapid ‘iso 
immunization or a higher probability. of igo- immuni 
zation. 
From our work on the factors. Anvolved | in — 
immunization in the rabbit?, we su ggest that cautio 
should be exercised in the use of foreign erythrocytes. : 
and their specific antibodies. Our investigation = = 
involved the rabbit red cell antigens controlled. by j 
the gones of the Hg locus. We dealt primarily with > 
donors of genotype Hg4/Hg4 (type A) and recipients... 
lacking this isoantigen. (The symbols for the rabbit © 
blood types do not. correspond with blood. group 
systems in species other than the rabbit.) In an 7 
attempt to characterize the in vitro and im vivo oos 
properties of the isoantibody produced in rabbits by 
different types of immunization procedures, we 
passively transferred graduated doses of rabbit anti-A 
into normal non-A recipients and thea introduced 
small quantities of type A erythrocytes tagged with 
chromium-51 into these recipients. We were primarily 
interested in measuring the rate of disappearance of 
these transfused erythrocytes. The higher doses of 
anti-A caused the rapid and complete disappearance 
of the tagged cells from the circulation; smaller 
doses resulted in a triphasic eurve for the rate of = - 
disappearance. The first phase had the slope typical - 
of an immune animal. The second phase had a slope. 
characteristic of rates of disappearance in normal 
non-immune animals. The final phase was evidence = 
of an accelerated disappearance occurring as if active - 
immunization had taken place. Our experience has — . 
been that the injection of incompatible red cells into | 
the normal rabbit has a very low probability of 
causing iso-immunization; and if iso-immunization 
does occur, it occurs more than 14 days after the 
original stimulus. 
On the basis of this observation, a series of experi- 
ments was performed to examine the effect of the 
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Fig. 3. Rate of disappearance of rabbit erythrocytes tagged with chromium-51 


o m injection of red cell-antibody complexes on. the rate of 
 iso-immunization. In the first series, type A cells 
tagged with chromium-51 were sensitized in vitro 
with agglutinating quantities of anti-A and then 
= injected into normal non-A rabbits. Although we 
didnot. get as extensive an elimination from the 
circulation as in the passively immunized animals, we 
noted a markedly accelerated rate of disappearance 
_after 6 days. Non-sensitized cells tagged with ehrom- 
ium-51 and introduced. 3-9 days later were elimin- 
ed. at the rate shown by i immune animals (Fig. 1). 
lating antibody was detected by in vitro methods 
animals 1344, 4/3, and 538. The antibodies were 
ected on days 15, 14, and 9 respectively; no 
samples were taken between the pretreatment sample 
nd those taken, on the day shown. 
‘a second experiment the events of our. original 
servation were repeated. That is, a quantity of 
Was passively transferred to a non-A recipient 
hich had just previously received an injection of 
chromium-tagged A cells. After the cells left the 
reulation, a second batch of cells was introduced; 
id, since they did not show a highly accelerated 
te of disappearance, a small amount of anti-A was 
ain passively transferred to the recipients. On the 
seventh day, when a third batch of sensitized erythro- 
tes was introduced, an accelerated rate of disap- 
pearance was found. A further introduction of the 
incompatible erythrocytes was followed by the com- 
¿plète elimination typical of an actively immune 
animal (Fig. 2). Circulating antibody was ries 
on day 12. 






















duced (Fig. 3) in 4 of the 5 animals. 


| recipient, 


and Wolins* reported. that. immuno! 


*——* 


Washed erythrocytes 


injected 1V | against rabbit y-globulin. _ The 
| Mixing of the antibody with tk 
—— Specific polysaccharide before 


species, it is evident that isoantigen-antibody com- 






pearance were ol — "AS the — 
peared from the circulation other batches 


(No. 460) showed a rate of disappearan 
more ane Tha normal, — later was sao 


































tion can be a. ot ew tha pi tie 
antibody and erythrocy — aerate 


Although attempts to immunize anima 
ing them with antigen-antikody com 
have produced little evidence of potent 


simultaneous “injec on 
(human serum albu 
body (rabbit. anti-hum 
albumin). Gitlin et 
again in mice, with a system con: — 
sisting of mice injected with an .. 

_ immunologically paralysing dose 
` of pneumococeus capsular pole 
` charide and afterwards gis 
specific rabbit antibody, that the 
interaction of the rabbit antibody 
and polysaccharide in vivo acceler- 
ated the formation of antibody 


jection also accelerated formation 
of anti-rabbit y-globulin, 

Although one cannot assume 
that immunological responses are the same in different 





plexes in the rabbit, human serum albumin ~ rabbit 
anti-serum albumin in the mouse, and specific poly- 
saccharide - rabbit-anti-polysaccharide in the mouse 
are potent stimuli for enhanced rates of immunization. 
There is danger in overlooking the comparati 
aspects of iso-immunization work, especially when 
attempts at generalization. may lead to ior aane the 
probability of erythroblastosis in man. 7 
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WE have read Dr. Cohen and Dr. Alltor 
with interest, since thoir finding 
generally in agreement with ours in man. 
results are not yet complete, it seems a 
briefly to report them at this time; but we wish 
point. out that Dr. Cohen and Dr. Allton have 1 . 
quoted us, We did not state that “the administration oe 
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of Rh-positive (D) cells to volunteer recipients, 
followed shortly thereafter by anti-D . . . prevents 
Rh sensitization”, since at the timo · the experiments 
had not provided the relevant data. All that we said 
was that in view of Stern’s® results and the degree of 
protection afforded against Rh sensitization by ABO 
incompatibility, it seemed likely that such a procedure 
would protect. It was precisely because of the un- 
certainty of the outcome that we used male volunteers 
in whom Rh sensitization is not inherently dangerous. 

We also have found that the introduction of antigen 
and a ‘small’ amount of antibody enhances sensitiza- 
tion, but our more recent work suggests that with 
larger amounts of antibody the enhancing effect may 
be redueed or absent. Thus, of 9 men who received 
10 ml. of anti-D, 8 produced antibodies compared with 
1 out of 8 controls who did not receive anti-D; on the 
other hand, 3 men given 20 ml. and 3 given 50 ml. 
have not developed antibodies. 

‘Using 10 ml. of anti-D, we found curves of elimina- 
tion similar in shape to those of Fig. 1 of Drs. Cohen 
and Allton, but we are now finding that with 35-50 
mil. of high-titre anti-D, the injected Rh-positive cells 
are being eliminated from the recipients’ circulation 
within 24 hr. In this connexion we would like to 
suggest that the development of an immune antibody 
in the second experiment described by Drs. Cohen and 
Allton might well have been caused by the second 
dose of cells and the 0-5 ml. of antiserum rather than 
by the first dose, which was eliminated so rapidly by 
5 ml. of antiserum. 

It remains to be seen whether or not antibody 

oduction in the men in whom the Rh-positive cells 

ve been rapidly destroyed will be less frequent 
than in the controls. If it is not, the mechanism by 
which ABO incompatibility affords some protection 
against Rh-hemolytic disease will have to be further 
investigated. 

We agree with Drs. Cohen and Allton that com- 
parative aspects of iso-immunization must be taken 
into account, but only work carried out in man would 
be applicable with certainty to human Rh-hemolytic 
disease 


Finally, our demonstration that antibody formation 
may be enhanced in man, as in the rabbit, by the 
introduction of both antigen and antibody can be 
turned to some account, since it means that it is now 
possible to obtain a ready supply of Rh-antisera from 
male volunteers. Moreover, the principle of enhance- 
ment might have other useful applications in pre- 
ventive medicine. 
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Optical and Electron Microscope Studies 
of ‘Immunologically Competent Cells’ 
in Graft Reactions 


THE lymph glands draining an allogenic graft 
contain pyroninophilic cells with deeply basophilic 
cytoplasm’, and it is usual to identify these with the 
cells found in lymphoid tissue after stimulation by a 
bacterial antigen*. Different authors have given them 
different names, including ‘hemocytoblast’*, but 
most agree on their final evolution into plasma cells. 

We have confirmed the presence of these cells in the 
lymph glands of C57B16 mice grafted with DBA2 
skint. At first they are large and round, with finely 
reticular chromatin, but later the nucleus becomes 
eccentric and they come to look like plasma cells, as 
also do some of the lymphocytes. Under the electron 
microscope, their cytoplasm is rich in ribosomes, but 
they can be distinguished from plasma eells (as 
defined by Braunsteiner*®, Stoeckenius* and Thiery’) 
by the absence of rough endoplasmic reticulum 
(ergastoplasm). But because of the rather small 
numbers of these basophilic cells present, it is doubtful 
whether the comparison of findings by optical and 
electron microscopy can be entirely conclusive. 

We have therefore made a cytological study of the 
graft-versus-host reaction, as first described by 
Dempster’ and Simonsen’. In our system the graft 
consists of 107 parental C57B16 ‘lymphoid cells’, 
injected intravenously into the F, (C57B16 x DBA2) 
hybrids, 2 hr. after whole-body irradiation (500 rads). 
With this system, we were previously able to 
demonstrate the proliferation of donor cells against 
which the host cannot make antibodies, followed 
by their lysis, which we attributed to a damaging 
effect of the DBA2 antigens". 

On the fourth day after injection, the lymph glands 
contain many large basophilic cells, most very 
immature. Eventually they look rather like the 
‘histiocytes’ of Bessis'', with the difference that their 
cytoplasm remains deeply basophilic, the nuclear 
chromatin very fine, and the nucleoli numerous and 
sometimes very large. Their nuclei are irregular; in 
the protoplasm there are often clear vacuoles. On 
about the tenth day these cells begin to disappear, 
along with the rest of the lymphoid tissue (which 
becomes hypoplastic or aplastic). Being plentiful, they 
are easy to study with the electron microscope. Unlike 
plasma cells, they have no rough endoplasmic 
reticulum (ergastoplasm); the cytoplasm is very rich 
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in free ribosomes, and the Golgi apparatus well 
developed. Frequently the nucleus is multilobular and 
the cytoplasm vacuolated (Fig. 1). In control animals 
(isogenic grafts) the foregoing reaction does not occur. 

This raises the question of the uniqueness of 
‘immunologically competent cells’. Hitherto, only the 
plasma was considered capable of secreting anti- 
bodies, though this has in fact been demonstrated 
only for humoral antibodies. But since graft 
immunity does not involve the production of active 
humoral antibodies, and cannot be transferred 
without the transfer of ‘lymphoid cells’ (adoptive 
immunity), it seems reasonable to suggest that this 
absence of active humoral antibody may be connected 
with the absence of ergastoplasm, which is generally 
regarded as connected with cellular excretion. 

This work was supported, in part, by grant 3919r 
from ‘Le Centre d’Etudes Nucléaires’, and by grant 93 
from the International Atomic Energy Agency. 
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RADIOBIOLOGY 


Recovery Effect of Highly Polymerized 
Homologous Liver Deoxyribonucleic 
Acid injected into Lethally Irradiated 
Rats : Histological Examination of 
the Digestive Organs 


In our earlier reports it was pointed out that 
X-irradiated rats (LD) treated with highly poly- 
merized nucleic acids survive lethal doses of radiation. 
The data obtained showed that the treated animals 
survive the critical 30 days period, gain in body- 
weight and the contents of their splenic nucleic acids 
reached normal values within a short interval of 
time’-*. The adrenal glands also seemed to be less 
damaged than in the irradiated untreated animals‘. 

In this communication we record observations 
which concern alterations in the structure of certain 
regions of some organs: fundus ventriculi, small and 
large intestine and liver. These regions were selected 
because of our interest in the study of the changes in 
the structure induced by radiation in cells endowed 
with particular cyto'ogical and functional properties 
such as the cells of the fundus ventriculi with specifie 
secretory role (pepsinogenic and acidogenic cells), 
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Fundus ventriculi mucosa 9 days after irradiation. 

A, in untreated rats the nuclei of pepsinogenic cells are closely 

packed together with various quantity of chromatin; the cyto- 

plasm ismostly damaged ; B, inthe DNA -treated rat the histological 

changes are expressed both in pepsinogenic and acidogenic cells 

but the degree of damage is lesser ane the number of acidoygenic 
cells greater 


Fig. ie 


enterocytes—the cells of absorption, the goblet cells 
and the hepatocytes of the liver. 

For the purpose of this work we tried to select 
sections belonging to approximately the same region. 
The animals were killed 4 and 9 days after X-radiation 
(LD joo) (ref. 2). The specimens were fixed in 10 per 
cent neutral formol, Bou'n and Serra fluids and 1 
per cent of isotonic osmium acid. The sections were 
stained with hematoxylin-eosin and also according 
to Azan and Brachet. 

Fundus ventriculi. As it is known, the changes 
which take place immediately after radiation are 
characterized by an atrophy of the fundus mucose 
and by a decreased secretory activity of the pepsin- 
ogenic and acidogenic cells. In addition to these facts 
our investigations show the following: hzmorrhage, 
destruction of glandular epithelium in the fundus 
mucose, producing a significant decrease in the | 
number of pepsinogenic and especially acidogenic 
cells (Fig. 1A). 

On the other hand, in animals treated with the 
deoxyribonucleic acid (DNA) the degenerative changes 
in the mucosa are not only less evident, but the 
number of pepsinogenic and acidogenic cells is con- 
siderably higher (Fig. 1B). Although the signs of 
injury are evident in these cells such as swelling, 
alterations in shape and size of nuclei, and in the 
amount of chromatin, the structure of pepsinogenic 
and acidogenic cells seems to indicate that their 
ability for secretion is not greatly impaired. 

Small intestine. In the irradiated non-treated rats, 
in all parts of the mucosa of small intestine there are 
alterations in the structure of the lamina propria of 
mucose, which come to expression on the 4th day 
after radiation in the form of @dema, hemorrhage, 
in a reduced number of connective tissue cells and 
especially of the lymphopoietic elements. The wall of 





Fig. 2. Small intestine mucosa 9 days after irradiation. <A, In 
untreated rats the hamorrhage, the destruction of epithelium and 
formation of some cystenoid dilatations; B, in DNA-treated 
animals mucosa is in some regions less da ed; the relationshi 
between the number of enterocytes and goblet cells and their 
structure is nearly the same as in normal animals 





Fig, 3. Liver of rat 9 days after Irradiation. A, around the vena 

centralis in some lobules of non-treated animals the hepatocytes 

are unequal in size and form and in a various state of degenera- 

tion; B, in the greater part of the liver in DNA-treated animals 
the structure is better preserved 


the small intestine was damaged to such an extent 
that it appeared transparent and the thickness of the 
whole wall measured only 50u. The number of the 
goblet cells in the ep thelium of Lieberkiihn crypts 
was decreased and they could be seen only here and 
there (Fig. 2A). Degenerative alteration of entero- 
cytes such as swelling of cytoplasm, reduced number 
of mitochondria, irregular shape and size of nuclei, 
alterations in the appearance and distribution of 
chromatin might indicate a decreased absorption 
capacity of these cells. Cell division in the regenerat- 
ing part of the crypts is frequent, but mitotic figures 
are irregular. It appears that the small intestine is 
more sensitive to radiation than the large. This 
finding is in agreement with the observat’ons described 
by other workers. The damage caused to the small 
intestine is far more pronounced on the 9th day 
following radiation. 
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By examining the histological structure of the small 
intestine mucosa in the DNA-treated animal on the 
4th and 9th day after radiation it could be seen 
that its structure is less altered and that consequently 
the function is better preserved. This could be 
explained by assuming that less-drastic degenerative 
alterations have taken place in the irradiated treated 
animals. In these animals the number of goblet cells 
is significantly greater, the numerical ratio of these 
cells to enterocytes is closor to normal, the mitotic — 
figures are more regular, the number of connective 
cells and lymphopoietic eloments in the lamina propria 
of mucosa is significantly greater, than in the corre- 
sponding parts of the irradiated non-treated rats. 

The degree of injury in all parts of the wall of the 
small and large intestine studied is smaller in the 
irradiated treated animals than in non-treated 
killed on the 4th day after irradiation (Fig. 2B). 

Liver. In the liver of the irradiated contro!s there 
are alterations in the size and the tinctoria] properties 
of hepatocytes. In some reg ons, especially around 
the vena centralis, these cells are atrophied with 
pyenotie nuclei and more basophilic and vacuolated 
cytoplasm (Fig. 3A). 

In the liver of treated rats all damage was less 
evident and was observed, in general, around the v. 
centralis. These cells are non-un’form in size and 
chromatin content, and have non-uniform nucleoli. 
In the majority of the liver lobuli the hepatocytes 
are regular in shape and appearance. The preserved 
structure of nucleoli, accompanied by a slight variance 
in tinctorial properties, indicate that this more normal 
cell structure may be related to the recovery effect of 
the injected homologous liver DNA. 

Considering the structural complexity of these 
organs and their regenerative capacity autoradio- 
graphic studies are being undertaken. Studies on 
the amount of glycogen, lipids and submicrosecopic 
organization of hepatocytes are in progress. These 
studies should contribute to a better understanding of 
the recovery effect induced by DNA. 

Investigations on some organs of the intestinal 
tract of rats irradiated with lethal doses and rats that 
received highly polymerized DNA after irradiation 
show that the alterations in all investigated parts of 
the digestive system are less evident in DNA-treated 
animals and that their capacity to recover from 
injury caused by X-rays is greater. 

This work is supported by the International Atomic 
Energy Agency, Vienna, Research Contract No. 44. 
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“of the Induction 


exposure to ionizing radiation causes alterations in 
the metabolism of deoxyribonucleic acid (DNA) in the 
irradiated cell4?, However, no agreement exists at 
the present time concerning the exact locus of this 
radiation-sensitive component(s) in the metabolic 
= ¢hain of DNA synthesis. Two of us (E. R. W. and 
o R. K. M.) have shown that exposure of an in vitro 
enzymatic system for DNA synthesis, derived from 
rat thymus, to doses ranging from 250 to 10,000 rads 
X-radiation during the first 40 min. of a 5-hr. incuba- 














on DNA synthesis. Thus, the kinases and poly- 
meoraseos per se are not racissensitive. 
> In order to examine the- steps in DNA synthesis 
_ prior to phosphorylation or polymerization a system 
was required in which these enzymes could be induced 
at-will. On the basis of the results of mitotic studies 
_ following unilateral nephrectomy** the kidney 
appeared to offer these advantages. In addition, no 
-~ -significant acute histological changes in the kidneys 
_ following whole-body irradiation up to LD in 
“general have been observed’; nor following both 
irradiation and unilateral nephrectomy in the 
~ mouse®, Consequently, enzyme activity changes with 
irradiation, reported here, cannot be ascribed to 
=> changes in cell population. occasioned by differential 
cell death rates. 
x Our experimental conditions were as follows: 
_ _ female Sprague-Dawley rats, aged 34 weeks, weighing 
60-75 gm., maintained on ‘Purina Laboratory Chow’ 
_ pellets and water ad lib., were given an LD, of 
2350 kVp. X-rays (850 rads) in a single whole-body 
_ exposure. Groups of these rats were subjected to left 
>. unilateral nephrectomy under ether anesthesia at 
- 45 min., 30 min., 1 hr., 2 hr., 3 hr., 22 hr. and 7 days 
_ post-irradiation. In the last-named (7-day group 
only), irradiation was followed within a few hours by 
an intravenous injection of a suspension of bone mar- 
row cells (about 8-10 x 107 nucleated cells per rat) 
_.. derived from normal Sprague-Dawley rats to enable 
these rats to survive the otherwise lethal irradiation. 
_. The remaining (right) kidney was extirpated 48 hr. 
— post-nephrectomy immediately following killing of 
each animal, An additional group of non-irradiated 
-> eontrol animals received similar surgical treatment. 
_. Immediately following extirpation, the left and right 
_ kidneys of each animal were separately weighed, and 
1omogenized in cold tris chloride-buffer (pH 8-0, 
11 mM) + sucrose (0-23 M) in the ratio of 9 ml. buffer 
or gm. kidney tissue. Each homogenate was centri- 
at 105,000g for 1 hr. Without further treat- 
the supernate was used as the enzyme source. 
enzyme preparation was stored at — 196° C. 
til used. Following determination of protein con- 
ntration® each enzyme preparation was diluted to 
ntain 5-0 mgm. protein per ml. 
The specific activity of the enzymes catalysing 
DNA synthesis in each preparation was determined by 
measuring the degree of incorporation of tritiated 
hymidine. For this, the incubation mixture (0-50 
mil.) contained: (a) each of the 5’-deoxvribonucleotides 
f adenine, guanine and cytosine, 25 mpmoles; 
b) magnesium chloride, 3 moles; (c) adenosine 
riphosphate (tris form at pH 7-4), 3 moles; íd) 
ritiated thymidine (specific activity 3 c./m.mole) 3-3 
-mymoles; (e) tris phosphate buffer pH 7-4, 5 umoles; 
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tion period produced no ‘measurable inhibitory effect 


irradiated. animals. 













the cold, vortex mixed and then incubated foi 
at 37°C. Resulting radioactivity expressed ii 
mgm, enzyme protein in the isolated DNA w 
determined by a modification of the liquid scintille 
tion counting method of Main and Walwick*.. In 
the data from each animal under these -expe 
conditions are presented as a ratio of th 
activity determined in the right kidney di 
that from the left kidney. For purposes 
we term this ratio the ‘induction ratio’. Co: 
variation in enzyme specific activity from the : 
kidney, following unilateral nephrectomy at 48 
occurs from animal to animal. Similar anima 
tion occurs in the left kidney at 0 hr... However 
within any experimental group, the ‘induction ratio 
is fairly constant from animal to animal. | 
The results are presented in Table 1. Values of th 
‘induction ratio’ for three unirradiated animals ar 
17-25, 13:30 and 19-25. The absolute values of thi 
denominator for these three ratios were 170, 775, and 
455 ¢.p.m., respectively. The absolute value of the — 
denominator in each case represents individual = 
control values of specific enzyme activity. It should = .. 
be recalled that the ratio of enzyme specific activities —— 
of the right to the left kidney, if both kidneys were 
extirpated simultaneously, is equal to 1 in non- 
Absolute values of enzyme — 
specific activity (c.p.m.) were determined in triplicate — 
after subtraction of background. values (38 p.m.) 
and after correction, by the internal standard method, 
for quenching. aera E S 



























Table 1 E 
Time of uninephrectomy Enzyme ‘induction ratio’ * Sas enema 
after 850 rads X-radiation Individual animals Average. “28 
15 min. 0-48, 0-51, 0°65, 1 es vibes 
0-76 660 
30 min 6-15, 0°40 Paro- 
1 hr, 0-15,° 0-55 O35. -) 
2 hr, 0-40, 0°50 PAi. 
3 hr. 0-20, 0-36 0-28. 
22 hr. 0:30, 032, 0:54 039 
. 7 dayst 1:42, 1°78, 2°50 187 
Uninephrectomy, with no — 
irradiation 17°25, 18°30, 19-25 16-60). 


* See text for definition of term ‘induction ratio. 0 0o 
t Animals in this group only. were protected by injected hone. ee 
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Under these experimental conditions in the none — 
irradiated rat, unilateral nephrectomy induced a o 
13-3-19-25-fold increase in enzyme activity over _ 
control values. When animals were irradiated from = 
15 min. to 22 hr. prior to unilateral nephrectomy, the vee 
relative ratios of enzyme specific activities were | 
reduced to values ranging from 0-27 to 0-60. <The 
corresponding values from rats unilaterally nephrec 
tomized 7 days post-irradiation are interpreted as 
evidence of beginning recovery of kidney cells fron 
irradiation. yi E 

The foregoing events occurred in a tissue in whi 
the cellular activity of these enzymes is ini 
relatively low. The conditions in the kidney: 
be contrasted with those prevailing in tissues 
of which are in rapid division (that is, thyme 
marrow, neoplasms, most tissue cultures and onion 
root tips) at the time of irradiation. — 

The results indicate that X-radiation causes latent 

















injury to a system responsible for the induction ol 
kidney enzymes required for DNA synthesis when the 
radiation is applied prior to the time of induction. 


DNA synthesis is-one of the necessary events occur- 


ring prior to mitosis. The above results derived from ` 
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ring this work, sttompta t to o differentiate bevek 
nase and polymerase activities were not made. 
ch additional investigations are now in progress. 
ll details of the present work (of which the results 
wresented are representative) as well as those con- 
erning effects of irradiation delivered post-unilateral 
phrectomy will be reported elsewhere. 

3 investigation has been supported in part by 
from the Bureau of Medicine and Surgery, 
vy Department. The opinions and assertions 
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3 — the views of the Navy Department. 
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Effect of Lethally Irradiated Cells on the 
. Development of New-Born Rats 
eee Durme work dealing with the heterotransplanta- 
J tion of hyperdiploid (#/Dipl) and hypotetraploid 
(H#/Sto) variants of Ehrlich’s ascites tumour into rats 
exposed to total-body X-ray irradiation’, I estab- 
. lished a difference in the effect of the same inoculum 


of these two variants of Ehrlich’s ascites tumour 


on the survival of rats. The effect of the tumour 
- of these two variants previously irradiated with a 
lethal dose of 12.000 r. and implanted into rats ex- 


| | - posed to total-body irradiation has been found to 
be of a much smaller degree, there being a difference 
— in the effect of the two tumour variants. 


These results stimulated me to try to find out 


ce : _ whether a similar effect would occur after the im- 











MEAN WEIGHTS AND MEAN —— or DEVELOPING Rats 


~ Ej Sto group 
Days No. of Average weight . Average length No. of 

oo rats {zm.) (om.) rats 

0 14 9-08 + 1-88 6-90 + 031 18 

3 14 13-70 +.2-74 6-69 + 0-45 18 

6 14 14-69 + 4-00 7°00 + O51 18 

9 14 14°78 + 4°55 730+0-70 18 

383 14 16°82 44-12 820 + O76 18 

20 13 23°80 + 7-10 993 + 1-02, 18 

28 13 066 + 1-18 18 


29-30 + 8-46 10: 


EI Dipl group 


pee weight Average eee No. of 


{e rats 
5-67 + 0-20 8 
G05 + 0-30 g 
6-59 + 0-20 8 
7720 & O24 8 
8-16 + 6-26 8 

10°50 + O45 8 
12°06 + 0-45 8 


Ti l2. MEAN WEIGHTS AND MEAN LENGTHS OF DEVELOPING RATS AFTER ADMINISTRATION OF LETHALLY IRRADIATED HYPERDIPLOID Oras 
: (ZiDipl GROUP) AND SALINE (CONTROL GROUP) é 









of these new-born animals after a had b | 
planted with non-irradiated cells. a 

New-born rats {1 or 2 days old) were — 
littor was divided into two parts. 27 million ¢ pel 



















oni) rats, while the control animals were. 
stered the same volume of physiologioal í -palin 
solution. The cells suspended in ascitic fluid wer 
irradiated in a Petri dish covered with ‘Celloph 
A Chiranax A X-ray unit was used for irradiating 
the cells. The X-ray factors were 180 kV., 15 m.amp.,. 
| mm. aluminium, 0-5 mm. copper filter, focal distance 
30 cm., dose-rate 124-8 r./min., total dose 12,000 r. 
The animals were marked by subcutaneous pricking —__ 
with Chinese ink. Their body-length was measured 
on the dorsal side from the muzzle to the point — 
where the tail begins. Concurrently part of the = 
lethally irradiated H/Sto and EH/Dipl cells was in- — 
jected intraperitoneally into mice. No tumour 
growth resulted. * 
The animals were regularly weighed and measured... 
The new-born rats were divided into four groups: 
(1) animals with implanted H#/Sto cells; (2) animals —. 
with implanted #/Dipl cells; (3) and (4) control 
animals. 
The results are presented in Tables 1 and 2. 
The statistical evaluation was worked out by means 
of the t-test. — 
As shown in Table 1, the new-born rats of group = 
that is, those inoculated intraperitoneally with 
lethally irradiated H/Sto cells which did not grow in... 
our experiment with mice, although having a higher 
average weight and the same length at the beginning _ 
of the experiment, began to show a marked retarda-. 
tion in increase in weight between the sixth and ninth 
day after implantation; and contrasted with the - 
control group there is a high degree of statistical 
significance from the thirteenth day onward. It is 
more than 11 gm., that is, the weight of these animals 
is lower by a quarter than that of the control animals 
from the same litter. The lower weight of the = 
animals with implanted H/Sto cells remains then in 
the same condition. The values are given up to the : 
twenty-third day only, because the weight curves of 
the two groups henceforth run parallel. In the 















AFTER ADMINISTRATION OF LETHALLY IRRADIATED HYPOTRTRAPLOID aa, 


S {£/Sia GROUP) AND SALINE (CONTROL GROUP) 


Contral group Statistical significance av aes 
Mean weight Mean length Weight Length — 
(gm, - qem.) l i 
T87 + 2°29 586+ 0-50 P<0-05 P<006 
11-00 + 3-10 6°66 +.0-33 P<6'05 P<0:05 
15204 4:11 7°88 +042 P<0-05 r>0-05 
17°30 + 4-01. 830 + 0-60 P <0:05. P > 0-005 
22-08 + 3°28 9-34 + 0°59 P>0-005 P> 0-005 
88-43 + 4-70 11-36 + 0-58 P>0-005. P>0-005 
40-37 + 5°38 12°45 + 0-55 P > 0-005 P> 0-008 








Control group Statistical significance . 
Mean weight Mean length 
(gm.) (cm.) Weight Length 
7:18 40°70 5°62 + 0-26 P<0-05 Peto 
9094+ 1-19 612 + 0-22 P<0:05 Pepo 
13-50 + 1-56 6-85 + 0-14 P<0:05 P>@-01 
1506 + 1°72 7°60 + 0-20 P<0-05 P > 0-005 
20-34 + 1-83 8-56 + 0-20 P<0-05 P > 0-005 
28-31 + 2-76 - 10-50 + 0-63 P<0-05 P<0-05 
38-62 + 4°56 12-00 + 0-24 P<0-05 Penos 
























18 already sig -smaller the sixth day 


d, contrasted with the control 
there is a high degree of statistical significance 
is ninth day. On the twenty-third day following 
implantation the difference is 18 mm. 

If we compare the values measured in the new- 
born rats implanted with lethally irradiated E/Dipl 
ells with those obtained in the control animals of 
the same litter, we find that no retardation in weight 





inerease results (Table 2) 
and eleventh day there is 
difference in length, th 
his difference is no longer observed on the eighteenth 
and twenty-fourth days. = re 











statistically significant 
considerably smaller 


4 


-implantation of lethally irradiated (dose 5,000 r.), 
< -heterologous (mouse). blood. Both the weight and 
length curves. showed no difference whatsoever; 
-- they have the same trend. ; 

_... The results show that the implantation of hetero- 
_ logous tumour cells, and especially of hypotetraploid 
`- E/Sto cells, into new-born rats results in influencing 
<- oan- effect on the host, which is manifested by in- 
_. fluencing its increase in growth and weight. _ | 
It is of interest that no such effect has been 


- observed after implanting normal lethally irradiated 


-blood of mice under quantitatively similar conditions. 
This fact, together with the early onset of the in- 
= fluencing effect, would testify against an immuno- 
logical mechanism. — 

_ +I presume that the difference in the effect of 
_ E/Dipl and E/Sto might be interpreted by a higher 
-resistance to radiation of Z/Sto as compared with 
_ that of E/Dipl; this fact has been established? in 
_. these two variants of Ehrlich’s ascites tumour, and 
_. has also been observed in experiments with other 
_ diploid and. tetraploid variants of Ehrlich’s ascites 
tumourꝰ. #/Sto, which is less damaged by radiation, 
could then, shortly after implantation, make itself 
_ felt in the biosynthetic processes of the host’s organ- 
ism much more effectively than E/Dipl. This effect 
cgould be interpreted in terms of toxie factors too. 
In order to elucidate these relations further, it is 
necessary to obtain more exact results concerning 
the fate of the implanted heterologous: cells, in par- 
| ticular about their survival and metabolic activity. 
eeu : Mrrogs Kiimex 
— Instituto of Biophysios, 
echoslovak Academy of Sciences, 
Brno, Czechoslovakia. 
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BIOLOGY 


Effect of Phosphorus Deficiency on the 
Metabolic Changes in Free Amino-Acids 
in Certain Leguminous Crop Plants 
Puosprorus deficiency in general is known to 
ause accumulation of soluble nitrogenous compounds, 
he amino-acids and amides, but reports of the changes 
. individual amino-acids and amides have been 
relatively recent and few'-*. Arginine has been shown 
to accumulate in Linum}, asparagine, arginine and 
glutamine in alfa alfa*, isoleucine, glutamine and 
proline in turnips’. These results suggested that the 





the length of the phosphorus deficiency might differ accor 


Between the sixth 
cells implantation, but 


Further, I carried out an experiment with the | 


accumulation of soluble nitrogenous products under. 





















genetic behaviour of the plant. Mostly 
have been confined to the leaves; changes 
position of soluble products in stem and roots 
deficiency, have not received attention. 
The present investigations have shown 
only phosphorus deficiency effects differ fro 
to plant and result in accumulation of metab 
differing magnitudes but also that the e 
deficiency effects varies in different parts o: 
The plants of Phaseolus mungo var. T.9 
radiatus var. T—1, Glycine max (soya bean) 
Vigna catajung var. Early Buff Coupea, were 


acid-washed sand supplied. with normal Hoag! 
_ and Arnon’s culture solution in glazed pots. J 


phorus deficiency was created by substituting equ 
lent amounts of ammonium chloride for ammonium 
dihydrogen phosphate. | Stee 
The deficiency effects of phosphorus were marked 
in general by stunted plant growth, dark green 
colour of the leaves and a marked reduction in the leaf 
area of deficient plants. The extraction of the alcohol- 
soluble components, and separation of various 
amino-acids and amides using two-dimensional paper _ 
chromatographic method, were made as described ` 
earlier’. Quantitative estimates of arginine and = 
asparagine were made by eluting the coloured spots — 
produced by ninhydrin treatment with three aliquots 
of “Methyl-cellosolve’ to give final volume of 5 ml.; the | 
colour produced was measured in a Klett colorimeter 
using blue filter. The magnesium of «-NH,N was 
calculated in terms of colour produced by a-alanine 
from a predetermined calibration curve. In all the 
four plants, accumulation of soluble nitrogenous 
compounds was chiefly due. to arginine and amide 
asparagine; the accumulations, however, varied = 
within different parts of the plants. From Fig. Lit - 
will be seen that maximum increases were due to __ 
accumulation of large amounts of arginine in Vigna _ 
catajung, the degree of accumulation being in decreas- _ coe 
ing order from leaf, through stem, to root. In Glycine os 
max, however, the maximum accumulation was found : 
in the stem, followed by the leaf and no changeinroots. = — 
Phaseolus radiatus showed accumulation of arginine E 
in the same order as that of Vigna catajung, but the ee 
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Fig. 1. Percentage increase of arginine and asparagine in different. 
plant parts under phosphorus deficiency. 1, P. radiatus; 2, P. 
- mungo; 3, V. catajung; 4, G. max. A, Asparagine; B, arginine =. 
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bnlike other plants P. mungo ex- 50 
-hibited a decrease in the content of 

most of the amino-acids of general pool, 
nder phosphorus deficiency, aspara- $ 

ine showing lower values in leaf and ao 
root, while in stem it shows a slight = 
"increase. Arginine accumulated in @ 

=> amounts. greater than the control— 330 
although the increase was not sọ 3 
marked as in other plants—in the leaf © 

20 





and the stem, while the roots showed 
coen lower values. 
Jt was further observed that the 
accumulation of arginine in phos- 10 
_ — phorus-deficient plants is enhanced 
-through the advancing age of the plant, 
and while the plant is vigorously grow- j 
„ing at the expense of stored metabolites 
‘the. arginine accumulation is not 
Phe accumulation of arginine in 
these plants thus appears to be associ- 
X ated with restricted growth rather than 
any direct effect.of the mineral on its 
utilization and conversion. Indeed, 
arginine is recognized, with other 
amides in the plant which also are known to accum- 
ulate during deficiency in different plants, as a store- 
house of available nitrogen for the growth and 
metabolic activity of the growing plants. 
Mo thank Prof. R. N. Tandon for providing us with 
the necessary laboratory facilities for this work. 
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Action of Growth Substances, Chelating 

Agents and Antibiotics on Isolated 
= Root Protoplasts 

was recently shown in this laboratory that one 

he properties of isolated root protoplasts was a 

d response to 3-indolylacetic acid, resulting im 

reased vacuolation and. protoplasmic activity’. 


has now been found that other growth substances, 
elating agents and certain antibiotics invoke a 
imilar response when acting on isolated protoplasts 
under comparable conditions. : 
Protoplasts were isolated from roots of. tomato 
odlings (Lycopersicum esculentum Mill. var. Sutton’s 
Best of All) by the cellulase method described by 
met. 3 mm. root tips from roots 20 mm. in length 
vere incubated at 27° C. for 2 hr. with Myrothecrum 
ase in 0-6 M sucrose. Liberated protoplasts were 
ined microscopically while maintained in 0-6 M 
cand in 0-6 M sucrose containing one of the 
g: the growth substances, 3-indolylacetic 









protoplasts b 


fT wen we ey me ees 
10-* 107 10- 104 10-18 10-1" 


am. tmi. in 0-6 M sucrose 


Fig, 1. Percentage bursting of vacuolated root protoplasts by 8-indolylacetic acid =~ 
(@), gibberellic acid (©), ) 

acetic acid (#), S-hydroxyquinoline (CI), and Lenzylpenicillin (@) over a range 
of coneentrations in 0-6 M 
y aa’-dipyridyl, 
bacitracin, over the same eoncentration-ranze in 0-6 
The percentage bursting in 06 M sucrose alone was zero, 


naphthalene acetic acid (@), ethy lenedianiinetetra- 


sucrose. The percentage bursting of vacuolated 
yy'-dipyridyl, 2-hydroxyquinoline, kinetin and 

sucrose, Was zero, 
All incubations 


were carried out at 27° for 30 min. 


acid, naphthalene acetic acid, gibberellic acid and 
kinetin; the chelating agents disodium ethylene- 
diaminetetraacctic. acid, 8-hydroxyquinoline, aa- 
dipyridyl, together with their non-chelating analogues 
2-hydroxyquinoline and yy’-dipyridy] and the. anti- 
biotics benzylpenicillin (Boots: sodium salt, 1,670 
units/mgm.) and bacitracin (Glaxo: 59 units/mgm.). 
To eliminate salt effects, only double-distilled water 
was used in the preparation of the solution and the 
pH was not controlled. 

As soon as possible after mounting the root tip 
treated with cellulase in one of the above solutions, a 
count was made of the total number of vacuolated 
protoplasts in a given field, either directly, or from & 
suitable photomicrograph. After 30 min. a count was 
again made of the number of vacuolated protoplasts 
present in the same field, and the difference between 
the two counts was taken as a measure of the number 
of vacuolated protoplasts which had burst during this... 
period of time. For each determination approxi- =: 
mately one hundred vacuolated protoplasts were o 
observed initially from several root tips, and the = 
percentage bursting in 30 min. was caleulated from... 
the recorded decrease in the number of vacuolated 
protoplasts. Responses other than the bursting of 
vacuolated protoplasts were observed. — These 
included the vacuolation of densely — protoplasmic -= 
protoplasts, the formation of numerous vacuolar-like -= 
outgrowths from the surface of protoplasts, some of al 
which became detached, viscosity changes and the | 
rapid movement of groups of granules within the eat 
cytoplasm. However, for the present comparative <—. 
investigation only the rapid, readily detectable = 
response resulting in the bursting of protoplasts has == 
been recorded. 

It was found that naphthalene acetic acid,  _ 
gibberellic acid, ethylenediaminctetraacetic acid, — 
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8-hydroxyquinoline and benzylpenicillin in 0-6 M 
sucrose brought about bursting of vacuolated. proto 
plasts comparable with that resulting from the 



















indolyl- S-acotio acid (Fig. 1). N o bursting of 
olated protoplasts was brought about either by 
] I sucrose itself or by solutions of kinetin, 
itracin, 2-hydroxyquinoline, ««’-dipyridyl or yy’- 
dipyridyl | in 0-6 M sucrose. These results are of 
particular interest in relation to the many investi- 
gations on the action of gibberellic acid*.4, kinetin5)*, 
ethylenediamine tetraacetic acid’, 8- -hydroxyquino- 
ine? and antibiotics*® in controlling growth and 
differentiation in plants; since it is now evident that 
in their action on root protoplasts 3-indolylacetic 
acid, naphthalene. ace cid, gibberellic acid, 
ethylenediaminetetraace acid, 8-hydroxyquinoline 
nd benzylpenicillin, in the presence of 0-6 M sucrose, 
all produce a similar biological response, namely, that 
of an increased rate of vacuolation. 
oo. This increased rate of- vacuolation, which here 
-= results ultimately in tho bursting of vacuolated 
protoplasts, is known to be associated with cell 
_. expansion, and the failure of kinetin to bring about a 
similar increase in the rate of vacuolation, and 
-subsequent bursting of protoplasts, is probably due 
_ to the fact that kinetin has little effect on cell expan- 
sion but mainly influences cell division’. The 
Inactivity of the antibiotic bacitracin in contrast to 
the marked activity of benzylpenicillin (Fig. 1) is 
-probably a concentration effect; since in its stimu- 
lation of the growth of roots, benzylpenicillin is 

: known to be active at much lower concentrations 
than bacitracin’. 

J thank Dr. P. W. Brian for the gift of gibber- 
elic acid and Dr. G. Morel for the gift of kinetin. 
Awards of a grant-in-aid from the Royal Society 

and a research grant from the Department of Scientific 
-= and Industrial Research are gratefully acknowledged. 
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| Differential Staining of Nucleic Acids? 
CIN a recent communication! Goldstein suggests that 
ifferential staining of DNA and RNA can be obtained 
y a number of binary mixtures of basic dyes, of 
ch the dye with the higher molecular weight 
ays should stain DNA and the other one RNA. 
) 1 the facts presented, however, this can only be 
cen: as a working hypothesis for further investi- 
gations, since no evidence of a chemical nature is 
included. The author obviously takes it for granted 
iat if staining is obtained in a morphological struc- 
ire which is known or supposed to contain a certain 
chemical substance, this staining would be proof of 
specificity of the staining procedure for that substance. 
Of course this cannot be true. No cell constituent 
ever consists of pure nucleic acid; nucleic acids in the 
cell occur combined with basic proteins, whereas the 
structures in which these are found may contain many 


















hydrates, lipids, ete. So, although specificity for a 


other substances, such as structural proteins, carbo- 


















morphological — may zomotimoes be ela 
is still quite different from. specificity for dei 
tion of a chemical compound. That is am 
why only a very few of the numerous staining 
cedures of histology and cytology (many of | 
have been known for long to give colour differe tia 
tion between the nucleolus and the main nuclea 
material) have been recognized as reagents to — 
types of substances, if properly applied?-*. - 








between DNA and RNA should mainly dep 
relative weights of the cations of the two 
basic dyes, the following Sa e 
renien: 


removal of Susie acida e eiior D ony tne 
(DNase) followed or preceded by RNase 
extraction with hot trichloroacetic. acid® no st 
by either dye occurs. This requirement is fur 
mental; if it cannot be met, no further claim vhat 
soever can be valid. i 
(2) It should be demonstrated that after removal of 
structural proteins by digestion with peptase, and of 
the basic proteins (as well as the structural proteins _ 
outside the nueleoproteins) by digestion with tryptase 
the staining reactions are still the same, or more ee: 
intense®~®, CCE 
(3) It should be shown that the same dye can: stain ee 
DNA and RNA alternately, dependent on the > 
molecular weight of the second dye with. which itis 
combined. If, as stated, in the combination victoria : 
blue/Hoffmann’s violet (perhaps. more. generally 
known as dahlia violet) the latter dye only stains 
RNA owing to its having the smaller cations of the 
two, it should stain DNA if it were combined with, 
say, safranin, pyronin or azure A, and it should a 
stain both if it were used as a single stain. = eee 
(4) It should be shown that the actual dye i jonio = 
weight is identical with the ionic weight calculated 
from its chemical formula, that is, evidence should be ae 
provided for every dye that it contains only one 
chemical compound (many dyes are mixtures of = 
related substances) and that in solution no polymer- = < = 
ization or association takes place which would. 
increase the actual weight of the particles. Itshould = ž 
further be shown that diffusion-rates of the dyes are = 
proportional to cationic weight, which can easily be 
verified by chromatography, which at the same time. 
provides the necessary information about the homo- ~~ 
geneity of the dye. If this strict proportionality = 
should exist, chromatography would certainly be oe 
more exact and less empirical i in its methods than it is. pe 
at present. 
No evidence of the kind as mentioned here is offered 
by Goldstein, so his case has not been proved. I 
fact, the author himself provides evidence against hi 
own claim by mentioning that in a few nucle’ 
especially the small nuclei of frog erythrocytes, DNA 
stained with the smaller cation instead of the larger 
Whether this could be due to the effect of an intae 
nuclear membrane is irrelevant, for in the meth 
green/pyronin technique applied in cytology no b 
ing occurs, not even in objects with compact and 
easily penetrable nuclei, such as spermatozoa” 
vided that no fixatives are used which mater 
alter the protein structure, such as formald 
which produces cross-linkages between protein 
apart from other effects, producing remarkabl 
changes in chemical behaviour and - correspondin $ 
staining reactions. If a differential staining reaction 
depends on incidental variations in membranes, it 


































~~ should bi tested ——— ‘for — — con- 
= di tions of application and sensitivity as required 
mond linary analytical chemistry and hypotheses on 
=- mechanisms should not be forwarded without a good 
“backing of physical chemistry. How inexact the 
author’ s reasoning is may be demonstrated by his 
awing conclusions from “most of the dyes con- 
‘erned”” being more soluble in alcohol than in water, 
whereas the data given in his Table 1 show that only 
16 14 dyes are more soluble in alcohol than in 
. This number is too small to be statistically 
iable anyhow. 
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_. Iv is true that in the cell nucleus one finds substan- 
ces in addition to DNA, and that these may play an 
important part in certain staining procedures. If, 
however, a dye known to be basic stains a structure 
“Jmown to contain DNA and known not to contain 
significant quantities of other acid (basophilic) 
substances, it is reasonable to regard DNA as the 
substrate primarily responsible for such staining. The 
»- game argument applies to nucleoli and pancreatic 
.@ytoplasmic chromidial substance, the basophilia of 
= which is known to be due to RNA. This is very far 
< o from claiming chemical specificity for staining by a 
single basic dye or by a binary mixture; and, contrary 
- to the impression apparently gained by Dr. van Duijn, 
no such claim was made. All these methods, including 
methyl green/pyronin, stain mast cel] granules, carti- 
lage matrix, mucin and other acidic substances in 
| addition to nucleic acids, and one therefore cannot 
Toii glaim that an unknown substrate stained by any of 
_ these methods is nucleic acid (either DNA or RNA) 
unless one uses such additional procedures as the 
“enzymatic digestions mentioned by Dr. Van Duijn. 
Regarding Hoffmann violet, this dye (as mentioned 
he original article) stains both DNA and RNA 
n used singly. In combination with azure A it 
tends to stain nuclei, while the smaller azure A tends 
to stain nucleoli and cytoplasmie RNA, but the 
difference between the cationic weights of the two dyes 
apparently insufficient to give a sharply contrasting 
picture. The colour of Hoffmann violet is too similar 
that. of pyronin and safranin for these dyes to be 
uccessfully used in the mixtures suggested by 
Dr. van Duijn. 
“The degree of association or polymerization of a 
-= dyei in solution may in certain circumstances markedly 
et its properties, but quantitative measurement of 
sociation is technically difficult at the best of 
dis probably impossible in the case of dye 
‘he staining behaviour of the basic dyes 























The rate of niovement of dyes on — aphy 
would probably throw little light on their behaviour 
in staining, as suggested by Dr. van Duijn, since: 
diffusion of dyes may be affected by affinity — the 
substrate. 

The criticism of my reasoning contained i in. Dr. 
van Duijn’s last sentence appears to be based on 


misunderstanding. In the original article, it w i 
mentioned that of the fourteen dyes tested * a; sec- 
tions were markedly overstained by certain dyes- 
(notably victoria blue 4R, Bismarck brown R and = 
Hoffmann violet). It is noteworthy that most of the 
dyes concerned are more soluble in aleohol than ino 
water (Table 1). .” The expression “dyes con- - 
cerned” referred. only to the few dyes that behaved 
in an anomalous way, and Table 1 indicated that the- 
only dyes more soluble in alcohol than in water were. 
in fact victoria. blue 42, Bismarch brown R and. 
Hoffmann violet. I apologize for any lack of clarity 
in this passage. F 

Regarding the staining of amphibian erythrocyte ~ 
nuclei, Dr. van Duijn seems to assume that all such oo 
nuclei will stain with the larger particle. (methyl => 
green) in the classical methyl green/pyronin method, 
and that therefore this method differs fundamentally 
from the binary mixtures used by me. This argument 
would have been more impressive if supported by 
experimental evidence. The following readily repro- 
ducible experiment may convince Dr. van Duijn of 
the error of his assumption. 

Formalin-fixed sections of Xenopus tissue were cut 
in paraffin and stained by the methyl green/pyronin 
method (Pearse, 1960, p. 825 (ref. 4)). Some erythro- 
cyte nuclei stained greenish and some red. The mean 
diameter of fifty nuclei was found with a serew- 
micrometer eyepiece to be 3-90u with a standard 
error of 0-042u. A simple calculation shows that in a 
5. section approximately 22 per cent of such nuclei 
would be expected to be intact, the remainder being 
sliced open by the microtome knife. The correspond- 
ing figures for 10-u and 15-y sections are 61 and 74 per 
cent. More than 250 nuclei of erythrocytes were — 
counted in each of 3 sections of Xenopus aorta, the 
sections being u. 10% and 15yu thick. The percen- 
tages of red-stained nuclei were found to be approxi- 
mately 20, 50 and 68 respectively. These findings are 
consistent with the hypothesis (advanced in the 
original paper) that nuclei staining with the smaller 
dye of a mixture are those in which the nuclear mem- - 
brane is intact, and prevents access of the largerdye. 
The dense hemoglobin in erythrocyte cytoplasm may © 
also play a part in preventing penetration of large > 
dyes; this could account for the fact that red- = 
stained nuclei are more commonly seen in erythro- >= 
cytes than in other cells. Somewhat fewer red-stained © ~~ 
nuclei were seen in extravasated blood cells around 
the edges of the tissue than in intravascular erythro- > 
cytes. Differences in fixation and/or post-mortem =. 
drying may be responsible for this. ee 

It may be added that the staining of erythrocyte > 
nuclei by methyl green/pyronin is diminished or = 
abolished by prolonged incubation in crystalline = — 
deoxyribonuclease (1 mgm. per ml. of veronal buffer... 
at pH 7-5 plus 0-0025 M magnesium sulphate for 24. 
hr. at 37° C.). Shorter incubation (6 hr.) in deoxy 
ribonuclease scarcely affects the staining of Xenopus - 
erythrocyte nuelei or sperm heads, ee it 
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abolishes that of most other cells. Incubation in 
ribonuclease has no effect on the staining of erythro- 
cyte nuclei. 

The demonstration that physical factors may in 
some circumstances determine differential staining by 
binary dye mixtures of the methyl green/pyronin type 
does not of course mean that chemical factors are 
never important. It does mean that staining results 
must be interpreted with caution, and that purely 
chemical explanations may be insufficient. 


D. J. GOLDSTEIN 


Department of Anatomy, 
University of the Witwatersrand, 
Medical School, 
Hospital Street, 
Johannesburg. 


Multiple Medullæ in Wool Fibres 


A SAMPLE of Linco!n wool grown near Hamilton in 
the Western District of Victoria, Australia, has been 
found to eontain a small percentage of the fibres with 
two medulle and even, in rare cases, with a few 
fragments of a third one. They varied from almost 
continuous to fragmental, frequently one being more 
broken than the other. The contents were of an 
irregular fine lattice structure. 





A search of the literature has disclosed no previous 
reports of this feature except the one fibre mentioned 
by Brown and Onions'. 

Fig. 1 shows a typical portion of the two medulle, 
one more frequently interrupted than the other. Photo- 
graphing of a part containing fragments of three 
medullze is more difficult since they each require a 
different focus. Fig. 2 is such an attempt, the middle 
one being out of focus all the way. 


G. JONES 


Textile College, 
Gordon Institute of Technology, 
Geelong, Australia. 
* Brown, T, D., and Onions, W, J., Nature, 186, 93 (1960). 
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Hæmoglobin Pattern and Chromosome 


Number of American, European, and 
Japanese eels (Anguilla) 


ACCORDING to Schmidt' the Atlantic representatives _ 


of the genus Anguilla constitute two separate species, 
namely, the American eel, A. rostrata (Le Sueur), and 
the European eel, A. anguilla (Linnaeus), both of 


which migrate to a spawning area in the Sargasso Sea. — 


A radically different theory of taxonomy, and 
migration of Atlantic eels has been proposed recently 


by Tucker*. He assumes that the eels occurring on 


the two sides of the Atlantic Ocean belong to one and 


the same population, of which, however, only the — 


American eels succeed in returning to the spawning 
ground. 


Those differences which actually exist — 
between eels from the two areas, that is, the duration © 


å 
’ 
ee — — 


2 


of the larval period and the number of vertebræ, are liz ) j 


considered by Tucker as non-genetic and due to a 


temperature gradient within the b 


population into two phenotypically different groups. 


reeding area. This 
gradient together with special current conditions is — 
assumed to sort out one genetically homogeneous _ 


A demonstration of genetic differences between eels — 


of the two groups would obviously be incompatible 
with Tucker’s hypothesis. Since no breeding experi- 
ments are yet possible with eels, the establishment of 


genetic differences must be based on the examination — 
of characters which by analogy to other species can © 
be presumed to be uninfluenced by environmental — 
variation. This line of reasoning has led us to study © 
the hemoglobin electrophoretic pattern and the © 
chromosome number of American and European 


eels. In addition, the Japanese eel, A. japonica 
Temminck and Schlegel, was included in the 
gations for comparison. 

Using a modified agar-gel electrophoresis technique 
recently described by one of us? the hæmoglobin 
patterns obtained in samples of American, European, 


and Japanese eels have been compared. The samples — 
comprised 40 European eels from Danish waters, 40 — 


American eels collected at the North American east 
coast, and 5 eels from Japan. The European eels 
varied in size from approximately 25 em. to more than 
1 m. and the others all fell within this range. 

Each group proved to be monomorphic as to their 
hemoglobin pattern. The pattern of the American 
eels could not be distinguished from that of the 
European ones, whereas the Japanese eels showed a 
different pattern (Fig. 1). 

Chromosomes. were counted in all three samples, 
using in vivo treatment with colchicine according to 
Fechheimer‘, followed by Feulgen staining of the 
corneal epithelium. The chromosome number of 2n = 
38 was established in all three groups. A previous 
count of the European eel by Rodolico' gave 
2n = 36-38. No intergroup differences with respect 
to size or shape of the chromosomes were detected. 

Thus our two attempts to find genetical or cyto- 
logical differences between American and Euro 
eels have failed. Whereas the establishment of such 
differences would have been fatal to Tucker’s hypo- 
thesis, these negative results are fully compatible 
with both theories and consequently do not settle 
the argument. 

We want to point out the possibilities and limita- 
tions of this line of approach to the Atlantic eel 
problem. If American and European eels can be 
shown to be genetically different, in a way that cannot 
be due to different selective forces acting on the two 
groups, then Schmidt’s theory has to be accepted 
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tterns of eels. 30 min. at 200 V, between 
can eel; 2, European eel; 3, Japanese eel 


in toto. On the other hand, even if it was possible to 
demonstrate complete genetic identity of the two 
groups, this would only necessitate the adoption of the 
first part of Tucker’s hypothesis, namely, the one- 
species conception. The question, however, of 
whether European eels make the return journey to 
the Sargasso Sea would still be left as a problem for 
physiologists and marine biologists to solve. 

This work was supported by a grant from the 
Carlsberg Foundation. For help in procuring live 
American and Japanese eels we are indebted to 
Dr. M. Demerec, of Cold Spring Harbor, to Mr. 
Humber, of Freeport, New York, to the U.S. Office 
of Naval Research, London, to Vice-Admiral (retired) 
of the Royal Danish Navy, Dr. A. V. Vedel, and to 
Mr. R. Thogersen, managing director of the Danish 
East Asiatic Co., Tokyo. 

Knup Sick 
MoGENS WESTERGAARD 
OvE FRYDENBERG 
Institute of Genetics, 
University of Copenhagen, 
2A Øster Farimagsgade, 
Copenhagen, Denmark. 
t Schmidt, J., Phil. Trans. Roy. Soc., B, 211, 179 (1922). 
* Tucker, D. W., Nature, 183, 495 (1959). 
* Sick, K., Nature, 192, 894 (1961). 
‘Fechheimer, N. 8., Nature, 188, 247 (1960). 
*Rodolico, A., Pubb. Staz. Zool. Napoli, 8 (1933). 


Waite I am in substantial agreement with the con- 
clusions of Dr. Sick et al., I feel that there is still an 
important point to be emphasized. The hemoglobin 
tests show a close affinity between the American and 
European eels as opposed to the Japanese. They are 
therefore in striking contrast to the biometric criteria 
hitherto applied by taxonomists of Schmidt’s school’, 
for these, on the contrary, showed an apparently close 
relationship between the European and Japanese 
species as opposed to the American: 


Vertebral counts 


Range M f 
A, rostrata 103-111 108 107-23 
A, anguilla 110-119 115 114-73 
A. japonica 112-119 116 115-82 


The hæmoglobin tests, in fact, show a reasonable 
distinction between Atlantic and Pacific species while 
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the meristic characters do not; so much the worse for 
the latter as taxonomic criteria which, in any event, 
are already known to be subject to environmental 
modification by temperature and salinity differences’. 

Serological investigations may also be useful, 
provided due regard is paid to matching the physiolo- 
gical conditions of the fishes to be compared. 

All these studies may usefully be extended to the 
several Indo-Pacific groups of Anguilla species', for 
it seems very probable that their relationships are 
open to a similar interpretation to that which I have 
postulated for the Atlantic ones*. 

Denys W. TUCKER 
“Tregiffian”’, 


18 Belvedere Grove, 
London, 8.W.19. 


t Ege, V., Dana Rep., 3, No. 16 (1939). 
* Tucker, D, W., Nature, 183, 495 (1959). F 


ENTOMOLOGY 


Effect of Oxygen on Cyanide Poisoning 
in Insects 


CYANIDE toxicity is closely associated with respira- 
tory inhibition and, in many forms of life, death is 
attributed to disruption of oxidative metabolism 
through inhibition of the enzyme cytochrome oxidase. 
In insects also, cyanide inhibits the terminal oxidase, 
and it has been shown that in the insect heart cyanide 
sensitivity is closely associated with aerobic metab- 
olism}. 

The chemical exclusion of oxygen as brought about 
by enzyme inhibition has led to the effective use of 
oxygen in the therapy of cyanide poisoning in 
mammals*. Apparently, for reasons not fully under- 
stood, the application of pure oxygen tends to com- 
pensate for the oxygen chemically excluded from the 
organism. If the lethal effects of cyanide on insects 
are the result of interruption of respiratory metab- 
olism then, by analogy, one might expect beneficial 
effects when oxygen is applied. It was found, how- 
ever, that oxygen produced detrimental effects on 
insects after they had been fumigated with hydrogen 
cyanide: oxygen inereased the toxic effects of 
cyanide while complete exclusion of it decreased 
these effects and allowed more insects to recover. 

Adults of Sitophilus granarius (L.) and larve of 
Tenebroides mauritanicus (L.) were exposed to gaseous 
hydrogen cyanide and then placed either in pure 
oxygen, pure nitrogen or air for 46 hr. Greater mor- 
tality occurred in those insects exposed to oxygen 
than in those from which it was excluded (Table 1). 

Investigation of the respiratory response of the 
treated insects in the different concentrations of 
oxygen showed that respiration resumed soon after 
application of oxygen, but it was delayed for several 
hours when the insects were left in air (Fig. 1). 
Insects deprived of oxygen for 46 hr. began to respire 
immediately on return to air. 


Table 1. MORTALITY OF INSECTS PLACED IN OXYGEN, NITROGEN 
AND AIR FOR A PERIOD OF 48 HR. AFTER TREATMENT WITH HYDROGEN 
CYANIDE (36 MGM./L) 


Time exposed to 
hydrogen cyanide Mortality (per cent) 
0 Air N : 


a 86 28 17 


Insect species 


p -— 


S. granarius adults 


2 78 55 86 

3 97 50 43 

PAR 4 97 5i 45 

T. mauritanicus laryæ 1 7 6 
2 47 3 

3 60 11 

4 86 81 
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Fig, 1. Oxygen consumption of 3. granarius adults treated with 
— — — (86 mgm./l. for 8 min.) then placed 

Bre One gon, or pure mtrogen for 46 hr. (Percentage 

ty ori insects indloated at eud of each curve) 


These results show that respiratory inhibition as 
brought about by cyanide poisoning could be partially 
overcome by increasing the oxygen concentration, 
but rapid resumption of aerobic metabolism after 
treatment was detrimental to the insect. It may be 
that, in oxygen, active metabolism is resumed while 
the enzyme catalase is still inhibited, thus allowing 
toxic peroxide to accumulate. On the other hand, the 
delay in the resumption of aerobic metabolism, as 
brought about by exclusion of oxygen, may be 
beneficial in either or both of two ways: it may allow 
detoxifying mechanisms to remove cyanide from 
the sites of action and/or it may allow for vital 
substances, depleted by cyanide poisoning, to be 
regenerated. 

E. J. Bown 
Research Institute, 
Canada Department of Agriculture, 
University sub-Post Office, 
London, Ontario. 
1 Harvey, W. R., and Willlama, C. M, Brol. Bul., 114, 28 (1058). 
— 9. — — tiol, af biockin., + GS, B40 (1050). M Merker 


» aD a B., athol, and 
— 459 (1957). 


Biood Feeding by Philoliche (Dorcaloemus) 
silverlocki Austen (Diptera, Tabanidae) 


THe feeding of Phtloliche (Stenophara) inornata 
Austen and P. (Stenophara) schwetet Austen has 
been described by Schwetz!. Schwetz found that in 
these two species the proboscis, including the labrum 
and enclosed stylets, was used as a whole for both 
flower feeding and blood sucking. 

Oldroyd? has d that in the sub-genera 
with a shorter labium in which the stylets reach as 
far as the labelle (as, for example, in Dorcaloemus), 
the labium and styleta may similarly be used as a 
compound-piercing organ. 

Observations were made by me on specimens of 
Philoliche (Dorcaloemus) silverlocks Austen attracted 
to bait cattle but feeding on human beings near the 
Lundi River in the south-east of Southern Rhodesia 
during the flight season of this species (January— 
March 1961). These flies invariably attacked men 
in the region of the ankle and cattle on the lower 
part of the legs. They appear to show a preference 
for dark-coloured skin, as Africans were attacked far 
more frequently than Europeans in the same party. 

When attempting to feed on man the flies would 
hover around the ankle, touching the skin with the 
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tip of the proboscis. If the flies alighted on the skin 
penetration of the skin would commence immediately. 
At first it appeared that, as by Oldroyd 
and the observations of Schwetz, the whole proboscis, 
including the labium and labelle, was inserted as a 
unit, but further close observations with the aid of a 
low-power binocular microscope showed conclusively 
that this was not the case, but that the labelle were 
applied close to the point of puncture and the labium 
became folded back close under the head as the 
stylets were driven more deeply into the skin with 
rapid vibratory movements. On one specimen 
observed the labium became displaced to one side 
after the uptake of blood had commenced with 
apparently no adverse effect on the process. 

The flies often probed two or three times before 
starting to feed; but once feeding commenced it was 
completed in about 1 mim. When the proboscis 
was withdrawn the labell® appeared to be used to 
clean the stylets and the whole proboscis was wiped 
rapidly with the forelegs. 

When the proboscis was withdrawn either after 
probing or feeding, a large drop of blood usually 
exuded from the site of the puncture. After-effects 
at the site of the puncture were usually negligible, 
but on occasion considerable local irritation occurred. 

Fed flies were observed resting on nearby vegeta- 
tion. 

The feeding method was also observed in the 
closely related species Philoliche (Dorcaloemus) 
medialis Oldroyd and appeared to be identical to that 
described above. 

These observations indicate that the feeding pro- 
cess in Dorcaloemus is closely comparable with that 
in Chrysops as described by Gordon and Crewe®. It 
would appear that the flexing back of the labium 
during feeding is the more general mechaniam in the 
Tabanidae while the insertion of the whole proboscis 
as a unit is a less-common adaptation that requires 
further investigation. 

Rawpon Gooprmr 


Tsetse and Trypanosomiasis Control Branch, 
Department of Veterinary Services, 
Southern Rhodesia. 

18chwetz, J., — Zool, Afr., 2 (1), 52, 100 (1919). 


1 Oldroyd, H., H oras Fiiss of ihe Ethiopian Region, 3, 1 (Brit. M 
(Nat. Hist.), oudon, 1957). l * 


"Gomes M., and Crewe, W., Ann. Trop. Med. Paras., 47 (1), 74 


Lactate Dehydrogenase in Some Insect 
Muscles 


In the metabolism of mammalian muscle lactate 
dehydrogenase plays a key part by catalysing, during 
contraction, the formation of lactate from pyruvate, 
the major glycolytic product. On relaxation the 
reverse process occurs and pyruvate is metabolized 
via the tricarboxylic acid cycle. While there is 
evidence!* that glycolysis is the major source of 
energy for muscular contraction in some insects, it is 
clear that other insect muscles directly utilize fate*-*. 
As lactate dehydrogenase is not a component of the 
enzyme systems involved in fat metabolism, it is 
apparent that the concentration of lactate dehydro- 
genase in an insect muscle offers an msight into the 
metabolism of the contractile process. = 

We have determined the lactate dehydrogenase 
concentrations in the muscles of four insect species; 
all members of the order Orthoptera. Two of these 
species, the praying mantis (Orthodera ministralis) 
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and the katydid (Oaedicta simplex), are winged; tw 

are wingless, the wete (Hemideina thoracica) and the 
stick insect (Argosarchus horridus). The insects were 
adult specimens captured in the Wellington district, 
and lactate dehydrogenase assays were conducted on 
preparations from freshly killed insects, or, in some 
cases, from insects stored in a deep freeze. This 
storage does not affect the lactate dehydrogenase 
concentration, for insects stored for several weeks gave 
similar values to freshly captured specimens. 

Leg muscles were removed from each species. Flight 
muscles were dissected from the winged insects, and 
thoracic muscles, other than leg muscles, from the 
wingless. 

After grinding in 0- 9 per cent potassium chloride 
solution with an all-glass, Potter-Elvehjem tissue 
homogenizer, the muscle preparation was assayed for 
lactate dehydrogenase by the spectrophotometric 
method of Chefurka’. Results of these determinations 
are given in Table 1. 


Table 1. OCONCMRTRATIONS OF LACTATE DWHYDROGRNASE OF INBROTT 


MUS0LBS8 

Lactate dahydroge 

Insect Muscle (unite/gm. fresh weight/min.) 
Katydid flight 12 
127 
Praying mantis fiight i ; 
Stick insect thoracic 293 
eg $44 
Weta thoracic 119 
leg 78 


These results are compatible with the hypothesis 
proposed by several workers®-"° that in the metabolism 
of insect flight muscle a-glycerophosphate dehydro- 
genase replaces lactate dehydrogenase. However, 
with the exception of praying mantis leg musele, the 
lactate dehydrogenase contents of other muscles do 
not exclude lactate dehydrogenase from their metab- 
olic pathways of contraction. 

Our findings are compatible with the resulte of 
Zobe and McShan"!, who have reported low concen- 
trations of lactate dehydrogenase in the leg muscles of 
several flighted insects, but relatively high amounts 
in leg muscles of the waterbug Belostoma and the 
gresshopper Melanolus, both msects depending on 
strong leg muscles for locomotion. In our studies the 
winged katydid possesses a high leg muscle lactate 
dehydrogenase and is similarly an insect relying 
mainly on its powerful limbs for locomotion and 
rarely on its wings. There is consequently an apparent 
relationship between concentration of lactate de- 
hydrogenase of a particular insect muscle and its 
importance to locomotion. 

This work was supported in part by a grant to one 
of us (G. B. K.) from the Wellington Medical Research 
Foundation. Ince. 


G. B. Krrto 
M. H. Bricas 
Department of Chemistry, 
Victoria University of Wellington, 
New Zealand. 


1 Wigglesworth, V. B., J. Erp. Biol., 28, 150 (1949). 

1t Zebe, B. O., Z. vergl. Physiol., 36. 290 (1964). 

*Sacktor, B., J. Biophys. Biochem. Cytol., 1, 1 (1956). 

i Krogh, A., and Weiss-Pogh, T., J. Ezp. Brol., 2, 394 (1981). 

ë Wotss-Fogh, T., Phil, Trans, Roy. Soc., 237, 1 (1952). 

' Zabo, E. C., Naturwise., 40, 298 (1068). 

* Chefurka, W., Biochim. Biophys. Acta, 28, 660 (1958). 

a Bucher, T., and Kitngenberg, AL, Angew. Chem., 70, 552 (1958). 
*Kubiata, V., Nature, 180, 549 (1067). 

1s —— B., Proc. Fourth Intern. Cong. Biochem., Vienna, 12, 188 
n Zebe, B. C., and McShan, W. H., J. Ger. Physiol., 40, 779 (1957). 
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Multiple Myelin Sheaths in Single 
Schwann Cells 


DuRING an electron microscopic investigation of the 
normal structure of the trigeminal ganglion in the rat, 
icular attention was given to various stages of 
myelin sheath formation!. Frequently it was observed 
that two or more myelinated axons were enclosed 
within the cytoplasm of a single Schwann cell. Such 
a finding was difficult to correlate with the widely 
accepted theories of myelin formation from the 
Schwann cell surface’, and the possibility was con- 
sidered that this variation in myelin contour was an 
indication of axon branching. 

Appearances which vaguely resemble multiplicity 
of myelin sheaths within single Schwann cells ate a 
common feature in electron micrographs of nervous 
tissue which has undergone marked dimensional 
change, as a result of improper fixation, undesirable 
characteristics of the embedding medium, or the 
action of hypotonic solutions’. Variations m the 
number of myelin sheaths, as found in the present 
work, could not be regarded as tissue preparation 
artefacts, but were similar to the condition noted in 
normal phrenic nerve‘ and sciatic nerve undergoing 
early Wallerian degeneration’. Recent work has 
shown by the use of phase and electron microseopy* 
that infoldings of the myelin sheath or its protrusion 
into surrounding Schwann cytoplasm are most 
numerous adjacent to nodes of Ranvier, in the 
largest sciatic fibres. 

Multiple myelin sheaths have been seen consistently 
in electron micrographs ared from trigeminal 
ganglia removed from 4-30 day old rats. The material 
was fixed in 2 per cent buffered ogmiura tetroxide for 
2 hr. at 4° C., dehydrated in acetone and embedded in 
‘Araldite’ epoxy resin, prior to the cutting of ultra- 
thin sections. The diameter of extra myelin sheaths, 
which were in the form of rings or ovoids when viewed 
in cross-section, was always smaller than that of 
the principal axon. Although most often lying indepen- 
dently in the Schwann cell cytoplasm, occasionally the 
supplementary sheaths, which showed the fundamen- 
tal periodicity of normal compact myelin, were 
connected to the principal myelin sheath by a mes- 
axon-like arrangement of a single myelin lamella. 
Within the sheaths the characteristic structure of 
axoplaam could be identified. 

It is difficult to visualize the formation of such 
additional myelin sheaths, on the basis of either a 
proliferative process by the Schwann cell membrane, 
or a revolving of the axon within the stationary 
Schwann cell. The summation of information from 
electron micrographs of thin sections of myelinated 
axons in various planes through trigerninal ganglia is 
highly suggestive of the existence of narrow finger-like 
projections of the main axons into surrounding 
Schwann cytoplasm. The myelin covering of these 
prolongations would be seen as rings or ovoids in cross- 
section through appropriate levels. Similarly infold- 
ings of myelin sheaths which indented the axonal 
material have been observed, so that & picture of two 
independent concentric myelin sheaths was presented 
on transverse section. The compact myelin sheaths 
were unconnected by bridging lamellm, such as are 
found in Schmidt—Lanterman. incisures. 

These findings, described here for the first time in 
ganglionic material, strongly support the contention 
of Webster and Spiro* that variations in myelin 
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sheath contour are present throughout the peripheral 
nervous system. Furthermore, this additional evi- 
dence suggests that it is incorrect to imply that the 
presence of extensive infoldings of the myelin sheath 
should be interpreted as an indication of early 
degenerative change’. 

The investigation, which is being continued, was 
supported by grant M828 from the College of Medicine 
Trust Fund, University of Iowa, Iowa City. 


Anpriew D. Drxon 
Department of Anatomy, 
University of Manchester, 
Manchester 13. 

1 Dixon, A. D., Anat. Reo., 189, 222 (1961). 
* Geren, B. B., Ezp. Cell Res., 7, 558 (1954). 
* Robertson, J. D., J. Biophys. Biochem, Cytol., 4, 849 (1958). 
4 Peters, A., and Muir, A R., — J. Exp. Physiol, 44, 117 (1859). 


ad Te, R. D., and Harkin, J in Progress in Neurobiology, edit. by 
orey, S. B., 4 arn A -Harper, New York, 1950). 


* Webster. H. F., and Spiro, D., J. Newropath. Ezp. Neurol., 19, 42 
? Vial, J. D., J. Biophys. Biochem. Cytol., 4, 651 (1958). 


PSYCHIATRY 


Macroglobulin Elevations in Functional 
Mental Iliness 


Tas communication reports the results of analytical 
ultracentrifuge analyses on sera of 50 acutely mentally 
disturbed patients. Sera were taken within 24 hr. of 
admission to hospital and prior to institution of 
definitive therapy. Phenothiazine, monoamine 
oxidase inhibitor or electroshock therapy had not 
been given to any patient during the three months 
prior to serum collection. The diagnoses were varied; 
but all patients had an acute mental disturbance of 
sufficient severity to warrant hospital admission. 
Consecutively admitted patients were used excluding 
only those with known organic brain disease, alcohol- 
iam and those known to have had drug or electro- 
shock treatment during the previous three months. 
Sera of 48 blood bank donors were used as controls. 
Sera were stored at — 15° C. until analysis, which 
was usually within 8 weeks of collection. (Analytical 
ultracentrifuge examinations were made by the 
Institute of Medical Physics, Belmont, California.) 

Table 1 shows that the mean level of S19 class 
proteins was significantly elevated in the patients as 
compared with controls. This finding confirms the 
previous suggestion! ? of such an elevation, and, being 
present in this group of patients, denies the argument 
that it is secondary to drug or electroshock therapy 
or prolonged stay in an institution. 


Table 1, AWALYTICAL ULTRACENTRIVUGE DATA 
Mean levels of protein fractions (Ss) in gm. per 
100 ml (+ 18D.) 


No, . serum (+ 
4 7 it 
Control 48 5'4 (+ ae 1°5 es EH 0284 (+ recs 
Patients 50 6-1* {+073 1-8 (40-34 0-316* (40-111 


* These values differ significantly from those of the controls 
(P < 0-001). 


The mean value for S4 class proteins was also 
significantly higher in the patients. This might be 
thought strange since most investigators have found 
that the albumin-levels, as determined by electro- 
phoresis, are low in psychotic patienta*“. However, 
those molecules sedimenting in the ultracentrifuge at 
the rate of S4 are not completely comparable with 
those migrating electrophoretically as albumin be- 
cause the S4 class molecules, although mostly migrat- 
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ing electrophoretically as albumin, are widely dis- 
tributed among the electrophoretic globulins’. High 
levels of S4 molecules are therefore compatible with 
low levels of electrophoretic albumin. The rise in 
84 class protein could also contribute to the general 
rise in globulins that some authors have found by 
electrophoresis? *. 

The meaning of these abnormal proteins in the sera 
of psychotic patients is still not clear. The possibility 
was previously raised? of an auto-immune patho- 
genesis in some functional psychoses, partly because 
the S19 class macroglobulins are known sometimes 
to have antibody-like activity. More evidence along 
these lines is being obtamed in this laboratory and 
will be published soon‘. Other possibilities are: that 
the brain has some regulatory activity over protein 
synthesis; that the abnormal proteins directly reflect 
abnormal cerebral metabolism; and that the ab- 
normal serum proteins represent infective particles 
of small virus size. Elucidation of the cause of the 
serum protein disturbance in mental illnesses might 
provide an important clue to their wtiology. 

This work was supported .by a grant from the 
California Department of Mental Hygiene. Sanford 
Autumn made the statistical analyses. 


W. J. Fessen 


Langley Porter Neuropsychiatric Institute, 
California Department of Mental Hygiene, 
and 
Department of Psychiatry, 
University of California School of Medicine, 
San Francisco. 
1 Fessel, W, J., Amer. Med. Assoc, Arch, Gen. Paychiat., 4, 154 (1961). 
t Feasel, W. J., and Grunbaum, B. W., Ann. Int. Med., 54,1184 (1961). 
*Eando, L, L, Zh. nevropat. P Maskra, 59, 185 (1959). 
4 Pospisilova, V., and ATE a . Czech. Mod., 4, 20 (1958). 


t Wallenics, G., Trantin ELN and Franklin, R. O., 
J. Tmol, Chem. 285, 258 —— 
— wW. J. — and Psychosia’’; paper read at First 
Amer. Assoc. Ann. AMultidisowpline Res. Forum, New York 
(June 28, 1961). 


STATISTICS 


An Iterative Method for obtaining 
Statistical Frequency Distributions 
from Limited Experimental Data 


In the determination of statistical mean values of 
randomly distributed tin cans in a thermal ballast 
system required for the air receiver of a blowdown 
wind tunnel, the iterative process outlined here has 
been found useful. 

Initially twenty determinations were made of the 
average number of tin cans (open at both ends) of 
diameter 24 in. and height 3 in., made out of 28 gauge 
sheet, required to fill a cubical box of dimensions 
1 x 1 x 1 ft. in a random distribution. These 
numbers ranged from 77 to 84 as shown in Table 1. 
It was found difficult to draw a distribution curve 
connecting the rather limited number of experimental 
points obtained, as may be evident from Fig. 1, which 
shows the experimental values of the frequency F. The 
corresponding Gaussian distribution curve was also 
derived in accordance with the cnn shown 


in Table 1 using the formula Y = 





e-f 
TE a 
(refs. 1 and 2) as shown by curve (a) of Fig. 1. 
By carrying out another series of a hundred 
experimental determinations, a satisfactory curve 
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Table 1 
O g pal i alg 
3 a | = g 
, . d — Bs 3 © aa © 
ë a E k SE ZE z ` 5 
; “4 = 2 i (Sow By, > 
i 5 E8 ge 3s EN g A Ha ~ 18 
8 8 d day * * fi * hl 5 a 
ZE xy au «as Fey oo of v A fy Pe * — F © 3 
77 00 —415 1722 0 861 228 0-08 00175 0084 0-685 24 0056 O-018 
78 000 -315 992 0-000 1-72 O23 0-06 0-025 0-248 128 0-187 0044 
7 010 —2 15 462 0 462 1:17 060 ‘100 0-104 0-480 125 0-458 0-102 
80 020 as -115 182 0264 p 0 0M 0-183 0-192 0256 | 067 0-700 0-186 
8 . e . 
81 030 015 002 06006 0-08 0-006 0-218 0-259 0-008 0087 0996 0-230 
82 O16 0-85 O72 0108 0-46 0-889 0-194 0172 0-128 0-495 0-88 0 204 
83 «000 1:85 842 0000 100 O61 0-184 0087 0-229 107 0-56 0-120 
84 0-20 285 812 1 624 1:55 0-30 0-065 0-182 1-071 /1-65 026 -058 


could be drawn through the experimental points 
which more or leas coincides with the derived Gaussian 
distribution as shown by curve (b) of Fig. 1. 

It was thought that by using an iteration process, 
the results obtained from the twenty experiments 
might also be made to give a better approximation of 
the actual distribution curve that may be obtained 

- froma very large number of experiments. The various 
steps in the method are illustrated in Table 1, in 
which the frequency distribution F, is calculated 
starting from the standard deviation of the experimen- 
tal value F. The distribution F, is then obtained from 
the mean value (F + F,)/2. The process is repeated ‘%I8 
and F, F,.... Fi successively represent closer l 
approximations. The distribution ourves obtained by 
this iterative process are shown in Fig. 2. The method ™ 
is not rapidly convergent, but after a few iterations 


4/ ina 





Frequency F m 








77 79 81 83 85 
N = No. of tin cans/cu. ft. 


Fig. 2. Frequency distribution curves obtained by iterative 
process 









a close approximation to the results of a hundred 
repetitions of the experiment has been achieved as 
may be seen by comparing curve (6) in Fig. 1 with 
curve F, in Fig. 2. 

It would appear that we have here a useful method 
of obtaining good approximations of frequency dis- 
tributions from limited data. This method may be 
expected to have a wide range of applications in other 
fields where frequency determinations have to be 
made on the basis of limited experimental data. 

P. NILAKANTAN 
B. N. NARAHARI AcHAR 
National Aeronautical Laboratory, 
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(Meetings marked with an asterisk * are open to the public) 


Monday, March 12 


UNIVERSITY OF LONDON (at King's College, Strand, London, W.C.2), 
at 6 p.m.— Prof. R. A. Smith: “Stimulated Emission of Radiation 
and its Practical Application to Magers and Lasers’.* (Last of six 
lectures commemora Olerk Maxwell.) 


INSTITUTION OF ELEBOTRICAL ENGINEERS, ELECTRONICS AND OOM- 
KUNICATIONS SECTION (at Savoy Place, London, W.0.2), at 5.380 p.m. 
—Dr, A. J. B : “The Design and Performance of Transistor Port- 
able Receivers’. 


ROYAL INSTITUTION, LIBRARY CIROM (at 21 Albemarle Street, 
— RA at 5.80 p.m.—Mr. B. J. Wiseman: ‘““Tyndall—Seientist 
6 Alps”, 


UNIVERSITY OF LONDON (in Chemistry “A” Theatre, Imperial 
College of Sownoe and Technology, Prince Consort Road, London, 
8.W.7), at 6.80 p.m.—Prof. V. Prelog (Zurich): “Some Becent De- 
velopments in the Oheamustry of Antibiotics’’.* 


ROYAL GEOGRAPHICAL Soormry (at 1 Kensington Gore, London, 
mie” at 6 p.m—‘Exploring the Nyiragongo Voleano” (Oolour 


Tuesday, March 13 


ZOOLOGIOAL Socrpry oF LONDON (at the Zoological Gardens, 
Regent's Park, London, N.W.1), at 5 p.m.-—8clentific Papers. 


INSTITUTION OF NAYAL ARonrrects (at the Institute of Marine 

, 85 Mark Lane, London, E.C.3), at 5.80 p.m.—Capt. W. T.C. 

Ridley, O.B.E., R.N., Comdr. D. L. Alexander, R.N., and Comdr, 
W. F. Moor, B.N.: ‘The Dounreay Submarine Prototype”. 


PARLIAMENTARY AND Sormwrorio COMMITTER, GENERAL COMMITTSE 
{in Committee Room 11, House of Commons, London, Pi at 
5.380 p.m.—The Rt. Hon. Viscount Hailsham. “The Repo of 
the mmittes on the Management and Control of Research and 
Development”. 


UNIVERSITY OF LONDON {at the Senate House, London, W.C.1), 
at 6.80 p.m.—~Prof. J. Torbanna (University of ie le Rogor 
Joseph Hoacovich, F.E.S.. in in 
Dr. Johnson’s Cirole’’. * 


UNIVERSITY oF LONDON (in the Physics Lecture Theatre, Queen 
Ooliege, Mule End Road, London, 6.1), at 5.80 p.m,—Prof. 

i idstein (Harvard) “Extenmons of the Theory of a 
Boundary Layer’’.* 


UNIVERSITY OF LONDON (at the Institute of Archmology, 81-84 
Gordon Square, London, W.C.1), at 5.45 p.m.—FProf. C. J. Beoker 
): “Problems of the Neolithic Period m Denmark. 1: 

Firat Farmers’’.* 


INSTITUTION OF AGRIOULTURAL ENGINEERS (at 6 Queen — 
London, W.C.1), at 6.46 p.m—Mr, P. J. M, Aston: “Farm Bulidings 
and Mechaniszation’’, 


ROYAL INSTITUTA oy CHEMISTRY, LONDON Skorion (at Hatfleld 
Technical College, Roe Green, Hatfield), at 7.80 p.m.—Dr. G. W. 
Cooke: "The Chemical Control of Soil Fertility 


Tuesday, March |3-——Thursday, March [5 


PLASTIOS INSTITUTE (at the Institution of Electrical Engineers, 
peat Place, London, W.0.2)}—-Conference on ‘Testing for Per- 
ormance’’, 


Wednesday, March 14 


GQROLOGIOAL SOCLETY OF LONDON (at Burlington Honse, Piccadilly, 
London, W.1), at 5 p.m.—Dr. Gilbert Fielder: ‘‘Surface Features 
of the Moon and them Tectonic Interpretation”. 


INSTITUTION OF ERHOTRICAL ENGINERRS, SUPPLY SECTION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. K. S. Booth, : 
D. Clarke, Mr. J. L. Kggington and Mr. J. 8. Forrest: ‘‘The 400 ky. 
Grid System for England and Walesa”. 


-~ UNIVERSITY OF LONDON {at the Warb 
London, W.0.1), at 5.80 p.m.—Mr. W. 
the Sclentist’’.* 


UNIVERSITY oy LONDON (in the Physics Theatre, Queen Ma 
College, Mile Rind Road, London, H.1), at 5.80 p.m.—Prof 8. Gold- 
stein (Harvard): ‘“‘Backward Unretarded Laminar Boundary Layers”. * 


RovalL Soorery OF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 6 p.m.—Mr. L. Davies: “The Minature Wonders 
of Transistors”. 


Insti7ors OF Woon SOLENOR (at Carpenters Hall, Throgmorton 
Avenue, London, E.0.2), at 6.80 p.m.—Prof, F W. Jane: ““Extractrves 
and Extraneous Materials”. 


Institute, Woburn Square 
. Bartley’ “The Fame of 


Thursday, March 15 


RoYAL Soorwry (at Burlington House, Piccadilly, London, W.1), 
at 4.16 p.m.—Hilection of Fellows. 4.80 p.m.—Mr. H. Hashimoto, 
Mr. A. Howie and Mr. M, J. Whelan: “Anomalous Electron Absorp- 
tion Effects in Metal Foilsa—Theory and Comparison with — 
ment”; Mr. A. Howie and Mr. M. J. Whelan: “‘Diffraction Contrast 
of Electron AMieroscope Images of Crystal Lattice Defects. 8. Resulta 
and Experimental Confirmation of the Dynamical Theory of Dis- 
location Image Contrast”. 
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INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Mr. H. F. é 
Nevill and Mr. J. G. D. Grone: ‘Wear of Rotary Drag Drill Bita 
m Granitic Rook”. 


LONDON MATHEMATICAL Soorsty (at the Royal Astronomical 
Society, Burlhngton House, Piccadilly, London, eT at 6 p.m— 
Prof. O. Stein. “Group Theory and Statistical Deotsion Theory”. 


INSTITUTH O¥ FUEL (at the Institution of Mechanical 


1 Birdeage Walk, Westminster, London, 8.W.1), at 5.80 eA Sir 
Harold Hartley, F.R.8.. The MacFarlane Memorial Leoture.* 


INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION SROTION 
(at Savoy Place, London, W.C.2), at 5.80 p.m —Mr. R. L. Deabrustais: 

User erfence with Large Ward Leonard D.O. Machine Drives 
for Gas tors at Calder Hall’, 


UNIVERSITY OF LONDON (in Chemistry “A” Theatre, Impertal 
se at Poenos and arya th Tanoe. Consort Road Condon, 
. W.7), at 5. .m.— . V. Prelog: “ ormation and React! 
of Medtamsited Ring Compounds > — 


BOOLETY OF OHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, 8.W.1), at 6 p.m.—~Mr. H. 
Jennings: “Bome Aspects of Testing the Behaviour of Materiala in 
Pavement Construction’. 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at th 
Royal Boclety of Medicine and ioa! ‘Hygiene, Manson Gus: 
26 Portland Place, London, W.1), at 7 p.m.—Prof. P. D. Rutehie: 
“The Thermal Decomposition of Esters and Polyeaters’’. 


ROYAL Boorery OF TROPICAL MEDIOINY AND HYGIENE (at the 
Boa Army Medical College, Millbank, London, 8.W.1), at 7. .m, 
e AOAO Meoting. : Sir George MoRobert, OLE, 


Friday, March 16 


SOOIRTY FOR WATER TREATHENT AND EXAMINATION (1n the Library, 
Royal wren A of Health, 80 ea eer Palace Road, London, 
S.W.1), at 9.80 a.m.—Annual General ting, followed by a Bym- 
posium on “The Pollution of Underground Water Supplies”. 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Lecture Hall of the 
British Afuseum (Natural History), Cromwell Road, London, 8.W:7), 
at 10.40 a.m.—Symposium on “Effects of Soll Physical Conditions 
on Germination and Growth’, 


PSYCHOLOGICAL SOOIWTY, OOCUPATIONAL PsYOHOLOGY 


BRITISH , 
SECTION (in the De nt of Psycho , Birkbeck , Malet 
Street, London, W.C.1), at 1 p.m.-—Mr. usel Wioks: ‘ nnel 


Statistics and Manpower Planning”. 


Soctery oF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Bel- 
grave Square, London, S. W. I), at 2.80 p.m.—Dr. B, A. Homs: ' Phar- 
maceuticals”’: Mr. A. N. Holmes: ! etroschemicals’’ (First Junior 
Technological Meeting). 


SOOrRTY OF KA VIRONMENTAL ENGINEERS (at the Royal Society 
of Arts, John Adam Street, London, W.0.2), at 2.80 p.m.— Annual 
General Meeting, 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval 
Architects, 10 U Be ve Street, London, 8.W.1), at 5.80 p.m.— 
Mr. Claud Powell and . L. O. Stenning. “‘VLF Navigation", 


ROYAL Distrrvurion (at 21 Albemarle Street, London, W.1), at 
etn ae Ronald : “The Final Phase of Faraday’s Re- 
C e 


Saturday, March [7 


BRITISE MYOOLOGIOAL Socrpry (in the 
Birkbeck College, Malet Street, London, W.C. 
Meeting on "The Taxonomy and Biology of the 


Physica Theatre 
at 10.45 a.m— 
yrenomycetes’’. 


APPOINTMENTS VACANT 


APPIAOATIONS are invited for the following appointments 
before the dates mentioned: PRS boats 

ASSISTANT LEOTURER IN MATHEMATIOAL STATIFTIC8: and an 
ASSISTANT LECTURER IN SOcIoLOGy-—The Registrar, The University, 
Leicester (March 14). 

LECTURER IN FOOD TROHNOLOGY; a LEOTURER IN CHEMISTRY: 
a LREOTURER IN PHYSIOS; and a LEOTURER IN MATHEMATICS at the 
College of Advanced Technology, a Jabya—-The Coungl for 
Overseas Colleges, 12 Lincoln's Inn Fields, London, W.C.2 (March 16), 

LEOTURER IN PURE MATHEMATIO8—The Secretary and Registrar, 
The Univermty, Southampton (Maich 17). 

SENIOR LECTURER or LECTURER with responsibility for the Sub- 
ChE of Computation—The Registrar, The University, Hull 

BENIOR LECTURER (with special qualificahons in analysis) IN 

os m the Department of Pure Mathematice—The Regis- 
Gut hat dees College of North Wales, Bangor, North Wales 
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ASSISTANT IN THA DEPARTMENTS OF LOGIO AND MORAL PHILOSOPHY 
—The Secretary, The University, Aberdeen (Maroh 28) 


ASSISPANT IN RESEARCH (with a good honours degree in botany 
or agricultural botany) IN AGRICULTURAL Botary-—The Secretary, 
School of Agriculture, The University, Cambridge (March 24), 


EXPHRINENTAL or SENIOR KXPERDIENTAL OFFICER, to assume 
responsibilty for the supervision of maintenance of an electronic 
control computer and digital equipment associated with the Radic 
Telescope and other apparatus at Jodrell Bank—The Registrar, The 
University, Manchester 13 (March 24). 

LEOTURBE (suitably qualified im the field of palmontology) of 
GEOLOGY at Victoma University of Wellington, New Zealand- -Tho 
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Secretary, Association of Universities of the British Commonwealth 
ene Office), Marlborough House, Pall Mall, London, 8.W.1 (New 
d and London, March 25). 


LECTURER or JUNIOR L&OTURER (preferably with a registrable 
medical qualification) IN BAcTrERIOLOGY—Ths Regati Trinity 
Oollege, Dublin 2, Repubho of Ireland (March 26). 

READER IN THA DEPARTMENT OF PHYSIOLOGY AND PHARMACOLOGY 
—The Olerk to the Governors, Chelsea College or Soleneco and Tech- 
nology, Manresa Road, London, 8. ne z (March 26). 

ASSISTANT LECTURER IN THE ARTNENT OF ZOOLOGY—The 
aay ete paces College of Wales Aberystwyth (March 31). 

LECTURER (preferabl with a research interest in some 
branch of geology) IN GEOLOGY——The Pearta, The Queen’s Univer- 
sity, Belfast, Northern Ireland (March 81). 

Oe x * BIOOIRVBSTRY-Tho Registrar, The University, Hull 

aro 

aR (acquainted with formal, and, if poanie symbolic logic, 

referably with qualifications in the 5 y of sclence) IN 
HPARTHENT OF PHILOSOPHY, University or the Witwatersrand, 

Ja AROMAT South Africa—-The Becretary, Association of Unrver- 
sities of the British Commonwealth (Branch Office) nore 
House, Pall Mall, London, 8.W. —— ES ann London, March 81). 

LECTURER (q ualified m pure or ap kaa Pannan or mathe- 
matical statistics) IN MATRBHATICS—— 


tary of University 
Court, The University, Glasgow (Maroh —— 


LECTURER (with research ex nee in AO IN GEOLOGY 
ae istrar, The University, Notta 
ENIOR 


ROTURER IN PEDOLOGY at Victoria Eea of Weall- 
ington, New Zealand—The Secretary, Association of Universities of 
the British Commonwealth (Branch Office), Marlborough House, Pali 
MAL London, 8.W.1 (New Zealand and London, March 8 81). 
RESBARCH FELLOW IN THE DEPARTMHNT OF PHYSIOLOGY, John 
Ourtin —— of — Reasearch, Australian National University, 
to assist Dr. W. V. Macfarlane in research on ruminant physlology— 
The Secretary, “Assoolation of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, §8.W.1 


(April 9), 

O OFFICER IN THE VIROLOGY DEPARTMENT, initially for 
research on diseases of bulbs and shrubs—Thoe Seoretary, Glasshouse 
Crops Research Institute, Worthing Road, Rustington, ttlehampton, 
Sussex (April 9). 

LROTURSRS IN HXPERIMENTAL AND THEORETICAL Purysios—Tha 
Secretary of —— Court, The University, Glasgow (April 14). 

LECTURER or ASSISTANT LECTURER IN MATHEHMATIOR at the Uni- 
versity of Singapore- Tho Secretary, Inter-University Council for 


Higher, Kı Education Overseas, 29 Woburn Square, London, W.0.1 
ri 
on — DEMONSTRATOR IN Sort Sooaxnce—-The Secretary of 


Faculties, University Registry, Oxford (April 15). 

LECTURER IN ZOOLOGY—The Secretary, University College, Cork, 
Republic of Ireland (April 24). 

RITISH COKE RESHARCH ASSOCIATION FRLLOW, for research in 
the carbonization of high polymers—The Registrar, The University, 
ull (April 28). 

CHAIR Of CHEMICAL ENGINBERING tenable at the ae an College 
of Science and Teshnology—-The Academic niversity of 
London, Senate House, don, W.0.1 (May 

ASSISTANT LIBRARIAN (male}—The Director ational Institute of 
Medical Research, M. R.O. The Ridgeway, Boll HIH London, N.W.7. 

ELEOTRONIOS OFFIOER (Departmental Research Assistan t), to 
des and maintain ap pparetue for medical reasearch and teaching— 
Prof. W. D. M. Paton, Department of Pharmacol ogy, Oxford. 

ENTOMOLOGIST (male, between 22-45, with a g honours degree 
in agricultural ender ee or zoology with entomology as a special 
subject, plus postgrad in economic entomology and fleld 
experience in — caters entomology) IN THH DEPARTMENT OF 
AGRICULTURH Abide o to work on control measures and hfe-historles 


of of agrioultaral ts o in Kenya-~The Director of Recruitment, 
Department of Technica! Oo-operation, Carlton House Terrace, 
London, £ B.W. Ay quoting Ref. BC.218/80/05/T 


rable with specin ake RA in the field of gas 
— or gt è gold state) IN CHWMIOCAL coa—Prof. A. R. 
Ubbelohda, F.R.B., Head of the Department of Chemical Engineering 
and Ohemical Technology, Imperial College, London, 8.W.7. 

MBDIOAL LABORATORY THOHHIOIAN ( alified A. I.M.LL.T., selonce 
degree or equivalent}—The Administrative Officer, North London 
Blood Tranafusiton Centre, Deansbrook Road, Edgware, Middissex. 

PHYsioists and ENGINRERS IN THR NUCLEAR PHysiog LABORATORY, 
to take part in the design and construction of a liquid helium bubble 
ohamber—Prof. D. H. Wilkinson, Clarendon Laboratory Annexe, 
The University, 21 Banb Road, Oxford. 

SENIOR MUETALLURGIST (chemical metallurgist acquainted with 
reactor motals) at the Institute of Radioactive Research, University 
of Minas Gerais, Belo Horizonte, Brazil, to lecture on advanced 
metallurgy and organize research on Brazilian oree—The Director, 
Reorultment Department, The British Oouncil, 65 Davies Street, 
London, W.1, quoting Ref. N4T(8%), 

SPHOIAL LEOTURBE IN ELEOTRON MrcROsCOPY—Prof. A. R. 
Ubbelohde, F.R.S., Head of the Department of Chemical Engineering 
and Ohemical Technology, Imperial College, London, §.W.7. 
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. SCIENTIFIC MANPOWER IN BRITAIN 


PART from some comments, which might have 
been expected, on the recent report of the 
Council’s Scientific Manpower Committee on the 
long-term demand for scientific manpower, the four- 
teenth annual report of the Advisory Council on 
Soientific Manpower, covering the year 1960-61, is of 
an unusually interim character*. The Council is still 
considering the responsibility for research into the 
conservation of natural resources, and the Committee, 
under the chairmanship of Sir William Slater, was 
appointed to consider the implications of establishing 
a Natural Resources Council and is not expected to 
report for some time (Nature, 193, 323; 1962), while 
the Advisory Council itself is still examining the 
unplications of a review of the scale and balance of 
scientific and technological research in the univer- 
sities carried out at its request by the University 
Grants Committee, so that on that subject the report 
adds nothing to what was published by that Com- 
mittee in the Returns from Universities and Univer- 
sity Colleges, 1959-1960. Evidence submitted by the 
Council to the Robbins Committee on Higher Educa- 
tion is appended to the report, but apart from some 
remarks on postgraduate teaching and on senior 
research posts at universities, this evidence is based 
essentially on what has been presented in earlier 
reportas or in the section of the present report dealing 
with costly equipment for research. That section, 
however, essentially indicates some of the major 
points, particularly of organization, which arise and 
which the Council is still examining. 

Taking the two minor points first, on postgraduate 
teaching the Council expresses the view that the 
needs for formal teaching in postgraduate studies 
should be re-assessed and that while improvement in 
such instruction might also assist the training of 
research workers, the latter subject requires exam- 
ination in its own right. Moreover, if these increasing 
demands for formal education at the postgraduate 
level are to be met without destroying the balance 
between teaching and research, it will be necessary 
to establish additional senior posts in universities 
which should be principally concerned with research 
and not loaded with responsibilities for teaching and 
supervision. The Council regards such specialization 
at this higher level as inevitable if individuals of the 
requisite standing are to control the research pro- 
grammes of university departments and considers 
that the need is likely to increase. 

On the long-term demand for scientific manpower 
the Advisory Council firmly supports ites Scientific 
Manpower Committee and maintains that the im- 
pression that the report conflicts with earlier pre- 
dictions is mistaken. What is now predicted has 
become possible through successive Government plans 
to inerease the scale of higher scientific and technical 
education, and the very fact that existing plans now 

* Annual Report of the Advisory Counci on Sotentific rey, 
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seem likely to succeed in their main purpose of 
gradually closing the gap between supply and demand 
gives the Advisory Council confidence that the present 
programme to increase the facilities for higher 
scientific and technological education is on the right 
lines. Only those who see no future for scientists and 
technologists except in a restricted vocational field 
can reasonably regard the present trend as un- 
welcome. 

Quantitatively, the annual output of qualified 
scientists and technologists now stands at nearly. 
17,000, or more than three times the 1938 level of 
some 5,000, and, if all proceeds according to existing 
plans, will rise to 21,500 in 1965 and to more than 
30,000 in the early 1970’s. For the present, however, 
there remains a shortage of scientific manpower 
which is likely to continue for a long time, not only 
in the educational profession but also in those dis- 
ciplines which involve a high degree of mathematical 
skill. Even on present estimates the shortage of 
scientista for vocational, managerial and adminis- 
trative tasks in education, industry and the Govern- 
ment is unlikely to be radically changed before 1965, 
and the Advisory Council reiterates the reminder 
that estimates of future demand may well prove 
unrehable. Apart from this, the Advisory Council 
greatly welcomes the likelihood that more and more 
scientifically trained people should become available 
for non-vocational employment from the mid-sixties 
onwards, and in this view, which they have repre- 
sented in evidence to the Robbins Committee, they 
are strongly supported by the report of the Committee 
on the Control and Management of Research and 
Development. 

One or two further — made by the Advisory 
Council on this situation in the present report is also 
substantially endorsed by the latter report. The 
Advisory Council recognizes the important role of 
technicians in the efficient use of highly trained 
scientific and technological manpower, and the 
report pointa out that little is known about the 
numerical relations existing between technicians and 
technologists or scientists, whether in industry, in 
Government laboratories or in universities. The 
statement that the Council’s Manpower Committee is 
considering with the Departments the possibilities of 
a survey of supply and demand for technicians will 
be widely welcomed, as will the proposal that the 
next review of manpower will include workers with 
medical, dental, agricultural or veterinary qualifica- 
tions. Meanwhile, the Committee has already made 
a pilot study which suggests that the universities 
may not be as well off as Government research eatab- 
lishments in the matter of technical help available to 
highly qualified research workers. The Council is not 
clearly convinced, on present information, that such 
workers in universities are being wastefully employed 
on tasks which could be performed by technicians, 
but it formed the impression that only a very small. 


1010 


proportion of technical assistants in universities had 
qualifications as high as the more educated section 
of the experimental officer class and it expresses the 
hope that increasing the facilities for higher scientific 
education will not diminish the effort being put into 
training appropriate numbers of technicians. 

For the rest, the bulk of the report is concerned 
with the organization of scientific research and 
especially with the provision and use of costly equip- 
ment. As has been noted, the report merely outlines 
the existing situation and the Council’s tentative 
views rather than firm conclusions, and it might be 
said that much of the interest of this major section 
of the report lies in the extent to which it indicates 
that the approach of the Advisory Council itself 
resembles that of the Minister for Science, particularly 
as outlined in his Fawley Lecture last November or 
in diseussing research in the universities in his address 
on Commemoration Day at the Imperial College 
of Science and Technology last October. In both 
those addresses Lord Hailsham was at pains to 
emphasize that the situation which was created by 
the mounting cost of certain types of research equip- 
ment, such as accelerators, radiotelescopes, gas bubble 
chambers, and the newly emerging fields of study, 
too big for association with individual universities, or 
even with purely national budgets, was raising 
important problems of organization, as well as of 
location and finance, in the relations between univer- 
sities and universities, between universities and 
Government and independent research institutions. 
More especially in his Fawley Lecture, Lord Hailsham 
indicated some of the conditions which must be 
recognized and observed if any arrangement was to 
prove fruitful and efficient for such creative work. 

After pointing out that while the principal source 
of university finance for scientific research is likely 
to remain the general income of the universities from 
q“uinquennial Exchequer grants, which in 1959-60 
provided some £20 million out of £26 million spent 
on scientific research, grants from the Research 
Councils, especially the Council for Scientific and 
Industrial Research, for new university research 
projects, had risen from some £3 million in 1957-58 
to more than £8 million in 1961-62, the Council 
instances the National Institute for Research in 
Nuclear Science as an example of a development 
which may be required in other flelds in future. This 
Institute, which was set up to deal with the provision 
‘of exceptionally costly equipment, of the sort of £10 
million, such as construction of a 7 GeV. proton syn- 
chroton at the Rutherford Laboratory, Harwell, is a 
new kind of organization, which provides, runs and 
maintains very large equipment for use by scientists 
from any university or institution who can put for- 
ward a good programme of research. Moreover, ite 
own staff undertake an appreciable programme of 
scientific research and development in connexion 
with the design or development of equipment for 
installation at the Institute or elsewhere, as well as 
research with the Institute’s equipment. 

The Institute is thus unique in Britain, though 
there are near analogies in the ship tanks at the 
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National Physical Laboratory, the research vessels of 
the National Institute of Oceanography, and the 
astronomical equipment, including the Isaac Newton 
telescope, now under construction at the Royal 
Observatory at Herstmonceux, all of which are made 
available to some extent for university research. A 
further example is the sea-going vessel of the Marine 
Biological Association at Plymouth, which is sup- 
ported mainly by Exchequer funds through the 
Development Commission, although the universities, 
members of the Marine Biological Association and 
interested industrial concerns also contribute. The 
opportunities provided for university ‘workers, how- 
ever, with all this equipment is incidental to the mam 
purpose of the Institutions, but they illustrate the 
assistance of university research by provision of 
facilities which are not under the control of univer- 
sities. 

During the past ten years the Department of 
Scientific and Industrial Research has handled an 
increasing number of requests for items of research 
equipment costing between £250,000 and £1 million. 
In providing grants for relatively small equipment it 
has often been made a condition that, if possible, 
more than one Department of a university should 
use service equipment such as electron microscopes, 
and this principle was also applied to the radio- 
telescope at Jodrell Bank. More recently, the Depart- 
ment has agreed in principle to provide reactors for 
certain universities subject to the condition of joint 
use with two or more universities, colleges of tech- 
nology or other research institutions. It is envisaged 
that combined boards of management will be set up 
and the reactors may sometimes be sited outside the 
universities, the functions of which would be to 
satisfy themselves that the equipment was put to 
the best use in the national interest and that research 
workers from other universities have reasonable 
opportunities for research if they are qualified. 

The Advisory Council regards arrangements of this 
type as satisfactory, though strangely enough they 
make no comment in this report on the vital necessity 
for the Government to eschew any form of start and 
stop pressure such as was witnessed last autumn in 
spite of the forthright condemnation of that practice 
by the Plowden Report, or of the necessity for close 
attention by the Minister for Science to the siting of 
such institutions emphasized just as strongly in the 
Zuckerman Report on the control and management 
of research and development. Nevertheleas, the 
Advisory Council in this report shows that it is well 
aware of the importance of siting considerations and 
of the need to ensure that the arrangements made 
preserve the freedom of individual research workers 
in the universities to develop their own research 
activities along such lines as they think fit. It is no 
less aware of the dangers which attend the concen- 
tration of research in a particular field at only one or 
two institutions with the ultimate result that the 
nature of research in a particular field is determined 
by the equipment available at the university. 

These are all points that Lord Hailaham’s recent 
references to university research have emphasized 
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and it seems clear that he and his Advisory Council 
are of one mind regarding them as also in the matter 
of the Advisory Council’s responsibility for con- 
sidering the implications of the provision of such 
costly research facilitiés on the balance of scientific 
effort in Britam. Moreover, the creation of any 
further national institutes on the lines of that for 
Research in Nuclear Science, while in the Council’s 
view hkely to call for consideration im such fields as 
radioastronomy, for example, in the very near future, 
also raises questions of their relation with Govern- 
ment and their place in the general organization of 
Government support for acientific research. Any new 
institutes of this type must clearly receive Govern- 
ment funds through a Parliamentary Vote, which is 
accounted for to Parliament or be financed by a 
grant-in-aid. 

The Advisory Council visualizes three ways of 
achieving this in practice. The new institutes could 
be placed under the direct control of the Department 
which accounts for public expenditure in the field 
concerned; they could be placed under the appro- 
priate Research Council, or they could be directly 
_ attached to the Minister for Science. The one thing 
to be avoided, the Advisory Council rightly -points 
out, is the establishment of a series of independent 
bodies to compete with each other and with other 
claimants for funds for scientific research. There are 
also to be considered the relations between the 
activities of national institutes and other bodies 
such as the Royal Society, the independent founda- 
tions and industry, all of which finance research 
projects in the universities. 

Consideration of the general circumstances which 
might justify the establishment of further national 


NATURE 


1011 


institutes or, alternatively, extension of the existing 
system of supporting costly research equipment at 
universities by funds administered by the Research 
Councils, has naturally led the Advisory Council to 
re-examine the present organization for dealing with 
civil science and, although it has now at ite dis- 
posal the reports of the Plowden Committee and 
of that on the Control and Management of Research 
and Development as well as the University Grants 
Committee’s preliminary inquiry into resources 
devoted to scientific research in the universities, it 
would be unreasonable to expect it to arrive at 
any hasty conclusions. Already, in this report, it 
expresses the view that any satisfactory form of 
Government organization for scientific research must 
be flexible enough to accommodate changing patterns 
in science; subject to Government policy, ita direc- 
tion should be in the hands of scientists; it should 
also provide effective means of determining 
scientific priorities so that an appropriate distribution 
of effort in the national interest can be assured. It is 
satisfied that these conditions are generally met by 
the existing organization, but present developments 
are compelling the assessment of priorities not only 
between different fields of research but also between 
different agencies and between national and inter- 
national projects. There is no indication of any 
clash of views between the Advisory Council and the 
Minister for Science, and with so much material 
already available for their guidance it is to be hoped 
that they endeavour to formulate their conclusions in 
this vital sphere as a matter of the utmost urgency. 
It is not unreasonable to expect decisions to be taken 
well within the present year if scientific and techno- 
logical advance is not to take charge of the situation. 


RESEARCH IN THE SOCIAL SCIENCES AND HUMANITIES 


HE second reading of the Health Visitors and 
Social Workers’ Training Bill in the House of 
Commons on November 24 was used by most speakers 
to criticize strongly the inadequate provision made in 
Great Britain by the Government for social research 
generally. The Younghusband Report, out of which 
the Bill arose, recognized the need for research into 
the social needs of particular groups, and, accordingly, 
the Bill provides the Ministers concerned and the 
local authorities with powers to initiate and assist 
such research; but the explanatory memorandum 
emphasizes that the additional expenditure on 
research will be very small. Since the Younghusband 
Committee had stressed the need for much more 
continuous research and inquiry, this comment was 
attacked as niggardly, particularly in view of the 
limit of £50,000 placed on the provision for the two 
training councils. Following forthright words from 
Dame Irene Ward and Mr. Kenneth Robinson, Mra. 
Judith Hart asked for an explanation as to what use 
the Minister proposed to make of the power given 
him under Clause 5, and whether he would make 


an annual grant for research, while Miss Margaret 
Herbison suggested that it would have been better 
to leave out any reference to research than to hamper 
it with such niggardliness. 

The Minister of Health, Mr. J. Enoch Powell, in 
replying to the debate, said thero was general mis- 
understanding about the terms of this paragraph of 
the explanatory and financial memorandum relating 
to research. The local authorities and the Govern- 
ment Departments which administer these services 
in the course of their work came into possession of 
much material which, for comparatively little 
expenditure, could be made to yield valuable informa- 
tion both for the authorities themselves and for 
academic bodies. It was for this purpose that the 
powers in question were placed in the Bill. There 
was no implication that the Government intended to 
limit research or be niggardly in its approach to 
regearch. 

It is thus obvious that the Bill is not intended to 
make an appreciable contribution towards increasing 
the resources for social science research, either in the 


1012 


specific field contemplated by the Younghusband 
Committee, or in the broader field of the humanities 
and the social sciences generally covered by the 
survey conducted by the British Academy with the 
support of the Rockefeller Foundation *. The survey, 
which was conducted by a Committee of which Sir 
George Clark was the original chairman, being suc- 
ceeded in 1958 by Sir Maurice Bowra, was not men- 
tioned in the debate; nevertheless, it covers a wide 
field, including the position of the learned societies as 
well as the universities. Apart from providing an 
authoritative assessment of the scale of the present 
research effort in social science in Britain, the report 
touches on some points of more general scientific 
interest, such as the contribution which learned 
societies and libraries make in general to the scientific 
effort, in Britain, and its conclusions and recom- 
mendations have strong claims on the close attention 
of the Minister for Science, even if he had not already 
expressed the opinion that social science studies in 
Britain should be strengthened. 

The report emphasizes in the first place that 
research is just as essential to the proper study of 
the humanities, including the social sciences, as it is 
to that of science; and if research in this fleld decays 
from neglect or indifference, the place of the human- 
ities in the educational and cultural system of Britain 
will suffer serious damage. At the present time, the 
social sciences are particularly needed to complement 
and balance natural science and in order to sustain 
the intellectual and spiritual life of Britain. Never- 
theleas, although research in the humanities is 
much less expensive than in science, the Committee 
has no hesitation in affirming that its present scale is 
quite inadequate. It does not find estimation of the 
magnitude of the research effort in the humanities or 
social sciences at the universities easy, though it does 
not think that as many as 200 individuals are solely 
engaged in university institutions in higher study or 
research in these fields. It considers that there is 
‘Inadequate provision for study-leave, and that 
training for research in these subjects is concentrated 
too much in Oxford, Cambridge and London. 

While the university organization for research is 
regarded as in many respects excellent for its purpose, 
the report makes a number of constructive sug- 
gestions. The research carried out by established 
members of the staff, particularly outside Oxford, 
Cambridge and London, where some 350 out of 500 
State studentships in arts subjects are held, would 
gain in quality and effectiveness if those universities 
were able to retain or attract a larger number of 
beginners in research, who can make a contribution 
of their own to a well-proportioned department. 
Again, the Committee comments on the low expendi- 
ture, over Britain as a whole, on stipends, libraries, 
museums, publications and the other needs of 
research in social sciences, so that in consequence it 
bas lost the position it should hold. The Committee 
believes that the position of research in the human- 
ne and the social sciences would be more satisfactory 
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if there were some authority which could allot funds, 
as the Department of Scientific and Industrial 
Research does, for special requirements, not solely or 
necessarily in the universities. 

When the Committee points out, however, that 
the only direct grant made by the Government for 
research in the humanities is that made by the 
Treasury to the Britiah Academy, and all allowance 
is made for the meagreness of this sum of £60,000 in 
1960-61, out of which £51,000 is earmarked for the 
annual recurrent expenses of the British Schools and 
Institutesof Archeology in Athens, Ankara, East Africa, 
Rome, Iraq and Jerusalem, for the Egypt Exploration 
Society and for the Council of British Archeology, 
the residual £9,000 for the British Academy should 
not in fairness be set against the grants for scientific 
research made by the Department of Scientific and 
Industrial Research. The £5777 million allocated by 
the Department in research grants in 1959-60 included 
seven, totalling £40,000, awarded on the recommenda- 
tion of its Human Sciences Committee for research 
in. that field; and at the present time that Committee 
is attempting to estimate the impact on industry of 
research in this field for which, for example, the 
earlier Joint Committee of the Department with the 
Medical Research Counoil on Human Relations in 
Industry and Individual Efficiency in Industry were 
responsible. It was stated in the House of Commons 
on December 5 that the National Institute of Econ- 
omic and Social Research is to receive a grant of 
£5,000 a year and further grants up to £1,900 over 
three years for research into growth in the British 
economy, while the Minister of Education had pre- 
viously indicated his intention to establish a research 
fund. However, some of this work has been financed 
from Conditional Aid Funds, and the British Academy 
report, in commenting on the slight extent to which, 
in university expansion, money and energy are spent 
on research in the humanities and social sciences, 
compared with that expended on technological 
education, notes the debt which British scholarship 
in these fields owes to private benefactors and the 
charitable foundations, especially the American 
foundations. 

The Committee is not critical of the larger provision 
for scientific research, but it stresses the desirability 
of a reasonable degree of balance. Nor is it anxious 
to have research wholly dependent on grants from 
public funds. Its suggestion for some authority of 
the type of the Council for Scientific and Industrial 
Research is intended only partly to assist the pro- 
vision of substantial contributions from the State for 
research in the humanities and social sciences. The 
proposed research council would be authorized to 
extend and improve the provision of study leave and 
travel grants for research workers and for maintaining 
contact with research overseas. It would be em- 
powered to provide subsidies for the publication of 
learned periodicals and for collective projects as well 
as to assist the learned societies in maintaining their 
central offices, libraries and periodicals, and providing 
museums with grants for additional staff, study leave, 
travel, ote. 
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The Committee is probably wise in suggesting that 
though some needs could be met from grants provided 
through the University Grants Committee, it would 
be better not to confuse university expansion with 
the expansion of research. The two cannot be entirely 
separated from research in the humanities and the 
social sciences, which seems more likely to obtain 
increased funds at this juncture if an appropriate 
research council is charged with that responsibility 
and with the dissemination of the resultes of such 
research. It is contemplated that the proposed 
research council would encourage and support 
research in universities and other institutions of 
higher learning, in lbraries, museums, learned 
societies and other institutions; encourage and 
assist institutions or departments of institutions for 
research in these fields, as well as the continuation 
of such research by private persons. Bome direct 
support to the Royal Institute of International 
Affairs and the National Institute for Economic and 
Social Research is suggested, and while no estimate 
is formed of the cost, the Committee suggests that 
a few hundred thousand pounds a year would make 
a very big difference. 

The suggestion for such a research council is by no 
means new. It was made in 1946 by the Clapham 
Committee on the provision for social and economic 
research, which found the provision for such research 
in the British universities lamentably inadequate. 
Its suggestion for a Social and Economic Research 
Council was rejected by the Lord President of the 
Council, although another recommendation brought 
into being a standing Inter-departmental Committee 
on Social and Economic Research which has produced 
two reports. A simular suggestion by Lord Taylor in 
the debate in the House of Lords on science in civil 
life in December 1959 was noted by Lord Hailsham, 
and although not rejected, was regarded as probably 
premature. Lord Hailsham, who mentioned also the 
research into penology mstituted by the Home 
Secretary in the Home Office, seemed disposed to 
argue that a good deal of social science is proceeding, 
and admitted that the social sciences needed encourage- 
ment_ though not necessarily by establishing a new 
research council. 

It would certainly seem possible for the Advisory 
Council on Scientific Policy to provide some stimulus 
in this field, which obviously lies within the broad 
scope of its responsibilities; and particularly in 
respect of ensuring some degree of balance and of the 
contribution to scientific research generally which 
would be made by attention to some of the ancillary 
factors such as the needs of learned societies and 
library resources generally. Indeed, it almost implies 
some neglect of duty on the part of the Minister for 
Science and the Advisory Council that the British 
Academy report should be impelled to make such 
strong representations regarding the needs of the 
National Central Library, those of the learned 
societies and of the regional and reference libraries 
in the public library system of Britam. The Minister 
for Science 18 too vitally concerned with some aspects 
of the Roberts Report on the public library service 
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for action to wait indefinitely on local authorities, 
and it may be questioned whether there is anything 
to be gained by making some further body responsible 
for libraries serving the humanities and social sciences. 
The needs of all hbraries are best handled by one 
responsible body. ; 

There is a further reason that claims the attention 
of the Minister for Science and his Advisory Council. 
The report directs attention to the special problems 
presented by research in small departments and in 
recently established subjects, and to the particular 
needs of archeology and social anthropology. Here 
the needs seem to come naturally into the survey of 
gaps in our existing research structure with which 
the Advisory Council on Scientific Policy’ has been 
particularly concerned in recent months. Here a 
central body is far better placed to devise and 
encourage a policy of concentration, which can over- 
ride either duplication of effort or the frittering away 
of resources on projects too small to be implemented 
effectively; and although in theory the needs of 
university departments of archeology are as much 
the concern of the University Grants Committee as 
any other field of study, under the existing con- 
ditions, help from outside could be decisive. Further- 
more, in social anthropology, where the main need is 
basic research, the Advisory Council might be able 
to give more effective help than a new research council, 
particularly in view of the existence, which the report 
duly notes, of the Colonial Social Science Research 
Council and the Overseas Research Council. Where 
such support is required as a long-term investment, 
the Advisory Council has a clear responsibility which 
it, rather than any of the Research Councils, is best 
placed to discharge. 

One other recommendation of the British Academy 
report should be noted m conclusion. Specialized 
institutes can perform an important service in the 
creation and preservation of standards; but the 
degree of need for them varies, and is most marked 
in subjects involving field-work not easily combined 
with full-tume teaching, and in those requiring exten- 
give technical equipment and assistance. Any new 
specialized institutes should be established in olose 
association with a university, but with the advice 
and help of a national central agency; and the Com- 
mittee seems to have in mind the research stations of 
the Department of Scientific and Industrial Research. 
The idea, however, is not pressed strongly. The real 
needs are wider provision for training research 
workers in the humanities and the social services 
generally, more senior and established posta, and 
increased provision of the ancillary aids and con- 
ditions which determine the effectiveness of a research 
worker. Fundamentally, it is a matter of adequate 
finance; and although the suggestion for a new 
research council is not to be rejected out of hand, 
there seem to be reasons for believing that the full 
acceptance of existing responsibilities and use of 
opportunities by the Minister for Science and the 
Advisory Council on Scientific Policy would’ go far 
to improve the situation and redress the lack of 
balance. 
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Steels for Reactor Pressure Circults 

Report of a Symposium held in London on 30 Novem- 
ber—-2 December 1960 by the Iron and Steel Institute 
for the Bntish Nuclear Energy Conference. (Special 
Report No. 69.) Pp. vi+ 587. - (London: The Iron 
and Steel Institute, 1961.) 68s. 


Cold Forging of Steel 

By Dr.-Ing. H. D. Feldmann. Translated from the 
German by A. M. Hayward. Pp. 268. (London: 
Hutchinson and Co. (Publishers), Ltd., 1961.) 40s. 
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Metallic Fatigue with particular reference to the 
Significance of Certain Standard Aircraft Fabrication 
and Finishing Processes 

By W. J. Harris. (Internetional Series of Monographs 
in Aeronautica and Astronautics. Division VIII: 
Materials, Science and Engineering, Vol. 1.) Pp. 
xi+331. (London and New York: Pergamon Press, 
1961.) 84s. net. 


PART from the fact that they are concerned 

with metals, the three books under review have 
little in common. One is concerned with the new 
technological problems that arise when steels are 
used in nuclear reactors; the second is a monograph 
_on cold forging, a relatively new method for the 
production of complex shapes, and the third sum- 
marizes recent experience of the fatigue of metals in 
aircraft and the influence of fabrication and finishing 


processes. 

Steels for Reactor Pressure Vessels is the report of 
a symposium held in late 1960 by the Iron and Steel 
Institute for the British Nuclear Energy Conference. 
This fact and the title may. give the impression that 
the contents are highly specialized and likely to be of 
interest to a restricted readership but this is not 
the case, as is apparent on inspecting the list of titles 
of the papers presented. 

Section 1 contains papers on the creep and graphit- 
ization of low-carbon steels, topics of considerable 
general interest. Section 2 deals with the corrosion 
of materials in reactor service. This section and that 
which follows, on fabrication problems, are perhaps 
of least interest to the non-specialist but they are, 
none the less, worthy of attention. Section 4 contains 
papers grouped under the heading “Irradiation 
Effects”. A careful reading of this section can only 
lead to a much-improved understanding of many 
of the problems of the mechanioal behaviour of 
metals, particularly of brittle fracture. The final 
section is concerned with the development of steels 
for future reactors; such steels are likely to have 
many uses outside the reactor field, and the discussion 
pots the way to future developments. 

As is usual in the proceedings of a symposium, there 
is some variation in the standard of the individual 
papers. However, the general standard is high and 
the volume can be recommended to any -metallurgist 
whose primary interest is in steels. 

The rapidly growing interest in the cold forging 
of steel in the United Kingdom fully justifies Cold 
‘Forging of Steel, the English translation of Dr. 
Feldmann’s book Fliesspressen von Stahl, which 
ap in 1959. The book brings together the 
available theory and practice on this relatively new 
process. Practising engineers will benefit more than 
students from the book for, although the first chapter 
gives a reasonable theoretical introduction, a large 
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part is concerned with the art of designing production 
sequences to give desired complex shapes, the tooling 
of presses, surface treatments and lubrication, heat 
treatment and presses available for cold forging. In 
the numerous tables and graphs there is a vast amount 
of data of both practical and experimental value, 
It is unfortunate that Dr. Feldman could not melude 
more information on British practice; perhaps such 
information must wait until British specifications 
are established for steels for cold forging. 

The author of Metallic Fatigue writes from the 
special point of view of the aircraft industry in which 
he has had considerable experience. Though there 
is some reference to the role of dislocations, the 
approach is essentially that of the engineer, and the 
main emphasis is on stress concentration and ita 
alleviation, crack propagation, corrosion and fretting 
rather than on the physical metallurgy of the fatigue 
process. The volume is a useful addition to the 
literature and will certainly be welcomed by those 
primarily concerned with practical aspects of fatigue 
and its avoidance, whether in aircraft or in more 
general applications. A. G. QUARRELL 


ART AND CRAFT OF BUILDING 


A History of Building Materials 
By Dr. Norman Davey. Pp. xiv+260+48 plates. 
(London: Phoenix House, Ltd., 1961.) 65s. net. 


now seem to be in an age of monster—some 
would say monstrous—buudings, primarily 
functional in intent, and expressing the skill of the 
engineer rather than that of the craftsman. The 
materials used, steel, eluminium, concrete, glass and 
plastics, are usually fabricated and shaped before 
reaching the building site. The same tendency is 
affecting the methods of building ordinary dwelling- 
houses, where the use of such traditional materials as 
stone, plaster, timber and even ordinary bricks is 
passing, together with the skills used in their applica- 
tion. This change seems inevitable, but to many it 
is a matter for regret. 

Dr. Norman Davey, who spent many yeara on the 
staff of the Building Research Station at Watford, 
has produced a most readable account of the building 
materials used in the past, from paleolithic times 
onwards, mainly in Europe and the Mediterranean 
region, though he sometimes goes farther afield 
for his examples. These materials are very varied in 
character, ranging from reed and atraw thatch to 
timber, from un-dressed stone to bricks, slates and 
tiles, and include substances such as terra cotta, 
plasters, limes and cements, bitumen, stucco and so 
on. The title of the book is misleading. in that it 
does not indicate its full scope, for, in addition to 
describing the nature and mode of preparation of 
typical building materials, and the precise uses to 
which they have been put, the structural details of 
buildings in which they were used have been described. 
and illustrated. Thus, in outline, at least, the book 
is a history of the art and craft of building. The 
skill and ingenuity with which traditiona] matoriala 
were used in the past, not only functionally but for 
ornamental purposes, has been depicted in the forty- 
eight plates and one hundred and thirty-four clear 
and attractive line-drawings which supplement the 
text. i 

The concluding chapters discuss the use of glass 
and metals in building and such complementary 
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matters as water supply, heating and drainage, and 
the final chapter deals with modern trends. An 
appendix describes and figures a representative selec- 
tion of the special tools used in the past by masons, 
quarrymen, woodmen’ and plasterers. References 
to some of the more important sources have been 
placed at the end of each chapter, and there is an 
adequate index. 

The field covered is wide, and the author does not 
claim that his treatment is exhaustive, but it is 
certainly thorough. The book is beautifully produced 
and should appeal especially to architects, archmolo- 
gists, antiquarians and, in fact, to all who have an 
interest in and an affection for buildings, especially 
old buildings. V. A. Hynes 


~ 


NATURAL PHENOLIC 
COMPOUNDS 


Recent Developments In the Chemistry of Natural 
Phenolic Compounds - 

Proceedings of the Plant Phenolics Group Sympo- 

sium. Edited by W. D. Ollis. Pp. viii + 237. (London 

and New York: Pergamon Press, 1961.) 70s. net. 


HE Plant Phenolics Group, formed in 1957, aims 

at “advancement of the knowledge of phenolic 
and related constituents of plants in respect of their 
function, biosynthesis, effect on plant and animal 
physiology and pathology, and the application of 
such knowledge in agriculture and industry”. The 
present volume consists of expanded versions of 10 
papers, and summaries of two papers, read at a 
meeting of the Group in April 1960. 

Three chapters by R. W. Richards, W. B. Whalley 
and H. Grisebach (Freiburg) survey, respectively, 
biosynthesis from activated ‘acetate’, broad struc- 
tural and biogenetic relationships and the biosynthesis 
of isoflavones. 

The shorter contributions cover intramolecular 
free-radical coupling of phenols (C. H. Hassall and 
A. I. Scott), gallotannins (R. D. Haworth), the 
biosynthesis of gallic acid (E. Haslam) and an account 
of tannins from Algarobilla (the ground fruit pods of 
Acacia species from Chile) is given by O. T. Schmidt 
(Heidelberg). 

W. D. Ollis and I. O. Sutherland contribute a long 
essay on isoprenoid units in natural phenolic com- 
pounds, and W. Baker and W. D. Ollis give a closely 
argued account of biflavonyls such as ginkgetin and 
sciadopitysin. The ginkgo tree, described by Darwin 
as a “‘living fossil’, has considerable interest for 
botanists, and ginkgetin was first obtained in 1932 
from ite autumn leaves, by Furukawa. The substance 
proved difficult to purify, and its precise structure was 
elusive. Later work by Nakazawa and Baker’s group 
led to an unambiguous answer, reached in part by 
subtle applications of ultra-violet and infra-red 
spectroscopy, used not only to establish the presence 
of two flavonyl units but also to locate the positions 
of oxygenation and in particular of the o-methyl 


groups. 
L. Horhammer and H. Wagner (Munich) discuss 
new phenolic C-glycosides. A. S. Dreiding (Zurich) 
describes the §-cyanins, a class of red pigments of 
the Centrospermae. Finally, Ollis and Sutherland 
summarize some highly interesting work on a new 
family of antibiotics such as rutilantone, related to 
hydroxy-anthraquinones and tetracenequinone. 
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This enjoyable book deals with intricate problems, 
but leaves the impression that organic chemists are 
coping with them in a highly accomplished way. 
Much use is made of paper chromatography and paper 
electrophoresis, and the use of compounds labelled 
with carbon-l4 is of great value in testing insights 
into biosynthetic pathways. The correlation of ultra- 
violet and infra-red spectra with the structure of, 
organic compounds began late in the nineteenth 
century and gathered pace slowly. In the ‘twenties 
organic chemists could view physical methods as 
‘unnecessary’ while physical chemists often thought 
organic compounds ‘too complicated’. The last 
chapter in this book states that “modern structural 
aids such as ultraviolet, infrared and nuclear magnetic 
resonance spectroscopy weré extensively used during 
these studies” and, it may be added, with marked 
success. R. A. MORTON 


SEASHELLS OF THE 
CARIBBEAN 


Caribbean Seashells 
A Guide to the Marine Mollusks of Puerto Rico and 
other West Indian Islands, Bermuda and the Lower 
Florida Keys. By Germaine L. Warmke and Dr. R. 
Tucker Abbott. Pp. x+ 346 (44 plates). (Narberth, 
Penn.: Livingston Publishing Company, 1961.) 
8.95 dollars. i 

HE first two chapters of this excellent book are 

devoted to the techniques of collecting and 
cleaning shells, and to information about the best 
collecting grounds of an enormous area, including 
Bermuda, the Bahamas, Cuba, Jamaica, Grand 
Cayman, Haiti, the Virgin Isles, Antigua, Barbados, 
Guadeloupe, Trinidad, Puerto Rico and other 
localities. Brief descriptions are given of coral 
reefs, mangrove swamps and other habitats with their 
characteristic molluscan, genera, and the first four 
large text-figures give pleasing and realistic representa- 
tions of such tropical habitats. A short section 
introducing useful Spanish words and phrases, advice 
on car-hire, and other local information, will be 
invaluable to visitors. 

Chapter 3, well illustrated with appropriate line 
drawings, explains the main features of gastropod 
and bivalve shells, and explains the meanings of 
technical terms in a glossary which will be interesting 
and helpful to the-beginner. Chapters 4 and 5 deal 
thoroughly with the gastropod and bivalve species 
found in the Caribbean area; under each species is 
given the modern scientific name with authority 
and date, the popular name, reference to the photo- 
graphic illustration, and a brief description of the 
shell and its habitat. The colour of the soft parts is 
described where appropriate. The thoroughness of 
this work is indicated by the inclusion even of plank- 
tonic forms; but it is unfortunate that no key is 
provided to the pteropods illustrated in Fig. 22. 
Chapter 5 deals amilarly with the squids, coat-of- 
mail shells and elephants-tusk shells. 

Nineteen maps indicate clearly the distribution 
within the Caribbean area of 36 species of Gastropoda 
and of 1] species of Bivalvia. These maps, together 
with the long list of accurately named species recorded 
from the area, will make this volume invaluable to- 
students of marine zoo-geography. 

It seems unfortunate that the snail Morum ontscus 
(p. 97) should be given the common name ‘Atlantic 
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wood-louse’, which could be misleading; it is question- 
able whether the bivalve Petricola lapicida (p. 191) 
should be known as the ‘boring petricola’, for this 
genus does not normally bore, but only ‘nestles’ in 
hollows in the rock. 

The small selected bibliography will be helpful to 
both amateurs and specialists, while the eighteen 
pages of careful indexing will be a convenience to 
all readers. Special mention should be made of the 
fine quality of the four beautiful colour plates and 
the forty monochrome plates. 

This book is well worth the price for any keen 
malacologist who wants reliable data on the Caribbean 
ares, R. D. PUROHON 


DANCE FLIES 


British Flies 

Vol. 6: Empididae. By J. E. Collin. Part 1: Tachy- 
drominae. Pp. vili+1-220. Part 2: Hybotinae 
and Empidinae (Part). Pp. iii -+ 221-552. Part 3: 
Empidinae (Hiara only); Hemerodrominae; Index 
to Parts 1-3. Pp. iii 553-782. (Cambridge: At the 
University Press, 1961.) 308. net; 6 dollars each 
part. i 


HE flies that belong to the family Empididae 

are famous for their mating habits; the males 
of some species pass their prey to the females as 
wedding presents immediately before copulation. 
In fact, this habit is restricted to a group of genera 
in the sub-family Empidinae, and behaviour in the 
other sub-femilies, and even within the Empidinae, 
is much more diverse. In the Tachydrominae, 
Hybotinae and Hemerodrominae both sexes may be 
predacious and mating is divorced from feeding. 
Some species feed on dead prey; in others only the 
females are predacious—in one case specifically on 
prey already captured on spiders’ webs. In the 
Empidinase, again, only the females can capture 
prey, or the males may do this, or substitute air- 
borne seeds, and present these to the females, either 
unwrapped or wrapped in a parcel of silk. Hither 
or both sexes may swarm. 

With such a wealth of differences in feeding and 
mating behaviour within one family, it is tempting 
to try to arrange the species so as to illustrate the 
evolution of complex behavioural patterns in these 
flies. Such an analysis has previously been greatly 
handicapped by the lack of any taxonomie work 
covering the European, and especially the British, 
species as a whole, which authoritatively reviews the 
morphology of the family and also makes possible the 
correct identification of the species. 

: We now have a work which must be one of the finest 
taxonomic revisions of a group of animals over 
published, and follows the traditions of the two 
volumes published earlier under the title British Flies 
by the late G. H. Verrall. Keys are provided to the 
genera and species, each genus, species group and 
species is fully described, and the essential features 
of most of the 354 species recorded from Britain are 
figured. The many problems of nomenclature in the 
family have been most carefully investigated and the 
known distribution of each species in Britain is given 
also. The work is beautifully printed and it is a 
pleasure to use. One of the valuable details in 
publication is the numbering of genera and species 
and the printing of the same numbers at the top of 
the right-hand page for easy reference. There is also 
an index to generic and specific names, including 
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synonyms, but no bibliography as such. References 
to other works are included in the text. 

This is the second major work on the Diptera that 
has appeared from the Cambridge University Press in 
two years. Both this work and the book on Aedes 
aegypti by Sir Rickard Christophers have been 
magnificently produced at a very reasonable price 
to the public. The present work may be obtained 
in three paper-backed parts or bound in one volume. 

One hopes that this publication will stimulate 
research into the structure and behaviour of this 
fascinating group of flies, which are some of the 
commonest to be found in our countryside. The 
insect collector who is interested in rarity will find 
that many of the species recorded here are very poorly 
known indeed. B. R. LAvRENOCE 


SPACE MEASUREMENTS IN THE 
EXTREME ULTRA-VIOLET 


Space Astrophysics i 
Edited by Prof. William Liller. (University of 
Michigan Institute of Science and Technology 
Series.) Pp. viiit+272. (New York: McGraw-Hill 
Book Company, Inc.; London: McGraw-Hill Publish- 
ing Company, Ltd., 1961.) 77s. 6d. 


URING the academic year 1959-80 the Astron- 

omy Department of the University of Michigan, 
under the chairmanship of Prof. W. Liller, invited a 
number of distinguished American scientists from 
other institutions to lecture on aspects of astronomy 
and astrophysics which can only be studied from 
outside the Earth’s atmosphere. These lectures form 
the basis of this book. 

The first half of the book is given to a description 
of the experimental work, up to June 1960, on solar 
and stellar radiation in the extreme ultra-violet and 
X-ray regions. The articles by R. Tousey and by 
W. Rense on the solar ultra-violet spectrum down to 
500 A. contain much material of great interést for 
the study of the photo-chemistry of the Earth’s 
atmosphere. A detailed account of the investigations 
of the solar Ly « lme is presented. 

The extension of these techniques to ultra-violet 
stellar astronomy is described by H. Friedman and 
the available data summarized and discussed by A. B. 
Boggess. A full account is given of the results in the 
1225-1350 A. band. The bright nebulosity observed 
around « Virginis (which was not itself observed) but 
not occurring with a similar early B star, e Persei, is 
fally treated, and is perhaps the first important 
astronomical discovery made with the new techniques. 
Discrepancies between these observations and the 
predictions of model atmospheres for early B stars 
raise some interesting theoretical problems. 

` The second section of the book contains brief 

summaries of theoretical ideas on the outer solar 
corona (S. Chapman), the solar wind (L. Bierman), 
together with some speculations on the nature of the 
lunar surface by T. Gold and an account of his views 
in 1959 on a general charge excess by H. Bondi. 

Finally, there are two articles on the techniques of 
attitude control of rockets and satellites, and a very 
detailed account of the possible choice of grating 
mountings suitable for monochromators (T. Namioka). 

This collection should be a useful reference work for 
any group engaged on the design of satellite experi- 
mente, and for astrophysicists engaged on model 
atmosphere studies. M. R. Courter MoDowa rn 
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PRESTIGE IN ACADEMIC SCIENTIFIC RESEARCH * 
i By Sn HOWARD FLOREY, P.R.S. 


T is, no doubt, a blinding flash of the obvious to 
say that we live in a competitive world and that 
man is a competitive animal who is quite capable of 
killing his fellow men in large numbers on what are 
very often flimsy pretexts. 

It is perhaps not equally obvious that scientists 
and technologists, like the rest of mankind, are 
essentially competitive creatures and that the truth 
about their activities cannot really be expressed in 
simple statistica—even if the statistics are bogus. 

A scientist or technologist with originality likes to 
be associated with discoveries. He values, perhaps 
over-values, what is called priority of discovery. 
Even the great Newton was by no means free 
from this pre-occupation with priority. It is 
not too difficult to get individual acientista to 
co-operate inside individual laboratories or in wider 
national and international spheres. Nevertheless, 
there is always underlying competition between 
individuals and between laboratories for prostige 
which to æ large extent depends on making dis 
coveries. National prestige is now involved in the 
international competition between scientista and 
technologists. We have only to look at the contest 
between the United States and the U.S.8.R. in 
putting Ironmongery and living creatures into outer 
space to realize that political prestige and political 
power are intimately bound up with scientific and 
technological prowess. 
~ In this highly competitive atmosphere Great 
Britain can claim to be doing well, but as I intend to 
indicate, by no means well enough, at least in certain 
directions. 

Great efforta have been made since the Second 
World War to repair the neglect of more than half a 
century to cater adequately for the technological 
requirements of this great industrial nation. Univer- 
sities and technical colleges have been nourished and 
expanded. Thoy have been encouraged to turn out 
a much larger number of scientists and technologists 
than they did before the War. So successful does 
this appear to have been that recently an optimistic 
forecast was issued which is being held to demon- 
strate that by 1965 Britain will have enough scientists 
and technologists for all its needs and that by 1970 
there will be too many for strictly scientific jobs so 
that the excess can become administrators. The 
thought did pass through my mind that some 
might swell the ranks of the Parliamentary and 
Scientific Committee. There is a possibility that 
Members of Parliament may be like Fellows of the 
Royal Society, that is to say, they can perform the 
astonishing feat of being able to write but not to 
read, so that it may not be noted that this optimistic 
forecast on scientific manpower has been hedged 
around with a great many provisos, which may or 
may not be operative. Perhaps we ought all to 
mark what has happened to the forecast about the 
national need for doctors which was made by the 
Willink Committee in 1957. The conclusion was 
arrived at from most careful investigations and com- 
putations, that the medical schools should be encour- 
aged to reduce their intake of students by one-tenth 
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as soon as practicable. Now the universities have 
just been asked whether they can turn out 10 per 
cent more medical graduates than they are doing 
because Britain is short of doctors. Miscalcula- 
tions of this sort cannot readily or quickly be re- 
paired. 

Because it is possible to issue optimistic figures 
about the total number of scientists being produced, 
it should not be supposed that all is well in univer- 
sities and technical colleges. Attention, of recent 
years, has largely been concentrated on training more 
and more people for their first degrees, but much less 
attention has been given to the all-important post- 
graduate training which in many branches of science 
is absolutely easential for those who will in the future 
be engaged in research. In this connexion we have 
to include a consideration of the opportunities for 
research available to those who teach the young 
men and women. 

I am sure that few people imagine that all the 
scientists and technologists who are now being pro- 
duced have scintillating intellects. A few have truly 
original minds, and there are serious reasons for 
believing that we are not likely to increase the 
number of these greatly unless there is a big switch 
from other lines of study and occupation, which 
might not be wholly desirable or practicable. Yet 
it is on these few really outstanding people that 
in the last- analysis the future scientific prowess 
of Great Britain depends. They are the modern 
Elizabethans, the contemporary discoverers and 
explorers. The rest of Britain’s scientific community 
and, indeed, the wider community is ultimately 
dependent on their efforte and, of course, on the 
efforts of similar people in other countries. 

Some of the best brains, after adequate training in 
the universities and technical colleges, are well taken 
care of in the great Government research institutes 
and in industry, but the same is not yet true of 
university laboratories. As Sir Edward Appleton told 
the Parliamentary and Scientific Committee last year, 
university research 1s now the poor relation of the 
scientific world in Britain. Weare, in fact, not utilizing 
to the best effect some of the most precious material 
Britain has and we are as a consequence dissipating 
our energies. University scientists, who continue to - 
make many of the discoveries of which Britain is 
justly proud, have not the facilities which the pursuit 
of science in the modern world demands, and so 
their ability to compete in making discoveries is 
depressed. By facilities I mean accommodation, the 
supply of qualified and technical assistants, and free- 
dom from the sometimes almost intolerable burden 
of cadging support from a multiplicity of sources 
such as foundations, Government departments, and 
even the United States Government, because the 
universities have inadequate funds at their disposal. 

There is strong international competition for our 
best scientific men, mature as well as young. These 
men are looking for facilities to do what they are 
interested in, and it appears that if the facilities are 
not forthcoming here some are prepared to emigrate. 
They usually leave Britain attracted by the unrivalled 
facilities that the United States can now offer and 
not for increases in their personal salaries. 
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I know of few sciontists who are now prepared to 
maintain that we are not losing too many of them, 
although it is not possible at present to express the 
loss with accuracy in numerical terms. I hope, how- 
ever, that the Parliamentary and Sciontific Com- 
mittee was impressed by the report put in-to the 
Robbins Committee by the Institute of Physics and 
the Physical Society, which made out in considerable 
detail the disabilities from which the research in our 
universities is suffering and mentioned seventy-two 
physicists from Britain who are holding senior, and 
J emphasize senior, positions in America while it is 
not now possible to fill the vacancies in physics 
departments in many universities in Britain (see 
Nature of March 10, p. 922). 

It is perhaps only too easy to have one’s judgment 
infiuenced about the extent of support for science by 
reading of the great sums made available from time 
to time for certain physical and engineering purposes. 
Everybody knows ahout radio telescopes, what they 
do and the cost of erecting- them, and some people 
even know of the difficulties of estimating what they 
will finally cost. Everyone knows how expensive 
the so-called ‘atom smashers’ are. The public is 
aware that Britain is prepared to spend very large 
sums on rockets and I hope that good value will be 
obtained from the expenditure. 

There have, of course, been large expenditures in 
the past on projecta which served no useful purpose at 
all. One has only to think of the Ground-nuts Scheme 
and the effort to produce eggs in Gambia which was 
described recently by a Sunday newspaper as an 


honest failure by the Colonial Development Cor- 
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poration. The fowls unfortunately died of disease 
almost to a bird, but—and this is a point Parliament 
might have in mind when thinking of new university 
development—their splendid hen houses were turned 
into a teachers’ training college. While talking about 
the expenditure of large sums of money and to demon- 
strate my political impartiality I might just say the 
one word ‘beef’. 

Possibly the difficulties I know to exist in univer- 
sities can be likened to the sort of arterial disease 
from which, on statistical grounds, it can be con- 
fidently stated that many of us are suffering. The 
disease may not produce overt symptoms, but a 
pathologist knows that it needs as little as e centi- 
metre of the coronary arteries to go seriously wrong 
to produce crippling consequences. University 
research is the coronary artery system of the scientific 
world. It will not matter much what we do to the 
rest of the scientific organizations if the coronary 
— of university research are allowed to throm- 

one. 

In contrast to human coronary disease, for which 
little significant can bé done at present, therapy for 
university science is not impossible. I will go further 
and say that many Fellows of the Royal Society con- 
sider that much can be done to improve the present 
position provided inaction is not justified by pro- 
cedural wrangles. 

If, as I hope, I have interested the Parliamentary 
and Scientific Committee in the problem of university 
research, may I ask it to consider using its great 
influence on behalf of universities as I know it is 
already doing for the research associations. 


NICOLAS-LOUIS DE LACAILLE 


By Dr. A. ARMITAGE 
Department of the History and Philosophy of Sclence, University College, London 


ARCH 21 will be the two-hundredth anniversary 

of the death of a great French astronomer, 
Nicolas-Louis de Lacaille. He established funda- 
mental astronomy on observations of a refinement 
never before attained. 

Born on March 15, 1713, at Rumigny, in the 
Ardennes, Lacaille served his apprenticeship to 
astronomy by participating in a great geodetic survey 
of the Paris meridian, begun long before for the 
purpose of determining the size and shape of the 
Earth. At the age of twenty-six he was appointed 
professor of mathematics at the Collége Mazarin in 
Paris, on the roof of which he established a amall 
private observatory equipped with such instmmments 
as he could acquire. Year by year he published such 
of his routine observations as he thought might be 
of use to other astronomers; and half-way through 
his career he undertook a scientific expedition to the 
Cape of Good Hope. Apart from this interlude, his 
working life was spent at the Mazarin, where he 
became known as a dedicated teacher and as the 
author of serviceable manuals for students. 

Tt was Lacaille’s chief aim as an astronomer to 
re-determine the positions of the principal stars on 
the celestial sphere, the discoveries of the aberration 
of ight and of the principal nutation of the pole, 
made by his older contemporary, James Bradley, 
having rendered obsolete all the earlier star cata- 
logues. Inevitably, he became deeply involved with 
what was called, in pre-Copernican phrase, the 


"Theory of the Sun’; in other words with the tabula- 
tion of the Sun’s apparent annual course through the 
constellations. For it was the standard practice, in 
referring the stars to the equinoctial point as the 
origin of celestial co-ordinates, to. use the Sun as 
intermediary; and the existing solar tables could not 
be trusted to give the Sun’s place to within two 
minutes of aro. Again, in the early eighteenth 
century, the French mathematicians, and notably 
Clairaut, with whom Lacaille was closely in touch, 
were beginning to apply their new and powerful 
analysis to the task of exhibiting the planetary 
motions as consequences of Newton’s law of universal 
gravitation. They naturally desired to compare their 
theoretical predictions with the actual motions of 
the planets, but allowance had first to be made for 
the merely optical effects which the motion of the 
Earth-bound observer produces in the apparent 
path of a planet. Now the Earth’s orbital motion is 
most clearly reflected, and can be most conveniently 
atudied, in the apparent annual course of the Sun 
through the heavens, which, moreover, may be 
expected to reveal any disturbance suffered by the 
Earth in consequence of the gravitational attractions 
of the Moon and planets. 

In his series of memoirs on solar theory Lacaille 
first determined the eccentricity of the Earth’s 
elliptic orbit and the situation of its major axis. 
He went on to establish the slow changes in the 
elements of the orbit by comparing his own observa- 
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tions with others made by Bernhard Walther of 
Nuremberg in the fifteenth century and by Kuo 
Shou-ching of Peking in the thirteenth. His 
expedition to the Cape enabled him to secure 
excellent observations of the Sun in a part of its 
course which it traverses in the winter of the northern 
hemisphere when badly situated for European 
observatories. The fruit of Lacaille’s labours was a 
set of tables which he published in 1758 and which 
enabled the position of the Sun to be predicted with 
an uncertainty of not more than fifteen seconds of 
arc. Meanwhile, his observations of the Sun had 
served to confirm indirectly the perturbing action 
exerted on the Earth by the Moon and by the planets 
Venus and Jupiter and had enabled the masses of 
these bodies to be estimated. 

Lacaille arrived at the Cape in the spring of 1751 
and put into effect his plan for cataloguing the stars 
of the South African sky down to about the seventh 
magnitude. He used a 3-ft. quadrant set up in the 
meridian and equipped with a telescopic sight having 
a specially designed reticle fixed in the focal plane. 
No illumination of the field was required, and the 
results were but little affected by the violent south- 
east wind which often accompanied a clear sky. 
Lacaille observed through more than one hundred 
nights and registered more than 10,000 stars. He 
would stand in a fixed position for 6-8 hr. at a stretch, 
cheered only by the companionship of “Gris-Gris”, 
a stray dog which he had rescued from the streets of 
Lorient, his embarkation port. He eventually 
catalogued and charted some 1,900 stars of the 
southern heavens. His star list, which established 
fourteen additional constellations, was published in 
1752; and it immediately superseded that of the 
youthful Edmond Halley, constructed some seventy 
years before. Lacaille afterwards determined the 
positions of the brightest stars of the northern sky, 
and in 1757 he published a catalogue of nearly 400 
stars, selected from both hemispheres, which well 
deserved its title of Astronomiae Fundamenta. 

Another principal object of the expedition was to 
determine the Moon’s distance from the Earth by 
means of observations of lunar parallax undertaken 
in concert with several European astronomers, and 
particularly with Lalande, who was stationed at 
Berlin on s meridian differing little from that of the 
Cape. The reduction of the observations involved 
assumptions as to the precise shape of the Earth; 
and Lacaille was able to contribute further to the 
solution of this problem by measuring the length 
of a meridian are in the open country north of the 
Cape, the farthest south that any such measurement 
had been made. His excessive estimate of the length 
of a degree of the meridian about latitude 33° 6. 
was later traced to an error in the measurement of his 
arc and to gravitational disturbances of the plumb 
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line by mountains near its two extremities. Before 
setting out for the Cape, Lacaille had also secured 
the co-operation of European astronomers in another 
enterprise, that of estimating the solar parallax 
which determines the distance of the Sun from the 
Earth. The established practice was followed of firat 
finding the parallax of some selected planet as be- 
tween widely separated observers; in this instance 
near approaches of Mars and Venus to the Earth were 
utilized. From the results obtamed a value was 
deduced for the solar parallax exceeding that now 
accepted by little more than one second of arc. 

By observing some 160 stars both from Paris and 
from the Cape and ingeniously combining the two 
sets of observations, Lacaille was able to construct an 
improved table of corrections for the effect of atmo- 
spheric refraction on the apparent elevation of a 
heavenly body above the horizon. His table also 
indicated the allowances to be made for departures 
from mean atmospheric temperature and pressure. 
Before returning to France (after an absence of about 
three and a half years), Lacaille obeyed a royal 
command to determine the longitudes and latitudes 
of Mauritius and Réunion in the Indian Ocean. 
During his visit to these tropical islands he determined 
the obliquity of the ecliptic from observations of the 
Sun near the zenith and therefore almost unaffected 
by refraction. He used his months at sea in testing 
various methods for obtaining the ‘lunar distances’ 
of stars (their angular distances from the Moon) as 
required for the determination of longitude. 

Lacaille lived to see the return of Halley’s comet in 
1759 and to determine the elements of its orbit. 
He observed the transit of Venus in 1761 in company 
with Turgot, the future stateaman and economist, and 
Bailly, historian of astronomy and victim of the 
Revolution. In his later years the astronomer was 
oocasionally recalled to the perennial problem of 
surveying the Paris meridian, and he helped finally 
to clear up the confusion, dating from Picard in the 
seventeenth century, which had for a time given rise 
to the mistaken idea that the Earth was elongated 
rather than flattened towards the poles. 

On retiring from his professorship, Lacaille took 
up his abode, by Royal favour, at the Château de 
Vincennes. He had many plans for the future, but 
his health had been undermined by the arduous 
routine which he had for so long imposed on himself, 
and he died, barely forty-nine years of age, after a 
short illness. Of a modest and retiring disposition, 
“better known to the stars than to men”, Lacaille 
never received the academic recognition he deserved, ` 
and he had to make do with a scratch assortment of 
instruments. But the official writer of his obituary 
justly remarked of his labours: ““To whatever degree 
of perfection astronomy attains, posterity will always 
regard them with admiration”. 


THE CASE FOR AN EXPONENTIAL RED SHIFT LAW 


By Dr. P. F. BROWNE 
‘Fernbank’, Portsmouth Road, Thames Ditton, Surrey 


HE conclusions summarized here form part of a 

much more complete theoretical investigation 
which will be published elsewhere. Five arguments 
are given for believing that the Hubble red shift law 
is a linear approximation to a strictly exponential 
law. 


(1) In many respects the most satisfactory of the 
cosmological models based on solutions of Einstein’s 
gravitational field equations is the steady-state de 
Sitter model. It has been considered that this model 
cannot contain matter; but in the more detailed 
analysis it will be shown that, for the case of the 
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Universe, the energy-momentum tensor takes the 
form of the cosmical term Ngap. Tangherlini? has 
also regarded Qgag as an energy-momentum tensor; 
but the proof given in the complete analysis reveals 
that this form of tensor applies only to the Universe 
as a whole, which is the smallest perfectly isolated 
system because of inertial force. Accepting, then, 
the de Sitter Universe, and transforming the metric 
into the Robertson steady-state form: 


da? = — eH(drì + rd? + r*sin*Odg?) + ctdi? = (1) 


where k = c/R«, Rw being the radius of the Universe, 
one deduces for the cosmological red shift: 


“te — (2) 


Yı 
where v; and v, are the frequencies of a photon at 
emission and reception. If v is the red shift for a 
distance r such that r < Rx then: 


v — ĝv r 


T E A (3) 





Thus the linear Hubble law will be valid only provided 
that r < Rx. This deduction of the red shift proves 
that the shift is some sort of gravitational effect 
since only by virtue of gravitational fields can the 
metric depart from the Galilean form. 

(2) A very strong argument that radiation must 
be absorbed by the Universe in some Manner comes 
from the absorber theory of radiation proposéd by 
Wheeler and Feynman*. This complete and satisfying 
theory was developed to give physical interpretation 
of Dirac’a prescription for caloulatmg the force of 
radiative reaction. According to Wheeler and 
Feynman, an accelerated charge radiates only if 
other charges are present to absorb the radiation. 
They show that all other charges of the Universe, 
considered to be set in motion by the retarded induc- 
tive field of the accelerated charge, give an advanced 
field at the position of the accelerated charge which 
is equal to one-half the retarded minus one-half the 
advanced field generated by the accelerated charge 
itself. The advanced inductive field of Universe 
charges is the physical origin of Dirac’s field. This 
advanced field combines with the half-retarded, half- 
advanced field of the accelerated source charge to 
give for the total disturbance the full retarded fleld 
which we observe. 

In proving these conclusions, Wheeler and Feyn- 
man perform a Fourier analysis of the acceleration of 
the source charge, rejecting however the zero-order 
Fourier component as contrary to experience. In 
the more detailed work it will be shown that this 
term is just correct to account for the inertial force 
on the electron. Inertial force then becomes a com- 
ponent of the force of radiative reaction. It is of 
purely electromagnetic origin in the case of the 
electron, and it acta instantaneously. This removes 
the only objection to Mach’s principle, and at the 
same time resolves the old problem of whether or not 
a uniformly accelerated charge radiates’. 

The necessary and sufficient condition for Wheeler 
and Feynman’s theory is that all radiation emitted 
by any accelerated charge should be completely 
absorbed by the Universe. 

(3) A mechanism for the absorption of radiation 
by the Universe is provided by the hypothesis of 
Finlay-Freundlich‘, who invokes a photon—photon 
interaction to explain the empirical relation: 


NATURE 


March 17, 1962 VoL. 193 


dv = AWIT’ (4) 


where 8v is the red shift of a photon of frequency, v, 
which has a path-length, l, in a medium of radiation 
temperature, T. With the seduced estimate of 
A(2 x 1071 cm.-! deg.) made by Melvin’, most of 
the criticisms of Freundlich’s evidence (unexplained ` 
red shifts in stellar radiation fields) disappear. In 
addition, recent rocket experiments* have revealed 
unexpectedly large red shifts and broadening of the 
Lyman-« ultra-violet line which might be attributed 
to the Freundlich effect. It has been estimated’ 
that, due to coherent scatteringa, a Lyman-a photon 
has a path-length of the order of 1020 em. in a plane- 
tary nebula before escaping. An unexplained red 
shift at the limb of the solar disk has now been 
unambiguously demonstrated*. Conservation of 
Momentum in @ photon-photon interaction may 
account for the excess deflexion of starlight passing 
close to the Sun over the deflexion predicted by 
general relativity’. Lf the energy lost by the starlight 
due to red shifting in the Sun’s radiation field, h&v, is 
gained by the outward flux of solar radiation then the 
excess deflexion should be of order 8v/v. Inserting 
for 8v twice the difference between the observed and 
the predicted gravitational red shift at the solar 
limb, one deduces an excess deflexion of 0:25” of 
arc, in good agreement with observation. 

The explanation of the Freundlich photon—photon 
interaction may be closely related to the gravitational 
red shift phenomenon, and also to weak nuclear 
interactions. Only a gravitational interaction be- 
tween photons seems capable of accounting for the 
gradual nature of the Freundlich red shift. Suppose 
that photon energy can be quantized gravitationally 
as a field of gravitons according to: 


hy = niv; (5) 


where Ay, represents a constant energy which must 
be exceedingly minute. The photon—photon inter- 
action is then an interaction between two fields of 
gravitons, say, n and n’. Assuming that the prob- 
ability per unit time that a graviton is lost by the 
v-photon and gained by the v’-photon is proportional 
to nn’, one deduces a red shift relation of the form 
(4). At the same time, by allowing only An = + 1 
transitions, one constrains the photon to decay 
gradually. 

The only possible significance of Av, is the rest 
energy of a pair of particles, and the only particles 
can be a neutrino, antineutrino pair. The association 
of a rest energy with the neutrino can be justified 
if it is assumed that the energy, hvo represents, at 
the same time, a basic uncertainty im all energy due 
to the impossibility of measuring life-times longer 
than the age of the Universe, s/c. Then, from the 
uncertainty principle: 


(Ru/c)(Avo) ~ 4h (8) 


giving & neutrino mass of 10-** gm. It is implied, 
now, that there is no such thing as a continuum 
of energy. Perhaps the neutrino plays a part in 
gravitation similar to that of the electron in electro- 
magnetism. 

Of course, any photon decay or absorption process 
will give a strictly exponential law. From (4): - 


dy = AvdlT,é (7) 


which on integration gives equation (2), with AT, = 
1/Ru. Hence, for the intergalactic radiation tempera- 
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ture, Tẹ one deduces a value of 10° K., with the new 
estimate of A. This explanation of the cosmological 
red shift is consistent with the prediction of the de 
Sitter model which merely states that the effect is 
gravitational in character. 

(4) As well as the exchange of a graviton between 
two photons in the Freundlich effect (virtual creation 
and annihilation of a neutrino pair) one expects the 
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actual creation of neutrinos by annihilation of gravi- . 


tons in the presence of a gravitational fleld of matter. 
This process may be regarded as a microscopic inter- 
pretation of the gravitational red shift predicted by 
Einstein. It may also be regarded as the first step 
in the creation of matter from radiation in the 
Universe. The rate of creation will then be greatest 
in the gravitational field of galactic halos. The 
rate of loss of radiant energy due to red shifting in a 
volume, V, of the Universe is HUV, where H is 
Hubble’s constant and U is the mean density of radi- 
ant energy in the universe. For an intergalactio 
radiation temperature of 10° K., this gives 3 x 
10-** V. gec.-!. Since this is of the order of the 
rate at which radiant energy is bemg produced in 
stars one may te a steady-state universe. 
On the local scale there will be continual evolution of 
galaxies due to a radiation —> matter -> radiation 
cycle, the period of which is evidently about 4 x 10%" 
sec. Obler’s paradox does not arise. 

In the detailed work to which I have alluded, it 
is shown that when two electrons approach each other 
to distances less than e*/mc*, where m is the electron 
mass, then the inertia of either electron is due more 
to the inductive field of the other electron than to 
distant charges of the universe. The electromagnetic 
field then becomes non-linear. Spim-spm couplings 
between electrons or positrons obey an energy law, 
Ac/r. Strong coupling in the nucleus emerges as & 
zero-order (in the perturbation series) electromagnetic 
interaction between electrons; Coulomb force be- 
comes a first-order exchange force between electrons 
in the field of the Universe, in accordance with 
Wheeler and Feynman’s point of view. The energy 
which an electron possesses in the fleld of all charges 
in the Universe (both local and distant) as a result of 
` all orders of electromagnetis interaction is a constant 
in the rest frame of the electron; this implies that 
the Coulomb force saturates in the nucleus, and the 
zero-order spin-spin force becomes negligible outside 
the nucleus. On this basis it is argued that mesons 
are assemblies of spin-spin coupled electrons and 
positrons. For example, the muon consista of three 
elementary particles, and the pion four. Hach 
elementary charge contributes ~ (137/2)mo* to the 
energy of the meson. Evidently, then, matter creation. 
demands a mechanism for producing electrons and 
positrons from neutrinos. 

Another suggestion which is made is that the 
Universe, bounded by the radius, Hx, is an elementary 
particle in a super-universe, whizh will be an isolated 
system on an enormously greater scale and will 
involve scaled-up constants. An infinite system of 
such isolated systems at different levels is defined, 
and spin momentum, «*A, where « is an enormous 
dimensionless constant, is associated with the nth 
level system. The Universe, the electron, and the 
neutrino are identified with the systems, n = + 1, 
n = 0,andn = — 1, respectively. The only observ- 
able neutrino interaction will be spin coupling with 
the Universe because this interaction will have energy 
of the order of A*t. This is consistent with vector—axial 
symmetry of neutrino coupling, and also with the 
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non-conservation of parity in weak interactions since 
the Universe, as an elementary particle, should define 
a specific parity. Evidently a neutrino field of 
sufficient energy (2mc*) automatically becomes an 
electron pair. It is noteworthy that in addition to 
an electromagnetic system of de Broglie waves 


_ affording a statistical prediction of electron pair 


creation (based on A) one expects a gravitational 
sub-system of de Broglie waves which will afford a 
prediction of neutrino pair creation (based on 
h=a7th). 

(5) A deviation from the linear Hubble law in the 
ease of the more distant sources has for long been 
suspected but has been difficult to confirm because of 
uncertainty about the correcting factors to be applied 
in the measurement of the distance of a source. It 
now appears that confirmation may come from 
number-intensity counte of sources. 

Regarding the e*# factor in the de Sitter metric (1) 
as a continuous evolution factor because a well-known 
transformation’? to a new time origin leaves (1) 
unchanged, and assuming. that, on the average, the 
distribution of galaxies in various stages of evolution 
at different depths of the universe is constant, one 
may use Euclidean geometry for number-intensity 
counts. As one moves out in depth, and hence 
backwards in time, one assumes that the time 
origin ig adjusted so as to make em effectively a 
constant. Then the number of sources with intensity 
greater than S* (the corrected value) will be: 


Ng = aNd f (8) 


where P, is the luminosity per steradian of the 
average source in a defined frequency interval. To 
relate S* to the observed intensity, S, one has to 
correct for loss of energy due to red shifting and for 
the fact that one observes the source in a different 
frequency interval. Assuming that the source 
spectrum is P, Œ v=, correction for these two effects 
gives, using (2); 


l 
S = (2) — cx efRo +a) §* (9) 
: 8 
and hence from (8): 


log Ng = — : log S — (1 + 2)(r/H«) + constant (10) 


In the case of optical sources Hubble! has found 
that the observations fit a relation identical to (10), 
if æ = 0-6. In the case of radio sources, Ryle’s! 
group have recently found a pronounced departure 
from the 3/2 power law forr ~ Rs and their observa- 
tions also fit (10) very well. 
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FOCAL, NATURE OF AN EPIDEMIC DISEASE 


By Dr. K. R. S. MORRIS? 
Department of Pathology, Makerere College, Kampala, Uganda 


LTHOUGH a focal distribution has been noted 

in many epidemic diseases, the ecological factors 

responsible for this characteristic are not always 

understood’. An investigation of sleeping sickness 

has shown the vital role of foci in this endemo- 

epidemic disease, and this knowledge has provided a 
key to successful control. 


Factors Influencing Distribution 


The most widespread form of sleeping sickness, 
which occurs across Africa from Senegal to the Kenya 
shores of Lake Victoria, is caused by the protozooal 
parasite, Trypanosoma gambiense, and transmitted by 
the tsotso flies Glossina palpalis and G. tachinotdes. 
Although direct transmission is possible, in which the 
parasite is transferred directly from infected to 
healthy people through contamination of the tsetse’s 
proboscis, transmission is usually cyclical. Trypano- 
somes ingested with the blood of a sufferer develop 
cyclically in the body of the tsetse and appear, after 
18 days, in its salivary glands, after which that fly is 
probably infective for life. 

Fortunately, neither proceas is as simple in the 
field as in the text-book. For direct transmission to 
take place, a profuse blood infection in the patient 
would be necessary for the teetse’s proboscis to be 
sufficiently contaminated, and heavy infection of 
T. gambiense is extremely rare. Secondly, the fly’s 
first feed would have to be interrupted, so that, still 
hungry, it would recommence feeding on a healthy 
person probably within minutes, certainly within the 
hour, -before the trypanosomes had lost their via- 
bility. The conditiona are so exacting that it is 
doubtful if direct transmission ever takes place in 
Nature. Cyclical transmission is almost as chancy. 
Only a small proportion of tsetse feeding on a patient 
ever become infected. Wijers liste five conditions, all 
of which must be fulfilled for G. palpalis to become 
infected’. Even when a fly is infected its bite is not 
invariably infective to man;.the transmissibility of 
T. gamitensts is very low. In brief, the transmission 
of infections from man to man is a difficult process, 
and only occurs when a very precisé set of conditions 
is fulfilled. This is obvious when the limited extent 
of sleeping sickness is considered against the huge 
region of tropical Africa in which the populations are 
in-contact with tsetse flies. Were transmission otber- 
wise than difficult, either these populations would 
have been decimated long ago or the trypanosome 
would have developed into a more efficient parasite 
and, instead of killing its human hosts as at present, 
would be a more or less harmless commensal. 

,Two other factors exert a major influence on the 
_ distribution of Gambian sleeping sickness. The 
disease is prolonged and, in its early es, mild. 
This may last for several years, during which time a 
sick person continues his normal activities, farming, 
fishing’ and hunting, travelling, which bring him in 
contact with thousands of tsetee while he is infective. 
In this way the infection is not only propagated 
locally ‘but ‘also can be spread widely along trade 
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routes. Secondly, the vectora are riparian in dis- 
tribution, their habitat is the evergreen vegetation 

g rivers and lake shores. Thus, waterways, 
essential to the life of African communities, become 


the danger spots should trypanosomiasis appear. 


Zonation In Epidemics 


In the 1930's sleeping sickness in West Africa had 
developed into huge epidemics; that which was 
studied by me covered 30,000 square miles, extending 
from the upper Volta Rivers to the Niger west of 
Bamako. Within this region a pattern of zonation 
became apparent. Areas of heavy infection, from 
5 to more than 15 per cent, were surrounded by zones 
of lighter incidence, grading off into infection-free 
country or with linear extensions along trade routes, 
These latter were very important, as along them 
further foci of high infection often arose?. 

The same pattern was observed, on a smaller scale, 
in several parts of East Africa‘. The West African 
investigations led to the conclusion that the central 
zones of high infection were primary epidemic foci, 
in which were combined a full complex of factors 
favourable to the rapid transmission of trypano- 
somiasis and therefore to the development of epi- 
demics. The presence of the disease in the peripheral, 
secondary areas and along trade routes was dependent 
on the infiltration of infections from the primary foci, 
and, although local transmission of the disease was 
occurring, this would cease if the continual re-intro- 
duction of infections was cut off. The disease here, 
in other words, was below the critical level of Mao- 
donald’ at which it was capable of maintaining itself. 
If this conclusion were correct, attack on the primary 
foci only brought to the point of eliminating the 
disease there, should result in its spontaneous dis- 
appearance in the secondary zones also. This is, in 
fact, what took place when this theory of focal 
attack was put into practice in the Gold Coast, as 
will be decribed later. 


Residual Endemic Focl 


When the problems of Uganda and Kenya came 
under study m 1956 the disease was everywhere at 
low endemic-levels, following one, two or even three 
epidemics which had been only partially controlled. 
During the investigation two outbreaks occurred in 
former endemic areas, providing unique material for 
observing the ecology of the low endemic and ite 
potentialities for expansion®’. 

Under endemic conditions the true nature of 
primary foci becomes apparent. Infections are 
located in very small areas, sometimes only a dozen 
square miles in extent, and within these areas their 
transmission occurs in even more limited foci, along 
a few miles of river or lake shore or on two or three 
streams. In these narrow foci, however, sleeping 
sickness is stubbornly persistent, often surviving 
repeated attempts at ite eradication. It retains a 
dangerous viability and power of expansion, so that 
renewed outbreaks can arise when control efforts are 
relaxed or with changed ecological conditions. Thus, 
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along the Kenya shores of Lake Victoria T. gambiense 
has been present for sixty years; there have been 
three epidemic outbreaks, in 1902, 1929 and 1949, 
and infection is present to-day in several of the fooi 
where it first appeated‘, Close to Lake Edward, in 
Uganda, e small endemic focus held this disease for 
thirty years and gave rise to three separate out- 
breaks’. A striking example comes from Uganda's 
West Nile District, where a small epidemic has 
recently developed in the identical locality, on two 
small rivers, which marked the start of the first big 
epidemic in 1929 and the second in 1936. In the 
intervening years infections have never been absent 
from this focus, although they disappeared entirely 
from the rest of the District’. Equally instructive is 
the recent major epidemic in north-east Ghana, 
which developed from a 30-year-old focus and in the 
process exhibited a classic pattern of zonation’. 


No 4820 


Ecology of the Foci 


During these endemics the incidence of infection 
can be as low as 0—2 or 3 cases annually, with an aver- 
age less than 10 over a series of years. It is difficult 
to visualize how a host-specific parasite, not easily 
transmissible, could persist where these small numbers 
of infections widely distributed through a large 
population and area. Their concentration into limited 
foci is a logical necessity for their survival. With the 
disease restricted to a few villages, sometimes to 
certain sections of the community such as fishermen 
and canoe crews, infections can occur with sufficient 
frequency to ensure the maintenance of an endemic 
within these definite foci. 

Three sete of factors contribute to make this 
possible. 

(1) Available records commonly underestimate the 
true incidence of infections. Inaccurate data can 
result from; (a) failures in diagnosis, a very difficult 
matter in Gambian trypanosomiasis; (b) madequate 
sampling, the proportion of the population seen may 
be too small, and selective, with the really sick 
unable to come in or concealed for social or other 
reasons. 

(2) The mild, prolonged onset of the disease allows 
a patient to move about freely for years (an ll-year 
record comes from Togoland'*) before he feels ill 
enough to seek treatment. His eventual diagnosis, a 
unit entry in the records, may represent a reservoir 
of infection for the previous 4—5 years. 

(3) The relapse-rate after treatment is frequently 
high, and ‘is increased by an all too frequent failure 
to complete treatment. As much as 50 per cent 
relapses have been noted a year or two after patients 
have been considered cured. Relapsed cases can 
become infective again to the teetee. Here a unit 
entry in the records may represent a source of in- 
fection both at the time and a year or two later. 

Thus, for several reasons, there can be unexpected 
reservoirs of infection in endemic fooi which do not 
appear in the annual records of sleeping sickness, 
and which make the incidence sufficient to maintain 
a strain of T. gambiense oven through long periods of 
low endemicity. 

The location of the primary endemic foci is depen- 
dent on the common need of both teetse and man 
for water. In the dry savanna zones of Africa surface 
water is restricted, particularly during the 4-6 months 
dry season, when even a river may be reduced to a 
series of pools, and streams and marshes dry up 
completely. Tsetse and people.are then forced into 
olose daily contact, the fly because of its riparian 
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habitat, the people because their whole economy is 
centred on the rivers, for their water, for good grazing 
end farm land, for timber and firewood, for fishing 
and hunting. When the population is high the 
association between man and tsetse, the “‘man—fly 
contact’, becomes even oloser. People are more 
abundant; their activities restrict the fly’s habitat 
by bush cutting, and ite food by killing off the game 
so that it is eventually feeding solely on man and 
his domestic stock. 

Two features marked the primary foci, a high 
population density, and a high ratio of linear fly -belt 
per unit of country. The latter is caused by an 
exceedingly winding river, a network of streama, or 
both. A ratio approaching or reaching one mile of 
G. palpalis habitat per square mile of country, and 
a human population of 80-200 per square mile seem 
decisive. 

Under these conditions the people and tsetse are 
in such close contact, often with villages occupying 
both banks of a river and with fly-belt only a few 
hundred yards from dwellings, that virtually 100 per 
cent of the people are bitten every day. Even those 
too old or sick to go out would get bitten at home 
by teetee following people or cattle back to the 
village from the waterside. It is easy to see that, 
once a case of trypanosomiasis is introduced into 
such a community, it will sooner or later infect one 
or more tsetse, and these flies, with their limited range 
and restricted choice-of hosts, will sooner or later 
pass on the infection. It is difficult to visualize T. 
gambiense ever disappearing, short of outside inter- 
ference. Even so, as history shows, interference in 
the form of control operations has proved, more 
often than not, inadequate to bring about the final 
eradication of the parasite. 

History also shows the explosive qualities latent in 
these endemics, the dangers of rating them at face 
value as problems of minor importance. Uganda’s 
Lake Edward epidemics, with 100-300 cases, followed 
closely on years in which 0-5 cases were recorded!. 
In Kenya, the very experienced observer, Hale 
Carpenter, surveyed 100 miles of Lake Victoria coast 
in 1924 without diagnosing a single case of sleeping 
sickness. In 1930, 224 cases occurred in the areas he 
had traversed‘.. In a recent epidemic in northern 
Uganda an incidence of 2-10 cases annually was 
recorded from 1950-55; in December 1956, 29 new 
cases were discovered; in 1957 they numbered 261 
(ref. 6). 

The change from endemic to epidemic status has, 
when observed, been found to follow an increase in 
the degree of man—fly contact. This has resulted 
from abnormal drought, concentrating people and 
tsetse at even more restricted water points; from 
famine, causing excessive movement of people, to 
distant markets and into the bush for fishing, hunting 
and wild foods; through administrative or social 
changes. These may be favourable, bringing an 
increase in population to a certain riverine district, 
or unfavourable, with a breakdown of routine control 
measures or refusal of the people to accept them. 


Bearing on Control 


The significance of the focal pattern for planning 
control operations was recognized by the French 
when their attack on the vast pandemic in French 
West Africa was organized by Muraz in 1939 (ref. 11). . 
Their sleeping-sickness areas were classified into zones 
of heavy, light and very light infection, and the 
intensity of control operations was graded accordingly. 
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The result was spectacular. By 1945 their epidemics 
were under a high degree of control, by 1955 the 
disease was of minor importance only**. 

In the Gold Coast (now Ghana) the process was 
taken a step further, with the development of focal 
attack. In the most severely infected north-western 
area, control operations were concentrated on the 
primary epidemic fooi, with sufficient intensity to 
eliminate the vector tsetse completely. Adjacent 
lightly infected secondary zones were left uncon- 
trolled. The effectiveness of the method was apparent 
in 1952, when a 99 per cent control of trypanosomiasis 
in the epidemic foci was causing spontaneous reduc- 
tions, at high rates, in the uncontrolled secondary 
zones to the east and south**. A final test came in 
1957-59, when a serious outbreak, with more than 
900 cases, developed in an endemo—epidemic area in 
the north-east, where the foci, infected since 1933, 
had never been brought under complete control. In 
contrast, the area of focal attack in the north-west 
remained almost free from the disease, with the 
exception of one small outbreak with 29 cases, and 
this was traced ta the introduction of infection from 
one of the eastern foci’. 

If the principle of focal attack is effective against 
major epidemics, it can be even more effective against 
the low endemic. At this stage the primary foci are 


much easier to detect, and it may happen that, | 


during the trough of the endemic, infections are being 
transmitted at only one or two points in a potentially 
larger endemio focus. That the final eradication of 
T. gambiense at this stage can be achieved with an 
absolute minimum of effort and of interference to 
the country has been well shown in Uganda. In the 
Lake Edward endemic area, partial control of the 
epidemics in 1942 and 1946 left a low incidence of 
IA cases a year, and from 1953 until 1955 these all 
arose on a single stream, although the potential 
endemic focus, which had held infections smece 1930, 
was 40 square miles in extent and traversed by eight 


w 
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G. palpalis-infested streams*. In 1955 the Uganda 
Tsetse Control Department eliminated G. palpalis 
from that one infected stream by spraying its habitat, 
a total of four miles, with DDT™. Since then not a 
single sleeping sickness case has been recorded, either 
from this locality or from the District as a whole. 
Six years without an infection must be accepted as 
final eradication of the disease. This remarkable 
achievement provides an irrefutable argument for 
the efficiency of focal attack. 

Unfortunately, in its low endemic state the disease 
appears unimportant to medical and administrative 
authorities, and action is extremely difficult to obtain. 
But trypanosomiasis, like any other epidemic, is a 
dynamic, not a static, entity. Its endemic foci present 
the paradox of vulnerability coupled with explosive 
potentialities. To ignore the lesson patent in these 
facta may increase the problems of control several 
hundredfold. To control the 1957 epidemic in 
northern Uganda it was necessary to spray 300 miles 
of fly-infested streams. To the cost, £8,000, must be 
added a comparable sum for finding and treating the 
several hundred cases which developed. This is the 
measure by which to gauge the merita of the Lake 
Edward success. It drives home, in material terms, 
the gains derived from the teachings of ecology. 


1 Heisch, R. B., Brit. Med. J., ii, 669 (1956), 

! Wijers, D. J. B., Ann. Trop. Med. Parant., 62, 885 (1958). 

? Morris, K. R. 8., Bull, Entomol. Rss., 37, 201 (1946). 

‘Morr, K. Bt 8., Trans. Roy. Soe. Trop. Med Hyg., 54, 71 (1960) 
3 Macdonald, G., Ind. J. Malariol., B. 261 (1955). 

* Morris, K. R. 8., Trans. Roy. Soo, Trop. Afed. Hyg., 63, 384 (1959). 
1 Morris, K. E. 8., Trans. Roy. Soo. Trop. Med. Hyg. (in the press). 
t Morris, K, R. 8., Trans. Roy. Soe. Trop. Med. Hyg., $4, 212 (1960), 
*Soott, D., Eighth Moecting I.S.0.T.R., Jos, Nigeria, 45 (1960). 
10 Lapeysonnio, L., Bull, Soe. Path, Exolique, 53, 28 (1060). 
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NEWS and VIEWS 


The Royal Soclety of Edinburgh : Awards 


Tue following awards have been made by the 
Royal Society of Edinburgh: Kesh Prize (1958-61), 
to Dr. R. A. Beatty, Institute of Animal Genetica, 
Edinburgh, for several papers on “The Genetics of 
Gametes” published in the Society’s Proceedings 
during the period of the award. Neill Prize (1959- 
61), to Dr. James Phemister, for distinguished con- 
tributions to geology and geophysics, and for his 
services to mineralogy. : 
New Fellows 


' Tax following have been elected Fellows of the 
Royal Society of Edinburgh: Dr. J. 8. D. Bacon, 
head of the Department of Biochemistry, Macaulay 
Institute for Soil Research, Aberdeen; Mr. 8. Bayne, 
senior lecturer in biochemistry, University of St. 
Andrews; Dr. C. M. Macintyre Begg, lecturer m 
zoology (genetics), University of Aberdeen; Prof. 
E. M. Bruce, professor of electrical engineering, Royal 
College of Science and Technology, Glasgow; Dr. 5 
Buchan, assistant director, Geological Survey of 
Great Britain; Prof. P. H. Calderbank, professor of 
chemical technology in the University of Edinburgh, 
and professor of chemical engineering in the Heriot- 


Watt College, Edinburgh; Prof. R. C. Curran, pro- 
fessor of pathology, St. Thomas’s Hospital Medical 
School, London, 8.E.1; Dr. M. R. Droop, principal 
scientific officer (microbiologist), Scottish Marine 
Biological Association Marine Station, Millport, Isle 
of Cumbrae; Mr. L. A. Elgood, company director; 
Mr. E. H. Francis, principal geologist, H.M. Geo- 
logical Survey (Edinburgh Office); Dr. C. L. Hewett, 
research director, Organon Laboratories, Ltd., New- 
house, Lanarkshire; Mr. A. G. Long, assistant science 
master, Berwickshire High School, Duns; Mr. J. D. 
Macdonald, deputy keeper, Department of Zoology, 
British Museum (Natural History), London; Dr. 
A. G. Mackie, lecturer in applied mathematics, 
University of St. Andrews; Dr. Anna Macleod, 
lecturer in biology, Heriot-Watt College, Edinburgh; 
Mr. I. S. Macpherson, lecturer in surgery and clinical 
surgery, University of Edinburgh; Prof. D. E. C. 
Mekie, professor emeritus of surgery, University of 
Malaya; director of postgraduate studies m medicine. 
University of Edinburgh, and conservator, Royal 
College of Surgeons, Edinburgh; Mr. C. C. Mitchell, 
director of research and development, Measrs. Brown 
Bros. and Co., Ltd., Rosebank Iron Works, Edin- 
burgh; Dr. J. Paul, reader in cellular biochemistry, 
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University of Glasgow; Dr. F. R. Smith, research 
director, T. and H. Smith, Ltd., Edinburgh; Dr. H. C. 
Sutton, senior lecturer in radiochemistry, University 
of Edinburgh; Dr. R. H. Thomson, senior lecturer in 
chemistry, University of Aberdeen; Dr. G. R. 
Tristram, senior lecturer in biochemistry, University 
of St. Andrews; Mr. P. Wildy, assistant director, 
Medical Research Council Experimental Virus Re- 
gearch Unit; Prof. W. Wright, professor of civil 
engineering, Trinity College, Dublin. 


The International Academy of Astronautics 


THe following have been elected members of the 
International Academy of Astronautics of the Inter- 
national Astronautical Federation. 

Baste Sciences Secon: Prof. Harrison 8. Brown, 
California Institute of Technology; Prof. André L. 
Danjon, director, Astronomical Observatory, Paris; 
Dr. Audouin Dollfus, Paris Observatory, Meudon; 
Prof. T. Gold, Cornell University, Ithaca; Dr. Robert 
Jastrow, director, Institute for Space Studies, New 
York; Mr. D. G. King-Hele, Royal Aircraft Estab- 
lishment, Farnborough; Dr. Zdenek Kopal, Univer- 
sity of Manchester; Dr. Gerard P. Kuiper, director, 
Lunar and Planetary Laboratory, University of 
Arizona, Tucson; Dr. David F. Martyn, head, Upper 
Atmosphere Section, CORESEARCH, Camden (Aus- 
tralia); Prof. Donald H. Menzel, director, Astro- 
nomical Observatory, Harvard University, Cambridge, 
Maas.; - Prof. Cecil F. Powell, University of Bristol; 
Prof. G. Righini, director, Arcetri Astrophysical 
Observatory, Florence; Dr. Walter Orr Roberts, 
National Center for Atmospheric Research, Boulder; 
Prof. John A. Simpson, Enrico Fermi Institute for 
Nuclear Studies, University of Chicago; Prof. S. Fred 
Singer, University of Maryland; Dr. Richard Tousey, 
‘Atmospheric and Astrophysics Division, U.S. Naval 
Research lLeboratory, Anacostia; Dr. Albrecht 
Unséld, University of Kiel; Prof. E. Vassy, Univer- 
sity of Paris; Prof. Fritz Zwicky, California Institute 
of Technology. 

Engineering Sctences Section: Dr. Arthur C. Clarke, 


former chairman, British Interplanetary Society (at 


present in Colombo, Ceylon); Dr. Charles 8. Draper, 
Massachusetts Institute of Technology, Cambridge, 
Mass.; Prof. Carlo Ferrari, Polytechnic Institute of 
Turin; Prof. B. Fraeijs de Veubeke, Universities of 
Liége and Louvain; Dr. W. Jost, University of 
Gottingen; Prof. Hubert Schardin, director, Research 
Institute of St. Louis, France; Dr. A. Silverstein, 
Lewis Research Center, Cleveland; Dr. Homer J. 
Stewart, California Institute of Technology; Suir 
Geoffrey Taylor, Univermty of Cambridge; Prof. 
Stephen Timoshenko, Palo Alto, California. 

Life Sciences Section: Prof. Grigore Benetato, 
director, Institute of Normal and Pathological 
Physiology, Bucarest; Dr. Hilding A. Bjurstedt, 
Karolinska Institute, Stockholm; Col. Paul A. 
Campbell, U.8.A.F. Aerospace Medical Center, Brooks 
Air Force Base, San Antonio; Dr. Carl-Johan 
Clemedson, University of Gothenburg; Mr. Arthur 
Dean, lawyer, Sullivan and Cromwell, New York; 
Prof. Jakob Eugster, former professor of physiology, 
Muri/Berne; Dr. Siegfried J. Gerathewohl, Ames 
Research Center, Moffett Field; Dr. Vladimir Kopal, 
Institute of State and Law, Czechoslovak Academy 
of Sciences, Prague; Dr. Ulrich Luft, Foundation 
for Medical Education and Research, Albuquerque 
(United States); Mr. David F. Maxwell, lawyer, Ober- 
mayer, Rebmann, Maxwell and Hippel, Philadelphia; 
Dr. Michel Smirnoff, Foreign Trade Research Insti- 
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tute, Belgrade; past-president International Institute 
of Space Law (Yugoslavia); Dr. M. V. Strumza, 
University of Paris; Dr. Heinz von Diringshofen, 
University of Frankfort. 


The Nature Conservancy 


Lorp Howrox oF GLENDALE has been appointed 
chairman of the Nature Conservancy in succession to 
Lord Hureomb, who is retiring from the Conservancy 
after serving for eight years as a member and as 
chairman of the Committee for England, and for a 
further year as chairman of the Conservancy. Lord 
Howick (formerly Sir Evelyn Baring) became a 
member of the Conservancy in 1961 and is also 
chairman of the Colonial Development Corporation. 
The folowing have been appointed members of the 
Nature Conservancy: Lieut.-Colonel J. P. Grant, Sir 
Charles G. Connell and Mr. T. F. Peart. The vacancies 
have arisen through the retirement of Lord Hurcomb, 
Sir Basil Neven-Spence and Mr. G. R. Chetwynd. 
Sir Charles Connell, who (like Lieut.-Colonel Grant) 
is already a member of the Scottish Committee, 
becomes its chairman. and Sir James Denby Roberts 
joins it as a new member on the retirement of Sir 
Basil Neven-Spence. Mr. H. G. Hurrell and Mr. 
P. F. Holmes will join the Committee for England. 
On the Committee for Wales, Mr. Llywelyn Phillips 
and Mr. G. T. Goodman sueceed Prof. W. Ellison 
and the late Mr. W. Vaughan Lewis. Lord Howick, 
Sir Charles Connell and Prof. R. O. Buchanan have 
been appointed to the Scientific Policy Committee. 


G.E.C. (Research), Ltd, l 


THe General Electric Co., Ltd., has formed a sub- 
sidiary company to manage its research activities. 
The new Company is to be known as G.E.C. (Research), 
Ltd., and will be under the chairmanship of Mr. O. W. 
Humphreys. Mr. V. J. Francis, who succeeds Mr. 
Humphreys as director of the Central Research 
Laboratories and administrative head of the Hirst 
Research Centre, Has been appointed executive 
director. Mr. Francis was educated at the Sir Joseph 
Williamson School, Rochester, from which he obtained 
a State Scholarship and a Royal Scholarship, and 
proceeded to the Imperial College of Science and 
Technology, graduating first in mathematics and 
later in physics, both with first-class honours. He 
joined the Research Laboratories of the G.E.C. in 
1931 and was promoted to the leading scientific staff 
in 1937. His work concerned numerous projects 
involving lamps, gas discharges, very high power 
carbon ares, and special valves and cathode ray tubes 
for radar equipment. After the War he was in charge 
of the Lamp and Cathode Ray Tube Departments of 
the Laboratories. He became manager of the Physics 
Division in 1953 and was appointed a deputy director 
in 1960, at the time when the Laboratories were re- 
organized as the Hirst Research Centre. 


Post Office Engineering Department : 
Mr. C. E. Richards. 


Mr. C. E. RicHarps, who in 1958 became the first 
holder of the post of deputy director of research, 
Post Office Engineering Department, retired on 
December 29, 1961. In 1923, after a short career in 
the chemical industry, he became the first professional 
chemist in the Post Office, and throughout his official 
career was responsible for research into the properties 
and applications of materials in Post Office practice. 
The investigation, which he led, of a serious gas 
explosion focused attention on the importance of 
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chemical factors, even in a predominantly engineering 
department, and was followed by work on toxic and 
inflammable gases and the development of techniques 
for minimizing their potential hazards. Intensive 
study of the causes and prevention of corrosion made 
him an acknowledged authority and enabled the 
Post Office to effect substantial savings on the main- 
tenance of its large network of external and under- 
ground plant. During this period, he was also active 
in many other fields such as the use of new alloys for 
cable sheaths, plastics for wire and cable insulation 
and telephone instruments, new magnetic materials. 
Before the Second World War he foresaw the prob- 
able interruption of supplies of many vital materials 
such as certain magnetic alloys, natural rubber and 
tin, and took steps to provide less vulnerable sources 
of supply of these materials or acceptable substitutes 
for them. Drawmg on wide experience of cable tech- 
nology, he and his staff discovered the causes of 
certain failures which at first threatened the success 
of Pluto (for providing fuel for the Normandy 
invasion) and showed how to eliminate these. The 
succeas of the Trans-Atlantic telephone cable systems 
is in no small measure due to the advice given by 
him and his staff on all the materials used therein. 
With the post-war re-organization of the Scientific 
Civil Service, it was Mr. Richards’s task to implement 
the changes which this required in the Post Office 
Engineering Department—a responsibility to which 
he brought as much skill and judgment as he applied 
to all his scientific work. 

Dr. G. H. Metson 


Dr. G. H. Merson, who has succeeded Mr. C. E. 
Richards, joined the Post Office in 1925. After eight 
years in the Physics Laboratories, with spectrography 
as one of bis main interests, he was posted to Northern 
Ireland, where he had extensive experience of field- 
work in the Engineering Department and obtained 
M.8c.(Eng.) and Ph.D. degrees as the result of 
research work at The Queen’s University, Belfast. 
He served in the Royal Corps of Signals throughout 
the Second World War, being awarded the M.C. for 
gallantry during the evacuation from France in 1940, 
and held the rank of Lieut.-Colonel durmg the North 
African and Italian campaigns. Re ing to the 
Research Branch in 1946, he undertook the formidable 
task of developing a long-life thermionic valve for 
use in submerged repeaters. Characteristically, his 
approach was to make a fundamental study of the 
processes which occur in oxide cathodes. His insight 
had led to many notable advances in the under- 
standing of these phenomena which he and his staff 
have recorded in numerous scientific papers, par- 
ticularly in the Proceedings of the Institution of Elec- 
trical Engineers. For a paper, ““The Conductivity of 
Oxide Cathodes”, he was awarded the Kelvin 
Premium of the Institution in 1957. Practical 
application followed quickly, and the production line 
which he set up in the Research Branch was the 
first, and is still one, of the main sources of long-life 
valves for British submerged repeaters in various 
underwater cable schemes. His work was rewarded 
by successive promotions and, in 1956, he was 
appointed deputy chief scientific officer under the 

ecial promotion on individual merit’ scheme for 
the Scientific Civil Service. 


Commonwealth Scientific and Industrial Research 
Organization (Australia): Dr. O. H. Frankel, F.R.S. 


Dr. O. H. FRANKEL bas been appointed to the 
executive of the Commonwealth Soientific and Indus- 
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trial Research Organization (Australia) in succession 
to Dr. R. N. Robertson, who has been appointed 
professor of botany in the University of Adelaide 
(Nature, 187, 740; 1960). Dr. Frankel obtained a 
doctorate in agriculture in 1925 from the Institute 
of Genetics in Berlin. After carrying out research in 
Czechoslovakia, Israel and Great Britain, he went to 
New Zealand in 1829 to join the Wheat Research 
Institute of the Department of Scientific and Indus- 
trial Research. For twenty-two years there he made 
outetanding contributions to science and to the 
welfare of that country’s wheat industry. He was 
associated with the breeding of every variety of 
wheat grown in New Zealand for the past twenty-five 
years. In 1942 he became director of the Wheat 
Research Institute, and in 1949 director of the 
D.S.I.R. Crop Research Division. In 1951 Dr. 
Frankel went to Australia to lead the C.S.I.R.O. 
Division of Plant Industry. Under his leadership the 
Division has become one of the world’s foremost 
centres for plant research. Hoe has attracted research 
workers of the highest calibre to his laboratory in 
Canberra, and built up strong teams of scientists 
working in all the important fields related to plant 
production. He is a Fellow of the Royal Society of 
London and the Royal Society of New Zealand, and 
Fellow and former vice-president of the Australian 
Academy of Science. 


Botany in the British Museum (Natural History) : 
Mr. A. W. Exell, O.B.E. 


A LEADING authority on the flora of tropical 
Africa, Mr. Arthur Wallis Exell, since 1950 deputy 
keeper of botany in the British Museum (Natural 
History), retires from his official duties on March 31. 
Mr. Exell jomed the Museum staff in 1924. From 
1903 onwards the Museum had been receiving 
extensive botanical collections made in Portuguese 
West Africa by John Gossweiler. One of Mr. Exell’s 
first tasks was to prepare a systematic enumeration 
of Gossweiler’s Polypetalae. Thus began his long 
series of contributions to the botany of Angola and 
other African countries, leading to the close and 
cordial Anglo-Portuguese botanical co-operation of 
which the Conspectus Florae Angolensis (1937 onwards) 
and the Flora Zambestaca (1960 onwards) provide 
examples; both are largely the outcome of Mr. 
Exxell’s enterprise, industry and genial diplomacy. 
In 1932 he made an expedition to the Portuguese 
islands in the Gulf of Guinea which resulted in his 
Catalogue of the Vascular Plants of S. Tomé (1944), 
in 1937 to Angola, in 1955 to the Rhodesias and 
Mozambique preparatory to the Flora Zambesiaca. 
Side by side with this floristic work he has made 
special studies of the families Combretaceae and 
Polygalaceae. He has also taken an active part in 
the affairs of learned bodies, notably the Association 
pour Etude de la Flore d’Afrique Tropicale, the 
Linnean Society of London, the Ray Society and the 
Systematics Association. Fortunately, his official 
retirement does not terminate his services to botany. 


Mr. R. Ross 


Mn. R. Ross has been appointed to succeed Mr. 
A. W. Exell. Mr. Ross was educated at St. Paul’s 
School and St. John’s College, Cambridge, where he 
took a first-class honours degree in natural sciences 
in 1934. He was a member of the Cambridge Botani- 
cal Expedition to West Africa in 1935, and in 1936 
joined the staff of the British Museum (Natural 
History), to take charge of the Diatomaceae. During 
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the Second World War he was seconded first to the 
ini of Aircraft Production for administrative 
work and then to Headquarters, R.A.F. Bomber 
Command, where he was a member of the Operational 
Research Section. He was a member of the Ruwen- 
zori Expedition in 1952, and remained in Africa for 
several months collecting Diatomaceae from the 
East African Great Lakes. He has published papers 
on the Diatomaceae and on the Ericaceae of Tropical 
Africa and is honorary editor of the Journal of the 
Royal Microscopical Soctety. He has for several years 
been a member of the Editorial Committee of the 
International Code for Botanical Nomenclature. 
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Theoretical Physics In Monash University, Mel- 
bourne: Prof. H. C. Bo'ton 


Dr. H. C. Botton, senior lecturer in physics in 
King’s College, Newcastle upon Tyne (University of 
Durham), has been appointed the first professor of 
theoretical physics in Monash University, Melbourne, 
Australia. Dr. Bolton was educated at Bede Grammar 
School, Sunderland, and at King’s College, London, 
and holds the degrees of B.8c. and Ph.D. Prior 
to his present appointment he was a lecturer in 
the University of Nottingham. His research interesta 
are primarily in the field of solid-state physics. 


United Kingdom Nuclear Power Programme 


REVInWING the development of the nuclear power 
programme in the United Kingdom in an address to 
Royal Belgian Society of Engineers and Industrialists 
on November 16, Sir William Cook said that the 
United Kingdom was constructing seven large natural 
uranium reactors, and an eighth would be ordered 
soon; the first two of these would reach full power in 
1962. Two nuclear stations of the same type were 
being constructed overseas. The Calder Hall and 
Chapelcross reactors were operating very satisfactorily 
well above the designed electrical output and at high- 
load factors. There was a fall in capital cost from 
more than £150/kW. for the first station to less than 
£100/kW. for Sizewell, and Sir William gave an 
estimate of 0-65d./u.s.o. for electricity generated at 
Sizewell, compared with about 0-5d. for modem 
coal-fired stations situated near coalfields. However, 
he thought that it was probable that the estimated 
cost for the nuclear stations was likely to be reduced, 
as the assumptions for station life, fuel life and 
load factor were probably too conservative. The 
advanced gas-cooled reactor at Windscale should 
also reach full power in 1962; large stations of this 

should offer generating costs competitive with 
the best coal-fired stations in the United Kingdom. 
To use in the 1970’s the plutonium from the nuclear 
power stations, Britain had a vigorous programme of 
development of the fast reactor which, it was expected, 
would lead to large fast breeder power stations, 
fuelled with plutonium from the earlier nuclear 
stations. A detailed study had also been made of 
heavy-water moderated reactors, and consideration 
was being given whether or not to broaden Britain’s 
programme by development in this fleld. 


U.S. Research Training Programmes In Medicine 


NRABIX 6,000 scientists and students are receiving 
research training under research training programmes 
described in a brochure published by the Department 
of Health Education and Welfare, Division of General 
Medical Sciences of the U.S. National Institutes of 
Health (Public Health Service Publication No. 865: 
Research Training Programs of the Division of General 
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Medtcal Sciences. Pp. vii+30. Bethesda, Md.: 
Information Office, Division of General Medical 
Sciences, National Institutes of Health, 1962). The 
publication describes the purposes and activities of 
the programmes under which the Division provides 
fellowships and grant support for graduate research 
training in the Nation’s medical schools and other 
educational institutions. The medical and biological 
fields involved imclude the anatomical sciences, 
behavioural sciences, biochemistry, biomedical en- 
gineering, biometry, biophysical sciences, develop- 
mental biology, endocrinology, epidemiology, genetics, 
microbiology, nutrition, pathology, pharmacology and 
anesthesiology, and physiology. The pamphlet also 
describes the special grant programme, which is con- 
cerned with the problems of specialized research 
manpower shortages; the medical student research 
training programme, which assists medical schools in - 
the early identification, selection and research training 
of medical students who show promise for productive 
careers in academic medicine; and the research 
fellowships programme. The latter covers established 
research fellowships, including the predoctoral, post- 
doctoral and special fellowships, and the career award. 
programme, the purpose of which is to provide an 
increased number of opportunities of stable careers. 
for qualified candidates of superior potential and: 
capability in the sciences related to health. 


Current Research and Development In Scientific 
Documentation 


THE ninth issue of Ourrent Research and Develop- 
ment in Sctentifle Documentation covers projects 
relating to information needs and uses; information 
storage and retrieval; mechanical translation; equip- 
ment; and a miscellaneous section dealing with 
potentially related research, including linguistic and 
lexicographic research, artificial intelligence and 
psychological studies (National Science Foundation: 
Office of Science Information Service. NSF-61-76. 
Pp. xii +270. Washington, D.C.: Government Printing 
Office. 1.25 dollars). Each section is preceded by æ 

and the projects in each section are arranged 
alphabetically by authors or sponsors. Besides three 
projects of the Association of Special Libraries and 
information Bureaux, British activities are repre- 
sented by projects from the National Book League, 
the National Physical Laboratory, the Scientific 
Documentation Centre, Dunfermline, and the Warren 
Spring Laboratory in the field of information storage 
and retrieval; Birkbeck College, the Cambridge 
Language Research Unit and the National Physical 
Laboratory in mechanical translation; and from 
Birkbeck College, the University of Mancheeter, the 
National Physical Laboratory, the University of 
Birmi , the University of Cambridge, the 
University of Edinburgh, University College, London, 
and the Medical Research Council in the miscellaneous 
field. 


Bibliography of Low-Temperature Research 


In the first issue of Oryogentics (September 1960) it 
was announced that bibliographical material covering 
the low-temperature field was being made available 
to the quarterly by Arthur D. Little, Inc., of Cam- 
bridge, Massachusetts. The material, re-classified 
and brought up to date by Dr. D. F. Brewer of the 
Clarendon Laboratory, Oxford, has recently been 
published as a separate supplement to Cryogenics, 
under the title “A Bibliography of Low Temperature 
Engineermg and Research, 1944-60". There are 
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5,000 entries, cov the period 1944-1960, when 
the quarterly bibliographies published by Cryogenics 
began to appear. The contents consist of five parts 
dealing with hydrogen and helium; non-metallio 
substances at low temperatures: non-superconducting 
metals and alloys; and miscellaneous topics, respec- 

tively. The entries, which give the authors, title of 
paper and reference, are arranged alphabetically 
under twenty-two headings within the five parts. 


Advanced Courses in Science and Technology 


Derrar.s of short courses in science and technology 
available in the London area are contained in two 
recent publications. One describes those being held 
at the Imperial College of Science and Technology, 
and includes many short part-time lecture courses in. 
a series of disciplines as well as a number of short fill- 
time courses in various aspects of chemical, electrical 
and mechanical engineering, zoology and applied 
entomology (Shorter Posigraduate Oourses, Sesston 
1961-62, Spring Term. Pp. 20. London: Imperial 
College of Science and Technology, 1961). The other 
bulletin has been issued by the London and Home 
Counties Regional Advisory Council for Technological 
Education and provides details of a wide range of 
short, ad hoc courses to be held at senior technical 
colleges in and around London (Bulletin of Special 
Courses in Higher Technology, including Management 
Studies and Commerce, 1961-62. Part 2: Spring and 
Summer Terms. Pp. 88. London: London and Home 
Counties Regional Advisory Council for Techno- 
logical Education, 1962). Most of these are held in 
the evenings. They include advanced courses in 
management studies. 


Museum of Applied Arts and Sclences, Sydney 


An interesting and original format marks the 
annual report for the year ended December 31, 1961, 
of the Museum of Applied Arts and Sciences in 
Sydney (Pp. 24. Sydney: Museum of Applied Arte 
and Sciences, 1961). Unfortunately, no progress has 
been made to draw up plans for a new wing and so 
relieve the excessive congestion which has concerned 
the Trustees since 1958 and before. Fortunately, 
there is an increase in the statutory endowment 
‘which, among other schemes, has enabled the Trustees 
to modernize progressively the three county museums 
at Broken Hill, Bathurst and Goulbum. It is also 
recorded with satisfaction that the famous models of 
the Australian pioneer in aviation, Laurence Har- 
grave, have been returned to the people of Australia 
by the Deutsches Museum, Munich, Germany. The 
Museum now holds all the existing examples of 
’ the works of Hargrave with the exception of four 
models still retained by the Deutsches Museum. New 
exhibits include one to Hlustrate the process of metal 
spraying and the spraying of plasters on metal sur- 
faces. another to show the development of aids to 
calculation from the early abacus to the present day, 
and also one on early microscopes. 


Mental Subnormality and Community Care 


Tae background to the problems of community 
mental health services was described in a P.E.P. 
broadsheet, Community Mental Health Services (see 
Nature, 189, 717; 1961). Another broadsheet in the 
three-year study programme, which is being financed 
by the Nuffield Provincial Hospitals Trust, provides 
a general review of the present situation with 
to mental subnormality (Planning, Vol. 27, No. 457 
(December 11, 1961): Mental Subnormality and Com- 
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munity Care. Pp. 317-344. London: Political and 
Economic Planning, 1961. 3s. 6d.). The broadsheet 
describes legal changes and the way they have 
affected the community mental health services, the 
epidemiology of subnormality, existing services for 
the subnormal, and the way in which recent advances 
in the study of menta] subnormality have opened up 
certain limited possibilities. of prevention. These 
generally operate by means of either genetic coun- 
selling or the early diagnosis of endocrine or metabolic 
abnormalities which, if uncorrected, may lead to 
mental defect. Further research in the genetics and 
biochemistry of subnormality must be encouraged, 
but it would be over-optimistic to anticipate any but 
marginal advances in the ability to prevent or cure. 
There is, however, a good deal which can be done by 
epidemiological, psychological and social research to 
extend understanding of the problem, and to guide 
the development of services. Indications are given 
of the type of research activities which could lead to 
practical action. 
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Causes of Lung Cancer 


Tae fourth Henderson Memorial Lecture at the 
University of Glasgow was delivered by Dr. J. W. 
Cook, vice-chancellor of the University of Exeter, 
who examined the relationship of tobacco smoke to 
lung cancer. Dr. Cook ranged widely in his addreas 
to examine any factors which might influence lung 
cancer, as well as the statistical, epidemiological and 
chemical evidence indicating the link between tobacco 
smoke and lung cancer. Nowhere has the relationship 
between lung cancer and tobacco smoke been more 
convincingly argued, and although, as Dr. Cook 
indicated, confirmed smokers are unlikely to change 
their habits, his opinion that “the young who have 
never smoked should be discouraged from making a 
stert” would find a widespread acceptance. The 
address has been published by the Royal Institute 
of Chemistry (Lecture Series 1961. No. 5: Tobacco 
Smoke and Lung Cancer. By Dr. J. W. Cook. Pp. 18. 
London: Royal Institute of Chemistry, 1961. 43s.). 


Hazards of High Altitude 


THE problems which face an astronaut have been 
examined by Prof. H. L. Saha, Nilratan Sircar 
Medical College, Calcutta, who olassifies them into 
five categories. The first includes problems related 
to the acceleratory forces acting on the human 
system. These accelatory forces act on the human 
body during rapid ascent to or rapid descent from 
high altitude and also during rapid change in the 
direction of flight. The second includes problems 
related to low barometric pressure at higher altitude. 
The higher the altitude the lower is the barometric 
pressure, and this may give rise to complications 

i from the expansion of gases in the body 
cavities. Indeed, if an aviator is exposed suddenly 
to low barometric pressure, the gases in his stomach 
and lungs may expand to such an extent as to cause 
immediate death. At still higher altitudes, 63.000 ft., 
the blood and the body fluids begin to boil in the 
same way as & beaker of water will boil when exposed 
in an evacuated chamber. The third problem of high 
altitude is anoxia, the defective oxygenation of the 
blood and tissues resulting primarily from diminished 
barometric pressure at high altitude. The fourth 
problem is the one associated with temperature 
changes at higher altitude. The fifth is the effect of 
ionizing radiations on the human body, particularly 
those of cosmic radiations at comparatively lower 
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altitude and of van Allen particles at higher altitude. 
In his article (Sctence and Culture, 27, No. 11; 
November 1961) Prof. Saha directs particular atten- 
tion to the effect of anoxia and the effects of sudden 
exposure to low atmosphere oxygen content. 


Bait Selection by Rats 


Tue problem of using an attractive bait during 
mass-destruction campaigns of rats is of great 
economic importance. Often these campaigns have 
to be carried out under conditions where rata have 
access to abundance of choice foods and even water. 
Any information which can be obtained on bait 
selection by rats in these circumstances is useful in 
the protection of stored foodstuffs against rata. To 
show whether rats would select any one bait offered 
under the same conditions, a series of trials were 
carried out in granaries on the Far East Rand (South 
African Journal of Sctence, 2, No. 57; November 
1961). Fish meal, maize meal and water baits were 
used during the investigations by Karl Hechter- 
Schulz, who also examined tho feeding pattern of the 
rats and the effect which types of building have on 
this. A state of rat control resulted from the opera- 
tion rather than the desired census on which reliable 
observations could be based. The results show that 
the method of offering the bait, as well as the pro- 
vision of conditions of security while feeding, play a 
prominent part in bait selection by rats. 


Pulmonary Tuberculosis among Older Europeans 
in Central Africa 


Dr. CEARIXS SHEE, consulting physician, Bulawayo 
Hospital, has investigated the cases of pulmonary 
tuberculosis admitted to the City Infectious Diseases 
Hospital, Bulawayo (Central African Journal of Medi- 
cine, 7, No. 9; Sept. 1961). The average ago of fifty-five 
European patients discovered to have pulmonary 
tuberculosis in Matebeleland between 1953 and 1958 
waa forty-two years. The average age of twenty 
patients diagnosed in 1959 and the first four months 
of 1960 was fifty-nine years. This difference is 
statistically significant and unlikely to have arisen 
by random sampling. <A variety of factors may be 
concerned, such as an ageing population, a loss of 
acquired resistance with increesing age, readier access 
to radiology, more awarenoss of the possibility of the 
infection in old age, and rising cost of living with 
lowered living conditions. But while these factors 
may to some extent explain the greater frequency 
with which pulmonary tuberculosis is diagnosed in 
old age, they fail to account for the sudden decrease 
m younger people. The cases exemplified show that 
the infection may be most insidious and only revoaled 
when some coincidental or apparently unrelated con- 
dition leads to the patient being fully investigated. 
No explanation is offered for this sudden increase in 
age, but some of the implications are considered, Dr. 
Shee is anxious to know if a similar sudden change 
in the natural history of the disease has occurred 
among Europeans and Africans in other parte of 
Central and Southern Africa. 


Hormonal Control of Growth 


In his Brailsford Robertson Memorial Lecture, 
which was delivered to the Medical Sciences Club of 
South Australia, Adelaide, on October 26, 1960, Prof. 
F. G. Young (University of Cambridge) described 
some of the research work which led him to enter a 
number of cognate fields of investigation. During 
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the lecture he described in detail how, in 1936, he 
set out to isolate from the anterior pituitary tissue 
of oxen the substance which had been shown to be 
capable of inducing diabetes on daily administration 
to a partially depancreatinized dog, and how eventu- 
ally he was tempted into much investigation on the 
endocrine control of growth and the part pleyed 
therein by insulin. The lecture has now been pub- 
lished as a special supplement to the Australian 
Journal of Experimental Biology and Medical Science - 
(39, Special Supplement, August 1961. Pp. 14. 
Adelaide: University of South Australia, 1961). 


Atypical Mycobacterla 


In the sixteenth annual report of the Queensland 
Institute of Medical Research for the year ended 
June 30, 1961, an account is given of studies of 
some atypical Mycobacteria (Pp. 13. Brisbane: 
Queensland Institute of Medical Research, 1961). 
The investigation began three years ago as an attack 
on the problem presented by a high incidence of 
positive Mantoux reactions in children in North 
Queensland. It has been developed in three inter- 
locked phases: a general survey of the incidence of 
atypical Mycobacteria in relation to the frequency of 
positive reactions in children; a study of their 
classification; and an experimental study of their 
sensitizing ability. Some subsidiary inquiries have 
also been undertaken. The report also describes work 
carried out in the fields of mycology, venal infections, 
parasitology, and entomology. Descriptions are given 
of the work of the Innerfail Field Station and methods 
adopted to provide clean animals for parasitological 
work, 


Food and Agriculture Organization André Mayer 
Fellowships 


Tas Food and Agriculture Organization of the 
United Nations is offering ten or twelve André Mayer 
Fellowships for individual research work or for 
research training for younger scientists, particularly 
those from countries where research facilities are not 
highly developed. Research presented should pertain 
to one of the following subjects: land and water 
development; plant production and protection; 
animal production and health; rural institutions and 
services; fisheries; forestry and forest products; 
non-medical nutrition; atomic energy in food and 
agriculture; agricultural economics. Application 
forms and further information can be obtained from 
the Secretariat of the Food and Agriculture Organiza- 
tion National Committee for the United Kingdom, 
Ministry of Agriculture, Fisheries and Food, Whitehall 
Place (East Block), London, 8.W.1. 


The Microchemistry Group 


At the eighteenth annual general meeting of the 
Microchemistry Group of the Society for Analytical 
Chemistry held on February 23, at the Chemical 
Society, Burlington House, Piccadilly, London, the 
following were elected officers of the Group for the 
forthcoming year: Chairman, Mr. C. Whalley; 
Vice-Chairman, Miss M. Corner; Honorary Secretary, 
Mr. D. W. Wilson, Sir John Cass College, Jewry 
Street, Aldgate, London, E.C.3; Honorary Treasurer, 


international Starch Conference 


Tex international starch conference, organized by 
the West German Starch Research Station, Detmold, 
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is to be held during April 25-26. The programme 
will include: the effects of surface-active agents on 
the swelling and solubility of various granular 
starches; an approximate determination of number 
average of polymerization of amylose and amylo- 
pectin in degraded starches without recourse to 
fractionation; a study of the mild oxidation of wheat 
starch by alkaline hypochlorite; specificity of starch 
metabolizing enzymes; the thermal degradation of 
starch; rheology of starch; paper chromatography of 
starch. Further information can be obtained from 
the organizing secretary, W. Kempf, Cereal Research 
Station, P.O. Box 23, Detmold, West Germany. 


Annual Congress on Radiology 


Tue twenty-third annual congress and exhibition 
of the British Institute of Radiology is to be held at 
Church House, Westminster, during April 26-27. 
Subjects under discussion will include: radiation 
protection in the Atomic Energy Authority (Sir 
William Penney); the implications of the reports of 
the Adrian Committee (Prof. B. Windeyer, Dr. 8. B. 
Osborn, Dr. G. M. Ardran, Prof. F. W. Spiers and 
Dr. R. H. Mole); papers on radiographic and technical 
subjectes (W. Watson, Prof. B. G. Ziedses des Plantes, 
Dr. G. Spiegler, Dr. R. Reinsma, Prof. G. J. van der 
Plaats, M. J. Butler, R. A. Lambert and Dr. F. C. 
Connolly); fractionation and dose-rate (Dr. F. Ellis, 
Dr. J. F. Fowler, Miss B. Stern, Dr. D. K. Sambrook 
and R. Oliver) ; pwdiatric radiology (Dr. R. Astley, 
Dr. N. Walker, Dr. W. P. Cockshott, Dr. S. P. 
Rawson and Dr. J. Sutcliffe); pre-therapeutic experi- 
ments with the fast neutron beam from the Medical 
Research Council cyelotron (Dr. J. F. Fowler, Dr. 
R. L. Morgan, Dr. D. K. Bewley, Mrs. 8. Hornsey, 
Dr. G. Silini, Mrs. B. A. Turner, Dr. R. H. Thomlin- 
son and Miss J. A. Stevenson. The Mackenzie 
Davidson Memorial Lecture, entitled “Reflexions 
on the Spread of Tumours by the Blood Stream and 
the Prevention and Control of Metastases’’, will be 
delivered by Prof. D. W. Smithers. Further informa- 
tion can be obtained from the General Secretary, 
British Institute of Radiology, 32 Welbeck Street, 
London, W.1. 


The Night Sky in April 


New moon occurs on Apr. 4d. 18h. 45m. v.t. and 
full moon on Apr. 20d. 00h. 34m. The following 
conjunctions with the Moon take place: Apr. ld. 
23h., Jupiter 0-5° N.; Apr. 2d. 23h., Mars 2° N.; 
Apr. 6d. 22h., Venus 5° N.; Apr. 8d. 14h., Aldebaran 
08° 8.; Apr. 14d. 23h., Regulus 0-8° §8.; Apr. 27d. 
21h., Saturn 0-8° 8.; Apr. 28d. 15h., Jupiter 1° N. 
Mercury i is too close to the Sun for easy observation, 
except during the last few days in the month, when 
it is an evening star. Venus is an evening star, visible 
in the west after sunset. It seta at 20h. 00m., 20h. 
45m. and 21h. 35m. on April 1, 15 and 30, respec- 
tively; ita stellar magnitude is — 3-3. Ita distance 
decreases during the month from 152 to 142 million 
miles and the visible portion of the apparent disk 
decreases from 0-964 to 0-918. Mars and Jupiter are 
too close to the Sun for observation. Saturn rises at 
3h. 50m., 2h. 50m. and ih. 56m. on April 1, 15 and 
30, respectively; it is in Capricornus. It has a stellar 
magnitude of +09 and a distance of 948 million 
miles from the Earth on April 15. Occultations of 
stars brighter than magnitude 6 are as follows, 
observations being made at Greenwich: Apr. 8d. 
143b. 07-9m., œ Tau. (D); Apr. 8d. 13h. 69-2m., 
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« Tau. (R); Apr. 14d. 23h. 186m., « Leo. (D); 
Apr. 15d. 00h. 29-9m., a Leo. (R); Apr. 22d. 00h. 
07-6m., y Lib. (D); Apr. 22d. 00h. 46-3m., y Lib. (Æ). 
D and R refer to disappearance and reappearance, 
respectively. The Lyrid meteers are active during 
April 19-22, but conditions are unfavourable. 


Announcements 


Dr. R. M. C. Eagar, keeper of geology at the 
Manchester Museum, has been awarded the Silver 
Medal of the Liverpool Geological Society in recog- 
nition of his contributions to geology and his services 
to this Society. 


THE seventh Brotherton Memorial lecture, entitled 
“Chemical Processes for Nuclear Power’’, is to be 
delivered by Dr. R. Spence, deputy director of the 
Atomic Energy Research Establishment, Harwell, 
at the University of Leeds on April 17. 


Tue fifth symposium in agricultural meteorology, 
entitled ‘“‘Climatic Factors and the Incidence and 
Spread of Diseases in Plants and Animals”, is to be 
held in the University Collegeof Wales, Aberystwyth, 
on March 21. Further information can be obtained 
from Mr. J. A. Taylor, Department of Geography, 
University College of Wales, Alexandra Road, 
Aberystwyth. 


Tex fourth congress of the Fédération Inter- 
nationale de la Précontrainte is to be held m Rome 
and Naples during May 27-June 2. The programme 
will include the following subjects: results of research 
with special reference to durability and fatigue; site 
considerations—problems and difficulties: remedies 
and solutions; economics of pre-streased concrete in 
relation to regulations, safety, partial pre-stressing, 
lightweight concrete, eto.; progress in precast factory 
manufacture and standardization; outstanding struc- 
tures in pre-stressed concrete construction: (a) 
bridges, viaducts and elevated roads; (b) building and 
other structures. Further information can be 
obtained from Mr. P. Gooding, Prestressed Concrete 
Development Group, Terminal House, Grosvenor 
Gardens, London, S.W.1. 


A GENERAL discussion on ‘Inelastic Collisions of 
Atoms and Simple Molecules”, arranged by the 
Faraday Society, is to be held in the University of 
Cambridge under the chairmanship of Sir 
Hinshelwood during April 10-12. The fee for the 
discussion will be £3, and further information can be 
obtained from the Assistant Secretary, the Faraday 
Society, 6 Gray’s Inn Square, London, W.C.1. The 
discussion will be followed immediately by an in- 
formal discussion on “‘The Inhibition of Gaseous Free 
Radical Chain Reactions”, to be held in the Univer- 


sity of Cambridge Chemical Laboratory during April 


12-13. Further information can be obtained from 
Dr. B. G. Gowenlock, Department of Chemistry, ‘The 
University, Birmingham 15. 


Erratum. Dr. Sheldon E. Kalmutz states that a 
reference was omitted from his article “Antibody 
Production in the Opossum Embryo” (Nature, 193, 
851; 1962). The first sentence of the third paragraph 
should read “The immune system used was the 
elimination of the bacteriophage @X-174 from the 
circulation (ref. 15). Reference 15 should read 
“Uhr, J. W., Finkelstein, M. 8,, and Baumann, 
J. B., J. Exp. Med., 115, 655; 19862”. 
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SCIENCE IN 


Technical Co-operation In Britain and the 
Commonwealth 


EPLYING in the House of Commons on February 

6 for the Secretary for Technical Co-operation, 
the Chancellor of the Duchy of Lancaster, Mr. Iain 
Macleod, had nothing to add to the statement made 
on February 1 regarding the Commonwealth Educa- 
tion Conference. The Secretary for Technioal Co- 
operation was still overseas but would no doubt be 
taking steps on his return to follow up the results of 
the Conference so far as his Department was con- 
cerned. Mr. Macleod promised to consider consulta- 
tions between the appropriate education authorities 
regarding awards for basic professional training un- 
obtainable in the student’s own country, under- 
graduate study at universities and colleges of adult 
education and study at technical colleges below 
postgraduate level. He also mentioned the possibility 
of disoussions with the University Grants Committee, 
the Ministry of Education and the Workers’ Educa- 
tion Association to assist more British tutors and 
organizers to work on secondment in the newer 
Commonwealth countries without embarrassment to 
the home departments. Mr. Macleod agreed that 
maintenance of pensions rights and career prospects 
on secondment seemed to be the key to the provi- 
sion of efficient technical services overseas and 
various consultations to that end were already 
proceeding. 

The Secretary for Technical Co-operation was well 
aware of the need for technological and technical 
manpower in the developing territories of the 
Commonwealth and his Department was seeking to 
meet the need, first by recruiting for service overseas, 
secondly by training people nominated by Govern- 
ments overseas for this work, and thirdly by liaison 
with professional bodies. Expenditure on information 
services overseas had increased by nearly 100 per 
cent, and expenditure on technical assistance over- 
seas in the first three-quarters of 1961 was £17-4 
million compared with a total of £10-1 in 1960, the 
increase being due largely to the establishment of 
the Overseas Service Aid scheme. The figures did 
not include the technical assistance element in our 
regular contributions to the United Nations and the 
specialized agencies. In a written answer on February 
6, Mr. Macleod added that about 11 per cent of the 
available places for medical training in 1961 went to 
overseas students. A distinguished Working Party of 
the medical profession, on which the Department of 
Technical Co-operation, as well as the Ministry of 
Health and the British Council had observers, was 
considering the way in which British medicine could 
contribute to the development of medical science and 
the medical services in the developing countries, and 
was taking into consideration the facilities available 
for students from overseas in medical schools in Great 
Britain. 

British Skilled Manpower and Commonwea:th 


ervices 


In reply to a question in the House of Commons 
on February 8 as to whether the Secretary of State 
for Commonwealth Relations accepted the recom- 
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mendation of the seventh report of the Overseas 
Migration Board that Great Britain’s ability to 
provide increased numbers of skilled and professional 
men and women for service in Commonwealth coun- 
tries should be strengthened, the Joint Under- 
Secretary, Mr. B. Braine, agreed that it was very 
desirable that Britain should be able to meet requesta 
from other Commonwealth Governments for skilled 
manpower to assist the implementation of the 
development programmes. The recommendation had 
already been brought to the notice of the Ministry of 
Education, the Ministry of Labour, the Department 
for Technical Co-operation and the Office of the 
Minister for Science, as well as the Robbins Com- 
mittee. Every effort was being made to meet all 
requests from overseas Governments and he agreed 
that such British expertise was a vital thread in the 
fabric of Commonwealth relations. 


Management and Control of British Research and 
Development 


In written replies to a series of questions in the 
House of Commons on February 2 regarding the 
recommendations of the Committee on the Manage- 
ment and Control of Research and Development, the 
Minister of Agriculture, Fisheries and Food, Mr. C. 
Soames, stated that he with the general 
principles put forward by the Committee. Many of 
its recommendations were already current practice 
in his Department and in the Forestry Commission, 
and those that are not were being closely studied to 
see whether they were suitable for adoption. The 
Secretary of State for Air, Mr. J. Amery, stated that 
the Meteorological Office and the Institute of Aviation 
Medicine conducted their research generally in 
accordance with the Committee’s recommendations. 
Similarly, the Minister of Aviation replied that the 
procedures finally recommended by the Committee 
are to a considerable extent already current practice 
in his Department, but that he was giving further 
consideration to the detailed arrangements in the 
light of the report. The Financial Secretary to 
the Treasury, Sir Edward Boyle, replied that the 
Chancellor of the Exchequer had carefullv considered 
the Committee’s report and was consulting the 
Development Commissioners sbout it so far as it 
affects the scientific bodies which receive grants from 
the Development Fund. The Secretary of State for 
War, Mr. J. Profumo, also replied that the section of 
the report which affects his Department was generally 
acceptable, and Departmental instructions, which are 
already broadly in line with the Committee’s recom- 
mendations, are being reviewed to see whether 
detailed amendments are desirable. 

The Civil Lord of the Admiralty, Mr. C. J. Orr- 
Ewing, replied that the recommendations of the 
Committee were generally accepted. Admiralty 
practice already conformed broadly with that 
advocated by the Committee, but procedures were 
being reviewed in a quest for a more effective tech- 
nical and financial control of development projects. 
The Secretary of State for Scotland, Mr. I. Mackay, 
stated that the practice of the Marine Laboratory at 
Torry and of the Freshwater Fisseries Laboratory at 
Pitlochry already accorded with some of the Com- 
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mittee’s recommendations, and the report as a whole 
was being considered by -his Department and the 
Astronomer Royal. The Minister of Power, Mr. R. 
Wood, replied that he had carefully studied the 
recommendations. His Department’s practice already 
accorded with many of those relating to civil research 
and development, and he was considering if there 
were any ways of improving procedures in the light 
of the recommendations. On February 6, the 
Assistant Postmaster-General, Miss Mervyn Pike, 
replied that those recommendations which relate to 
the Post Office were in general acceptable and the 
Postmaster-General was considering how best to 
implement them. On February 6, Sir Edward Boyle 
added that the recommendations on staff manage- 
ment are under active consideration and formed the 
subject of current inter-departmental discussions, 
but he could not yet say how far they could be 
accepted. 

British Financtal Contributions to the United 


Nations, 1961 


In a written answer in the House of Commons on 
February 2, Mr. J. B. Godber, Minister of State for 
Foreign Affairs, gave the British Government’s con- 
tribution to the United Nations during 1961 as 
£1,677,900, to the Middle East Operation £519,300 
(besides £48,000 in voluntary assistance), and to the 
Congo Operation £3,293,300 (besides £57,000 in cash or 
kind for relief of famine in the Congo, and £1,071,000 
to the United Nations Voluntary. Fund for the Congo 
in 1960). All three represent 7-78 per cent of total 
contributions. £1,071,000 (7 per cent) was contri- 
buted to the ded Pro e of Technical 
Assistance; 
Fund; £1,928,600 (24 per cent) to Relief and Works 
Agency for Palestine Refugees; £335,000 (4 per cent) 
to the Children’s Fund; and £100,000 (10 per cent) 
to the High Commissioner for Refugees. £336,700 
(10-23 per cent) was contributed to the Food and 
Agriculture Organization; £481,800 (7-13 per cent) 
to the World Health Organization; £405,300 (7-53 per 
cent) to the United Nations Educational, Scientific 
and Cultural Organization; £349,200 (9-97 per cent) 
to the International Labour Organization; £137,400 
(9-72 per cent) to the International Civil Aviation 
Organization; £57,000 to the International Tele- 
communications Union; £5,000 to the Universal 
Postal Union; £12,900 to the World Meteorological 
Organization; £7,900 to the International Maritume 
Consultative Organization (with £88,400 towards 
its London Headquarters); and £154,700 to the 
International Atomic Energy Agency (with £50,000 
to its operational budget). In addition, the Govern- 
ment provides 12:04 per cent of capital for the 
International Bank for Reconstruction and Develop- 
ment; 14-48 per cent for the International Develop- 
ment Association; 14-91 per cent for the Inter- 
nationa) Finance Corporation, and 13:13 per cent 
for the International Monetary Fund. The man- 
datory contribution to the United Nations Budget 
in 1961 was £565 million, including the special 
accounts for operations in the Middle East and in the 
Congo, and £2 million to the budgeta of the specialized 
Agencies. On February 6, Mr. Godber added that 
contributions to the United Nations for technical 
assistance totalled £3,242,100 in 1961 and £3,246,100 
in 1960, apart from provision for technical assistance 
made in the regular budgets of the United Nations 
and of certain of the Specialized. Agencies. 
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Teaching Posts In British Colleges of Advanced 
Techno‘ogy 


Replying to questions in the House of Commons 
on February 22, the Minister. of Education, Sir 
David Eccles, said that of the 208 teaching posts 
unfilled in colleges of advanced technology out of a 
total establishment of 1,776, 106 were in engineering, 
51 in mathematics and the sciences, and 61 in other 
subjects. He was renewing his appeal to industry to 
releése suitable engineers and mathematicians and 
encouraging industry to help by allowing highly 
qualified people to divide their time between colleges 
and industrial employment. 
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Expenditure on Research in Scotland 


In an adjournment debate in the House of Commons 
on February 7, Mr. E. G. Willis challenged the 
decision of the Department of Scientific and Industrial 
Research not to provide funds for the University of 
Glasgow to proceed with the installation of its new 
linear accelerator which has been in the design stage 
for the past four years. Mr. Willis quoted Sir Heotor 
Hetherington’s opinion, expressed in a valedictory ' 
letter to the graduates of the University last Septem- 
ber, that in consequence, when Glasgow, and indeed 
Britain, might have been well ahead in this scientiflo 
enterprise, half a dozen other countries would have a 
handsome start, some with the aid of the Glasgow 
work. 

In replymg to the debate, the Parliamentary 
Secretary for Science, Mr. Denzil Freeth, said that 


' Prof. Dee’s application for a grant for this 100-MeV. 


linear accelerator costing about £600,000 had been 
refused on the advice of the Research Grants Com- 
mittee, which was not able, in the scientific interests 
of the nation, to place the project among the five 
to which last July they announced support. All these 
were in the field of nuclear physics. At the Universi- 
ties of Manchester, Liverpool and Oxford three 
particle accelerators were being built for which the 
Department was providing grants totalling more 
than £1:5 million, as well as two grants totalling just 
leas than £800,000 for a bubble chamber and associ- 
ated equipment for co-operative ventures by some 
universities, of which Glasgow is one. These grants 
are being administered on behalf of the universities 
by the Imperial College of Science and Technology, 
and the Department had recently announced support 
for three major projects on which construction would 
start in the near future. Two of these were in the 
field of radioastronomy and totalled £750,000, 
while the third was a low-energy nuclear reactor for 
both teaching and research, to be shared by the four 
Scottish universities and the Royal College of Science 
and Technology, Glasgow, and which would cost a 
further £460,000. 

Mr. Freeth did not accept that refusal of Prof. 
Dee’s application endangered the future of the 
Nuclear Physics School at Glasgow, and pointed out 
that, apart from the new co-operative facilities to 
which he had referred, the 300-MeV. electron syn- 
chroton at Glasgow still had a useful life of several 
years. In the past four years the Department’s 
expenditure on research grants to universities for 
specific scientific projects had increased five-fold and 
in the present financial year was expected to reach 
£2-5 million. 

The proportion of applications for grantes from 
Scotland approved was virtually the same as for 
applications from England and Wales—80 per cent— 
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but applications had to be considered first and fore- 
most on their scientific merits and in relation to the 
balance of support the Department was affording to 
those fields of science for which it was responsible. 
For the major research project scientific considera- 
tions were paramount. The Nuclear Physics Sub- 
Committee at the end of 1960 had recommended to 
the Research Grants Committee that Prof. Dee’s 
project should be supported in principle, and Prof. 
Dee had been informed that it was open to him to 
re-submit his application, either for this or for a 
similar machine, in future years although it was moat 
unlikely that the Department would be in a position 
to support before. the financial year 1964-65 any 
further major projects other than those already 
announced. 
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Cost of Power Production by Nuclear Energy in 
Britain 


In reply to questions in the House of Commons on 
February 19, the Minister of Power, Mr. R. Wood, 
said that the estimate for base load generation from 
the Bradwell and Berkeley nuclear power stations, 
which come into service in the next few months, was 
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Id. a unit, compared with 0:55d.—0-7d. from coal-fired 
stations coming into service this year, depending 
on their size and distance from the coalfields. Tho’ 
present estimate for Sizewell, due to come into service 
during 1965-66, was 0-65d., compared with 0-5d.— 
0-654. for coal-fired stations commissioned at the 
same time. The capital cost per kilowatt at Bradwell 
and Berkeley was £165 and at Sizewell it would be 
down to £100. The expectation now was that nuclear 
generation would break even with coal-fired generation 
about 1970. 


British Expenditure on Space Research — 


In a written answer in the House of Commons on 
February 19, the Parliamentary Secretary for 
Science, Mr. D. Freeth, gave Government expendi- 
ture directly attributable to space research, excluding 
capital expenditure, as nearly £300,000 in 1960-61, 
and estimated to rise to £550,000 in 1961-62. Govern- 
ment expenditure for ‘eivi’ purposes on Blus Streak 
as a satellite launcher amounted to £268 million in 
1960-61 and to some £3-5 million in 1961-62, apart 
from some expenditure since 1955 on military 
account. 


MINING GEOPHYSICS IN SCANDINAVIA 


HE third Nordic Meeting for Mining Geophysi- 

cists was held in Helsinki during November 
27-29, 1961. Four delegates from Denmark, 38 from 
Finland, 12 from Norway and 16 from Sweden, 70 
persons altogether, participated in the meeting. 
Apart from geophysicists, there were also geologista 
and technicians among those present. The sessions 
were presided over by Dr. David Malmqvist from 
Boliden, Sweden, chairman of the organizing com- 
mittee. 

The programme included 19 lectures, covering 
different branches of applied geophysics such as 
magnetic, electrical, gravimetric and seismic investi- 
gations, case-histories, use of computing machines, 
teaching of applied geophysics, eto. 

S. Werner's paper dealt with the aeromagnetic 
methods used by the Geological Survey of Sweden. 
The flights were usually made at a flight elevation of 
30 m., with a spacing of traverses of 200 m. Digital 
recorders were used for the istering which was 
synchronized with the flight speed. The handling 
of results and the drawing of aeromagnetic maps 
had been mechanized and rationalized so far as 
possible in order that they could be managed by a 
small personnel. A. Metzger (Finland) gave an 
account of the magnetic, electric and seismic methods 
used by the Pargas Kalkberg Co., with special reference 
to inductive depth determinations (Haalck-Metzger 
and Stefanescu’s loop methods). A. Breen (Norway) 
gave a general survey of the development im geo- 
physical prospecting in Norway during recent years. 

H. Braekken (Norway) presented three papers. 
The first dealt with education in applied geophysics. 
In Scandinavian universities and technical high 
schools, very little provision is at present made for 
applied geophysics. The situation could be improved 
by means of more efficient international co-operation. 
The second paper concerned potential small-scale 
model experiments made by the author. In his third 
paper Mr. Braekken discussed the general problems 


concerned with the preparation and interpretation of 
geophysical maps. He pointed out that on such maps 
the measurements should be given so that the essen- 
tial facts are clearly apparent at first glance. 

J. Nuutilainen (Finland) and A. Levanto (Finland) 
described the magnetic surveys of the Karvisvaara 
iron ore carried out by the Otanmäki Co. The 
magnetic field from the Kärväsvaara ore had been 
outlined using detailed measurements (taken with a 
3-component Otanmäki Co. magnetometer) at ground- 
level and in drill holes. The problems of the mathe- 
matical interpretation of magnetic anomalies were 
discussed. The maim emphasis was laid on the errors 
made and found. B. Karlemo (Sweden) gave an 
account of a terrain correction method using an 
electronic computing machine as carried out by the 
Geological Survey of Sweden. 

T. Eriksson (Sweden) gave a lecture on the inter- 
pretations of the aeromagnetic anomalies observed 
in the Sitasjaure area which had been made on the 
basis of a combination of geophysical and geological 
ground-level investigations. The investigations 
showed that the geological structure of the area was 
more complicated—-for example, the faulting was 
more extensive than was at first thought to be the case. 

M. Puranen (Finland) gave an account of the geo- 
physical investigations carried out in the Jotnian 
sandstone formation in Satakunta by the Geological 
Survey of Finland. The seismic reflexion measure- 
ments carried out in the area and interpretations of 
the aeromagnetic anomaly curves showed that the 
thickness of the sandstone layer was 1,200-1,500 m. 

M. Laurila (Finland) gave an account of the air- 
borne magnetic and electromagnetic surveys end the 
ground investigations carried out by the Outokumpu 
Co., which led to the discovery of the Kalliokylé 
ore-body- in Kiuruvesi, Central Finland. Mr. T. 
Siikarla (Finland) described the magnetic and 
gravimetric research carried out by the Geological 
Survey of Finland, which resulted in large findings 
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of chromite at Kemi. This non-magnetic chromite 
ore, which is heavier than its surroundings, is associ- 
ated with an anorthosite-serpentinite intrusion. Ib 
was possible to make both magnetic and gravimetric 
measurements for locating the ore-body, and residual 
gravity maps proved especially useful 

L. Granar (Sweden) explained a new compensation 
method developed by the Geological Survey of 
Sweden, and the apparatus for measuring the potential 
field around an ore-body which is charged by a com- 
mutated direct current. The apparatus is also 
suitable for conventional resistivity determinations 
by means of direct current. A lecture by O. Lind- 
holm (Finland) dealt with magnetic permeability 
measurements at the Otanmäki mine. The Otanmaki 
Co. had developed a method and apparatus for 
carrying out permeability determinations in drill 
holes. Thus, information about the location and 
quality of the ore could be procured cheaply and 
quickly by means of magnetic measurements. 
the period 1956-61 a total length of 130 km. of 
drill hole was investigated by this method in the 
Otanmäki mine. P. Singsaas (Norway) gave an 
account of the electromagnetic conductive measure- 
ments which had been used in research into zinc—lead 
ore deposits in Mofjellet, Nordland fylke. During 
the survey electrical anomalies were observed, which 
suggested that the ore-body continued at least one 
thousand metres eastwards from the mine. This 
result was later confirmed by diamond drilling. 

P. Taanila and T. Kangas (Finland) gave an 
account of the seismic depth-to-bedrock determina- 
tions by refraction methods carried out by the 
Oulujoki Co. The Oulujoki Co. had developed a new 
profile interpretation method and a special shde-rule 
which makes it possible to do the practical calcula- 
tions rapidly. In his talk, J. Huhta (Finland) 
established that a hammer seismograph, developed 
by Geophysical Specialities Co., in the United States, 
had been used with great success in Kolari, North 
Finland, for determination of depth of shallow surface 
layers. 
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Associated with the meeting was an exhibition of 
instruments in which H. Jalander (Finland) presented 
the latest model of his electronic magnetometer, 
L. A. Levanto Co., Finland, presented a gradient 
magnetometer developed by thera, and the Otanmäki 
Co., Finland, showed their magnetic measuring 
devices for measurements of drill holes. 

At the business meeting different ways of improving 
inter-Scandinavian co-operation for developing pro- - 

methods were discussed. The meeting 
decided that the organizing committee of the third 
Geophysicist’s Conference should continue ita work, 
changing its name to “The Planning Committee’, 
and that ite task would be to examine the possibilities 
of founding a new Scandinavian organization, as well 
as the possibilities of publishing the lectures held at 
the Helsinki meeting in English, The members 
of the planning committee were Messrs. Malmqvist 
(chairman), Braekken, Puranen and Saxov. 

The Geophysics Education Committee, appointed 
by the second Nordic Meeting for Mining Geophy- 
sicists, decided to continue its work, and, further- 
more, various sections would deal with technical 
mapping problems, the question of nomenclature, a 
Scandinavian gravimetric map, and acale-model 
experiments. 

It was decided that the fourth Nordic Meeting for 
Mining Geophysicists would be held in approximately 
two years time, and A. Eriksen (Norway) was elected 
chairman of the organizing committee, the members 
of which are Messrs. A. Breen (Norway), D. Malm- 
qvist (Sweden) and T. Siikarla (Finland). 

The third Nordic Meeting for Mining Geophysicista 
was most successful, and the number of participants 
was much greater than at the two previous meetings, 
and also there was a large number of lectures. That 
these meetings serve their purpose, and that the 
interest ın them is constantly growing among ore 
prospectors is obvious. The decisions made by the 
meeting will do much to improve Scandinavian 
co-operation in the fleld of mining geophysics. 

MAUNU PURANEN 


MECHANISM OF GLASS POLISHING 


BIBLIOGRAPHY hes been published recently 
by the British Scientific Instrument Research 
Association on the subject of the polishing of glass *. 
The bibliography is the first product of a new pro- 
gramme of research on this topic. Although the 
first investigations of this subject go back some 
hundreds of years, it is one of great industrial impor- 
tance in both the optical and the plate glass industries. 
The new ‘float’ glass process removes the need for 
polishing and is a successful but courageous and 
expensive development; in the United States impor- 
tant progress seems to have been “made by ‘chemical’ 
polishing. This process involves the introduction of 
materials such as potassium fluoride into the polishing 
slurry and has been claimed to reduce the polishing 
time by a factor of ten. In spite of these new develop- 
mente, a fresh investigation in the difficult field is to 
be welcomed. 
For many years polishing was regarded as a micro- 
grinding process in which — was removed by a 


* ———— Batentific Instrument h Association. B B. I. R.A. 
Mechanisms of Glass Polishing—a 
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pulling or cutting action of the polishing grains on a 
scale too small to reveal itself in the microscope. 
At the b of this century the idea was intro- 
duced of a plastic deformation of the surface with 
glass being removed from high spots to fill hollows; 
a similar suggestion was that under the high local 
pressures set up in the polishing process, tempera- 
tures were reached locally at which the glass became 
molten. In the nineteen-thirties the possibility of 
chemical reaction playing a part began to find favour. 
F. W. Preston, for example, stressed the importance 
of reactions between the glass and the water used in 
polishing. A book published in the U.S.S.R. in 1946 
recorded a large volume of work on the ion-exchange 
reaction between the surface of the glass and the 
polishing slurry. Two of the latest references in 
the bibliography show that the Association is already 
actively engaged experimentally on this phase of the 
subject. 

Like other apparently simple industrial arte. the 

polishing of is a very complex phenomenon 
which still demands very careful scientific work for 


its elucidation. 
: R. W. Dovaeras 
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APPLICATION “AND USE OF ULTRASONICS 


OUND waves are capable of travelling through any 

elastic medium, whether solid, liquid or gas. 
Within the frequency-range of approximately 16- 
16,000 c./s. the waves are detectable by the human 
ear, but at greater than 16,000 c./s. they are inaudible 
and are termed ultrasonic. 

The use of ultrasonic energy in industrial processes 
has grown rapidly in recent years, and in the illus- 
trated booklet, Using Ultrasontcs*, issued by the 
Department of Scientific and Industrial Research, 
a wide range of present-day applications, including 
non-destructive testing, cleaning and machining, 
are reviewed. The author is R. Hamilton, the indus- 
trial correspondent of Electronice Weekly. 

In modern forms of generators of ultrasonic energy, 
the energy at the required frequency is first generated 
by electronic oscillators and then converted into 
mechanical energy by one of two basic methods utiliz- 
ing transducers. The transducer sets up periodic 
vibrations at the ultrasonic frequency and when 
placed in contact with the medium causes ultra- 
sonic energy to be transmitted into the medium, 
usually in the form of longitudinal waves. The 
piezo-electric transducer uses the piezo-electric 
effect of orystals, such as quartz, Rochelle salt, 


"y Ultrasonics. By B. Hamilton. Pp. ae naon: Depart- 
ment of tiflo and In Industrial ustrisl Research. 106 


barium titanate, or lead—zirconate-titanate, and 
the magneto-strictive transducer utilizes the change 
in dimensions of a ferro-magnetic material when a 
magnetic field is applied. Ultrasonic applications 
consist of two categories—low-power systems, in- 
cluding echo sounding, burglar alarms and flaw 
detection, and high-power processes for cleaning, 
machining and welding. 

Various flow-detection techniques are discussed 
in the booklet, together with other non-destructive 
tests of materials using ultrasonics. ‘The’ use of 
ultrasonics in geology, in delay lines for electronic 
computers or in radar installations, and for the 
measurement of the electric constants of solids, are 
also- briefly described. The greatest hindrance to 
efficient soldering is the tendency of the metals to 
be soldered to form oxides when heat is applied. 
Using ultrasonic methods satisfactory joints can be 
made, even with aluminium, without using a flux. 
Both grinding and drilling can be performed by 
ultrasonic methods, the tool acting not directly but 
through an abrasive slurry. Holes can be cut to any 
required shape, and the hard materials which can be 
cut satisfactorily include glass, quartz, ferrites, 
ceramics, tungsten carbide and uranium. Wafers 
of germanium and silicon for use in transistors can 
also be sliced by this method. 


ELECTRON MICROSCOPE STUDIES OF — IN 


OCEANIC 


O-DAY the coccolithophorids form one of the 

three main groups of autotrophic plankton algae 
in the sea. The biogeographical and quantitative 
studies of this group which mainly have been carried 
out in the Atlantic Ocean and the Mediterranean 
indicate that they play an essential part in oceanic 
primary production. 

The calcareous coccoliths which cover the cocco- 
lithophorid cells offer the main basis for the taxonomic 
division, although other morphological characters 
are also used. When ten years ago electron micro- 
scopy was applied in the study of coccolith morphology? 
it became evident that the light microscope gives 
only incomplete information on the structure of the 
coccoliths and that electron microscopy is essential 
for an adequate description of these plankton 
algae. 

In marine sediments and fossil deposits the cocco- 
liths are the only remains of the coccolithophorid 
cells which are preserved and even these may have 
been fragmented or partly damaged. By means of 
electron microscopy it is, however, possible to study 
the morphology of the coccoliths in such material, 
and, since the microstructure is characteristic of 
each species, their identity may be ascertained, even 
in the case of very small specimens. 

A recent communication by Maurice Black and 
Barbara Barnes’ affords an excellent illustration of 
what may be obtamed by the use of electron micro- 
scopy of carbon replicas of coccoliths from sediments. 
This first report deals with observations on material 
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from a depth of 1,990 f. at a Challenger station in the 
South Atlantic Ocean and gives descriptions of ten 
of the more than fifty species present in samples which 
the authors are studying ranging in age from present- 
day ooze to early Tertiary material. Three species 
are described as new, the remainder being referred to 
species previously observed in plankton samples or 
fossil material. Instructive micrographs are presented 
for most of the species. 

The study of oceanio cores where sediments from a 
very long range of time are present, as carried out by 
Black and Barnes, will serve to connect the observa- 
tions on recent populations with those on material 
from previous periods. 

The coccolithophorids now occurring in the oceans 
are still inadequately studied. The older descriptions 
are gradually being revised on the basis of electron- 
microscopical observations and many new species 
have been desoribed**. Some of these have been 
found to have characteristic distribution patterns. 
Cultures have proved to be useful for obtaining 
information on their life-history, but essential details 
in their morphology, such as flagellation, remain 
unknown even in common species. Experimental 
work on their physiology is only in its prime. Further 
investigations of material from water samples, sedi- 
ments and fossil deposits are n in order to 
obtain material for a satisfactory taxonomic treat- 
ment of the group, but the documentation of a life- 
cycle in Coccolithus pelagicus, which includes stages 
with two different types of coccoliths*, demonstrates 
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that extensive experimental work is also needed 
before a final delimitation of each species can be made. 
At the present stage a preliminary, practical taxono- 
mic system has, therefore, to be applied. 

The increased interest which recently has been 
shown for this group by geologists and paleontologists 
has already resulted in a considerable increase in our 
knowledge of the coccoliths in fossil material, and has 
demonstrated the usefulness of records on cocoo- 
lithophorid societies in stratigraphical studies’ *. 

In the recent coccolithophorid populations there is 
a striking difference with regard to coccolith differ- 
entiation within the main divisions of the group’. 
The holococcolith and the heterococcolith types 
exhibit a wide range of related forms while the 
pentalith type has been recorded in very few species. 
Through electron microscope studies of the cocco- 
liths of oceanic cores and other fossil material it may 
also be possible to obtain more complete records of 
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the occurrence of the various coccolith types through 
the ages and thus get some insight into the develop- 
ment within this important group of plankton algae. 
Previous discussions on relationships and the phylo- 
genetic hypotheses which have been advanced? have 
lost much of their value in view of the new facts 
brought to light by modern methods. 
T. Braarup 
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RADAR OBSERVATIONS OF METEOR ECHOES AT A 
FREQUENCY OF 1,300 MC,/S. 


By J. S. GREENHOW, H. K. SUTCLIFFE and C. D. WATKINS 
Royal Radar Establishment, Ministry of Aviation, Great Malvern 


ADAR echoes from meteor trails have hitherto 

. been observed only up to frequencies of about 
500 Mc./s.1. Because of initial trail radius and 
diffusion effects it would be expected that only the 
very brightest meteors would give rise to detectable 
echoes at frequencies above 1,000 Mc./s.23. A search 
for meteor echoes at 1,300 Mc./s. was therefore carried 
out during the maximum of the Geminid meteor 
shower in 1961 using a high-power transmitter in- 
stalled in one of the 80-ft. radio telescopes at the Royal 
Redar Establishment‘, In order to assist in the inter- 
pretation of possible echoes observations were also 
made using a 32 Mc./s. transmitter installed in the 
game aerial. The parameters of the two equipments 
are given in Table 1. 


Table 1. EQUIPMENT PARAMETERS 

artal Half- Peak 

Frequency Botropte hed Tane 
tor) width mtted 

Rina oe 6x10 06° 25MW. dbus. 227p.p.s. 2,500° K. 
82 Me./s. 30 25° S8OkW. 140us. 45 p.p.s. 16,000° K. 
In order to maximize the echo-rate, the aerial 
beam was pointed approximately perpendicularly 
to the direction of the radiant at a fixed elevation of 
- 10°, the aerial azimuth being adjusted at half-hourly 
intervals during the times for which the Geminid 
radiant was above the horizon. A continuous record 
of echo-range and amplitude with a time-resolution 
of 4 msec. has been analysed for the period 6 hr. 
either side of transit of the radiant, during the 
expected nights of maximum meteor rate December 
12-13 and 13-14. In this period of 20 hr. 14 meteor 
echoes were observed at 1,300 Mc./s. giving an average 
hourly rate of 0-7. The mean height of these echoes 
was 87 km. for an assumed elevation of 10°. In all 
cases echoes were also obtained from the same meteor 
trails at 32 Mc./s., all of which were of the ‘long-dura- 
tion’ type associated with trails having linear electron 
densities ‘a’ greatly in excess of 1027 cm.-! (Fig. la). 
In principle, the 32 Mc./s. echo duration can be used 
to determine «, but this procedure is complicated 


Pulse repeti- 
length tion fre- nolse tem- 
quency perature 


because of the effects of attachment*®. Instead, the 
visual meteor—radar echo duration correlations of 
Millman and McKinley*® have been used to give an 
estimate of the corresponding visual meteor magni- 
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1. Distributions of the 32 Mo./s. echo — visual magni- 
— and linear electron densities amocia with the meteors 
giving rise to 1,800 Mo./s. — echoes 
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tudes, and these magnitudes have been converted to 
linear electron densities assuming œ = 101! cm. 

nds to an absolute visual meteor magnitude 
of +5-6 (ref. 5). The magnitude and linear electron 
density distributiohs are given in Fig. 1b and ¢, and 
it can be seen that most of the meteors giving rise to 
1,300 Mo./s. radar echoes are brighter than zero 
magnitude with corresponding values of « greater 
than 10% em.-!, 

Substitution of the equipment parameters and the 
estimated values of a in the radar equation for over- 
critically dense meteor trails’ showa that all the 
1,300 Mc./s. echoes should have had intensities of the 
order of 85 db. above receiver noise. In fact, the 
observed intensities were in the region 10-20 db. 
above noise. Thus it is clear that at this frequency 
the meteor trails do not conform with the simple 
theory. Examination of the amplitude-time records 
shows that 11 of the echoes were roughly symmetrical 
about the amplitude maxima, of the type expected 
if the reflecting column is short compared with the 
Fresnel zone*. The mean echo duration between the 
half-amplitude points for these 11 echoes is 0:05 sec., 
and if the duration is determined by the angular 
width of the re-radiated polar diagram of the reflect- 
ing column and the angular velocity of the meteor, 
the corresponding length-scale of the reflecting region 
is found to be 25 m. Thus the angular width of the 
scattering polar diagram is only about 0-25°, and the 
meteor trails still behave as markedly specular re- 
flectors. 

However, an over-oritically dense column 25 m. 
long would still be expected to give an echo 65 db. 
above noise, and it is therefore concluded that the 
volume electron densities in the trails are less than 
the critical density Ne at 1,300 Me./s. As these 
eleven meteor trails have values of « up to 1035 
. om.-', this result implies that the effective initial radii 

of the trails are greater than about 90 cm. In order 
to obtain a detectable echo from an under-dense 
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trail of such large radius, it is required that the 
boundary of the ionized column should be appreciably 
sharper than that given by the generally assumed 
axial Gaussian distribution of ionization‘. 

The remaining three echoes are exceptional in 
that the echo: amplitude-time envelopes show. the 
rapid rise and decays expected for an over-critically 
dense trail?. Two of the- echoes had durations of 
about 0-4 sec., which is greater than the limit of 
0-12 seo. set for a ‘short trail’ echo by the finite 
width of the aerial polar diagram. These durations 
can be explained by the normal ‘long-duration’ echo 
mechanism observed at lower frequencies for over- 
critically dense trails. The third echo had an anomal- 
ously short range and for any reasonable height it 
must have been observed in an aerial side lobe. 
In order to obtain a sufficiently high scattering area 
to give the observed echo intensity the volume 
electron density in this trail must also have exceeded 
Ne (~ 2 x 10” electrons om.~). The values ofa 
for these trails determined from the 1,300 Mc./s. echo 
durations and the diffusion coefficient’ lie between 
1015 and 10!* cm.-}, and determine an upper limit 
of the initial trail redii of about-120 om. Thus it is 
clear that the effective initial trail radii of bright + 2 
to — 4 magnitude meteors, observed at a frequency 
of 1,300 Mc./s. at heights of about 87 km., are of the 
order of 1 m. This figure is comparable with the 
value obtained for faint +6 magnitude meteors 
observed at frequencies of_20~30 Mo. /s.ꝰ. 
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MAGNETIC RESONANCE INVESTIGATIONS OF TERNARY 
COMPLEXES OF ENZYME—METAL—SUBSTRATE 


By Pror. MILDRED COHN and JOHN S. LEIGH 
Johnson Research Foundation, University of Pennsylvania, Philadelphia 


HE assignment of the role of metal ions in those 

enzymatic reactions metal ion activators 
which are readily dissociable has led to many experi- 
mental investigations and even more speculation’, A 
few enzyme reactions of this class have been examined 
in sufficient detail to specify which reacting species 
interacts with the metal ion. The work of Malmstrom 
ei al.: and of Wold and Ballou? on the equilibrium 
and kinetics of the reaction catalysed by yeast 
enolase yielded evidence that the metal binding 
to the enzyme rather than to the substrate is essential 
for the catalysis of the reaction. On the other hand, 
in the reactions catalysed by creatine kinase*-* and 
3-phosphoglycerate kinase’, binding of the metal to 
the adenine nucleotides has been implicated as the 
essential process. 

The primary question which remains unanswered 
even in these cases is the nature of the interaction 
of the three components, metal, enzyme, substrate. 
The attractive hypothesis proposed by Smith’ that 


the metal ion activates some peptidases by acting as 
a bridge in the formation of a ternary complex has 
stimulated a number of experimental investigations 
on model systems and enzymes which have been 
reviewed by Malmstrom!. The results with enzyme 
gysterns have been inconclusive because a measureable 
property of the ternary metal-enzyme-—substrate 
complex has been lacking. We have now found such 
@ measurable property for paramagnetic metal ions 
and their complexes, namely, their effect on the 
nuclear magnetic relaxation rate of the water protons 
and have applied it to the study of the creatine 
phosphokinase and enolase reactions with manganese - 
as the activating ion. 

In principle, it should be possible to take advantage 
of the electron spin resonance phenomenon associated 
with paramagnetic ions to study the nature of the 
complexes which such an ion forms. An earlier 
attempt? to observe a signal from manganese—sub- 
strate complexes, in particular, the manganese 


A 


1038 


complex of adenosine triphosphate (ATP) or adenosine 

diphosphate (ADP) was unsuccessful. The inter- 
pretation offered at that time was incorrect; the 
failure was, in fact, due to the shortening of the 
electron spin relaxation time with consequent 
broadening of the signal to an extent which made it 
unobservable. With improved sensitivity, it has 
been possible to observe a signal for both MnADP 
and MnATP so broadened that the six hyperfine 
lines merge and the individual peaks are barely 
resolved. The observation of a change in spectrum 
of MnATP on addition of stoichiometric concentra- 
tions of creatine kinase was complicated by the 
hydrolysis of ATP catalysed by the enzyme!®. No 
such complication arose with MnADP and addition 
of the e e caused no significant change in the 
spectrum, yielding no direct information sbout the 
interaction of MnADP with the enzyme but suggesting 
that the Mn was not bound to the enzyme. Examina- 
tion of the nuclear magnetio resonance of the proton 
and phosphorus nuclei of ATP and ADP as affected 
by metal ions!! has led to the elucidation of the 
structure of these complexes, but the concentrations 
of nucleotide required, approximately 0-1 M, made it 
impractical to study enzyme—metal—substrate inter- 
actions. It seemed profitable therefore, for the 
dilute aqueous solutions which must of necessity 
be used in the study of enzymatic reactions, to 
investigate the effect of the complexes of para- 
magnetic ions on the relaxation of the protons of 
water. 

Paramagnetic ions greatly increase the rate of 
transitions between nuclear spin states of the protons 
of water as measured by the longitudinal relaxation 
timo T. The magnitude of the effect is large, for 
example, 7, for pure water is approximately 3 sec. 
and is shortened by a factor of the order of 10,000 
in a 1 M solution of manganous ions. The original 
theoretical analysis of the effect by Bloembergen, 
Purcell and Pound!’ has been extended}*-15, and it 
has been shown that the major contribution to the 
relaxation of the protons occurs in the hydration 
sphere of ions such as Mn++. Rapid exchange of 
protons in the hydration sphere with those in the 
bulk of the solution results in an observed relaxation 
rate which is due to a weighted average of the 
different local environments of the protons, the 
dominant contribution occurring when the proton is 
within the hydration sphere of the ion. As a conse- 
quence, the efficacy of the paramagnetic ion in 
affecting the relaxation rate of the water protons 
depends sensitively on the immediate environment 
of the ion, in particular, on the number of water 
molecules co-ordinated to it and the rotational 
motion of the complex, and therein lies the usefulness 
of the determination of relaxation rates for the 
examination of complexes of paramagnetic ions. A 
number of interesting applications of the method has 
been described for the study of the structure of hem 
proteins'* and for the binding of metal ions to 
deoxyribonucleic acid’, 

The measurements of the longitudinal relaxation 
time T, described in this article were determined by 
a pulsed nuclear magnetic resonance method of the 
Carr~Purcell type’®. The apparatus, constructed by 
one of us (J. 8S. L.) with a Varian 6-in. magnet and a 
crossed-coil probe, was operated at a frequency of 
25 Mc./s. and a temperature of 17 + 2°C. The value 
of T, was determined from a photograph of the 
oscilloscope presentation and was reproducible to 
approximately 5 per cent. The molar relaxation rate 
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R is defined as ) where N is the 


N 7 Feo 7 2 T 1o 


molar concentration of manganous ion and Tio is 
the relaxation time of the solution in the absence of 
manganous ion. The value of R observed for man- 
ganous chloride in water, 0:95 x 10 sec.-1/1./mole-* 
determined over a concentration-range of Mn++ from 
1 x 10“ M to 8 x 10° M, agrees well with values 
previously reported" for 25 Mc./s. and 17° C, 

A typical experiment with orystelline creatine 
kinase is presented in Table 1. It will be noted that 
the addition of ADP or enzyme singly causes a rela- 
tively small increase in the relaxation rate over Mn++ 
alone, factors of 1-32 and 2-07 respectively, but the 
addition of all three componenta together changes 
the relaxation rate of the protons by a factor of 10-2. 
We may conclude that a ternary complex involving 
Mn++, ADP, and creatine kinase has been formed. 
The addition of phosphocreatine to a solution con- 
taining Mn++ plus enzyme had very little effect, 
indicating that no ternary complex is formed with 
this substrate. Similarly, the addition of a number 
of phosphate compounds which complex strongly 
with manganese but which are not substrates for the 
enzyme, including inorganic pyrophosphate and fruc- 
tose-1,6-diphosphate, had an insignificant effect on 
the proton relaxation rate of a solution containing 
Mn and enzyme. 

Table 1. PROTON RRLAXATION RATES OF WATER DUE TO MANGANESE 


INTERACTION WITH B KINASE AND Bovine SEREUH ALBUNIN 
IN THM PRESHENOH AND ABSENOR OF SUBSTRATES 


All solutions contained Pooh; 2 x 10-* Mandi ydroxymethyl)- 


ammomethane-HOl buffer, 005 M, pH 7'5, and the additional 
components indleated. The ratios refer to the ratio of the molar 
relaxation rate of Mn++ in the mixture, Ra. to Mn** in the control buffer 
solution, R, : 
Creatine kinase (CrK) Seram albumin (3A) 

—— to MnOl, un Additions to MnCl, m 

R./R. buffer R, | Re 
ADP (2 x 10~ M). 1:82 ADP (2 x 10 M) 1-86 
oE do (ral, 

— 2-07 SA (8-8 mgm. /mai.) 423° 
orm + AD 10-2 BA + AD 8 B4 
OrK + Presne 

(24 x 10° M) + ADP 4:32 
Creatine (24 x 10°* M) 1:01 
— (2 x 10~ M) 1°41 ATP (2 x 107 M) 1°86 


K + ATP + creatine 5°66 SA + ATP 8-69 


The addition of phosphocreatine to the Mn—-ADP- 
enzyme complex lowers Ry»/R, from 10-2 to 4-3, the 
relaxation rate has been decreased by a factor of 
more than 2; at this pH and Mnt+ concentration, the 
equilibrium mixture for this reaction is almost 
entirely in the form of ATP and creatine‘ and the 
value observed probably represents that for the 
Mn-—ATP-creatine kinase complex. The equilibrium 
was approached from the reverse direction with ATP 
and creatine and the observed relaxation ratio for the 
equilibrium mixture was 65-66. The discrepancy 
between 4:32 and 5:66 may be due to the partial 
hydrolysis of ATP catalysed by the enzyme!*; the 
greater extent of hydrolysis in the absence of creatine 
made it impossible to measure the relaxation rate of 
manganese, ATP and enzyme directly. 

A large excess of magnesium ions was added in an 
effort to displace the manganese from the complexes; 
the relaxation rate was not reduced completely to 
the values in buffer alone, but the ratio Ry/R, was 
reduced from 10-2 in the Mn-ADP-enzyme complex 
to 1-45 and for the equilibrium mixture from 5-66 to 
1:75. The incomplete return to the value for the 
hydrated manganous ion, as reflected in the residual 
enhancement of the proton relaxation rates in these 
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solutions containing excess Magnesium, may be due 
to binding sites for Mn+ on the protein unrelated to 
enzyme-substrate binding for which the magnesium 
does not compete efficiently. 

The change in proton relaxation rates of manganese, 
ADP or ATP and a non-specific protein, crystalline 
bovine serum albumin, is presented for comparison 
with creatine kinase in Table 1. On addition to a 
manganous chloride solution, albumin alone, at a 
lower concentration than creatine kinase, causes 
a greater change in proton relaxation rate than 
creatine kinase. The greater efficacy of albumin 
is in part due to & difference in binding constants, 
and may also be due to a difference in binding sites 
for manganese with the two proteins. Unlike the 
effect observed with creatine kinase, the addition of 
ADP or ATP to a solution of Mn++ and albumin 
causes a small decrease in the proton relaxation rate 
which can be satisfactorily accounted for on the basis 
of competition between the nucleotide and protein 
for Mn++. In contrast to creatine kinase, albumin, 
Mn and ADP or ATP do not form a ternary com- 
plex. 

The values of R»/R, listed in Table 1 are by no 
means the Maximum that could be achieved if the 
Manganese were completely complexed; all the 
solutions represent a mixture of free manganous ions 
and manganous complexes. The association constante 
for the manganese complexes can be determined by 
titration, using the proton relaxation rate as the 
parameter. By this procedure, the association con- 
stants for MnADP and MnATP were determined in 
0-1 M tetramethylammonium chloride and 0:08 M 
irts(hydroxymethyl)aminomethane~hydrochloric acid 
buffer and found to be approximately 1:0 x 10* and 
75 x 10* 1. mole-1, respectively, which agree satis- 
factorily with the values determined by electron spin 
resonance’. The association constanta for the 
manganese nucleotides and the enzyme are also of an 
order of magnitude®:* which would result in consider- 
able free enzyme, Manganese and nucleotide at the 
concentrations used in these experiments. For 
example, in an experiment in which the concentra- 
tions were Mn++ 1 x 10% M, ADP 1 x 107 M, 
enzyme 10 mgm./ml., the relaxation rate ratio for 
MnADP-enzyme was 5:4, and doubling the con- 
centration of enzyme increased the value to 8-5. 

Another enzyme which has been investigated is 
crystalline rabbit muscle enolase (Boehringer). The 
relationships observed with this enzyme contrast 
sharply with those for the kinase as evidenced by a 
comparison of the results in Tables 1 and 2. The 
eddition of the substrates, phosphoenolpyruvate 
(P-pyruvate) or L-2-phosphoglycerate (2-P-glycerate) 
does not significantly affect the proton relaxation 
rate but the addition of enolase alone, unlike creatine 
kinase, increases the relaxation rate by a factor of 
9-6 consistent with the high binding constant of 
Mn++ for enolase?, When Mnt', P-pyruvate or 
2-P-glycerate and enzyme are mixed, resulting in an 
equilibrium mixture, the relaxation rate is reduced by 
a factor of three or more, rather than increased as in 
the case of creatme kinase. Again, a ternary complex 
has been formed as evidenced by the fact that the 
relaxation rate of the three components together 
cannot be accounted for by any type of summation 
of the pairs, that is, manganese—substrate and man- 
ganese-enzyme. The results in Table 2 of albumin 
. demonstrate that P-pyruvate and 2-P-glycerate at 
these concentrations cannot compete with protein 
for Mn++. The results of albumin further indicate 
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Table 2. PROTON RELAXATION BATES OF WATER DUB TO MANGANESH 
INTERACTION WITH MUSCLE ENOLASE AND BOVINE SERUM ALBUMIN 
IN TER PRESEKOM AND ABSENOR OF SUBSTRATES 


All solutions contained MnOl,, 1 x 10 M; the enolase reaction — 

fares contained imidazole-HGl buffer, 0-05 M, pH 6-b,and 0-5 M KCI; 

the albumin solutions were in iris(hydroxyme vl)aminomethane- thane-HCl 

buffer, 0 nek re pN 7-20, and the additional componenta Indicated. 
have the same significance as in Table 1 


rae laso (En) Serum albumin ASA) 
Additions to MnC], tn me Tong to MnCl, in 
buffer RalR, 
P-pyravate (2 x 10+ M) 1-01 Pyruvate (2 x 10 ~ M) 105 
fin (5-0 aa dip a SA (8°56 mgm./ml.) ri 50 
in + P-pyru. 2-68 SA + P-pyru 


vate 4°48 
5B gtyocrats (2 x 10 M) 1°05 
BA + 2-P-glycerate 4°24 


* The — number a ii preparation was 2,000, based on 
100,000 gm. protein (ref, 2). 
that no ternary complex is formed with Mn** and 
P-pyruvate but a small amount of ternary complex 
is formed with 2-P-glycerate, a finding consistent with 
that of Malmstrom?* for the Zn—albumin—2-P-glycerate 
complex. 

Having established the existence of ternary com- 
plexes for both the creatine kinase and enolase 
systems, we should like to be able to specify the 
nature of these complexes, in particular, to which 
molecules the metal ion is bonded. Some relevant 
information can be derived from a more detailed 
analysis of the molecular parameters involved in 
determining the proton relaxation rates. 

The theory of the effect of hydrated paramagnetic 
ions on the relaxation rate of water protons as 
developed?*-5 has been applied by Hisinger et al.17+#° 
to a similar phenomenon of enhancement of the 
proton relaxation rate by complexing of the para- 
magnetic metal ion. Following their procedure™: 


Re _ Peltor 1) 

Ro PolTe)o 
where the subscript c’ and 0 refer to the manganese 
complex and hydrated manganese, respectively, 
R is the molar longitudinal relaxation rate, p is the 
probability that a water molecule will be in the 
co-ordination sphere of manganese, and Te is the corre- 
lation time for the magnetic dipole interaction. On 
complexing, p can only become smaller as the water 
in the hydration sphere is replaced by other ligands, 
and if tv, decreased or remained the same, from 
equation (1), the relaxation rate Re would decrease. 
Tf all the water molecules in the Mn aquocation were 
replaced by other ligands, a very large decrease in 
R,/R, would be anticipated since R varies inversely 
as the sixth power of the distance between the para- 
magnetic ion and the proton. King and Davidson*! 
have observed decreased proton relaxation rates in 
eclutions of manganese complexed with ethylenedi- 
amine tetraacetate and with nitriloacetate. However, 
an enhancement of the relaxation rate such as 
observed for deoxyribonucleic acid!?*° and in the 
present experiments must be due to an increase of 
Te in the complex, sufficient to overcome the lowered 


3-P-giyoerate 2» ie x oo M) BO 


value of p. 
The correlation time, Te may be defined as!*: 
1 l 1 
fee (2) 


where tr is the rotational correlation time of the 
hydrated ion or complex and rt: is the electron spin 
relaxation time of Mn+. In aqueous solutions of 
hydrated manganous ion’, To (equation 2) is determ- 
ined by tr since te = 3-0 x 10-4 sec. and Ta = 3 x) 
10-* sec.; the latter is thersfore a negligible contribu- 
tion to Te- thé same relationships hold m 
aqueous solutions of the ternary complex of man- 


t 
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ganese, ADP, creatino kinase, the minimum increase 
in the correlation time rte is a factor of 15 since p is de- 
creased at least to two-thirds ita value m Mn(H,0),**, 
that is, at least two of the six water molecules have 
been displaced and the observed Se = 10; the 
0 
enhancement for the pure complex, that is, if all the 


R 
manganese were complexed, ze would be even larger. 


We have obtained independent determinations of 
ts, made by measuring the line widths of electron 
spin resonance spectra of ese and ita com- 
plexes. In Table 3, the ratios of relaxation rates 


R 
(F) ‘of the water protons and the ratios of the 
o 


relaxation time of the electron spin of Mn++, a 

: #/0 
are compared for the creatine kinase system. The 
enhancement of the proton relaxation rate, R»/R,, 
in the ternary complex, Mn-ADP-CrK, 5-08, is con- 
siderably less than the value 10-2 in Table 1 in apite 
of the higher enzyme concentration because a higher 
Mnt concentration and excess ADP had to be used 
for the electron spin resonance measurement; as a 
consequence, less manganese is in the form of the 
ternary complex under the conditions of the experi- 
ment in Table 3. It is apparent from the resulte in 
Table 3 that the changes in the longitudinal relaxa- 
tion rates of the protons are not correlated with the 
changes in the electron spin relaxation rates of the 
manganese. In particular. the large increase in 
relaxation rate resulting from addition of enzyme to 
MnADP is accompanied by no change in the electron 





‘spin relaxation rate. We may therefore conlcude that 


addition of enzyme to MnADP causes a change in 
the rotational motion of the complex reflected in rtp 
(cf. equation 2) but no change in the type of motion 
which determines the electron spin relaxation rate, 
namely, a deformation of the complex arising from 
impact of molecules outside the complex", 


Table 3. RELAXATION BATES OF PROTONS ARD Eukcrnonw Spm 
RELAXATION TIONS OF MANGANESH IN MANGANESH COMPLEXES IN 
THE CREATINE KINASE BYSTEN 
ADN solutions contained MnCl, 1 x 10-* M, tris(hydroxymothylamino- 
methane HOI buffer, 0'05 M, pH 7°55, and the additional components 
indicated, #,,/R, has the same significance as in Table 1 and +»/*, 1s 
the ratio of line widths of the electron spin resonance spectral lines of 
Mn in the sample to that in buffer. The electron spin resonance spectra 
were obtained with a Varian electron spin resonance spectrometer 


. Additions to MnCl, 1 x 10 M in buffer Rul Ry Tal Ty 
ADP (5 x 107° M) 1-92 *4 
+ CrK (22-5 mgm./ml1.) ` 2°16 — 
ADP + Ork (22:5 mgm. jml) 508 om 4 


The structural implications of these results for the 
ternary complex are incorporated in the diagram of 
Fig. 1. The essential features of Mn-ADP-CrK 
complex are that: (1) some water molecules (or 
protons in rapid equilibrium with the water mole- 
cules) remain in the co-ordination sphere of the 
manganese; (2) Manganese is bonded only to ADP 
since the electron spin relaxation does not change 
on addition of enzyme to MnADP; (3) the large 
increase in proton relaxation rate in the ternary 
complex is due to the hindered rotation resulting 
from the binding of the MnADP to the enzyme. 
For enolase, it was not possible to make an inde- 
pendent determination of ts since we could not obtain 
an electron spin resonance spectrum for Mn-enolase. 
However, the large increase in the relaxation rate 
of the water protons in Mn-enolase complex without 
substrate ifidicates a large increase in the correlation 
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Fig. 1. Diagrammatic representation of ternary complexes of 
enxyme-metal substrate 


time, either ty or ts or both. The decrease in relaxa- 
tion time on addition of substrate would indicate 
a decrease in p or in Te 

The most likely interpretation of the results is that 
the substrate binding to manganese already bound 
to enolase replaces some of the remaining water of 
hydration, thus decreasing p and consequently 
decreasing R (of. equation 1) as observed. A structure 
consistont with this interpretation in which manganese 
acts as a bridge between substrate and enzyme is 
shown in Fig. 1. An alternative explanation invoking 
a change of configuration resulting from binding of 
the substrate directly to the enzyme, sufficiently 
drastic to change the rotational correlation time by 
a factor of three or more, cannot be excluded at this 
juncture. Further work now im progress with other 
paramagnetic ions and measurements of the trans- 
verse relaxation rates of the water protons will yield 
further information on the structure of these com- 
plexes. 

We wish to thank Dr. J. Eisinger and Dr. W. E. 
Blumberg for valuable discussions and for sending us 
& preprint of a paper®® prior to publication. We 
are indebted to Mrs. R. Schwarz for her excellent 
technical assistance. This work has been supported 
in part by grants from the National Science Founda- 
tion and the U.S. Public Health Service (No. RG 
8320). 


1 Malmstrom, B. G., and Rosen _A., in Adv. in Enzymology, edit. 
by Nord, F. F. (Interscience Publishers, Ino., New York, 1959). 
* Malmstrom. B. G., in The Enzymes, edit. by Boyer, P. D., Lardy, H, 
J 5, 471 (Academio Press, New York and London, 


' Wold, F., and Ballou, O. B., J. Biol. Chem., 227, 801, 818 (1967). 
4 Noda, L, Nihel, T., and Morales, M. F., J. Biol. Chem., 285, 2830 
' Node, Le, Nihel, T., and Morales, M. F., J. Biol. Chem., 236, 8208 
‘Morrison, J. F., O'Sullivan, W. J., and Ogston, A. G., Biochim. 
Prophys. Acta, 52, 82 (1961). 
Larason-Rasnolkiewloz, M., and Malmstrom, B. G., Arck. Biochem. 
Biophys., 98, 04 (1901). 


* Amith, E. L., Proe. U.S. Nat. Acad. Sei., 35, 80 (1949). 
*Oohn, M., and Townsend, J., Nature, 178, 1090 (1954). 
10 We have been informed by Prof. L. B. Noda, who generously su 
pued the orystalline creatine phosphokinase for these experimen 
hat the hydrolytic activity towards ATP appears not to be due 
to a contamination but to be an Inherent property of the enzyme. 
u Qohn, M., and Hughes, jun., T. R., J. Biol. Okem., 237, 176 (1962). 
48 Bloembergen, N., Purcell, B. M., and Pound, R. V., Phys. Rev., 78, 
679 (1948). 
13 Solomon, 1., Phys. Rev., 99, 559 (1955). 
11 Bloembergen, N., J. Chem. Phys., 87, 572, 595 (1957). 
u Bloembergen, N., and Morgan, L. O., J. Chem. Phys., 34, 842 (1961). 
%* Lumry, B., Matsumiya, H., Bovey, F. A., and Kowalaky, A., J. 
Phys. Chem., 65, 837 (1961), and references therem. 
av mean J., Shulman, B. G., and Blumberg, W. E., Nature, 192, 
963 (1961). 


1 Carr, H. Y., and Purcell, E. M., Phys. Rev., 84, 680 (1954). 

19 Malmstrom, B. G., Arch. Biochem. Biophys., 58, 898 (1955). 

1 Eiinger, J., Shulman, R. G., and Szymanski, B. ML, J. Chem. Phys. 
(in the press). 

31 King, J., and Davidson, N., J. Chem. PAys., 28, 787 (1958). 


Ld 


vo,ae2e0 March 17, 1962 


NATURE 


1041 


~ 


` OCCURRENCE OF MULTIPLE BONDING WITH PARTICULAR 
REFERENCE TO SILICON 


By Dr. l. R. BEATTIE and T. GILSON 
Department of Chemistry, King’s College, London 


NE of the more striking differences between the 
chemistry of carbon and that of silicon! is the 
absence of stable compounds containing a double 
bond to silicon. A double bond is here formally 
defined as one capable of being written A = B. 
(That this is to some extent an artificial approach 
is seen by considering the sequence 8i10,‘-, PO,*, 
80,2, ClO,-). The general lack of multiple bonds 
between first- and second-row elements has been 
discussed by Pitzer? in terms of “‘inner shell repul- 
sions”. However, calculations by Mulliken*® do not 
appear to support the ideas of Pitzer, and indicate 
that, although the energies of first- and second-row 
double bonds should be about the same, a second-row 
single bond should be stronger than a first-row single 
bond. Lack of silicon—carbon double bonds could 
then be attributed* to “the much more favourable 
energy relationships of two single bonds to one 
double bond in the silicon—carbon than in the carbon- 
carbon case”. Against this, Gilman and Dunn‘ point 
out that all the available evidence indicates that the 
silicon—silicon single bond is weaker than the corre- 
sponding carbon-carbon link. Further, the qualita- 
tive considerations of Pitzer and the calculations of 
Mulliken are based on the use of s and p orbitals only. 
Accepting the above definition of a double bond, in 
silicon chemistry the following extreme cases may be 
defined : 


Formulation Hypothetical example 
3 j 
(1) Si <- B (CF,), 8i P Me, 
A 
A 
(2) Bi om B (CH,), Si = Si (CH), 
AY 
A. 
{3) 8i -> B (CH), Si m O 
a7; : 


Examples such aa (1) having virtually no bond multi- 
plicity are of little interest apart from the unusual 
co-ordination number and would be analogous to the 
corresponding unknown (CF,),Si. N Me, 
interesting that Burg and Mahler® have recently 
reported Me, P. P CF, as the first example of a two- 
co-ordinate phosphorus compound. On our definition 
it also formally contains a double bond. 

Examples such as (2) have a ‘normal’ double bond 
and it seems likely that examples such as (3) will 
always have appreciable multiple bond character, 
notably because the silicon would otherwise have a 
vacant p-orbital. We shall be concerned primarily 
with examples of types (2) and (3), which are of more 
general interest. 


Tt is 


If the equation 
?,CC) —» D Ou -+ CF 


is considered, the stability of the carbonium ion is 
usually attributed to participation by structures such 
as: ; 


D 
ee 
M 


It has been suggested‘ that the reason for the non- 
occurrence of the reaction in silicon chemistry’ is 
“partly due to the fact that the silicon is larger than 
carbon so that strains in the tetrahedra! configuration 
are reduced, and partly to smaller contributions from 
resonance structures ... which would have to contain 
silicon—carbon double bonds”. However, tho important 
distinction is that the “resonance contributions” such 


- as (IT) are already present in triphenylsilyl chloride 


before ionization. 


T 
— ) 
D Ci 
(1) 
Similarly in the equation 


n Xiao — ‘si 
/ / 


R R 
n 


the polymer can make more effective use of the 
available d-orbitals than can the monomer, by forming 
‘partial multiple bonds’. Analogous arguments can be 
applied to phosphorus, for example, in the polymer- 
ization of PO,-, and for boron (where there would 
be a vacant p-orbital in compounds of the type 
O = B — CL which are known only in the polymeric 
form). In the case of sulphur, as pointed out by 
Pitzer, multiple bonds are formed to first- and other- 
row elements (without the necessary use of d-orbitals). 
However, with sulphur the double limk (without the 
necessary use of d-orbitale) is unusual in that it is 
always to an element which is more electropositive 
than sulphur. This could tend to make the d-orbitals 
less accessible and hence sulphur behave more like 
a first-row element. Further, in a polymerization 
reaction of the type: 


R . R R 


\ \ "5 / 
2 xg — >» Yc 
m Far 
R R R 
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there is no evident difference in the efficiency of 
filling of the d-orbitals between the monomer and the 
dimer. 

If these ents are substantially correct it is 
possible to predict the occurrence of multiple bonding 
to silicon. A monomer containing a double bond 
might occur if the efficiency of filling of the d-orbitals 
were not markedly affected by polymerization. 


Compounds such as (III) and (IV) appear to fulfil 


this criterion. 
HC 
| Nico 
Gv HC 
(qT) (IV) 


In an attempt to study compounds of type (III) we 
extended our reasoning to Ge (IV), as (acac), GeCl, is 
readily available (where acac = acetylacetone). On 
reacting this with silver oxide using chloroform as a 
solvent, we obtained a polymer. However, while we 
were carrying out the research the corresponding 
titanium compound was shown to be monomeric in 
benzene’ and to be the first example of a compound 
containing a double bond to titanium. An examina- 
tion of the literature shows that attempts have been 
made to prepare compounds similar to (IV), but 
frequently there has been an aromatic group linked 
directly to the silicon and usually the initial material 
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has contained halogen so that dx-px bonding will 
have been important and elimination reactions analo- 
gous to those in carbon chemistry need not have 
occurred. ; 

We thank Dr. O. Eaborn for helpful suggestions and 
Messrs. Albright and Wilson, Ltd., for a grant to 
one of us (T. G.). 

Note added in proof. Since we submitted this 
article there have been considerable advances. Thus 
Fritz and Grobe (Z. Anorg. Chem., 311, 325; 1961) 
have discovered the first compound of silicon con- 
taining a double bond (Me,8i = CH-—-SIMe,), while 
the first example of an aromatic system in silicon 
chemistry has been postulated by Benkeser, Gross- 
man and Stanton (J. Amer. Ohem. Soc., 83, 5029; 
1961) in the ion C,H,S8i-. Further, Lappert and Smith 
(J. Ohem. Soc., 3224; 1961) postulate that the 
compound CICH,S+(Me).B~(: O)Cl contains a double 
bond between the boron and the oxygen. These 
results appear to support our tentative conclusions. 


1 Ses, for example, Baborn, O., Organostlicon Compound (Butterworths, 
London, 1960). (3 


t Pitzer, K., 8., J. Amer. Chem. Soc., 70, 2140 (1948). 

* Mulliken, B. 8., J, Amer. Chem. Soc., 72, 4498 (1960). 

t Gilman, H., and Dunn, G. E., Okem. Rev., 68, 77 (1958). 

* Burg, A. B., and Mahler, W., J. Amer. Chem. Soe., 88, 2888 (1961). 

t S66, for example, Thomas, A. B., and Rochow, EK. G., J. Inorg. 
Nuolear Ohem., 4, 206 (1057). 

1 Barraclough, O. G., Lewis, J., and Nyholm, R. 8., J. Chem. Soe., 
8552 (1959). 


ISOLATION OF A B-SPECIFIC DISACCHARIDE FROM HUMAN 
BLOOD-GROUP B SUBSTANCE 


By Dr. T. J. PAINTER, Dr. WINIFRED M. WATKINS and 
Pror, W. T. J. MORGAN, C.B.E., F.R.S. 


Lister Institute of Preventive Medicine, London, S.W.1 


HE recognition that closely similar mucopoly- 

saccharides are responsible in man for the 
A, B, H and Le® blood-group specificity of secretions 
and water-soluble tissue digesta suggested that a 
relatively small part only of each macromolecule is 
responsible for the characteristic serological specificity 
observed. To obtain more precise information about 
the specific structures involved, three methods of 
investigation have been developed. The first, an 
indirect method, gives information from the specific 
inhibition of hemagglutination! and precipitation’, 
and of the enzymatic inactivation? of the specific sub- 
stances, by simple sugars and sugar derivatives of 
known structure. The second method involves the 
examination of the chemical changes which occur 
when the serological specificity is destroyed by a 
specific enzyme**. The third method is a direct 
attempt to isolate and identify a serologically specific, 
but relatively simple, fragment m the producta of 
partial hydrolysis of the macromolecule’*. 

The enzymatic decomposition of B substance is 
inhibited by D-galactose? and this is the major 
component released when B serological activity is 
destroyed enzymatically*. The specific precipitation 
of B substance is also inhibited by D-galactose and, 
to a greater extent, by compounds containing an 
O-a-D-galactopyranosyl grouping’. This structure 
therefore appears to constitute an important part of 
the specific determinant group in B substance. 


Further inhibition experiments demonstrated that 
melibiose (6-O-a-p-galactopyranosyl-p-glucose) and 
raffinose (O-a-p-galactopyranosyl-(1—»+6)-O-a-p-gluco- 
pyranosyl-(1—»2)-8-p-fructofuranoside) were about 
equal in their capacity to inhibit B-specific precipita- 
tion, and that they were both better inhibitors than 
«-methyl-p-galactopyranoside. Stachyose (0-«a-p- 
galactopyranosyl-(1 -—» 6)-O-«-p-galactopyranosyl- 
(1 — 6)-O-a-p-glucopyranosyl-(1 —» 2)-8-p-fructo- 
furanoside) was as potent an inhibitor on a molar 
basis as were melibiose and raffinose*. In the light of 
these findings and other evidence, Kabat and Lesko- 
witz? suggested that the B-specific structure was most 
probably 6-0-a-p-galactopyranosyl-N-acetyl-p-glu- 
cosamine. Kabat’? observed that galactinol (p-1-O-«- 
p-galactopyranosyl-myo-inositol) was a much stronger 
inhibitor than was «a-methyl-p-galactopyranoside, 
and through studies of three-dimensional molecular 
models of 6-0-a-p-galactopyranosyl-N-acetyl-a-glu- 
cosamine, galactinol and 6-O-«-p-galactopyranosyl-p- 
galactose, concluded that the cyclohexane ring of the 
galactinol is smaller than the pyranose ring of a 
sugar unit and that the distribution of the hydroxy] 
groups in the inositol moiety of the galactinol is 
similar to that in the second (reducing) sugar unit of 
6-O-a-p-galactopyranosy1-N -acetyl-p-glucosamine. 
On the basis of the additional data it was again 
suggested that the second unit in the B-specific 
oligosaccharide was N-acetylglucosamine. However, 
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Watkins* had previously synthesized 6-0-«-p-galacto- 
pyranosy!l-N-acetyl-p-glucosamine, and -had found 
that it failed to inhibit B-anti-B hemagglutination 
and precipitation®. Somewhat later, Morgan’ 
reported that he arid Dr. Watkins had found 3-0-a-p- 
galactopyranosyl-p-galactose to be the most active 
of all the sugars examined (which did not include 
galactinol) in inhibiting the agglutination of B cells 
by anti-B sera and Dr. Kabat}! recently informed us 
that this disaccharide is indeed a considerably more 
powerful inhibitor of B-anti-B precipitation than is 
galactinol. 

The conclusions which could be drawn from these 
numerous observations led one to infer that an 
a-D-galactopyranosyl unit joined by a 1 —> 3 linkage 
to the following sugar forms the terminal unit of the 
B-specific structure. However, because the number of 
suitable disaccharides available for study is limited 
it is not possible, in this instance, to obtam firm 
evidence for the nature of the second sugar in the 
serologically active determinant structure by inhibi- 
tion studies alone. An unequivocal answer to the 
question, and to similar ones concerning other blood- 
group specificities or the specificity of bacterial and 
tissue antigens, requires the isolation of the specific 
structures from the native antigen or hapten. 

Schiffman, Kabat and Leskowitz!* hydrolysed a 
specimen of group B substance by heating it with 
mineral acid at pH 1-6 for 2 hr. at 100° and isolated 
five oligosaccharides. All these contained fucose, 
however, and none was as active as galactinol or 
melibiose in inhibiting B-anti-B-precipitation, the 
two moat potent inhibitors included in the test. None 
of the products isolated was believed to contain a 
non-reducing terminal a-galactosyl grouping. 

We have also subjected a B substance, obtained 
from a single ovarian cyst fluid (No. 376), to 
partial hydrolysis, using a water-soluble polystyrene 
sulphonic acid catalyst developed at the Lister 
Institute*. This hydrolytic agent gave a much 
greater yield of relatively small oligosaccharides com- 
pared with that obtained with the more usual dilute 
mineral acid as catalyst. The mucopolysaccharide 
gave a single symmetrical peak in the ultracentrifuge 
and on free-boundary electrophoresis at pH 8, 
and appeared to be an essentially homogeneous 
material. The substance contained u-fucose (18 
per cent), D-galactose (20 per cent), N-acetyl-p- 
glucosamine (20 per cent), N-acetyl-p-galactosamine 
(14 per cent) and sialic acid (1:9 per cent), and an 
amino-acid-containing moiety equivalent to 16-3 gm. 
amino-acid/100 gm. of specific substance. The 
material (3:6 gm.) was hydrolysed!’ in four 0:9-gm. 
amounts. Each batch (0-9 gm.) was dissolved in 
water (40 ml.) and was enclosed in a cellulose 
(‘Visking 32/327) casing (25-30 om. long) together 
with polystyrenesulphonic acid (0-04 N, 20 ml.) and 
‘Amberlite 1R-120’ resin (H+ form) (5 gm.). The 
dialysis bags were rotated while immersed in distilled 
water (1-8 litres) at 87 + 1°. The dialysis water was 
replaced with fresh distilled water at 87° after suc- 
cessive short intervals. The combined diffusates 
were evaporated and gave 2:8 gm. of carbohydrate 
material, which was adsorbed on a column (22 x 
3 om.) of charcoal/‘Celite’ (1 : 1 w/w). Elution with 
water displaced D-galactose and 1-fucose (0:9 gm. in 
3 litres) followed by N-acetyl-p-glucosamine (0-3 gm. 
in 8 litres). Elution with aqueous ethanol (1-5 per 
cent v/v) then displaced more N-acety]-p-glucosamine 
(0-1 gm. in 1 litre) followed by N-acetyl-p-galactos- 
amine (0-1 gm. in 2 litres). Aqueous ethanol (2-5 
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per cent v/v; 4 litres) next displaced 60 mgm. of a 
component which moved as a single substance on 
paper chromatograms. Acid hydrolysis of this com- 
ponent yielded D-galactose as the only product, and 
measurement of the degree of polymerization by a 
modification of the method of Peat, Whelan and 
Roberts! indicated that it was a disaccharide. 
The substance was chromatographically indistinguish- 
able from an authentic specimen of 3-0-a-p-galacto- 
pyranosyl-p-galactose (kindly supplied by Dr. K. 
Morgan) which had been prepared from 4-carragee- 
nin'*, and had [a]%} + 155°, in water. The 
mobility of the disaccharide on paper chromatograms 
was different from those of the corresponding 4-0-1" 
and §-O-isomers!*, specimens of which were obtained 
through the courtesy of Prof. J. K. N. Jones and 
Prof. E. Pascu, respectively. Periodate oxidation of 
the substance (17 mgm. in 50 ml. of 0-01 M sodium 
metaperiodate) at 20° led to a rapid consumption 
of 3-1 moles of oxidant in 6 hr. with the concomitant 
liberation of 1:1 mole of formic acid. During the 
following 20 hr. there was a further slow uptake of 
1-0 mole of periodate, with liberation of another 
0-9 mole of formic acid. This behaviour was identical 
with that of the authentic 3-O0-«-p-galactopyranosyl- 
D-galactose oxidized under the same conditions. On 
heating a solution of the disaccharide (15 mgm.) m 
water (3 ml.) with sodium acetate (0-5 gm.), acetic 
acid (0-5 ml.) and phenylhydrazine (0-1 ml.) at 80° 
for 2 br., a crystalline phenylosazone formed, thus 
eliminating the possibility of a 1 — 2 linkage in the 
disaccharide. The m.p. (237-239°) of the phenylosa- 
zone was undepressed on admixture with the phenyl- 
osazone of the authentic substance and the optical 
rotation, [«]*? + 115° in pyridine, was also identical 
with that of the authentic 3-0-«-p-galactosyl-galac- 
tose phenylosazone. The infra-red adsorption spectra 
of the two phenylosazones were identical, as also 
were their X-ray powder diffraction photographs. 
The disaccharide isolated from the B substance was 
accordingly identified as 3-0-a-p-galactopyranosyl- 
D-galactose. 

The minimum amount of the isolated disaccharide 
which completely inhibited hemagglutination with a 
human anti-B serum was 4 pmoles per ml., establish- 
ing that the isolated disaccharide was as active as the 
3-O-a-D-galactopyranosyl-D-galactose obtained from 
A-carrageenin!®, Melibiose required 59 pmoles and 
a-methylgalactopyranoside more than 100 umoles 
to bring about a similar degree of inhibition in the 
same system. The B substance was considerably 
more active under the same test-conditions and, on 
the basis of an assumed minimum molecular weight 
of 300 x 10%, completely inhibi : tination 
at a concentration of 7-5 x 10-* umole per ml. 

Further elution of the charcoal column with. 
aqueous ethanol displaced other disaccharides. These 
have not yet been fully resolved into completely 
identified individual disaccharides, but serological 
examination indicated that the materials were without 
detectable activity in B specific hamagglutination 
tests. Neither 3-O-«-p-galactopyranosyl-p-galactose, 
nor any of the other disaccharides isolated from ‘the 
hydrolysis producte of B substance gave inhibition 
in A hamagglutination teste. The disaccharide!’ 
O-«-N-acety]-p-galactosaminoyl-p-galactose, which 
was isolated from the partial acid hydrolysis products 
of A substance and shown to be an active inhibitor of 

-å hamagglutination, was therefore absent from the 
hydrolysis producte of B substance. The demonstra- 
tion of a disaccharide in the hydrolysis products of 
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A substance, which is absent from those of B substance 
and of a disaccharide in the hydrolysis products of 
B substance which is absent from those of A substance, 
gives the first direct evidence of a structural differ- 
ence between blood-group~substances of different 
specificity. 

The isolation of a single B specific, serologically 
active disaccharide, 3-O-a-p-galactopyranosy!-p-gal- 
actose, from an easentially homogeneous B substance 
obtained from one individual indicates that this 
structure constitutes the terminal disaccharide unit 
of the specific determinant grouping in the B macro- 
molecule. The degree of inhibition given by this 
disaccharide, although quite definite and of the 
same order as that given by the active disaccharide 
from A substance, is, however, small compared with 
the inhibition given by the intact B substance, or 
compared. with that given by lacto-N-fucopentaose 
TI (ref. 20) in the Lea system™. The latter substance 
is by far the most active small molecular weight 
inhibitor of hemagglutination, by a human anti- 
serum, that has so far been encountered and contains 
a non-reducing terminal branched trisaccharide 
structure which is believed to correspond to the 
serologically active grouping in Le! substance. It 
is possible, therefore, that the specific structure, as 
it occurs in B substance, is more complex than a 
simple disaccharide, not only because the third and 
fourth sugars of the carbohydrate chain may contri- 
bute to the bmding energy of the complete determin- 
ant structure, -but also because branching units 
attached to the second and/or third sugars may make 
a significant contribution to the full specificity of the 
B determinant structure. Examination of the tri- 
and tetra-saccharides obtained from the hydrolysis 
products of B substance may give active oligosac- 
oharides which will provide evidence for or against 
these ideas. Already a second compound having B 
_ adtivity has been isolated from the column; this 
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substance, identified as a trisaccharide, will be 
described elsewhere. - 

We thank Dr. Beevers for taking the X-ray photo- 
graphs, and Mr. D. J. Young for technical assistance. 
The investigation was supported by a grant from the 
Medical Research Council. 
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REACTIVITY DIFFERENCES BETWEEN HÆMOGLOBINS A AND S 


By J. G. BEETLESTONE and Da. D. H. IRVINE 
Department of Chemistry, University College, Ibadan, Nigeria 


T is now well established! that the chemical com- 
position of hemoglobin 8 differs from that of 
hemoglobin A only in the substitution of a valine for 
a glutamic acid residue in the B-polypeptide chains. 
This minor change in the chemical composition of the 
protein moiety. gives rise to dramatic changes in 
physical properties such as solubility and electro- 
phoretic mobility'?; but attempts to show differences 
in properties which are predominantly a function of 
the hsm ring, such.as the spectrum‘, and the affinity 
for oxygen‘, have been unsuccessful. (Note added in 
f: Recently, Riggs and Wells (Biochim. Biophys. 
Acta, 60, 243; 1961) have shown that po, for half- 
saturation is higher in A than in 8.) 

The close similarity between the spectra of myo- 
globin and hæmoglobin, especially m the acid met 
form, despite their very different amino-acid com- 
position, suggests that spectral differences between 
hemoglobins A and S would probably arise. only if 
the. amino-acid undergoing subetitution in these 
molecules is attached to the iron atom. It has been 
clearly shown that this is not the case‘. 
course of the work described In this commun- 
ication: no differences were detected between the 
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visible spectra of acid and alkaline methsemoglobins 
A and 8. 

By contrast, differences in reactivity need not 
depend on the proximity to the ham ring of the 
variable amino-acid group, and we have shown that 
for the ionization of methremoglobins A and § to 
their alkaline forms there is a significant difference 
between the pK’s. In addition, it has also been 
demonstrated that there is a marked difference in 
the rates of alkali denaturation of the met forms of 
these hmmoglobins at pH 10:5. The hæmoglobin 
samples used in these experiments were provided by 
the Department of Pathology, University College 
Hospital, Ibadan, and were prepared from red cells 
lysed with water followed by toluene extraction of the 
stroma. Stock methemoglobin golutions were pre- 
pared from theese samples by oxidation with potas- 
sium, ferricyanide at neutral pH, followed by dialysis 
against dilute phosphate buffer pH 7:0. The pK 
for the ionization of the methsmoglobins was determ- 
ined spectrophotometrically at 580 my (ref. 7). A 
typical calculation of an average pK value is given in 
Table 1, and a of results for different 
hæmoglobin samples is shown in Table 2. The results 
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Table 1. pK OF A BAHPLH OF MATHEÆMOGLOBIN 883: T = 240°, show no clinical symptoms, the 8 component seems 
k ae e ee to be identical with the 8 from sickle-cell patients in 
J wer oai respect to ite electrophoretic mobility and solubility’. 
9-91 0-425 {o8 per cent alk.) The pK values given in Table 2 appear to confirm this 
a — — — identity, if it is assumed that the F component is 
8-31 0-821 — 0-16 8-15 identical with foetal hæmoglobin. 
— 0-348 — 087 8-15 


= 815 + 0-01 
Oar Pa reota for 100 per cent species) = 8-16 + 001 


Table 2. ae VALUES OF masta nat mace ATT = 24 0°, 


Type Sample No. Other component pH 
(per cent) 
AA 1 < O05 F 8-10 + 0-01 
AA 2 <05F S-09 + 901 
88 1 815 + 0°01 
88 2 4 8-15 + 0°01 
85 8 4 8-16 + OOL1 
88 4 10 F 8-16 + 0-01 
SF 1 14 F 8-15 + 001 
SF 2 22 F 817 + OO1 
Cord 1 44 F 8-15 + TOL- 
Cord f 2 62 F 816 + 001 
CC 1 <1F 811 + O01 


percent of F were determined by the 1 min. alkali denatara- 
tion t test st (ref. 11) 


show a significant difference between the pK’s of 
hemoglobins A and 8. 

If the pK’s of hamoglobins A and 8 are the same, 
the apparent pK of sample SS2 at pH 8-3 would be 
8-15 only if the pK of hæmoglobin F was such that 
at this pH it was all in the acid form. This is to say, 
the pk would be at least 10. We have shown that 
this is not so in the following manner. Two samples of 
cord blood containing 44 and 62 per cent hemoglobin 
F had ‘apparent pK’s of 8-15 and 8-16 respectively. 

that the pK’s of cord and adult hmmo- 
globin A are the same it can be calculated that the 
pK of hemoglobin F is 8-23 + 0-03. Thus the 
difference in the pK’s of SS and AA samples is not 
due to the presence of higher percentages of F in the 
8s samples. 

Preli experiments on hæmoglobin C indicate 
that the pK of C probably differs from those of A 
and S. Measurements on one sample containing leas 
than 1 per cent F gave a value of 8:11 + 0-01. A 
few experiments have, also been carried out on 
samples of hemoglobin of the type doscribed by 
Watson Williams’, and which is designated as SF in 
Table 2. Although people with this genotype blood 
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it is well known that the rate of alkali denaturation 
of hemoglobin F is less than that of adult hmemo- 
globin’, but at the pH at which such experiments 
have normally been carried out no difference between 
the denaturation-rates of hemoglobins A and’8 have 
been detected. However, a dramatic difference has 
been demonstrated by working with the met forms 
at pH 10-5 and 30° C. The rate of denaturation was 
followed by observing the change in optical density 
at 580 mu. The temperature of the solution in the 
cuvette was carefully controlled to + 001° C. The 
results of two typical experiments, illustrated in 
Fig. 1, clearly show that under these conditions 
methemoglobin S denatures much faster than 
methemoglobin A. For the purpose of comparison 
the optical densities in Fig. 1 have been multiplied — 
by a factor so that in both experiments the initial 
optical density of the rate curves is unity. The final 
optical densities are shown on the extreme right of 
Fig. 1, and the value for methemoglobin A was not 
attained until after 24 hr. 

Initial atternpts to analyse the rate curves shown 
in Fig. 1 indicate that denaturation proceeds by 
certainly more than one, and probably more than two 
kinetically identifiable steps. A similar conclusion 
was reached by Itano’ working with normal adult 
hemoglobin at pH 11-4. It will appear from our 
results, however, that the rate of the'first step- is 
probably the same for both hemoglobins, the marked 
difference occurring in the later stages of the reaction. 
A possible interpretation is that the first step involvet 
a common mechanism for both hemoglobins, bus 
more work is needed before any conclusion can be 
drawn on this point. 

It is hoped in the future to carry out a more 
detailed investigation of the above reactions. In 
particular, it is important to establish whether the 
differences in »K’s for the various hamoglobins arise 
through a change in AH or AS for the ionization. 
For the denaturation reaction the effect of reaction 
parameters such as pH, ionic strength, and tempera- 
ture must be ascertained if a discussion of possible 
reaction mechanisms is to be attempted. We intend 
to extend the work to cover other abnormal hæmo- 
globins, and other reactions involving the replacement 
of the water in the sixth co-ordination position by 
azide, cyanide and fluoride ions. 

We wish to thank Dr. J. Watson Williams of the 
Pathology Department at University College Hospi- 
tal, Ibadan, for his valuable help and advice, in 
particular for the provision of the hæmoglobin samples 
and the determination of the percentages of fostal 
hemoglobin. 
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UPTAKE OF RADIOSTRONTIUM BY AN ALGA, AND THE 
INFLUENCE OF CALCIUM ION IN THE WATER 


By D. C. PICKERING and J. W. LUCAS 
College of Technology, Liverpool 


ONCENTRATION factors (OF) of a variety of 

radionuclides by a range of aquatic planta and 
animals in their normal habitats have been reported!. 
The values which have been quoted are of immediate 
and practical importance in exercising a control over 
the discharge of radioactive effluents. They provide 
little information about the mechanism of radio- 
nuclide uptake or of the various factors, notably the 
presence of other ions in solution, which may influence 
the uptake. 

The investigation reported here describes the first 
phase of a laboratory programme to investigate the 
uptake of radiostrontium by a freshwater plant. 
The extremely important role of calcium ions and the 
necessity for a rigorous examination of this factor 
in all experiments is emp 

The filamentous alga Rhizoclonium hieroglyphicum 
was used throughout the investigation. In order to 
ensure standard starting conditions in any single 
experiment the alga was cultured in Knop’s solution. 

The radio isotopes used were carrier-free stron- 
tium-89 and strontium-89 + 85 with strontium 
chloride carrier. Solutions varied in actrvity from 
50-500 puuc./ml. and in calcium ion concentration 
from 0 to 60 p.p.m. (0-200 p.p.m. calcium sulphate). 

Laboratory conditions were used, the temperature 
varying from 18° to 20° C. and the lighting was mainly 
diffuse daylight supplemented by artificiel lighting. 
The pH was about 5'8 at equilibrium. Occasional 
mechanical stirrmg was used and equilibrium under 
these conditions was reached in about 10 days, as 
shown in Fig. 1. 

The activity of the solution was determined by 
counting a 10-ml. sample in a Geiger~Miiller tube 
type M.6 using standard counter equipment. The 
activity of the alga was measured in the same way 
after ashing at dull red heat and dissolving in dilute 
hydrochloric acid. 

The total calcium + strontium was determined 
in the solutions by standard titrimetric procedure 
using ethylenediamine tetraacetic acid solution’. 
The murexide indicator first used was, however, 
replaced in later experiments by Patten and Reeder’s 
reagent (calcein) as this was found to give a more 
clearly defined colour change at the end point in the 
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Fig. 1. The diagram indicates that the time for the alga to reach 


equilibrium that is, for the strontium ooncentration factor to 
become constant, is not less than ten days 
Cat in water at breakdown 0-4 +t O1 p.p.m. 
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Fig. 2. A plot of * logarithm of the strontium concentration 
factor against the logari of the calcium concentration in the 
oan at egullıbrium 


absence of Cu II ions and at low phosphate ion 
concentrations’. The phosphate content of the 
ashed alga solution was, however, too high and was 
found to interfere with the titration and was there- 
fore removed by passing the weakly acid solution 
down a column of ‘De-acidite F.F.’, Selected 
calcium and strontium determinations were also 
carried out by an absorptiometric procedure’ using 
di(o-hydroxyphenylimino)etbane and provided a 
satisfactory check on the titrimetric method. 

All the experimental results with strontium ob- 
tained up to date are presented graphically in 
Fig. 2. The logarithm of the strontium concentration 
factor, log(C F)sr, is plotted against the logarithm of 
the calcium ion concentration reached at equilibrium 
in the water (log Cat+) where Ca++ is expressed as 
pmol./gm. water („M/gm.). The regression line of 
log(C F)-r against log Cat+, which representa the best 
fit for the series of points, has been estimated by the 
method of least squares. The equation for the line is 
given by: 

log (OF )gr = 2:17 — 1-05 log [Ca++] (1) 

Results from experiments using carrier-free stron- 
tium-89 did not differ from those in which strontium 
carrier was present. The amount of stable strontium 
added in the form of carrier was always small and 
any possible effects were masked by the excess 
calcium found in the water at the end of the experi- 
ment. All the experimental resulta for calcium are 
presented graphically in Fig. 3. Line I (Fig. 3) 
shows the logarithm of the calcium ion concentration 
factor of the alga plotted against the logarithm of 
the Cat+ concentration in the solution. The equation 
of this line, estimated by the method of least squares, 
is given by: 

log OF'oa = 2-16 — 0-936 log [Ca++] (2) 

The line is terminated at Cat+ values of 0-2 p.p.m. 


as the ionic concentration of the solution was found 
to be too low to ensure survival of the alga. Healthy 














1o,ae20 IV 


~ 2-0 -1:0 0 
Log Catt (aM/gm.) 
Fig, 3. A plot of the logarithm.of the calcium — 
factor against the calcium concentration in the water at egui- 
librium (line IT). Line I gives the corresponding line for strontium, 
and line III the logarithm of the discrimination factor: 
DF = CFsr/C Pea, and log (DF) = log(CF)sr ~ log F} -a 
alga cultivated in Knop’s solution has a calcium 
«content of 150n.M/gm. (points A and B line IT, Fig. 3). 
At lower Ca++ concentrations this falls progressively 
< to 100 uM/gm. at which level the alga is no longer 
7 able. (The increasing scatter of strontium results 
>is apparent as the Catt concentration approaches 
= this level, Fig. 2). This represents a calcium. loss 
from the alga of about 1/5 to 1/4 of the original 
content. This loss is also obtained when fresh alga 
js washed for one minute with standard ethylene- 
- diamine tetraacetic acid solution, and suggests that 
this fraction represents calcium only loosely held 
=- at the surface of the alga and presumably available for 
-initial exchange with Sr++ in solution. 
— Values of the strontium and calcium concentration 
factors and the corresponding discrimination factors 


—30 


\URING recent years a number of papers have 
Bye -appeared on methods of separating various cell 
types from a variety of fluids which depend on the 
differences in density of the cells. Most of the methods 
use a flotation-centrifugation technique in which the 
eell suspension is layered on to a solution, the density 
of which is less than that of one-cell type, or group of 
cell types, and greater than that of the remainder. 


wo Present address: Kingston Hospital, Pathological Laboratory, 
Kingston-upon-Thames, Surrey. 
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and on uptake in the early stages before equilibrium 


* Hazards to Man of Nuclear and Allied Radiations, 33 (1960). 


‘Table i 





p.p.m, nM igm. Log Log = 
Cat Catt CP ar CFs: Eg: 
60-0 * 0176 1. 985 97 -195 
400 10 0 2-17 148 2 
40 œl -1 3:29 1,660 3 
0-4 0-01 -2 4:27 18,600 4-03 












(DF) calculated from equations (1) and Ba ar gi 
Table 1. Line III, Fig. 3, which is the diff erence 
lines I and II, represents the log DF grjca. : 
_ These results show that the concentrati 
for radiostrontium has no real meaning 
calcium content of the solution is. stated. 
likely that other cations and . anions. als 
effect. Work has already been start 

of Mg++ on strontium uptake (Williams, 
College of Advanced Technology, Card 
Pickering, D. C., College of Technology, Liverpoal 


is established. A similar effect has been reported in- a 
watercress‘, but no reference to calcium content of the — 
cress or the discrimination factor was made. = 
It has been stated®-* that, whereas certain animal — 
tissues discriminate between strontium and calcium 
in favour of the latter, plants take up both from 
the soil without discrimination. Our results suggest 
that. this may not be true when the calcium content 
of the solution in contact with the plant is low. —__ 
Likewise the reported lack of discrimination between —_ 


~-blood plasma and bone” may simply be due. to a ae 


sufficiently high Ca++ concentration in the plasma. 
Our thanks are due to Dr. Lund. of the. Freshwater E 
Biological Association, Ambleside, and to Dr. E. M. 
Burrows, Botany Department, University of Liver- 
pool, who kindly identified the alga for us, to Mr. 
W. P. Robinson of the City Laboratories, re 
and Mr. P. McFall for technical assistance. 
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“FORMATION AND MORPHOLOGY OF THE ‘BUFFY COAT’ AND a 
MEASUREMENT OF DENSITY OF BLOOD AND = 
TUMOUR CELLS 


By M. E. A. POWELL * 


Department of Morbid Anatomy, King’s College Hospital and Medical School, 
Denmark Hill, London, S$.E.5 


Various fluids have been used for flotatio 
usual being an albumen solution", 
are gum acacia’ and silicone’. i E 

The method has been used for variou 
ineluding the separation of tumour cells from 
the preparation of a reticulocyte-rich frae 
the investigation of possible variations- isit: 
among the total red-cell population’. Spriggs. anc 
Alexander” used a variation of the same. princip! 
for the detection of tumour cells in blood using a 
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Fig, 1 


plasma : albumen solution mixture arranged to have 
a continuous gradient of density along the length of 
the column of fluid. 

Several of these papers quote the actual densities 
of various cell types, but it is difficult to discover the 
original source of some of these statements. McGrew 
and Nanos* published values for the density of all 
the cellular components of blood and also those of 
mesothelial, squamous and transitional cells and two 
types of adenocarcinoma cells. These values were 
quoted with wide ranges which overlapped one 
another to a greater or lesser extent. 

The flotation method has several disadvantages 
as a method for measurement of cell density. The 
physical characteristics of the interface between 
the cell-containing fluid and the flotation fluid may 
prevent cells from passing through it for reasons 
other than differences in density. Cells which are 
lighter than the flotation fluid often slide between the 
fluid and the wall of the container. The flotation 
fluid also forms an unnatural environment for the 
cells which, although being ‘isotonic’, can alter the 
natural density of the cell. 

The method described here was evolved in order 
to measure more accurately the densities of cells and 
to study the general morphology of the buffy coat. 
It involves the preparation of a section of a spun 
column of blood, produced by spinning the blood in a 
tube made of cellulose nitrate (‘Celloidin’) which is 
then fixed, dehydrated, cleared, blocked in paraffin 
wax and cut on a microtome. 

The ‘Celloidin’ tubes are made from a solution of 
4 per cent ‘Celloidin’ in a 50/50 ethyl alcohol-ether 
mixture. The solution is sucked about one-third of 
the way into a glass tube 10 cm. long, with a bore of 
3-5 mm. With the tube held vertically, air is gently 
sucked through the ‘Celloidin’ column, leaving a 
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lining of ‘Celloidin’ in the tube which is then rapidly 
placed in a solution of 70 per cent ethyl alcohol in 
water. This hardens the ‘Celloidin’, and after 1 hr. 
it can be removed from the glass tube. The tube is 
washed in running tap-water for*a minimum of 2 hr. 
and then left in normal saline for a further hour. It 
is then trimmed to a length of about 6 cm., and one 
end is sealed by tying with 30-gauge 3-cord linen 
thread. A receiver for this tube is made from glass 
tubing of the same bore as that used for making the 
‘Celloidin’ tube. A small quantity of ‘Dextraven’ is 
placed in the receiver to act as a cushion and the 
‘Celloidin’ tube placed within it (Fig. 1). 

A sample of 5 ml. of venous blood is taken and 
anticoagulated with ‘Sequestrene’. After centri- 
fugation in a 10 x 1 em. tube at 3,000 r.p.m. for 
20 min. the buffy coat and about one-sixth of the 
underlying red-cell column is sucked off with a 
Pasteur pipette. This suspension is spun again, also 
at 3,000 r.p.m. for 20 min. Plasma is added or 
removed from this specimen until the packed red- 
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cell/plasma ratio is about 1:1. The cells and 
plasma are then thoroughly mixed by shaking the 
tube. 

A ‘Celloidin’ tube prepared as described is filled 
with this suspension and spun at 3,000 r.p.m. for 
30 min. in a holder which keeps the tube parallel to 
the axis of a bucket of the centrifuge. After spinning, 
the “Celloidin’ tube is partly pulled out of the glass 
tube and tied off with thread just below the level of 
the surface of the plasma. The tube is now com- 
pletely removed and placed vertically in formol 
saline for 8 min. and then transferred to a solution 
consisting of 0-9 per cent sodium chloride, 6 per 
cent polyvinylpyrrolidone in water which is kept at 
80° C. After 5 min. in this solution the tube is 
cooled for 1-2 min, in normal saline and transferred 
to 70 per cent ethyl alcohol in water. The tube is 
then dehydrated through graded alcohols followed by 
two changes of ‘Ligroine’ and embedded in paraffin 
wax. While in absolute alcohol the ends of the tube 
are cut off to allow better penetration of media. 
Sections of the tube are cut at 5u thickness, mounted 
on glass sides and stained with hemalum and eosin. 

Examination of the morphology of the buffy 
coat (Fig. 2) shows that it consists of layers of the 
particulate components of blood, arranged in the 
following order from above downwards: platelets, 
monocytes, lymphocytes, polymorphonuclear leuco- 
eytes and red cells. The platelet, monocyte and 
lymphocyte layers are well defined, but the poly- 
morph layer mingles with the uppermost portion of 
the red cells. Eosinophils are found in the lower 
portion of the polymorph layer. Most samples con- 
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tain occasional megakaryocyte nuclei and these lie 
in the polymorph layer. 

The densities of the various cell types is measured 
in the following way. From two silicones of density 
of 1:045 and 1-105 a graded series of 25 solutions are 
prepared with densities ranging between these two 
extremes. The density of each of these is checked 
by flotation in copper sulphate solutions of known 
density. A minute amount of one of these silicone 
solutions is added to the blood after it has been placed 
in a ‘Celloidin’ tube. The tube is spun, fixed and 
processed to paraffin wax. Sections reveal the silicone 
as a small ‘bubble’ among the cells. This is repeated 
with each of the 25 silicone solutions and from the 
position of the bubble the cell densities are caleulated. 
An example of one of each section containing a 
silicone bubble of density 1-072 is shown in Fig. 3. 

Apart from the measurement of the densities of 
the white-cell series these investigations show that 
the red cells are not all the same density, varying 
between 1-079 and 1-089. It was considered possible 
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a investigated ‘the problem by injecting rabbits 


: divided into four portions and the radioactivity of 
each measured with a scint illation counter. She was, 
; owever, unable to demonstrate any difference in 
amount of radioactivity in each portion of the 
umn. The problem was investigated by tho present 
thod by preparing paraffin bloeks of spun columns 
lood taken at 3- day intervals from a rabbit whieh 
een given 7:5 pe. of iron-55. These paraffin 
; were trimmed on a microtome until half the 
be was removed and autoradiographs prepared 
them by placing the cut faces of the block on 
» sensitized surface of Kodak ‘AR 50° plates. 
[he series of radiographs so obtained show that the 
“red cells do become more dense as they age, demon- 
strated by the fact that the first sample of blood 
showed maximum radioactivity just below the buffy 
— coat and that the activity slowly spreads down the 
tube in successive samples. 
The density of cancer cells as compared with those 
es of normal blood cells has been investigated by addition 
to blood of a small number of cells scraped from the 



































“with 8 ao 
- jron-55 and collecting blood samples every 7 days. — 
< The samples were centrifuged and the red-cell column — 









lighter than dhe: jak iene PrE many — 
lighter than the mononuclear cells. In fact, i 
sections the vast majority lay above or mingled 
the lymphocytes. Fig. 4 shows the mononuc 
platelet margin with cancer cells from a carcinoma 

of the breast, some of which lie in the platelet lay 
and some among the underlying mononuclear cells. 
This work was supported by a grant from the 
British Empire Cancer Campaign. | ; 
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-REACTION PATHWAYS OF SUCCINATE-LINKED ACETOACETATE 
| REDUCTION IN TISSUE HOMOGENATES AND 
ISOLATED MITOCHONDRIA 


By Dr. LARS ERNSTER 


Wenner-Gren Institute, University of Stockholm 


TUDIES in this laboratory!? and those of Sir 
) Hans Krebs?:* of a reduction of acetoacetate by 
“succinate catalysed by cell-free systems recently have 
led to two different interpretations of the mechanism 
of this process. Using isolated rat-liver mitochondria, 
we have concluded! that the succinate-linked 
acetoacetate reduction involves an endergonic reduc- 
tion of the mitochondrial diphosphopyridine nucleo- 
tide by way of succinic dehydrogenase and the 
diaphorase component of the respiratory chain. 
This type of reaction was first demonstrated by 
«Chance and Hollunger‘ and now is widely regarded as 
-reflecting a reversal of the diphosphopyridine nucleo- 
< tide-flavin-linked respiratory chain phosphorylation’. 
Our conclusion was based principally on the evid- 
ence!? that the succinate-linked acetoacetate reduc- 
on was highly sensitive to amytal and that it was 
rictly dependent on a supply of high-energy inter- 
mediates originating from the terminal respiratory 
hain. It was abolished by low concentrations of 
,4-dinitrophenol, by the presence of phosphate and 
— phosphate acceptor, and, in general, by agents or 
_-eonditions which either prevent the formation or 
. facilitate the removal of such high-energy inter- 
— mediates. 
.. Krebs et al.*4 conducted their investigations with 
: ‘homogenates of various tissues, among them rat- 
| In their experiments acetoacetate reduction 
ecinate was even slightly stimulated by amy tal, 
e reaction was not abolished by low concentra- 
dinitrophenol. Hence, Krebs et al.™* con- 
at the. reaction. does not proceed via the 





























respiratory chain but involves a direct dismutation, 
by way of diphosphopyridine nucleotide, between _ 
pyridine nucleotide-linked substrates derived from 
succinate and acetoacetate. The finding that succin- 
ate greatly promoted acetoacetate reduction was: 
explained in terms of a competition between electrons . 
coming from succinate and from pyridine nucleotide- 
linked substrates for the common pathway through 
the cytochrome system. 
In an attempt to explain this discrepancy in findings 
and interpretations, it appeared likely that the 
differences might originate from the use of two 
different systems, isolated mitochondria in one case, 
and homogenates in the other. To test this possibility, 
an experiment was performed in which the super- = 
natant fraction, obtained after the sedimentation of = 
the mitochondria, was added to the isolated mito. 
chondria, and the effect of amytal | on the succinate- | 
linked acetoacetate reduction in this combined. 
system was compared with that observed with the 
isolated mitochondria alone. It was found (Table 1) 
that, whereas in the isolated mitochondria, the aceto-. 
acetate reduction was, as previously reported? ’, 
strongly inhibited by amytal, the combined system 
displayed no such sensitivity, and amytal in fact even. 
caused a slight stimulation of the acetoacetate reduc- ` 
tion. This effect of amytal on the combined system = 
was thus similar to that observed by Krebs et al.t with = = 
whole homogenates. 
It may also be seen in Table 1 that the respiration 
of the combined system was significantly higher:than 
that of the isolated mitochondria, both in the absenc 























INATE-LINKED ACETOACETATE REDUCTION IN ISOLATED Rat 
OGTT LAV ER. MITOCHONDRIA B g 
Oxygen 
consumed 
{atome} 


Acetoacetate 
reduced 


Amytal 
(umoles) 


a System 


and presence of. amytal. As could be assessed in 
-complementary experiments where no succinate was 
added, this respiratory increase was partly due to the 
presence of substrates in the supernatant fraction, 
_ the oxidation of which was only partially inhibited 
by amytal in agreement with previous results’. In 
‘> -addition, the respiratory increase was due to a partial 
= o release of the controlled. respiratory state of the 
_ mitochondria, caused by the presence of phosphate 
. and phosphate acceptors in the supernatant fraction, 
_.. The acetoacetate reduction obtained in the combined 
-system without succinate was low or nil in the absence 
of amytal, but could. be increased to almost. the level 
_.. observed in the presence of succinate when amytal 
was added. All these observations again were in 
_. striking analogy with those reported by Krebs et al.* 
-with homogenates. 
_.... From experiments of this type it was tentatively 
-= concluded that the contribution of the supernatant 
_.. fraction in altering the acetoacetate-reducing features 
_ of the isolated mitochondria may be owing to two 
|. principal factors. One would be the partial release 
of the mitochondrial respiratory control and thereby 
_ & suppression of the endergonic type of acetoacetate 
< reduction. A second factor is that a substrate is 
provided by the supernatant fraction which can 
induce an acetoacetate reduction by direct. dismuta- 
tion. This substrate would be a poor reducing agent 
__ for acetoacetate when present alone but would become 
_.. more effective in the presence of succinate. Pyruvate 
may be such a substrate since it is a product of 
eytoplasmic glycolysis and also because its oxidation 
xy the mitochondria is promoted by dicarboxylic 
weids. Experiments in which an attempt was made to 
reconstruct these conditions with the isolated mito- 
-chondria are described here. i 
It has been reported previously? that replacement 
uccinate by malate in the isolated mitochondrial 
stem results only in a low extent of acetoacetate 
luction even when amytal is present. This finding 
le 2) has been attributed to the unfavourable 
quilibrium of the malic dehydrogenase reaction 
wards the reduction of diphosphopyridine nucleo- 
ide when the oxaloacetate formed is not continuously 
removed (cf. ref. 8). A low acetoacetate reduction was 
also found (Table 2) when pyruvate rather than 
malate was substituted for succinate. In this system, 
viously, pyruvate oxidation is limited by the 
nadequate removal of acetyl-coenzyme A. In fact, 
‘when malate and pyruvate were added together, a 
high extent of acetoacetate reduction ensued, which 
is. consistent with the concept that pyruvate and 
malate enhance their mutual oxidation by removing 
xaloacetate and acetyl-coenzyme A, respectively. 
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‘WEROT OF SUPERNATANT FRACTION ON AMYTAL SENSITIVITY’ ‘This acetoacetate reducti 



















anticipated, from that observed - 
the substrate, in proceeding direct 
phopyridine nucleotide and thus. being 
insensitive to amytal. An intermediate 
amytal sensitivity was observed when succinate and 
pyruvate were added together. Apparently, in th 
system the acetoacetate reduction was partly 
endergonic type, proceeding via succinate 
dehydrogenase and a reversal of the diphospl 
nucleotide-flavin step of the respirato 
partly of the dismutative type, procee 
via diphosphopyridine nucleotide and bra 
by a combined effect of malate derived from suc 
and of pyruvate. a eat 





Succinate 
Malate OS 0-9. 
Pyruvate 0-3 ti 
Malate + pyruvate 25 28 

Succinate + pyruvate 21 1-5. 


Each Warburg vessel contained 6 amoles acetoacetate, 15. xzmoles cae are 
MgCl, 100 wmoles KCl, 40 umoles glycylglycine buffer; pa. 7-5, and ce 
mitochondria (prepared according to Ernster and Löw. (ref. 9), without. 
modifications) from 300 mgm. wet. weight liver, in a final volume of. 

2 mi. Amytal, when indicated, was added in a final concentration of pate 
2 mM, and the individual substrates in amounts of 20 moles per 
vessel. Time of incubation, 20 min. Other conditions as in Table 1. °°. 


All these experiments were performed inthe absence 
of added phosphate and phosphate acceptor, thus 
maintaining a state of respiratory control in the | 
mitochondria. In a further attempt to simulate the — 
effects of the supernatant fraction in removing the — < 
amytal-sensitivity of the suecinate-linked acetoacetate © 
reduction, an investigation of the bearing of the < 
respiratory control on this sensitivity was of interest. 
To this end, the effect of varying concentrations of 
dinitrophenol on the succinate-linked acetoacetate 
reduction in the absence and presence of pyruvate 
was tested. Relevant data from a typical experiment ee 
are presented in Table 3. —— 
Table 3. EFFECT OF 2,4-DINITROPHENOL ON SUCOINATEINKED = __ 


AOETOACETATE REDUCTION IN ISOLATED RAT LIVER MITOCHONDRIA 
UNDER VARIOUS. CONDITIONS ae : 


Succinate alone: * Succinate + pyruvate 
Acetoacetate reduced (Cumoles ORR ae 


With Without 
amytal amytal — 


Dinitrophenol 


(mat) With E N 
Conditions were as In Table 2, except that 40 «moles suceinate, 0 00 

moles ale and mitochondria from 400 mgm. liver were added _ 

per vessel, E RAE 


Without 
amytal 











In the absence of pyruvate, the succinate-linked — 
acetoacetate reduction was suppressed markedly 
by 0-01 and almost completely by 0-05 mM dinitro 
phenol, in accordance with previous results!) Amytal 
as expected, was strongly inhibitory in the absence of 
dinitrophenol ; the low level of acetoacetate reductio: 
observed in the presence of amytal was not. affecte: 
by dinitrophenol and presumably was due to malate 
linked dismutation. ee 

When both succinate and pyruvate were present, 
dinitrophenol again suppressed acetoacetate reduce- 
tion, but to a lesser extent than in the presence of. 
succinate alone. Amytal, which caused only a partial — 
inhibition of the acetoacetate reduction in this system ~ 
in the absence of dinitrophenol (cf. also Table 2), had _ 
a negligible effect at 0-01 mM dinitrophenol, and = |. 
markedly stimulated the reduction at 0-05 mM =- 
dinitrophenol. These findings are consistent with the =. 




















— ished, a ‘depression: OF: ‘the ‘eudergonic: type. of acto. iia 
acetate reduction oceurs, but simultaneously succinate 


oxidation, and thereby malate formation, become 

enhanced, and consequently, the capacity of the 
pyruvate—malate-linked, dismutative type of aceto- 

acetate reduction increases. The finding that amytal 

had no apparent effect on acetoacetate reduction at 

0-01 mM dinitrophenol may be explained by assum- 

ing that, at this stage of partial release of the respira- 

tory control, its inhibition of the endergonic pathway 

was counterbalanced by its facilitation of the dismuta- 

tive pathway by suppressing the aerobic oxidation of 
pyruvate and malate. When respiratory control was 
completely lost, as occurred at 0-05 mM dinitrophenol, 
only the dismutative type of acetoacetate reduction 
was operative, but now, the aerobic oxidation of 

coo o pyruvate and malate apparently was too rapid to 
- allow appreciable acetoacetate reduction to occur in 
the absence of amytal. The partially uncoupled 
state appears thus to be the one that comes closest 
‘ to the situation found when the supernatant fraction 









ee In summary, these preliminary results demonstrate 
— < that @ succinate-linked acetoacetate reduction of the 
_ type described by Krebs ef al.4 in homogenates, 
‘characterized by an insensitivity to amytal, can be 
induced. in isolated mitochondria by the addition 

of the supernatant fraction, and furthermore, that the 
effect of the supernatant, in turn, can be simulated 
-by supplementing the isolated mitochondrial system 
with pyruvate and with an agent which partially 
‘releases respiratory control. Although this recon- 
structed system in all probability does not encompass 

all the. complexities present in the supernatant 
fraction or in the whole homogenate, these findings 
would seem to provide sufficient justification for the 
conclusion that the succinate-linked reduction of 






of electron transport-coupled phosphorylation, and- 















and in tissue he mogenates proceeds by. prin 
“the former mainly by way of an- 
endergonic — as postulatod in this labora- 
tory! 3, and the latter mainly ‘by way of a direct’: 
dismutation via cpt ag? aan nucleotide as ; 


chondrial — as a tool in eo the mechani sm A 


the more complex homogenate system as a means of. 
exploring enzymatic interplay between mitochondria B 
and the extra-mitochondrial space of the cell. "3 

This work was supported by grants from the | 
Swedish Medieal Research Council and the Swedish i 
Cancer Society. 


i Ernster, L., in First Joint ITOBH UBS Symp., Stockholm, September CS mer 
12-17, 1960, edit. by Goodwin, T. W., and Lindberg, 0...2, 139 — 
(Academic Press, Lid., Tondon, 1961). — 

1 Azzone, ©. F.. Broster, E, and Weinbach, E. C., Abs. Comm: Sixth 
Intern. Cong. Biochem., Moscow, August 10-16, 1961, 459. Ernster, 
L., Report at same Congress (Pergamon Press, Oxford, in the press). 


* Kulka, R. G., Krebs, H. A., and Eggleston, L. V., Biochem. J., 78, 
95 (1981). 

4 Krebs, H. A., Eggleston, L. V., and D’Alessandro, A., Biochem. J., 
79, 537 (1961). 


* Chance, B., and Hollunger, Q., Fed, Proc., 18, 163 (1957). 


* Klingenberg, M., and Slenezka, W., Biochem. Z., 331. 486 (1959). 
Klingenberg, M., Slenczka, W., and Ritt, E., ibid., 332, 47 (1959)- 
Klingenberg, M., in Kolloquium Gesell. physiol. Chem., Mossbach. 
1960, 88 (Springer-Verlag, Pern; 1960). Klingenberg, M., and 
Schollmeyer, P., Biochem. , 333, 335 (1960), Azzone, G. F.. 
Ernster, L., and — M , Nature, 188, 552 (1960). Chance, 
B., and "Hollunger, G., ibid., 185, 666 (1960); J. por Chem., 236. 
1534, 1555, 1562, 1569, 1577 (1961). Chance, B., Nature, "189. 
719 (1961): J. Biol. Chem., 236, 1544 (1961). 


Ernster, L., Jalling, O., LÖW, H, and Lindberg, O., Ezp, Ceil Res.. 
Supp. 3, 124 (1955), Ernster, L., Biochem. Soc. Symp, 16. 54 
(1959). Kadenbach, B., Conover, T. E., and Ernster, — Acta 
Chem, Seand., 14, 1850 (1960). i 

è Stern, J. R., Ochoa, S$., and Lynen, F., J. Biol. Chem., 198, 313 
(1952). 

! Ernster, L., and Löw, H., Exp. Cell Res., Supp. 3, 133 (1955). 

10 Walker, P, G., Biochem. J., 58, 699 (1954). 


MOLECULAR ORGANIZATION IN ALPHA-KERATIN 
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iws of the molecular organization in the 
fibrous protein a-keratin were summarized in 
in 1959). At that time it had been estab- 





imately cylindrical filaments about 70 A. in 

r embedded in an osmiophilic ground sab 
<. The filaments, termed microfibrils, were 
fied with the fibrous component of the structure 
rence. the Site of the — poponu chains 







— gation ie Crick? or the 7 —— cable 
d oy Pauling and — neither had any 


been observed. The present article describes 
* recont investigations by X-ray diffraction and 
2 Haleroscopy: which throw new light on these 


Research Organization, Wool Research Laboratories, 
Parkville, N.2, Victoria, Australia 


X-Ray Diffraction 


The X-ray diffraction pattern yielded by «-keratin 9 
is remarkably complex and contains an elaborate =- 
array of discrete reflexions with Bragg spacing = 
between 1 and 200 A. The degree of resolution and > 
relative intensities vary somewhat from keratin - 
to keratin but the main features that we have 
observed, illustrated diagrammatically in Fig. la. ©. 
are common to all «-keratins. The diagram is similar =. 
to that reported by MacArthurt except that very €o 
weak reflexions have not been included in Fig. la -= 
and additional meridional reflexions at very. wide ae 
angles of diffraction have been observed. E R 

The diffraction pattern of the repeating unit: OE Ser 
the 3-strand rope model described by Crick has been... 
investigated using an optical diffractometer? and the. 
optical transform is reproduced in Fig. 1b. This 
transform differs from that reported earlier® in two 
respects. First, the method used for calculating the ot i 
atomic projections in the earlier work has since been | oe 











No. 4820 March 17, 1962 


Fig. 1. a, Main features of the X-ray diffraction pattern of a-keratin; b, optical trans- 
model for a-keratin proposed by Crick: C, 
3-strand segmented rope model described in text 


form of the 3-strand ro 


found to lead to unexpected errors, and as a result 
the distribution of intensity on the meridian differs 
somewhat from that reported previously. Secondly, 
the optical diffraction pattern was oscillated + 10° 
during photographic recording in order to simulate 
the natural disorientation present in keratin fibres. 
The measure of agreement thus obtained between 
the observed pattern and the optical transform pro- 
vides considerable support for the coiled-coil hypo- 
thesis. So far the 7-strand cable described by 
Pauling and Corey has proved too complex to investi- 
gate with our existing equipment, but our experience 
with 1-, 2- and 3-chain structures suggests that it 
might agree equally well with the observed pattern. 


Electron Microscopy 


Previous work’ had shown that the microfibrillar 
structure of a-keratin could be demonstrated by 
partial reduction of the cystine residues followed by 
staining with osmium tetroxide. Recently, it has 
been found’ that by subsequent treatment with lead 
hydroxide the fine structure is revealed in consider- 
ably more detail and a typical cross-section is repro- 
duced in Fig. 2. Although the delineation of the 
fine structure is imperfect it is clear that the micro- 
fibril is in fact a bundle of yet finer fibrils which will 
be referred to as protofibrils. 

The insert of Fig. 2 was obtained by superposing 
the images of thirty microfibrils on a single sheet of 
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enlarging paper so that features 
common to all the images were 
emphasized while the variables 
responsible for imperfect delinea- 
tion were partially eliminated’. 
Although it is not possible at 
present to count the number of 
protofibrils, an analysis of the 
angular distribution of intensity 
suggests that the cylindrical ap- 
pearance at lower resolution is due 
to a ring of 9 protofibrils centred 
on a circle of diameter ~60 Å. 
Within this circle there appear to 
be 2 further protofibrils although 
it is not possible at this stage to 
determine whether they are of the 
same size as those in the outer 
ring. 


Nature of the Protofibrils 


As the centres of the outer ring 
of 9 protofibrils lie on a cirele of 
diameter ~60 A. it follows that 
the diameter of each protofibril is 
~20 A. This appears to exclude 
the 7-strand cable, which is about 
30 A. in diameter, but would 
accord well with the dimensions 
of a 3-strand rope. Taken to- 
gether, the results obtained by 
X-ray diffraction and electron 
microscopy suggest that the micro- 
fibril in «-keratin has the structure 
shown in Fig. 3 in which each pro- 
c tofibril contains three polypeptide 
chains. Itis of considerable inter- 
est that the unusual 9 + 2 ar- 
rangement which is encountered 
at widely different levels of 
structural organization in animal cilia and bacterial 
flagellat may also occur in a-keratin. 

The relative orientations of the chains about the 
protofibril axes in the microfibril section shown in 
Fig. 3b are not known, and so an exact test of the 
9 + 2 model by comparison of its optical transform 
with the equatorial X-ray diffraction pattern cannot 


optical transform of 





Fig. 2. 
from a Merino wool fibre (= 800,000). Inset, —— of 
thirty images of individual microfibrils ( x 2,000,000) 


Electron er of a cross-section of the paracortex 
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Fig. 3. Model of the molecular structure of a-keratin. a, Proto- 


fibril consisting of t a-helices coiled into a rope. Within the 

axial repeat of 200 A. three similar, but not identical, sub-units 

are shown. Between each sub-unit there is a major interruption 

in electron density. b, Microfibril containing eleven protofibrils, 
each consisting of a 3-strand rope 


be made. However, the optical transforms of several 
arbitrary settings agree sufficiently well with the 
diffraction pattern obtained when the X-ray beam 
is passed along the fibre axis to suggest that suitable 
settings might be found to give good agreement. In 
addition, we have found that the equatorial fine 
structure in the 9-8 A. reflexion, noted by MacArthur* 
and Astbury", may be explained as a fine oscillation 
in the transform due to external interference between 
the microfibrils superimposed on a coarser oscillation 
attributable to the geometrical arrangement of the 
protofibrils. 

As regards longitudinal structure there is some 
evidence of periodic variations of stain intensity in 
electron micrographs of longitudinal sections of 
keratin fibres although the preservation is not 
sufficiently good at present to make precise measure- 
ments. In contrast, there is abundant evidence of 
precise structural organization in the low-angle 
meridional X-ray diffraction pattern. In particular, 
the strong reflexion at 66 A. suggests a major dis- 
continuity in electron density at this interval. It 
has been shown? that in paracrystals of the light 
meromyosin fraction isolated from muscle, a similar 
reflexion at 70 A. can be correlated with a periodicity 
of this order visible in electron micrographs after 
staining with phosphotungstic acid. As the macro- 
molecular structures of the kK-m-e-f group have many 
features in common we suggest that the 66 A. reflexion 
in «-keratin has a similar origin. This is depicted 
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diagrammatically in Fig.3a ; the exact nature of the 
discontinuities is not known but they may be associ- 
ated with chain ends, loops, or other causes of struc- 
tural irregularity. 

A further feature of the protefibrils is suggested 
by the model used to obtain the optical transform 
shown in Fig. lc. In this case three straight sections 
of «-helix were combined into a unit in which each 
helix axis was inclined at 10° to the axis of the group 
and the packing made identical to that of Crick’s 
3-strand rope at their central point. The improve- 
ment in agreement with the observed pattern sug- 
gests that in the heterogeneous assembly of residues 
encountered in «-keratin the distortion required to 
produce rope structures is concentrated at particular 
residues rather than being uniformly distributed over 
all residues™*. The succession of short lengths of 
straight «-helix in each component chain would twist 
around to form what we have termed a ‘segmented 
rope’*. This feature is not illustrated in Fig. 3. 


Nature of the Matrix 


We have already summarized the evidence which 
suggests that the ground substance or matrix in 
which the microfibrils are embedded is rich in cystine’. 
The high content of proline’ suggests that the poly- 
peptide chain configuration is unlikely to be helical, 
but some structural organization is evidenced by 
the appearance of approximately regularly disposed 
silver grains in electron micrographs and a broad 
diffraction halo in X-ray diagrams obtained from 
stained fibres*’. 

More recently we have found that in the kerato- 
genous zone of the developing fibre a sharp diffraction 
ring of spacing 21 A. appears superposed on the pat- 
tern due to the fibrillar component when the follicle 
is stained with silver. In addition, heavily stained 
granules of this order of size appear between the 
microfibrils in electron micrographs taken at this 
keratogenous level. This suggests that the matrix 
is initially laid down as a distinct globular entity. 
After keratinization, but before dehydration, the 
ring becomes broader suggesting that the globules 
become distorted during the oxidation of the cysteine 
to cystine. In fact, distorted structures of this order 
of dimension are clearly visible in the spaces between 
the microfibrils in electron micrographs of cross- 
sections stained with osmium and lead. 

It is of considerable interest. too, that matrix 
protein isolated from wool after reduction (Gillespie, 
J. M., personal communication) also shows a strong 
X-ray diffraction halo of spacing ~ 20 A. after 
reaction with silver nitrate. 


Concluding Remarks 


Although the results presented here provide a bridge 
between the molecular and histological structures of 
a-keratin it must be emphasized that there are still 
some considerable gaps in our knowledge. For 
example, from density considerations there may be 
as many as eight polypeptide chains within the 
boundary of a microfibri] that are not accounted 
for by the eleven 3-strand cables that we have postu- 
lated. Further, there is still no satisfactory explanation 
of the tendency of microfibrils to aggregate in sheets’*. 
In this connexion it is noteworthy that X-ray 
diffraction patterns obtained by passing a microbeam 
axially through porcupine quill tip are frequently 
asymmetrical both at high and low angles suggesting 
that there is a preferred relative orientation of micro- 
fibrils within a sheet. 
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The suggestion!” that the «-{ transformation might 
be reconciled with coiled a-helices by a hexagonal 
packing of single coiled-coils has not been sub- 
stantiated in the present work, but no alternative 
explanation is immediately apparent. 

A model for the protein chain arrangement in the 
microfibril has recently been proposed’ in which a- 
helices are packed in five concentric layers, the 
inclination of the helix axis to the fibre axis increasing 
from 9° in the innermost layer of three chains to 50° 
in the outermost layer of nineteen chains. No support 
for this model can be found either in our X-ray 
diffraction or electron microscope results. 
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A POSSIBLE MECHANISM FOR BIOLOGICAL AND CHEMICAL 
ACTIVITY OF GIBBERELLIC ACID 


By JAMES H. M. HENDERSON* and H. D. GRAHAM 
Department of Biology and George Washington Carver Foundation, Tuskegee Institute, Alabama 


| ene for the grouping(s) or portion of the 
molecule of the gibberellins responsible for their 
role in plant growth stimulation is meagre or alto- 
gether lacking’. Speculations have been made regard- 
ing chemical structure and biological activity by some 
authorities*-*. Most authors agree that the A ring 
in gibberellin is essential for biological activity. This 
ring includes the lactone ring (or carboxylic group), 
the methyl group, and one hydroxyl group (I). 
Even when the lactone ring is present, a shift to an 
isomeric form leads to biological inactivity (II). 
Thus, any r ent of the A ring lowers or 
nullifies the biological activity of the whole com- 
pound. As Phinney and West? assert, the five 
gibberellins which had been isolated in pure form 
at that time (1959) can be associated with similarities 
in chemical structure as well as similarities in bio- 
Jogical properties. The purpose of this article is to 
elucidate some of these common similarities. 





Mild S 
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One of the reasons for lack of any correlation has 
been the unavailability of a suitable, simple and rapid 
chernical test. Biological assays have all bean semi- 
or non-specific, that is, some dwarf species or varieties 
will respond to certam of the gibberellins while others 
will not (for example, the mutant corn varieties of 
Phinney‘). Therefore, there is need for a test to 
— the presence of certain specific groups on 
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gibberellic acid or a test which will distinguish 
between the several forms of gibberellins. 

In the recently published chemical assay of 
Graham and Henderson’, the Folin-Wu phospho- 
molybdic acid reagent is used. This test is rather non- 
specific, giving the characteristic molybdenum blue 
colour for certain reducing media, compounds, or 
groups and has been effective in detecting any of the 
gibberellins thus far tested. Therefore, this test as 
conducted will not differentiate between the various 
gibberellins or the chemically active groups on the 
compound, but will measure the chemical activity 
of the compound(s) present. 

It has previously been shown by Henderson? that 
the bioassay of gibberellic acid, gibberellin A, 
treated at various pH values, can be determined by 
dwarf pea (variety No. 9 Ferry Morse) and Phinney’s 
Dwarf-1 mutant corn. The resulta obtained after 
autoclaving at pH 1-0-10-0 varied according to the 
pH of the buffered medium. The results with dwarf 
corn showed that at pH 1-0 activity had been reduced 
more than 70 per cent, whereas at pH 10 the inactiva- 
tion was only about 40 per cent (Table 1). Dwarf pea 
gave similar results, but the values are different: 
approximately 60 per cent at each extreme pH. 

This would seem to indicate that different species 
respond differently to a specific gibberellin (for 
example, A,). 

It 13 apparent that at neutral and near-neutral pH 
destruction is leas drastic; there is Minimum inactiv- 
ation as detected by bioassay, whereas by chemical 
assay there is considerably more destruction at 
neutral pH than at the extreme of pH 10-0. 

Acid treatment. From what is known about the 
chemical properties, of A, in acid medium, and 
Table 1. CHEMICAL AND —— — ASSAY OF GIBBERELIIN AYTER 

length of Inter- 


AUTOCLAVING AT VARIOUS give 
nodes In om. and per oent er Me ity (blossaay) or or destruction (chemical 
R pE of solutions or media 

Bioassay 10 40 50 606 70 99 100 
Corn: {em} 138 36 43 £68 656 pl 3-3 
Per cent activity 26 68 81 100 106 88 62 
Pea: (em.) 2°86 — 49 — — 2-6 
Per cent activity 53 _— — 106 — — 58 

ASSaY 
Per cent 
destruction 61 40 48 48 45 84 17 
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especially when heated, it should be converted to 
allogibberic and gibberic acids. Under the mild 
acid conditions of 0-1 N acid and less, however, itis 
possible that rearrangement is leas likely than when 
the solution is allowed to stand several days in 3 N 
hydrochloric acid® or when heated for several hours 
in 1-2 N hydrochloric acid’®. This treatment results 
in the formation of allogibberic and gibberic acids, 
respectively, which are inactive in bioassay. Accord- 
ing to Phinney and West’, any alteration of the A 
or B rings renders the molecule generally biologically 
mactive. If this is true, then only A, per se (not 
even the chromophore(s) of á, gibberellenic acid 
which is produced by conversion of the lactone ring to 
the free carboxyl group) would be biologically active. 

Since at the pH of 1-0 both the bioassay and the 
chemical assay indicate considerable inactivation 
of A, (Table 1), it may be that the same group or 
groups are detected by these two methods. In the 
chemical assay 61 per cent was not detectable, that is, 
almost 16 mogm./c.c. out of an original 40 megm./c.c. 
remained or could be determined by the Folm—Wu 
reagent. The group detectable by this reagent is not 
definitely known. 

From the bioassay point of view it is speculated 
that the molecule has undergone rearrangement or 
degradation in either ring A or B. It is likely that it is 
ring A which is primarily influenced, since the lactone 
ring 18 much more labile than any group in the B 


ring. 

Alkaline treatment. In the alkaline treatment the 
biological activity is also impaired, although not 
nearly so much as in the more strongly acid medium 
of pH 1-0 (pH 40 gives about the same results in 
corn as pH 10-0, each being three units from neutral). 
However, the chemical assay method indicates that 
there is only very slight alteration of the compound. 
This may be due to the fact that the rearrangement in 
the A ring or shifting of the allylic group cannot be 
detected chemically, but only biologically. It is 
very likely that the biological specificity is more 
exacting than the chemical specificity in this case, 
especially since this reagent at best only indicates the 
presence of reducing groups which cause the formation 
of the molybdenum blue colour. 

Posstble mechantsm for chemical and biological 
reactions. According to Phinney and West! and 
Cross et al.'! the possibility exists that at a pH of 
1:0 under autoclaving conditions gibberellic acid 
may be partially or completely converted to allo- 
gibberio and gibberic acids. This results in the loss 
of the inner lactone structure, carbon dioxide from 
carboxyl, hydroxyl from A ring (as water), and 
shifting or loss of hydroxyl on the Oring. The 4 ring 
13 made aromatic. 

At pH. 3-5 or 4:0, on autoclaving there may be a 
partial loss of carbon dioxide (inner lactone) and some 
loss of the hydroxyl group. 

At pH 6-0-7-0 very little loss or destruction in the 
A ring occurs; at most the inner lactone is converted 
into a carboxyl group. Both hydroxyls are probably 
intact. This leaves the compound fairly active 
(75-85 per cent compared with the unautoclaved solu- 
tion at the same pH*). 

At pH 10-0 the lactone ring is intact but has 
shifted sides from position No. 4a to 3 and the double 
bond is shifted between 4 and 4a (II) (refs. 2 and 11). 

According to Brian}, the specificity of the gibberel- 
lins, in regard to internode elongation, which formerly 
placed A, as the most biologically active grbberellin, 
now places gibberellins 4, and A, equal to A, m 
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activity (IIL); A, and A, are the least responsive, 
while A,, A, and A, are intermediate. 

If the structures of the A ring of the first three are 
compared (III), there are two noticeable factors: 
(1) all possess the same lactone ring arrangement as 
m A,—and this is true of all the gibberellins cited 
above; (2) the most common similarity, other than 
the above, is that the number 3 carbon atom is 
unsaturated (see encircled position and arrow in III). 
None of the six other known gibberellins (4,, As 
An As, Ag, Az) possesses a double bond (unsaturated) 
in the A ring. 
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Thus, it would appear that since the greatest 
effect (inactivation or destruction) occurs at pH 1-0, 
where all suspected and labile groups are affected 
(lactone, carboxyl, hydroxyls, and position of the 
lone double bond in ring A), they all might play some 
part in both biological and chemical activity. 

It would seem likely that the posttions and groups 
most essential to biological activity are: (1) the 
1-4a lactone; (2) unsubstituted position No. 3; (3) 
the double bond between. carbons Nos. 3 and 4. 

The major group essential to chemical reactivity 
seams to be the lactone ring, but the position— 
whether the rmg attachment is to carbon No. 3 or 
4a on the aromatic ring—-seems not important, 
although it is most important in the case of biological 
activity. The presence of one or both of the OH 
groups may not be essential to either biological or 
chemical detection (for example, A,, the only gib- 
berellin which lacks an OH group, promotes growth 
of cucumber hypocotyl). 

Although the evidence is only qualitative, some 
speculation seems justified that: (1) biological and 
chemical activity are both dependent primarily on the 
lactone group, the biological activity specifically 
on the inner ring formation in one isomeric form only; 
(2) other groups which appear to be necessary for 
chemical and biological activity are the hydroxyl 
groups; (3) chemical reactivity appears to depend 
equally or partially on the rings other than A, possibly 
more so on the C and D rings, where there may be 
more reducing power than in A and B rings; (4) 
biological activity may depend on an unsubstituted 
position at the No. 3 carbon on the 4 ring. 

This work was supported by a grant (G-14373) 
from the National Science Foundation to the senior 
author. 
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PROTEIN-BOUND SPECIES AND ACTIVE TRANSPORT PROCESSES 


By Dr. N. R. GHOSH 
Medical Physics Section, Department of Radiology, University of California, Los Angeles 


WO major types of model have been proposed by 

previous investigators'-!° to explain the pheno- 
menon of active transport across the cell membrane. 
One is the adsorption transport model. In this model 
it is assumed that there are certain fixed sites in the 
cell membrane which can combine with a substrate 
in the intracellular or extracellular phase and can 
release it in one or both phases. The other is the 
carrier transport model. In this model a mobile 
carrier combines with the substrate in either phase 
and then. carries it to the other phase and releases it 
there. 

The object of the present article is to show that 
the active transport processes can be explained on 
the basis of known physico-chemical behaviour across 
the semi-permeable and diffusion membranes if these 
are associated with metabolic processes. This may 
be explained by the following model: 


Phase 1 Phase 2 


P? + 1/8, 2 Prin Pa + nN = Py—(Si)ay 
Py’ + nS S Prin Pa” + "Sy = Py’ —(S2) aye 
Fig. 1 
Phase 1 represents the intracellular medium and 
phase 2 the extracellular medium. P’s are proteins 
and S's are the molecular or ionic species. P—{S)x 
are protein-bound species; n indicates the number of 
molecules or ions of S attached per molecule of pro- 
tein. It may be assumed that the behaviour of the 
cell membrane varies from that of nearly semi- 
permeable to nearly diffusion membrane. Molecules 
of low molecular weight may pass through the mem- 
brane, but the rate of their flow through the mem- 
brane varies from system to system. It may further 
be assumed that P—(S), behaves as a macromolecule 
across the cell membrane. Hither P and P—(S), 
cannot pass through the membrane or the rate of flow 
is much less compared with species of low molecular 
weight. S has been assumed to be present both in the 
free state and in the bound state in both media. 
However, in some cases in either the extracellular 
or the intracellular medium S may remain only in the 

free state. . 

The structure of native proteins may be con- 
sidered at three levels: (1) Primary: depending on the 
sequence of amino-acids in polypeptides and cross- 
linking in peptide chains. (2) Secondary: spatial 
configuration of peptide chains in helical structures. 
(3) Tertiary: due to folding and turning in the 
already coiled peptides giving it some appropriate 
size and shape. There is, however, always some 
overlapping between these levels. 

The equilibrium (or steady-) states of the following 
two reversible processes: 


Py’ + nS, = Pilin (1) 

P + "8, S Pilin (2) 
where P’ and P”, are the proteins which bound S, in 
the two phases respectively, determine the concentra- 
tions of 8, (total: bound and free) in the two media. 
In all probability P,’ and P,” have the same primary 
and secondary structures but may or may not have 
the same tertiary structure. S, may also remain 


~ 


only in the free stete in either medium. If the 
equilibrium or steady-state of (1) is far towards the 
right compared with that of (2), there will be a greater 
concentration of total S, in the intracellular medium 
than in the extracellular medium. In the opposite 
case, the concentration of total S, will be greater in 
the extracellular than in the intracellular medium. 
Tf S, exists only in the free state in one of the two 
phases, the equilibrium or steady-state of (1) or (2), 
as the case may be, will determine the concentration 
of total S, in either phase. 

Even if in some cases the protein molecules and. 
the protein-bound species can pass through the 
membrane, the difference in the rates of flow of 
free S, and protein-bound S, through the membrane 
may account for a temporary concentration gradient 
across the membrane. The cyclic sequence of cata- 
bolism and anaboliam of all biological materials, 
including the macromolecules, may, however, lead to 
permanent concentration gradients of total S, (bound 
and free) in these cases also. 

Under equilibrium conditions the following relations 
hold good: 


(3) 


us,’ — ps" = Aus, = 0 (4) 
where pg,’ and us,” are chemical potentials (or partial 
molal free energies) of free S, in the intracellular and 
extracellular phases respectively. If due to some 
reasons the equilibrium or steady-states.of (1) and 
(2) are disturbed, this will lead to: 

Aus, = + & (5) 
where X represents some numerical value. Depend- 
ing on whether Aus, is positive or negative there 
will be a flow of S, out of or into the cell. Due to 
the cyclic sequence of anabolism and catabolism of 
biological materials this equilibrium state is not 
static but dynamic. The steady-state or equilibrium 
ratio of the concentrations of free S, and protein- 
bound Sj, is given by: 


P, Sı 1 
[ ae (6) 


Both secondary and tertiary structures of a protein 
P, determine the best fit for P,—(Si)n, Due to 
the high specificity of the proteins ıt may be assumed 
that any protein differing from P, in secondary 
structure does not bind S,. However, proteins 
having some difference in tertiary structure from P, 
may still bind S,, but the equilibrium or the steady- . 
state ratio of the bound and the free states will not 
remain thé same. It may further be assumed that 
some changes in the medium or the metabolic pro- 
ceases may affect the tertiary structures of the pro- 
teins. Any change in the rate of catabolism and 
anabolism of P, or in its tertiary structures will. 
disturb the steady-state of the processes (1) and (2). 
In Fig. 1 two species S, and S, have been represented. 
Certain disturbances in the system may lead to higher 
concentrations of P,’ and P,” or lower concentrations 
of P,” and P,’ compared with the equilibrium condi- 


US. = ws” 
or, 


= K[P,] 
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tion. This change in the concentrations of the proteins 
disturbs the steady-states and causes an inflow of 
S, and an outflow of S, This shows how intimately 
the active transport processes are connected with the 
metabolism of the system. If S, and S, are similar 
in molecular or ionic structure, the following processes 
are also possible: 

Pie Py 

Pre a 


In nerves transmission disturbances releasing 
certain substances may alter either directly or 
indirectly the concentrations of some proteins having 
certain tertiary structures. This disturbs the revers- 
ible processes (1) and (2) leading to the inflow of 
certain ions and the outflow of certain other ions 
across the cell membrane. This process may be 
responsible for the transport of bioelectric potentials. 
Although here only the protein-bound states have 
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been mentioned other macromolecules may form 
similar complexes. 
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‘CONTROL OF BASAL METABOLIC RATE BY THYROID HORMONES 
AND CELLULAR FUNCTION 


By Dr. J. R. TATA*, Dr. L. ERNSTER and Pror. O. LINDBERG 
Wenner-Gren Institute, University of Stockholm, Stockholm, Sweden 


HE contro] of basal metabolic rate by thyroid 

hormones is considered to be one of their most 
important actions in many adult, warm-blooded 
vertebrates. Since mitochondria are the major site 
of oxidative processes in the cell, interactions with 
mitochondria or mitochondrial enzymes are often an 
important feature of investigations which attempt to 
explain the mode of actioh of thyroid hormones. 
There are, however, clear indications of a marked 
influence of thyroid hormones on non-mitochondrial 
processes. Furthermore, many objections have been 
raised against explanations based on a direct action 
on mitochondria and no single hypothesis can 
account for the physiological action of thyroid hor- 
mones. (For detailed reviews of the various hypo- 
theses and objections see Barker’, Pitt-Rivera and 
Tata’, Lehninger’, and Lindberg et al.‘.) 

Briefly, the major objections have been: (a) use 
of toxic doses of thyroid hormones; (b) poor relation- 
ship between actions in vtiro and in vivo; (c) ana- 
logues with little or no physiological activity can 
interact with isolated as intensely as 
thyroxine; (d) little is known about physico-chemical 
aspects of intracellular interactions of thyroid hor- 
mones. In our work, summarized here, we have tried 
to satisfy these objections under conditions which 
` are very closely physiological. We conclude from 
it that the control of basal metabolic rate and 
action on mitochondria may be secondary to a funda- 
mental action of thyroid hormones on cellular 
function as a whole. 


intracellular Distribution and Interactions 


In an investigation made in normal rate of the 
intracellular distribution in liver and muscle of 
endogenous thyroid bormone labelled with iodine-131, 
or of synthetic radioactive L-thyroxime and 3,5,3- 
triiodo-L-thyronine, no single fraction of the liver or 
skeletal muscle cell was found to concentrate 


* Prosent address: National Institute for Medical Research, Mill 
Hill, ET AT. Recipient of a Wellcome Research Travel Grant. 


selectively the thyroid hormone. This result is in 
agreement with some earlier observations’. How- 
ever, once isolated from the homogenate, mitochon- 
dria and microsomes from both tissues exhibit an 
intense affinity for the two hormones, similar in some 
ways to the binding of thyroxine described for liver 
mitochondria by other workers’. Competition on the 
part of thyroxine-binding proteins in the cell sap’ 
could only account for part of the low binding affinity 
of these particulate fractions in the unfractionated 
homogenates. It was later discovered that, in the 
case of mitochondria, the cell sap modified or reduced 
the number of mitochondrial binding sites (probably 
through surface charge effects). The high thyroxine- 
binding power of washed isolated mitochondria may 
explam why such high, and often variable, concen- 
trations of thyroid hormones are necessary to elicit 

any action on mitochondria in virol, assuming that 
the sites for binding and action are different. 


Mitochondrial Activity at Different Levels of Basal 
Metabolic Rate 


In the first series of experiments on physiological 
action of thyroid hormones, rats were maintained at 
different basal metabolic rate-levels for 2~3 months 
before comparing the liver and skeletal muscle mito- 
chondrial respiratory and phosphorylating capacities. 
The basal metabolic rate was lowered by thyroid- 
ectomy and raised by the administration of only 
10-25 ugm. L-thyroxine/100 gm. every fourth day, 
thus avoiding any toxic effects. As shown in Fig. 1, 
the respiratory quotient (Qo,) of mitochondria from 
both tissues changed in the same direction as the 
total body oxygen consumption over a wide range of 
substrates. The phosphorylating capacity of these 
mitochondria also followed the same pattern so that 
the phosphate/oxygen (P/O) ratio, measured accord- 
ing to Lindberg and Ernster’, remained virtually 
unchanged at all levels of basal metabolic rate. This 
failure to uncouple oxidative phosphorylation under 
mild conditions of hypermetabolism, also recently 
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observed by Smith®, is at variance with the un- 
coupling in liver mitochondria which were obtained 
soon after the administration of toxic doses of 
thyroid hormones or by direct interaction in vitro}. 
In the same experinents, the degree of ‘tightness’ of 
coupling in mitochondria, as seen by the measure- 
ment of respiratory control ratios (both by the 
manometric!! and polarographic!* methods), was in 
the normal range for all animals. It is therefore 
interesting that Ernster et al.1* observed low respira- 
tory control ratios in human skeletal muscle mito- 
chondria isolated from a subject with hypermeta- 
bolism of a non-thyroidal origin. 

Attempts to discover rate-limiting steps in mito- 
chondrial respiration (such as individual dehydro- 
genases or adenosine triphosphatase activity, ete.) 
which may be directly influenced by thyroid hormones 
im vivo, proved to be fruitless. It was, however, 
possible, since the change in basal metabolic rate 
was of a long duration, that a rate-limiting step had 
been affected at the onset of the treatment but that 
it had later re-adjusted to a new level of respiration. 
‘Acute’ types of experiments, described here, were 
therefore performed to test this possibility. 
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‘Acute’ Changes In Basal Metabolic Rate and 
Mitochondrial Activity 


Thyroidectomized animals are more sensitive to 
thyroid hormone than normal animals and triiodo- 
thyronine has a more rapid action than thyroxine. 
Groups of young thyroidectomized rate (basal 
metabolic rate 30-35 per cent lower than in normal 
rats) were therefore killed at short time-intervals 
after a single injection of 20-30 ugm. of triiodo- 
thyronine. The relatively rapid stimulation and 
decline of the basal metabolic rate was advantageous 
in studying the reversibility of certain effects at the 
tissue level. As shown in Fig. 2, both liver and 
muscle mitochondrial Qo, values varied reversibly 
and in a similar fashion as the total-body oxygen 
consumption (except that the increase in Qo, of liver 
mitochondria, preceded that of the basal metabolic 
rate and muscle mitochondrial Qo,). This variation 
was observed when mitochondrial respiration was 
measured both in the presence and absence of 
a terminal phosphate acceptor (AT'P—hexokinase- 
glucose) system. Basal or ‘resting’ mitochondrial 
respiration corresponds more closely than maximal 
respiration to the state of tissues under conditions of 
basal metabolic rate measurements and the changes 
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Changes in the B.M.R. and mitochondrial activity 
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in ‘basal’ mitochondrial respiration are therefore 
more significant. 

Fig. 2 also illustrates that at no time after the 
administration of the thyroid hormone was there a 
significant uncoupling of oxidative phosphorylation 
or a ‘loosening’ of respiratory control. Once again, 
as in the long-term experimente, it was not possible 
to detect any more steps in the mitochondrial 
respiratory chain which were under the control of 
thyroid hormones. (Experiments from which this 
conclusion is drawn will be presented elsewhere.) 
The very general or non-specific nature of the 
stimulation of mitochondrial respiration led us to 
examine the activity of other parte of the cell. 


Non-mitochondrial Cellular Functions 


Microsomes and cell sap (microsome-free super- 
natant) fractions were prepared from the same tissue 
homogenates as those in the ‘acute’ experiments 
described above. The changes produced in a variety 
of microsomal activities and in the microsomal ribo- 
nucleic acid (RNA) : protein ratios are summarized 
in Fig. 3. The marked increase in all parameters of 
microsomal activity measured demonstrates that the 
action of thyroid hormones on the cell is not restricted 
to mitochondria. Of particular importance are the 
increases in amino-acid incorporation into proteins 
(incorporation of a mixture of “C-labelled 1-leucine 
end t-isoleucine™) and their RNA: protein ratio. 
These increases preceded the stimulation of basal 
metabolic rate, mitochondrial respiration and micro- 
somal glucose-6-phosphatase. A stimulation of non- 
specific or specific protein synthesis induced by 
thyroxine has recently also been reported for the 
rati? and frog!*, although many experimental con- 
ditions, results and their interpretation are different 
from ours. We have also observed spectrographically - 
a marked increase in the content of mitochondrial 
and microsomal hems and cytochromes, especially of 
microsomal cytochrome bs. 

The specific activities of the following enzymes 
chiefly localized in the liver and/or muscle cell saps 
were also determined: lactic, isocitric and glucose- 
8 - phosphate dehydrogenases, creatine - phosphate 
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Fig. 8. Changes in some Hver microsomal activities and RNA ' 
protem ratio accompanying those of the B.M.R. and following a 
single injection of truodothyronime to thyroidestomized rate. 
Microsomes were prepared from the same tissue homogenates 
used for studying a ornon 2) RNA: protein (@); 
mecorporation of a — of T-leucine and 1-iso- 
leucine into protein (per men, rote) (O) pe activity of 
giucose-0-phosphatase activity D; sp emfio activity. of reduced 
nphosphopyridine nuoleotide (T Win) op tocheonne cTeductage (C]) 


transphosphorylase and the amino-acid activating 
enzyme (as measured by the pyrophosphate- 
adenosine triphosphate exchange method). In most 
cages, and in marked contrast to mitochondrial and 
microsomal functions, these activities did not deviate 
much from the normal values. In some cases, 
increases of 20-50 per cent in the specific activity of 
lactic and isocitric dehydrogenases were observed, 
but only after the stimulation of microsomal and 
mitochondrial activities had reached the peak values. 
It is interesting to note the increased rate of incor- 
poration of amino-acid into protein by microsomes, 
while the amino-acid activating system in the cell 
gap was not similarly stimulated. 


Structural Aspects 


A consideration of the early actions of thyroid 
hormones on various cellular functions, studied 
simultaneously, indicated that thyroid hormones 
have a preferential action on processes or enzymes 
in the particulate fractions, especially those which 
require some form of structural integrity. The 
relatively small amount of change observed in the 
‘soluble’ enzymes may be a consequence of increased 
protein synthesis. In any event, control of the basal 
metabolo rate by thyroid hormones appears to be 
the consequence of a general action at the cellular or 
sub-cellular level. It would be most interesting to 
determine whether this action is brought about 
by an increase in the synthesis of only certain 
structurally bound components or by a reorganization 
of the structural components or by the redistribution 
of endogenous regulatory factors-of the type demon- 
strated in mitochondria*®1? and which may also be 
present in other parts of the cell. 


What Is the Mode of Action of Thyroid 
Hormones? 

Although our results do not explain the actual 
mechanisms, we believe they provide a new approach 
in understanding how thyroid hormones act. The 
almost simultaneous stimulation of various cellular 
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activities indicates that the control of basal metabolic 
rate is not in itself the fundamental action of thyroid 
hormones; this limits the usefulness of studies on 
their direct interaction with mitochondria or isolated 
enzymes in order to explain the mode of action in 
vivo. On the other hand, the dverall stimulation of 
cellular activity by thyroid hormones resembles in 
many ways the pattern observed during growth and 
metamorphosis!*. The increased rate of incorporation 
of amino-acid into protein is hence very significant. 
Thyroid hormones play a major part in promoting 
growth and differentiation of tissues in the early 
stages of development®. Our results therefore suggest 
that the action of thyroid hormones on tissues both 
during development and in the adult animal is 
mediated through the same fundamental action on 
the cell. One can thus reconcile many of the extremely 
varied actions of thesé hormones at the tissue-level?. 
The importance of structural organization in bio- 
chemical functions at the cellular as well as sub- 
cellular levels ig becoming increasingly clear!’ and it 
has been suggested that endocrine secretions may 
here play an important part**, Our results provide 
evidence that the fundamental action of thyroid 
hormones may indeed lie in this interplay between 
cellular structure and function. 

We thank Mr. Svend Pedersen for measure- 
ments of basal metabolic rates, and Dr. Erk 
Arrhenius for studying protein synthesis and RNA 
determinations. This work was supported by grants 
from the Swedish Medical Research Council and the 
Swedish Cancer Society. 


1 Barker, 8. B., Physiol. Rev., 81, 205 (1951). 
* Pitt-Rivers, R., and Tata, J. R., The Thyroid Hormones (Pergamon 
Pross, London, 1959). 
? Lehninger, A, L, Ann. N.Y. Acad. Ser., 86, 484 (1960). 
4 Lin O., Low, E., Conover, T. R., and Ernster, L., in Bo- 
"Structure and’ Function, odit. by Goodwin, T. W., and 
dberg, 0.,8, 3 (Academic Press, Inc., New York, 1961). 
* Tabaohniok, I. I. A., Bonnycastle, D. D., and Salter, W, T., J. 
Endoorin., 10, 302 (1954). 
t Tata, J. R., Biochim. Biophys. Acta, 28, 01 (1958). 
1 Ta D. i. pend Baso, N. — kys. Adaa ae i8 A80 (TOER); 
Kalico, Prondes of the Dolonen, Pia, 161 CHlsevier Pul. 
i Lindberg, O d Ernster, L, in Methods of Biological Analysis, 3 
1 Cintersoisnes Publishers, is York, 1951). 
° Smith, B. H., Bed. Proc.,19, 64 (1960). 
1 Hoch, F. L. ‘and mann, F., — U.S. Nat. Acad. Set., 40, 000 
1954), tig, , and Hesa, — Z., 628 191 (1955). 
dy, H. A., and Maley hae. Prog. Hormones Rez.,10, 120 
(1054). Klemperer, H. Soe J., 60, 122, (22, 128 (1955) 
u Lardy, H. A., and Wellman, H., J. Biol. ‘Chem., 195, 215 (1952). 
13 Chance, B., and Willams, G., J. Biol. Chem., 217, 888 (1955). ` 
19 Ernster, L., Ikkos, D., and "Luft, R., Waters, 184, 1851 (1959). 
Afzellus, B., Ernster, L, Ikkos, D., Luft, B., and Palmeri, 
Qn Seneca, 
14 muun T., Arrhenius, E, Low, H., and Magee, P. N , Biochem, dJ., 
6, 109 (1060). 
us — L, and Kaufman, S., J. Hiol. Chem., 238, 795 (1961). 
1: Freden, E., and Mathews, H z Arch. — Brophys., 78, 107 
1958). Hinamore, F. J., — Frieden, E., — Chem., 285 
751 (1980). Herner, A. E., and Frieden, R., tbid., 286, 2846 
gogo). —— B. L., Marahall, at, Palk i W. K., and Cohen, 
tind (1961). 


eae A. Ln, L., and Remmert, F., in ba 

Sym. Rouaan — Oeil Metabolism, edit. by Walttenhome 

hse W., and O'Connor, 0. M., 130 Churehull, Ltd., London, 

oo: Lehninger, A L. ae m Structure and "Function, 

edit. — Goodwin W., and Lindberg, O., "2, $1 (Academic 
o, Now York, 1961). 


18 For general reviews, see. uon, 8, 
tog a edit by Bool, B K: 


1* Lindberg, O., and Ernster, L., Ohemistry and aN et 0- 
chondria and Microsomes. Mon 3-4-4 
Springer-Verlag, Vienna, 1954). Biekevitz, P., in Ciba’ Found 

ell M edit. by Wolstenholme, 
W., and O'Connor, 0. M., 17 (J. and A, Churohul, Ltd., 
PTN 1959). 


bi Hen O., Vilamine and Hormones, 13, 293 (1955). Hechter, O 
and Lester, G., Rec. Prog. Hormone Res., 16, 139 (1960). 


- March 17, 1962 


No, 4820 


NATURE 


1061 


GAMMA-IRRADIATION DAMAGE IN MONOSACCHARIDES 
By M. A. COLLINS 


Dominion Physical Laboratory, De 
Lower 


LECTRON spin resonance has been used for 

investigating the effect of y-rradiation damage in 
cellulose and starch! and other carbohydrates?. The 
work recorded here was undertaken to determine the 
centre or centres of damage which give rise to the 
magnetic resonance signal. The analar samples used 
were evacuated m silica glass tubes prior to room 
temperature irradiation of 10%~10" rads of y-radiation 
from a 180-curie cobalt-60 source at a rate of 1,300 
rads/min. After irradiation the silica tubes were 
heat-treated to remove thermoluminescent damage 
centres which give rise to a characteristic absorption 
in electron spin resonance. The spectrometer used to 
obtain the magnetic’ resonance s is of con- 
ventional design using a bolometer detector and 60 
G.p.8. phase sensitive detection. The room tempera- 
ture sensitivity is of the order of 103° spins of 1 gauss 
line width. 

It is known? that y-irradiation of cellulose produces 
an increased amount of soluble 
sugars m the end-product, im- 
plying breakage of linkage bonds 
of the polysaccharides to produce 
small units. comparison of 
the electron spin resonance signal 
of y-irradiated D-glucose, cello- 
biose and cellulose has shown 
that the components which pro- 
duce each spectrum are approx- 
imately the same and almost the 
same total yield (of free radical/ 
100 eV.) occurs. The y-radiation 
has sufficient energy to break 
any chemical bond in the cellu- 
lose and it seems probable that 
energy absorbed forms a stable 
free radical at some definite 
point or points in the D-glucose 
ring which transfers energy to 
break linkage bonds of the 
polysaccharide when it is dis- 
solved. In order to simplify the 
problem chemically glucose and 
other monosaccharides have been 
examined and the stable spectra 
are presented -in Fig. 1. The 
spectra are recorded in the form 

+ 
of their first derivative, aA 
versus H, which shows the fine 
structure more clearly than does 
the absorption spectrum, ọ* 
versus H. The samples ‘used 
were in fine powdered (poly- 
crystalline) form and hence the 
observed structure will arise in - (a) 
the main from the isotropic term 
of the spin Hamiltonian. 


Fig, 1. Electron spin resonance 
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‘Bailey ef al.4 have reported a doublet (two line) 
spectrum for -D-glucose from what appears to be a 
very similar experiment. It can be seen from Fig. I, 
however, that the spectra recorded‘ here havea sym- 
metric hyperfine structure and hence probably more 
than one free radical is formed by the irradiation. 
In the case of Fig. la, the spectrum from D-glucose, 
the signal approximates in form a three-line spectrum 
together with a one-line spectrum of slightly different 
g-value as shown diagrammatically by the dotted 
curves. Paper chromatograph analysis has shown 
only D-glucose to be present in the end-product. 
Considering the chemical structure of the D-glucose 
it seems reasonable to postulate that if stable radicals, 
such as those represented in Fig. 1, form on the 
D-glucose unit they would do so at carbon atoms 
C(1) and C(5), where a small amount of delocalizing 
energy is available from the neighbouring oxygen 
atom. 








(b) (c) 
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The three-line spectrum recorded requires equal 
interaction of two hydrogen nuclear spins with the 
unpaired electron. This could be achieved by the 
CH,OH group in either of two ways. First, it is 
possible that the radical is formed by the loss 
of a hydrogen atom from C(5) giving a radical 


C--CH,OH which would give a triplet signal due 


to hyperconjugation of the O(5) p-orbital and the 
nuclear orbitals of the equivalent hydrogen protons; 
a further possible splitting due to the proton spin of 
the OH group was not resolved. The spectrum of this 
radical would be a symmetric triplet (1:2: 1) of 
about 35 gauss maximum splitting. 

Alternatively the observed splitting agrees very 
closely with the splitting observed by Fujimoto and 
Ingram! for an R-—CH, radical and hence it is possible 
that the radical in the present case is also a —CH,. 
This would require the extraction of an OH radical 
which would be to remain close to C(6) 
after damage (cage effect) with a good chance of 
recombination, which possibly explains the observed 
low yield of stable radicals. The OH radicals which 
do not recombine are expected to form water with a 
hydrogen atom removed from O(I), the second 
radical suggested above. 

The D-glucose signal of Fig. la waa obtained several 
weeks after the irradiation, whereas the signal 
recorded immediately after irradiation is, in fact, 
quite different, as shown by Fig. 2. The modification 
of shape of the »-glucose si occurred over 6 
matter of days, and it is thought to indicate that 
damage is being transferred to form the triplet radical 
from some other centre. This apparent rearrange- 
ment of radicals was not observed in any of the otner 

lea. 

To identify the radical which has been suggested, 
spectra have been obtained from pD-xylose and 
galacturonic acid (Figs. 1b and c) which have similar 
chemical structures except for their chemically 
active side group. The signal of galacturonic acid 


(b) (a) 


2. —— spin reso ectra of D-glucose (a) immedi- 
vu y after — — Non aad (b) after three mon 
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was expected to be simpler in form than that of the 
D-glucose and this is found to be the case. The 

is the sum of two radicals’, and it is assumed 
that the larger of these is due to a radical which 
results from radiation damage, accumulated in or 
near the COOH group, as suggested by Williams 
et al.* and from which no fine structure would be 


expected’: 
nó 


N 
7 y% 
or 
OH 
F N 
A 


A complete analysis of the signal from galacturonic 
acid would require an explanation of the small 
changes of slope in the wings. No such analysis will 
be attempted in this article. 

The signal from D-xylose is almost identical with 
that of D-glucose. It is almost certain that before 
irradiation the p-xylose would occur as a 6-membered 
ring with a single hydrogen’*atom in place of the 
OH,OH side group of D-glucose. If the D-xylose is a 
6-membered ring then the electron spin resonance 
signal is not consistent with the above ent. 
It will be noticed, however, from Fig. 1b that the 
yield of xylose is less than that of glucose and it is 
suggested that the initially damaged molecule 
rearranges to its 5-membered rmg form which 
displays a CH,OH group giving a similar signal to 
D-glucose. 

The occurrence of the single line component com- 
mon to these signals has already been suggested. It 
was suggested that this occurs at the end reducing 
carbon of the ring. The same g-value and very similar 
yields of radicals for this line are observed. 

These results suggest that damage to the mono- 
saccharides ring structure can be transferred around 
the ring and stabilized at the chemically active pointe. 
In the case of d-glucose the side group CH,OH and 
the linkage carbon accumulate the damage to display 


Nui 
a —CH, or C—CH,OH radical, producing a 3-line 
* 


spectrum, and a radical associated with the ring 
structure which produces a single line spectrum (no 
included nuclear spin). The argument is strengthened 
by the a ce of a si line which can he 
attributed to the COOH side group when galacturonic 
acid is irradiated. D-Xylose requires a known modifi- 
cation to its normal ring structure before the spectrum 
obtained can be explained in terms of a triplet 
spectrum. 

I wish to thank Mr. Goddard, Dr. McNaughton 
and Dr. Packer of the Institute of Nuclear Sciences, 
and Dr. Brasch of the Dominion Laboratory for 
their help. 

; — A. J., and Whiffen, D. H Trans. Farad. Soc., 64, 1295 
* Williams, Dudley, ef al., Proc. U.S. Nat, Acad. Sci., 44, 1128 (1958). 
a 
“o Waluo and. Synthase Hig Polymers Catoreolonce Publishers, 
New York, 1058). 
1 Bailey, A. J., st al., Nature, 190, 259 (1961). 


; ——— M., and Ingram, D. J. E., Trane. Parad. Soc, 54, 1804 


* Williams, Dudley, ef al., Proc. U.S. Nat, Acad. Soi., 45, 1744 (1959). 
1! Gordy, Walter, Rad. Res., Supp. 1, 491 (1959). 
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LETTERS TO 


ASTRONOMY 


Instability of Motion at the Lagrangian 
Triangular Point in the Earth-Moon 
System 


I wisH to comment on the communication by 
Dr. E. T. Benedikt? on the “Exact Determination of 
the Lunar Mass by means of a Selenoid Satellite’. 

(a) If we write the equation of motion of a particle 
referred to a well-defined sextile configuration of the 
Earth-Moon system, it is easy to show that the 
selenoid satellite proposed by Benedikt is very 
unstable. The motion of a satellite, even in a small 
region around a sextile point, resembles the motion 
of a non-linear vibrational, time-dependent system 
without friction, very close to resonant and sub- 
resonant conditions. The main effect of the Sun may 
be considered a periodic perturbation with a period of 
one-half of the lunar period, rather than a period of 
the order of one year, as given by Benedikt. A crude 
numerical evaluation which I have made in the last 
months is confirmed by numerical integrations made 
by the Space Science Laboratory of the General 
Electric Co., Philadelphia, Pa., for the U.8. Air Force 
Rome Air Development Center, Rome, New York. 

(b) To place a satellite in orbit around the Moon 
would be both technically simpler and theoretically 
more advantageous for the precise determination of 
the mass of the Moon and of its gravitational field, 
than to place a satellite in a sextile point with the 
required velocity. 

(c) If we suppose that Kordylewski clouds are 
condensations of meteoric particles, it follows from 
(a) that these clouds are very unstable. The objects 
which Kordylewski reported last spring may no 
longer be visible, or at best may no longer be of the 
same dimensions nor, consequently, of the same 
density. In any event, I fail to see how observations 
of these large and rapidly changing objects could be 
useful in determining precisely the Junar mass. 
Studying the General Electric computations, one 
would conclude that such a cloud of particles, 
originally covering a few degrees of the aky, would 
expand to cover a region larger than 20° along the 
lunar orbit in about six months. 

G. CoLosrBo 


Smithsonian Astrophysical Observatory, 
Cambridge, Maas. 


1 Benedikt, E. T., Nature, 198, 442 (1061). 


Tua kinematic stability of a planetoid orbiting 
in permanent sextile configuration with two other 
attracting centres, for which the ratio of the larger to 
the smaller mass exceeds 25, is well established. 
Indeed, the Trojan asteroids, the elongation from their 
theoretical libration pointa of which is sometimes 
considerable, do certainly not appear to exhibit the 
catastrophic instability predicted by Colombo’s non- 
linear model. 

The question of instability resulting from the 
inclusion of non-linear terms in the expansion of the 
equations of motion about the libration points was 
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indeed considered by me!'; absolute stability of the 
artificial or natural selenoid satellite was not postu- 
lated (as explicitly expressed in my original publica- 
tion) in the proposed method of measurement of the 
lunar mass; however, it was deamed justified to 
expect a sufficient permanence of the motion of such 
satellites to carry out the required measurements. 
L. Sehnal? predicts also (on the basis of an approxim- 
ate model) an instability of a selenoid in the Earth- 
Moon-Sun system, but similarly concludes that in 
spite of this instability the satellite will remain 
in the vicinity of the libration point for a long 
time. 

The instability of selenoid satellites cannot be 
regarded as demonstrated on the basis of the result of 
automatic computations unless the latter are supple- 
mented by rigorous error analysis. Indeed, in a 
long-term computation, such an apparent instability 
could possibly result from accumulation of error. 
Also, the disappearance of the clouds observed by 
Kordylewski has not been as yet announced. 

E. T. BENEDIKT 

Space Physics Laboratory, 

Astro Sciences Group, 
Northrop Corporation, 
Hawthorne, 
California. 
— B. T., Lag phates oe — Intern. Symp. Analyt. 


* Sehnal, Ln, Bull. Astron, Inst. Crechoslovakia,11, No. 4. 


RADIOPHYSICS 


Remote Phase Control of Radio Station 
WWVL 


Tem standard very-low-frequency 20-kc. emission 
from the National Bureau of Standards radio station 
WWVZI at Sunset, Colorado, has been synchronized 
with the frequency of a working atomic standard 
located at the National Bureau of Standards Labora- 
tories in Boulder, Oolorado, eleven miles from the 
transmitter site. The phase-lock loop for this purpose 
uses -& servo similar to that described by 
Looney’, with the system elements necessarily divided 
between the two locations. At Boulder Laboratories 
is located a 20-ke./s. receiver, phase detector, atomic 
standard and a 50 Mc./s. F.M. auxiliary transmitter 
for returning error and reference phase signals, by 
means of duplexing, to a 400 c.p.s. two-phase servo- 
motor with gear reduction which drives a resolver at 
the transmitter site. The resolver, which is located 
electrically between the local crystal oscillator and 
transmitter input, thus corrects the transmitter input 
phase so as to maintain the transmitted output 
phase, as received at Boulder Laboratories, in syn- 
chronism with the phase of the controlling atomic 
oscillator. This system therefore corrects for 
frequency drift of the transmitter control oscillator as 
well as for changes in phase which in general are 
known to occur in the transmitter and antenna sys- 
tem (ref. 2 and Watt, A. D., private communication). 
Comparisons made on a very-low-frequency monitor 
between the phase of the received 20-ke./s. signal at 
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Boulder Laboratories and that derived from the 
working atomic standard oscillator show that any 
uncorrected random -phase variations may amount to 
no more than 0:05 usec. phase shift so that trans- 
mitted phase stability is essentially that of the 
working atomic oscillator. 
From the results of daily comparisons of the 
controlling atomic oscillator with that of the United 
States frequency standard’, daily variations of the 
frequency of the working atomic standard are of the 
order of 1 or 2 in 10-4. 
R. L. Fry 
J. B. MILTON 
A. H. MORGAN 
National Bureau of Standards, 
Boulder Laboratories, 
Radio Broadcast Services, 
Boulder, Colorado. 
‘Looney, Chesley H., Proc. Inst. Rad. Eng., 48, 448 (1061). 
t Watt-Carter, D. H., and Cork, R., L., Nature, 181, 1286 (1961). 


> Mockler, RB. C, Beehler, R., E., and Snider, 0. 8., Trans. Inst. Rad. 
Eng., 1-9, 120 (1980). 


PHYSICS 


Lithium Twilight at Saskatoon, 1960-61 


EARLIER observations of lithium resonance lines in 
twilight! have been effectively reviewed by Gadsden 
and Salmon’. They conclude that the very large 
intensities observed in August and September 1958 
were probably due to lithium from a high-altitude 
thermonuclear explosion, but that occasional obser- 
vations of the natural emission at its brightest had 
been made. We wish to report a series of photoelec- 
tric observations of faint natural emission, as well as a 
large enhancement reasonably attributed to the large 
thermonuclear explosions at the end of October 1961. 

The instrument used was a birefringent photometer 
built by H. N. Rundle? with some improvements and 
a red-sensitive photomultiplier, E.M.I. type 9558B, 
with a tri-alkali cathode. Provision was made to 
eliminate any component of the signal caused by the 
Rayleigh-scattered component of the twilight. Some 
observations were made near the northern horizon at 
70° zenith distance, but most were in the zenith; the 
horizon intensities were divided by 3-0 to refer them 
to the zenith. 

The photometer was brought into satisfactory 
operation in May 1961, and was unable to detect 
any emission on most occasions until the beginning 
of October. Thus, for most of this period, the bright- 
ness was leas than the threshold value of 10 Rayleighs 
(R.), corresponding to an emission of: 10 x 10§ 
photons/om.? (column)*. Later resulta are shown 
in Fig. 1; the brightness rose slowly from 12 to 
30 R. and showed a sudden jump to 400 R., then 
fluctuating about 200 R. with a second peak on 
November 10. The figure also shows the nuclear 
explosions set off by the U.S.S.R. with the dates and 
yields reported by the Press. Only the two largest 
appear to have injected lithium into the 80-km. 
region, if it is assumed that the material took about 
10 days to reach Saskatoon. Alternatively, the first 
peak could be associated with the 60-megaton ex- 
plosion with a time-delay of 2 or 3 days. Presumably, 
the appearance of lithium depends on the height of 
the explosion as well as its size, but no height data are 
available to us. 

Although the correlation with nuclear explosions is 
attractive, it still cannot be regarded as fully estab- 
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lished. Some rough intensity measurements were 
made during November and December 1960, giving 
values around 100 R. To the extent that they can be 
trusted, they suggest that there may be a natural 
abundance peak during these’ months, approaching 
half the value observed in 1961. 

To convert brightnesses into abundance, we require 
a value of the photon-scattering rate per illuminated 
atom, called ‘yg’ by Chamberlam‘. Barbier, 
Delannoy and Weill! give g = 17:4 photons/sec./ 
atom, as quoted by Chamberlain, but Vallance 
Jones! gives 17 photons/sec./atom. We have repeated 
the caloulation, using equation 11-7 of Chamberlain 
and data tabulated by Allen’, with the result g = 16 
photons/sec./atom. (The result of Barbier et al. is in 
energy, not photon, units; but this does not account 
for all of the discrepancy.) With g = 16, a bright- 
ness of 16 R. corresponds to an abundance of 10¢ 
atoms/cm.? (column), or 100 R to 6-2 x 10° atoms/ 
om.*. Thus, a representative abundance for September 
and October 1961 is 10° atoms/om.*, and this may be 
assumed to be representative of natural conditions. - 
The peak of 400 R. gives 25 x 107 atoms/cm’. 
Before these figures can be compared with the corre- 
sponding ones for sodium, it is necessary to allow for 
the difference in the vertical distributions discussed 
next. 

Vertical distributions were found for a number of 
representative twilights by differentiating the obser- 
vations and processing them as described by Bullock 
and Hunten'. The resulting curves resemble those 
for sodium given in that paper, but peak at an 
average height of 81 km. (During the large abun- 
dance peak around November 1, the height may have 
been about 10 km. higher; however, fluctuations as 
large as this are not uncommon for the sodium layer.) 
The sodium heights’ should be increased by 3-5 km., 
according to recent calculations of the transmission 
function; the average value for this season is then 
88-5 km., so that the lithium layer is about 7-5 km. 
lower than the sodium. It is usually assumed 
(Chamberlain*, Sec. 11:4) that above the peak all 
sodium, is in the atomic form; the number-densities 
shovld therefore be compared at a height well above 
both peaks, say 100 km. For October, the result is 
sodium/lithium = 8,000, falling to about 800 in 
November, or even less at the beginning of the month. 
There is a possibility, discussed by Barbier et al.}. 
that this figure should be altered still more by a 
difference in the degree of ionization of the two kinds 
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of atom. For comparison, the ratio for sea-water is 
sodium/lithium = 43,000 and for meteorites 600 1. 
Perhaps the sodium arises mostly from the sea’ and 
the lithium from meteorites. 

This work was supported by the Geophysics 
Research Direstorfte of the Air Force Cambridge 
Research Laboratories, Air Force Research Division, 
under contract AF 19(604)—7265. 


H. M. SCLLIVAN 
D. M. Howren 


Institute of Upper Atmospheric Physics, 
University of Saskatchewan, 
Saskatoon. 


1 Delannoy, J., and Weill, G., O.R. Acad. Sci., Paris, 247, 806 (1058). 
Gadsden, M., and Salmon, K., Nature, 188, 1598 (1958). Barbier, 
D , Delannoy, J., and Wail, G., O.R. Acad. Sci., Paris, 247, 886 
(1958). Vallance Jones, A., Nature, 183, 1815 (1959). Kvifte, G., 
tind., 183, 1884 (1959). 

* Gadaden, M., and Salmon, K., J. Almosph. Terr. Phys., 21, 76 (1981). 

` Rundle, H. N., Hunten, D. M., and Chamberlain, J. W., J. Atmosph 
Terr. Phys., 17, 205 (1960). f 

t Chamberlain, J. W., Physics af the Aurora and Airglow (Academic 
Press, New York, 1961). 

* Allen, O. W., Astrophysical Quantities (Athlone Press, London, 1055). 

* Bullock, W. R., and Hunten, D. M., Canad. J. Phys., 39, 076 (1961). 

g P A.. and Hunten, D. M., J Almosph, Terr. Phys., 16, 286 


No, 4820 


Increased Concentration of Beryllium-7 
in the Stratosphere after the Nuclear 
Test Explosions during September- 
October 1961 


In their work on cosmic-ray-produced beryllzum-7 
in rain water at tropical latitudes during the period 
1955-59, Rama, Zutehi and Lal'* did not find 
evidence of the production of this nuclide by nuclear 
test explosions. Since beryllium-7 in air and rain 
water is Measured in several laboratories in order to 
obtain information on atmospheric proceases, it is of 
interest to know whether beryllium-7 was produced 
artificially durmg the U.S.S.R. nuclear tests in 
September and October 1961, and, if so, to estimate 
the ratio between artificially produced berylliium-7 
and one of the commonly measured nuclides in radio- 
active fall-out from weapons tests. 

Comparison of activity of beryllium-7 with that of 
strontium-89 seems most appropriate as the half-lives 
of these nuclides are approximately equal (53-4 and 
50-4 days respectively*'). The beryllium-7/stron- 
tium-89 disintegration ratio (curie/curie) will change 
only slowly with time, and in a mixture of radioactive 
debris from different explosions the ratio will be 
approximately independent of the relative contri- 
butions from these detonations, provided the beryl- 
hum-7/strontium-89 ratio is the same for each. 

Because artificial beryllium-7 must be detected in 
the presence of natural beryllium-7, samples to be 
analysed should contain, if possible, a constant con- 
centration of natural beryllium-7 and a maximum of 
radioactive debris. Stratospheric samples meet 
these requirements to a great extent. 

Samples of stratospheric particulate matter were 
taken at 42,000 ft., using “Mines and Safety Applian- 
ces 11068” glass fibre filter. The filtering apparatus 
was installed in a pylon tank of a Hawker Hunter jet 
fighter. The volume of air sampled was calculated 
from the automatically recorded absolute pressure 
and temperature before and the drop in pressure 
over a calibrated sharp-edged orifice, which was 
placed behind the filter. Usually the accuracy of the 
volume measurement is better than 5 per cent. 
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However, due to malfunctioning of the recorder, the 
maximum error is estimated at 20 per cent for some 
of the results presented in this communication. 

Beryllium-7 and stront1um-89 were extracted from 
the filters with hot nitric acid in the presence of 
inactive beryllium and strontium carriers. Beryllium 
and strontium were separated by precipitating stron- 
tium carbonate in 2 N sodium hydroxide. Strontium 
was purified radiochemically and the activity 
measured as described by Osmond et al.*. Beryllium 
was purified using the procedure of Buchanan’; the 
activity was measured with a thallium activated Nal 
well-type crystal (Harshaw, type F). In calculating 
the amount of beryllium-7, the number of gammas 
per disintegration was assumed to be 0-115, Several 
samples of beryllum were repurified after activity 
determination to ascertain the radiochemical purity. 
No change in specific radioactivity of these samples 
was found. Radioactive decay of the samples of 
beryllium-7 was in agreement with the half-life of 
53:4 days. 

Results of 16 analyses of stratospheric samples 
taken between September 25 and November 27, 1961, 
are plotted in Fig. 1. If the background of natural 
beryllium-7 at 42,000 ft. during this period is assumed. 
to be tonstant (the average of 7 samples collected in 
August 1961 was 3-1 picocurie kgm.-}, the standard 
deviation being 1-0 pe. kgm.-') the following relation 
holds: 

"Be = O + X. *8r 
where Be and Sr represent the concentrations 
measured, O is the concentration of cosmic-ray 
produced beryllium-7 and X is the disintegration 
ratio of artificial beryllium-7 and strontium-89 at 
the time of explosion. From the slope of the curve in 
Fig. 1 a value of 0-034 is obtained for this ratio. 

It should be emphasized that this beryllium-7/ 
strontium-89 ratio pertains to artificially ‘produced 
beryllium-7 soluble in hot nitric acid. If part of the 
beryllium-7 produced by the explosions has been 
fused with insoluble matter, the true ratio will be 
higher. 

ey hether artificial beryllium-7 will interfere in’ 
measurements of natural berylhum-7 will depend on 
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the amount of bomb debris sampled. The approxi- 
mate contribution of artificial beryllium-7 can be 
easily evaluated by measuring strontium-89. 

Collaboration of the Royal Netherlands Air Force 
and of the Royal Netherlands Meteorological Insti- 
tute in stratospheric sampling and assistance in the 
analyses by Miss E. R. van Abkoude, Miss E. M. 
Linckens and Mr. M. H. J. Huguenin is gratefully 
acknowledged. 

J. F. Bumronropr 


Medical Biological Laboratory, 
National Defence Research Organization TNO, 
Rijswijk (Z.H.), The Netherlands. 
} Rama Thor, and Zutehf, P. K., Tellus, 10, 90 (1958). 
! Lal, D., Rame, and Zutshi, P. K., J. Geophys. Res., 65, 669 (1960). 
* Rama, J. Geophys. Res., 85, 3778 (1960). 
‘ Ajzenberg-Selove, F., and Lauritsen, T., Nucl, PAys.,11, 1 (1959). 
t Osmond, E. G., and Owers, M. J., J. Inorg. Nucl. Chem., 9, 06 (1959). 
+ ond, R. G. D., Evett, T. W., Arden, J. W., Lovett, AM. B., and 
—— B., ARRE-A M% (Harwell, 1961). i 
1 Buchanan, J. D., J. Inorg. Nucl. Chem., 7, 140 (1958). 


Spectral Analysis of Light emitted from 
an Oxide-coated Cathode during 
Thermionic Emission 


Ir has been known for many years'~ that when 
high current densities are drawn from vacuum tubes 
containing oxide-coated cathodes a green glow may 
be observed in the anode-cathode interspace. This 
discharge has been attributed to the presence of 
ionized barium and its occurrence has lent weight to 
the theory, now generally held, that the result of the 
process of activation of an oxide-coated cathode is 
to provide a stoichiometric excess of barium in the 
oxide lattice. 

Debiesso and Champeix? have made a careful 
spectrographic examination of the light emitted by 
cathodes coated with barium oxide, with strontium 
oxide and with the mixed oxide (BaSr)O. They 
identify a number of spectral lines due to singly- 
and doubly-ionized barium and strontium in the wave- 
length range 4300-5600 A. Some lines in the hydro- 
gon spectrum were also observed. It is the purpose of 
this communication to report the observation of some 
relatively intense lines in the wave-length range 
4000-4300 A. 

Commercial 6X5G7’ diodes were used in the 
present work. Light from the central portion of the 
cathode, visible in the gap between the two anodes, 
was focused on the slit of a Hilger constant-devia- 
tion spectrograph. With the cathode heater operated 
at 6-3 V. (cathode temperature about 1,100° K.) 
and zero emission current density a continuous 
spectrum was obtained; if a high emission current 
density (of the order of 0-5 amp. om.~*) was drawn a 
blue-green discharge extended through the tube and a 
line spectrum was found to be superimposed on the 
continuous spectrum. Exposures of about 1 hr. were 
necessary to obtain measurable images on HP3 
plates. Lines of the hydrogen spectrum, although 
present initially, disappeared after a few hours 
operation, probably due to the gettering action of 
the discharge. The following permanent lines were 
observed and identified : 


5586 À., Ba I; 49844., Ba IT; 46074., Br I; 45544., Ba IT; 
4387 4., Cal; 4216 Å., 8r IL; 41311., Ba O; 4078 Å., Sr II. 


Relatively intense lines are underlined. Observation 
of the four lines below 4500 A. has not been reported 
previously. 
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The operation of the diodes at such high current 
densities is not conducive to long cathode life. On 
one occasion the cathode disintegrated with some 
violence during an exposure, and the spectrum was 
found to show, in addition to thp lines given above, 
a band structure attributed to the cathode material 
in molecular form. 

I thank Profs. A. M. Taylor and G. W. Hutchinson 
for the provision of laboratory facilities. 

C. H. B. MaE 

Physical Laboratory, 

University of Southampton. 
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METALLURGY 


Young’s Modulus of Hot-worked Pyrolytic 
Graphite 

In a recent notet, resulte were presented on the 
tensile properties and structural changes for pyrolytic 
graphite hot worked at 2,750° C. and tested over the 
range room temperature to 2,200° C. This communi- 
cation presents hitherto unreported results on the 
room temperature Young’s modulus in the direction 
of the basal planes after various amounts of hot 
working. 

The pyrolytic graphite used was produced by High 
Temperature Materials Inc. from CP methane by 
deposition at 2,110° C. on a synthetic graphite 
substrate. The as-deposited material had a density 
of approximately 2-20 gm./c.c. 

Hot working was accomplished by applying a 
tensile stress to the test specimen so as to deform it 
the desired amount, in the direction of the basal 
planes. For the room temperature tests, the load 
was applied in the direction of the basal planes. Metal 
foil gauges were glued along the edges of the basal 
planes of the specimen gauge section to provide an 
accurate strain determination in the room tempera- 
ture tests. The output from these gauges was linear 
with strain to approximately 1 per cent total strain. 

ineering stress-strain curves for as-deposited 
and hot-worked specimens are given in Fig. 1. The 
as-deposited specimens fractured in the normal 
manner, that is, near the centre of the gauge section. 
The hot-worked specimens, on the other hand, failed 
in the shoulder where the hot working is not so marked 
as in the gauge section. Young’s modulus values 
calculated from the slopes of these curves are given in 
Table 1. 

The modulus for pyrolytic graphite is observed to 
increase markedly with an increase in the amount of 
hot working. The two values for the as-deposited 
material agree quite well with values reported by 
others**. The modulus of 81-2 million lb./in.? after 
16 per cent hot working is comparable with values 
obtained at room temperature and at some elevated 


Table 1. Roouw TSKMPRRATURE Yorne’s MODULUS IR THR BABAL 
PLANE DIRROTION FOR HOT-WORKHD PYROLYTIO GRAPHITE. LOT 170 


Hot-worked elongation 


at 2,750° 0. Young's modulus 
(per cent) db.jin.? x 10*) 
None 23 
None 2°7 
§ 7-5 
7 79 
16 81-2 
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Stross (b./in.* x 10*) 
par 
© 


0 0-2 04 


06} 0-8 
Strain (per cent) 


Fig. vivo graphite, Biren * ae ree for 
grap trees o dires can of the basal o8, 
— train rate ~ 2 x 10- 800.2, Lot 170 


temperatures for testa in this laboratory using less- 
accurate strain-m: ing techniques. Also it is not 
markedly different from 100-145 million Ib./in.?, which 
is the modulus range reported for graphite whiskers in 
the strong direction*. 

This communication presents the results of one 
phase of research carried out at the Jet Propulsion 
Laboratory, California Institute of Technology, under 
contract NASw-68, sponsored by the National 
Aeronautics and Space Administration. 

W. V. KOTLENSRKY 
K. H. Trros, Jon 
H. E. MARTENS 
Jet Propulsion Laboratory, 
California Institute of Technology, 
Pasadena. 
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‘Stover, E. R., General Electric Res. Lab. Rep. No. 61-RI-2745M 
(June 1061). 


* Pappis, J., Raytheon Oo. Res. Div, Tech. Mem, T-216 (March 1960). 
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CHEMISTRY- 


Effect of Electron Transfer on the 
Electron Spin Resonance Spectrum of 
the Fluoranil Semiquinone 


Tae electron spin resonance spectrum of the 
fluoranil semiquinone has been reported by Anderson, 
Frank and Gutowsky'. We bave obtained various 
spectra of this semiquinone in the course of research 
concerning organic oxidation-reduction reactions. 

We have produced the fluoranil semiquinone by 
reducing fluoranil with sodium iodide in 90 per cent 
tetrahydrofuran—10 per cent acetonitrile (reaction 
1). The sodium iodide reduction of tetrahalogenated 
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O O° 
F F F F 
+ [9 — + 214 (1) 
F F 
Ə 


quinones has been known for some time’. We have 
also produced the fluoranil semiquinone by reducing 
fluoranil with N,N-dimethylaniline, in N,N-dimethyl- 
aniline as solvent? (reaction 2). We have investi- 
gated the electron spin resonance absorption by the 
fluoranil semiquinone produced in both these reac- 
tions. 


ee as 
Crystal 
— violet (2) 
cation 


In the work of Anderson, Frank and Gutowsky the 
semiquinone was produced by the air oxidation of the 
fluoranil hydroquinone in ethanolic potassium hydrox- 
ide. 

The fluoranil semiquinone is not stable at room 
temperature when it is produced by reaction (1). 
However, at — 75° C. it is stable enough for its 
electron spin resonance absorption to be investigated. 
The electron spin resonance spectrum observed at 
— 95° C. is illustrated in Fig. 1. The hyperfine 
splitting is about 4 wrsteds. This result agrees with 
the value of 4-14 cersteds obtained by Anderson, 
Frank and Gutowsky. 





Wg. 1. A 
resonance & 
m 80 per cani to 


e structure and asymmetry of electron spin 
tion by about 10~ molar finoranfl samiquinone 
ydrofuran—10 per cent acetonitrile at -- 95°C. 

The magnitude of 1 gauss is indicated 


The structure shown in Fig. I is peculiar. It seems 
unlikely that it results from the superposition of 
semiquinone and atomic iodine electron spin resonance 
spectra for two reasons: a resonance attributable to 
halogen atoms trapped in a crystalline solid has never 
been observed‘, and it is difficult to stabilize iodine 
atoms at these relatively high temperatures’. It is 
evident from the figure that the line-widths of the 
individual components are not equal, and that the 
maximum intensities of the lines are not proportional 
to the degeneracies of the individual levels. This 
behaviour appears to parallel that observed by 
Schreurs and Fraenkel’ for p-benzosemiquinone ion. 


1068 





Fig. 2. The effect of electron transfer on the electron spin regon- 
anode absorption by about 10~ molar fluorani semiquinone in 
90 per mene tetrahydrofur 


g-value of the last absorption w g = 2:0052 + 0-0005. 
magnitude of 1 gauss is indicated 


We note, in addition, that each hyperfine component 
in Fig. 1 is also quite asymmetric. This asymmetry 
may result from the same anisotropic interactions 
treated in ref. 6 when all molecular motion is frozen 
out. As the temperature is raised the asymmetry 
of the individual components decreases, and the 
intensity distribution approaches that predicted for 
an electron interacting equally with four spin 1/2 
nuclei (for example, see the top of Fig. 2). 

We have found that the hyperfine splitting in the 
electron spin resonance spectrum of the fluoranil 
semiquinone could be decreased by producing the 
gemiquinone in the presence of an excess of fluoranil 
(Fig. 2). This kind of narrowing, which is already 
known to occur in other systems’, results from the 
transfer of electrons from fluoranil semiquinone mole- 
cules to neutral fluoranil molecules. The greater the 
concentration of excess fluoranil, the faster the 
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electrons are transferred, and the narrower the overall 
electron spin resonance absorption becomes (Fig. 2). 

To achieve an observable concentration of radicals 
in the reaction of fluoranil with dimethylaniline 
(reaction (2)), we used a high concentration of 
fluoranil. We have examined the electron spin 
resonance absorption by about 104 M fluoranil 
semiquinone in dimethylaniline initially containing 
about 1 M filuoranil. No hyperfine structure was 
resolved; only a single line about five crsteds wide 
was observed. Its shape and width were approxim- 
ately as shown in Fig. 2 (bottom). Presumably the 
unpaired electrons are transferred from, one fluoranil 
molecule to another, as in the above case, and the 
hyperfine splitting of the electron spin resonance 
spectrum is collapsed. A resolved hyperfine splitting 
could not be observed even when the original fluoranil 
was expended because the radical concentration and 
the instrumental sensitivity were too low. 

In contrast to the behaviour we have noted, 
Anderson, Frank and Gutowsky found that the 
fluoranil semiquinone spectrum was not collapsed 
when an excess of the fluoranil hydroquinone was 
present with the semiquinone in ethanolic potassium - 
hydroxide. The characteristics of the spectrum 
which they observed did not change when the hydro- 
quinone concentration was increased from 0:1 M to 
0-2 M. In all probability the hydroquinone and the 
semiquinone are ionized differently, that is, they 
carry a different number of protons, in this ethanolic 
solvent. In our tetrahydrofuran—acetonitrile solvent 
only a simple electron transfer would be involved 
between non-protonated forms. 

The frequency of electron transfer may be estimated 
from the approximate reletion®: W = (8)*x, 
where W is the observed line-width in o.p.s., Sw is 
the total width in o.p.s. of the hyperfine splitting 
observed in dilute solution, and r is the mean time 
which the electrons spend in a given fluorine environ- 
ment. A transfer frequency of ~ 108 sec.-! (+!) was 
calculated by applying this relation to the spectrum 
in Fig. 2 (bottom). 

The width of this exchange narrowed line was not 
determined by T, since the line broadened as the 
temperature was decreased in the range — 150 < 7 
< + 130° C. There was no change in width at the 
freezing point of the solutions (~ 0° C.), nor was 
there any fine structure resolved in the resonance as 
the temperature was reduced through the range 
just given. 

The g-value determined for the fluoranil semi- 
quinone prepared in 90 per cent tetrahydrofuran—10 
per cent acetonitrile in a large excess of flnoranil was 
g = 20052 + 0-0005. The g-value of the semiquinone 
prepared in dimethylaniline was g = 2-0054 + 0-0002. 
Anderson, Frank and Gutowsky reported g = 2-0048 
+ 0:0006, which agrees with our result. 

In a wide variety of solids made up of donor and 
acceptor molecules in special configurations®»®-!! only 
a single electron spin resonance signal has been 
observed. In all these cases, the number of unpaired 
sping is always very much smaller than the number of 
sites, either donors or acceptors, on which they may be 
placed in individual molecular orbitals. It therefore 
seems very likely that an exchange phenomenon such 
as has been demonstrated here may very well account 
for not only the lack of any nuclear hyperfine 
structure in these solid-state electron spin si but 
also the failure to observe signals which might be 
attributed to two different species. A similar uni- 
formity of spin signal is demonstrated by the photo- 
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induced unpaired electrons in photosynthetic sys- 
tems!-15, ` 

This work was sponsored by the U.S. Atomic 
Energy Commission. 


+ J. W. EASTMAN 
G. M. ANDROES 
M. Carvin 
Department of Chemistry 
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Second-Order Hybridization Effects in 
the Proton Magnetic Resonance Spectra 
of the Methyl Tin Chlorides 


RECENTLY, considerable interest has been aroused 
in the observation of }*C-proton coupling constants 
(J ta — in proton magnetic resonance spectra. It was 


shown by Muller and Pritchard! and by Shoolery? 
that this coupling constant changes abruptly with 
changes in the state of hybridization of the carbon 
atom from the pure sp? to the ep state. This change is 
explained as a result of the increasing importance of 
the Fermi contact interaction between s electrons and 
nuclear spins? 4, 

Data derived from observations on the halogen 
substituted methanes show that the proton-¥C 
coupling constant is a linear function of the number 
of halogen substituents and is practically unaffected 
by the electronegativity of the halogen atom?. This 
influence is explained as a result of increasing s 
character of the C—H bond. 

The effecte due to minor changes in the state of 
hybridization of a central atom have been called by 
H. A. Bent‘ “second order hybridization effecte”. 

As a part of some work on the structure of alkyl 
halogen. substituted organometallic compounds of 
type EnMXm I have examined the proton mag- 
netic resonance spectra of the compounds (CH,),8n, 
(CH;),8nCl, (CH;,),8n0l,, CH,SnCl,, dissolved in 10 per 
cent concentration in CDCI, and in deuterium oxide, 
and also of (CH,),SnBr and its pyridine complex. 

The measurement of J 1g 4 in such compounds 


with R = CH, furnishes data on the change of 
hybridization of the carbon atoms. Much more 
interesting, however, should be the observation of the 
coupling constants between the methyl protons and 
the central metal atom, as these would reflect the 
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differences in the state of hybridization of the metal 
atom with progressive halogenation. These coupling 
constants J -c-n should of course be smaller than the 
Jis, ,' Through adequate refinement of the measur- 


ing techniques it has been possible to show the change 
of J y-c-g 1n different surroundings. Even with a low 
H, field the central signal shows well-resolved doublet 
satellites due to Sn—H couplings. Using a special 
combination of the usual audiofrequency sideband 
technique and an internal frequency standard 
formed by a well-known coupling constant value, I 
was able to measure exactly the satellite frequency 
separation due to coupling with the different isotopes 
of tin (tin-117 and tin-119). Some of my results are 
given m Table 1. Chemical shifts were measured 
relative to TMS but are expressed in c.p.s. rather than 
in the + value. All frequency values are exact to the 
nearest 0-1 o.p.s. 


Table 1 
Chemical 
Compound Solvent shift J 13ç-H J 117g) 11 J 118g..--Ff 
(0.p.8.) (0.p.8.}) (6.p.8.) (0. p8.) 
(CHa). S0 ODC 4'2 128 4 52 54:8 
(GH,),SnCl ODEL 86 8 138 58-4 58-6 
D,0 87-2 134 67-7 707 
(CH,),$nC1, cha, 702 187 8 67 69-5 
D,0 84:9 184 1025 1076 
CH,8nCl, obo, 94:5 * 98-4 98-5 
D,0 74 4 = 1225 1275 
(CH,),8nBr CDCL 444 184 56 58 6 
(CH,),$nBrpyr. CDC, 468 184 59-8 82-1 


The observed values for the chemical shift can be 
evidently explained as a function of the screening 
constant of the substituents. 

The general trend in the values of J,,, - shows that 


these values increase with increasing halogen substi- 
tution in tetramethylstannane and the data with 
(CH,),SnBr show that for mono-substituted methyl- 
stannane the nature (or the electronegativity) of the 
halogen atom has no influence. 

When the methyl-chloro-stannanes are dissolved in 
deuterium, oxide there may be formation of ions such 
as (CH;),Snt, (CH;),8n** and (CH,)Sn**+. For these 
ions entirely different hybridizational states must be 
assumed for the tin atom, and indeed for their solu- 
tions very abrupt changes in the Jgn-c-y values are 
observed similar to those observed for J 1357 2 


carbon compounds where the hybridization changes 
from pure sp? to sp? or sp. 

Burke and Lauterbur’, through observation of the 
tin-119 resonances, had already noted that the 
J 1 re values were solvent dependent and stated 


that this could offer a means of showing the existence 
of alkyl-tin-chloride-solvent complexes. An extremely 
strong interaction is at hand in deuterium oxide 
solutions. An extremely weak interaction is observed 
in the (CH,),S5nBr.pyridine complex. Although this 
complex is very stable the change in Jgn-c-y is 
rather small, indicating a very small change in the 
hydridizational state of tin. These preliminary 
results show that even small changes in the hybrid- 
izational state of the metal atom in organometallic 
compounds can be studied by observation of the 
coupling constants between the metal atom and the 
alkyl group protons in the proton magnetic resonance 
spectra. 

A more detailed report will be published elsewherv 
on the data on different organometallic compounds in 
which the central atom as well as the substituents and 
the solvents are varied. Such data are very important 
with regard to the considerable controversy which 
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exists eoncerning the actual bonding in organo- 
metallic compounds. 
G. P. Van DER KEELEN 


Laboratory for General and Inorganic Chemistry, 
University of Ghent. 
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Ultrasonic Hydroxylation in a Fluorescence 
Analysis for Microgram Quantities of 
Benzoic Acid 


ULTRASONIC cavitation is able to bring about a 
variety of chemical reactions, including oxidation, 
reduction, polymerization, and depolymerization (see 
review:). Recent emphasis on the role of hydroxyl 
freo radicals produced by ultrasound from water 
molecules’ suggested the possibility of direct ultra- 
sonic hydroxylation of aromatic molecules. (The 
analogous hydroxylation by means of X-rays has 
been studied by Weiss et al.*). 

A use of ultrasonic hydroxylation is described here. 
It provides a simple new method for the determina- 
tion of benzoate in pure solution, by measurement of 
the fluorescence of the hydroxybenzoates produced. 
This method is sensitive to 1 pgm. of benzoic acid, 
compared with 60 pgm. for either the Nicholls 

~procedure* of hydroxylation by hydrogen peroxide 
followed by colorimetric determination of the sali- 
oylic acid produced, or the Dickens and Pearson 
method’ of nitration, reduction, and diazo coupling. 

The new procedure is as follows. Adjust the solution 
to be not more than 0:00002 M in benzoic acid, and 
make it 0:001 Af in pH 11 Na,HPO,-Na,PO, buffer. 
Trradiate 20-0 ml. in a 32 x 200 mm. ‘Pyrex’ test 
tube for 5-0 min. with ultrasound (about 20-W. power 
inside the vessel, as determined by a calorimetric 
substitution method) using a 400-ke./s. convergent- 
beam Brush hypersonic generator operated at 160 
m.amp. d.o. cathode current. Measure the fluores- 
cence of a sample at 410 my in an Aminco-Bowman 
spectrophotofluorimeter, under excitation at 315 mu. 
Carry a 0-00002 M standard through the procedure 
with each set of unknowns, and compute the unknown 
concentration from the simple ratio of fluorescence 
intensities. It is necessary to follow a standardized 
schedule of operations, and to place the test-tube the 
same way for each irradiation. 

Table 1 shows the resulta obtained (average of 
duplicate runs); the relative error does not exceed 
5 per cent. Interference by equimolar concentrations 
of acetic or succinic acid is negligible. However, 
aromatic acids such as cinnamic or phthalic yield 
interfering fluorescent products. 

Attempts were made to increase the induced fluores- 
cence by adding 0-20 ml. of 3 per cent hydrogen 
peroxide to 20 ml. of solution before irradiation, by 


Table 1 ULTRASORICGO-PLUORBSOHECH ANALYSIS OF BHNZOATH 
SOLUTIONS 
Concentration taken Ooncentration found penay 
(micromolar) (micromolar) (per cent) 
4:0 8-9 07 
60 58 06 
8-0 8-1 101 
10-0 9-5 05 
12-0 11-5 96 
16-0 15°3 pë 
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replacing the dissolved air with oxygen in a closed 
system before irradiation, and by combining both 
procedures, but in each case the result was negative. 
The hydroxylation of benzoate in 0-06 per cent hydro- 
gen. peroxide solution under the action of the ultra- 
violet radiation in the spectrophotofluorimeter, but 
without ultrasound, gave a very slow build-up of the 
characteristic fluorescence, which amounted after 50 
min. to less than half that achieved by 5 min. of 
ultrasound. 

The use of pH 11 buffer gave more intense fluores- 
cence than in either unbuffered solution (pH 6-5) or 
0-001 N sulphuric acid medium. Under my con- 
ditions, slightly more fluorescence was obtained by 
prolonging the ultrasonic treatment to 10 min., but 
15 min. gave a definite decrease, presumably because 
of. partial destruction by the continued action of 
hydroxyl! free radicals. 

Nature of products. Analysis of 0:00002 M benzoate 
after 5 min. of ultrasonic irradiation, by the fluoro- 
metric method of Thommes and Leininger‘, indicated 
conversion into 1 per cent each of salicylate and 
m-hydroxybenzoate. This is consistent (since ø- 
hydroxybenzoate is non-fluorescent) with reported 
results? of the hydroxylation of benzoate by boiling 
hydrogen peroxide for several hours, yielding at first 
a few per cent each of the ortho-, meta-, and para- 
hydroxy derivatives, which then undergo further 
hydroxylation to produce dihydroxybenzoates. 

Ultrasonic treatment of 0-01 M benzoate for the 
extended period of 1 hr. gave fluorescence emission 
and excitation spectra which resembled those of 
gentisic (2,5-dihydroxybenzoic) acid at the same pH. 
Paper chromatography of this solution in 1:1 
ethanol-water gave four fluorescent spots, of which 
the brightest by far corresponded to gentisic acid. 
Two other spots, which were due to m-hydroxybenzoic 
and protocatechuic (3,4-dihydroxybenzoic) acida, 
were observed even more distinctly by their phos- 
phorescence at -— 195° by pouring liquid nitrogen 
directly on the paper. A salicylic acid spot was not 
detected with certainty, although a ‘known’ spot 
containing I pgm. in 0-10 ml. showed up clearly 
under the same conditions, possibly because salicylate 
itself was found to be converted fairly rapidly by 
ultrasound into gentisate and other products. 

Spectrophotometric examination of the irradiated 
0-01 M benzoate for the presence of phenolic byd- 
roxyls was conducted with the aid of the Ac-method!, 
in which the spectrum in 2 M sodium hydroxide was 
determined against a blank of the same solution at 
pH 4:4. A strong peak in the 320-330 mp region was 
found in the irradiated solution, but not in the 
untreated benzoate. This was very close to the peaks 
found by the same technique in m-hydroxybenzoate, 
gentisate, and protocatechuate (all of which have an 
OH meta to a COOH group), but distinct from the 
salicylate peak near 300 mu. j 

Acknowledgment is made of the helpful suggestions 
of Dr. Robert L. Bowman. 

ALFRED WEISSLER 

Laboratory of Technical Development, 

National Heart Institute, 

Bethesda 14, Maryland. 
1 Welsslar, À., J. Acoust. Soc. Amer., 25, 651 (1958). 
*Welsler, A., J. Amer. Chem. Soe., 81, 1077 (1950). 
* Loebl, H., Stein, G., and Weiss, J., J. Chem. Soo., 405 (1951). 
‘Nicholls, J. R., Analyst, 53, 19 (1928). 
* Dickens, F., and Pearson, J., Biochem. J., 48, 216 (1951). 
Thommes, G. A., and Leininger, H., Anal. Chem., 30, 1861 (1958). 
* Dakin, H. D., and Herter, W D., J. Biol. Chem., 3, 419 (1907). 
a Aulin-Erdtman, G., Chem. and Indust., 581 (1055). 


No 4820 


March 17, 1962 


Effect of Raney Nickel on A/B Ring 
Fusion of Steroids 


Kleiderer and Kornfeld! converted cholesterol, a 
3-hydroxy-A*-steroid, into A‘-cholestenone by heat- 
ing cholesterol in toluene solution with Raney nickel 
in presence of cyclohexanone as hydrogen acceptor. 
Later, Romo’ described the formation of 3-keto- A*t- 
steroids from the 3-hydroxy- A‘-steroids by the action 
of the same catalyst in presence of acetone or methy] 
ethyl ketone as hydrogen acceptor. 

Chakravarti and Robinson? reported the conversion 
of strychnine into neostrychnine in presence of 
Raney nickel in boiling xylene solution. This iso- 
merization may be regarded as a dehydrogenation 
cum hydrogenation reaction. Proceeding similarly, 
in the present case, diosgenin was heated under reflux 
in xylene solution in presence of Raney nickel, but 
no appreciable change could be noticed. On repeat- 
ing the experiment at a higher temperature, using 
a high-boiling solvent like p-cymene in place of xylene, 
diosgenin was found to be converted mostly into 
A*-dehydrotigogenone, C,,H,,0;, m.p. 186- 1860, 
[a], nil (CHCI,), a, 243 mu (log e 4:28), oxime 
m.p. 224° (decomp.), semicarbazone m.p. 247° (de- 
comp.). When excesg of Raney nickel was used in 
the above reaction, the major product was, however, 
found to be tigogenone, ©0,,H,,0,, m.p. 205-206°, 
[a], —54° (CHCI,), oxime m.p. 254-266° (decomp.), 
semicarbazone m.p. 263° (decomp.). Similarly, 
cholesterol was converted into A‘-cholestenone in 
presence of the catalyst in boiling p-cymene solution. 
In presence of excess of the catalyst, the product 
obtained was cholestanone. Extending this reaction 
to other steroids, it was found that hecogenin gave 
hecogenone, stigmastero] gave A**-dehydrositostanone 
and f-sitosterol gave sitostanone. It is significant 
that in these transformations of the 3-hydroxy 
steroids into the 8-keto steroids, unlike those 
carried out by Kleiderer and Kornfeld’, and Romo’, 
no hydrogen acceptor like cyclohexanone or methyl 
ethyl ketone was used. 

All the compounds mentioned above have trans 
configuration with regard to the A/B ring fusion. 
An interesting fact was observed when the reaction 
was applied to steroids having A/B-cts configuration. 
Tn all such cases the corresponding trans compounds 
were obtained, indicating the stereo-specificity of the 
effect of Raney nickel on the A/B ring fusion. Thus 
both smilagenone and epi-smilagenin‘ under the above 
conditions gave tigogenone, sarsasapogenin gave neo- 
tigogenone and coprostanone gave cholestanone. 

The work was financed by the Council of Scientific 
and Industrial Research, New Delhi. Thanks are 
due to Prof. L. F. Fieser, Converse Memorial Lab- 
oratory, Harvard University, and Prof. C. Djerassi, 
Wayne State University, for specimens of sarsasapo- 
genin and tigogenin respectively. 
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Elution Sequence as a Function of 
Temperature in Gas Chromatography 


Tam main hydrocarbons present in the essential oil 
of hop (Humulus lupulus L. var. Fuggles) are myrcene, 
farnesene, caryophyllene and humulene! (Fig. 1). In 
an attempt to find the best conditions for quantitative 
assay of these substances, hop oil hydrocarbon frac- 
tion was examined by gas chromatography over a 
range of column temperatures. It was noticed that 
when the temperature of analysis was decreased from 
160° O. to 125° C., the separation of caryophyllene 
and farnesene, incomplete at 150° C., became non- 
existent at 125° C. However, when the analysis was 
carried out at 175° O. complete separation was 
achieved. This is the converse of the expected 
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Fig. 1. Gas chromatogram of hydrocarbon fraction of essential 
oil of hops, 150° O. ‘Apiezon L’ 10 per cent on ‘Celite’. 50 mL/ 
min, argon flow-rate 
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. 2. Onanga im relative retention times for farnesene 
(C), and caryophylisne, (O), on ‘Apiezon L’. Humulene= 1-04 
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behaviour of compounds in gas chromatography. The 
analysis was then carried out at intervals over the 
range 100°—200° C., and the retention volumes of the 
constituents determined. 

At temperatures less than 125° C. the elution 
sequence was found to be 1 myrcene, 2 caryophyllene, 
3 farnesene, 4 humulene; but above this temperature 
the sequence is 1 myrcene, 2 farnesene, 3 caryophy!l- 
lene, 4 humulene. At 125° C. no separation of farn- 
esene and caryophylliene is obtained. The change in 
retention volume relative to humulene for these two 
-compounds is shown in Fig. 2. As can be seen, caryo- 
phyllene behaves normally ın moving closer to humu- 
lene with increasing temperature, while farnesene 
moves farther away. 

This effect must be due to a higher gradient on the 
vapour pressure/temperature curve for farnesene 
than on the equivalent curves for the two cyclic 
hydrocarbons. If this is the case, this type of behav- 
iour may be of frequent occurrence in gas chroma- 
tography. 

J. B. ROBERTS 


Department of Hop Research, 
Wye College (University of London), 
Nr. Ashford, Kent. 


1 Howard, Q. A., and Blater, C. A., Chem, and Indust., 495 (1957) 


Coding of Open-ended Carbon Chains 


For any given open-ended carbon net the problem 
is to determine a number or code which 18 specific to 
this net and which permits its identification by a one- 
dimensional search in a sufficiently extensive cate- 
logue of nets. 

A. method of coding nearly satisfying these require- 
ments is suggested here. 

Let the ‘distance’ between two carbon atoms of a 
net be one plus the number of intervening atoms when 
proceeding along the net from one atom to the other. 
Thus there will be a distance 1 between adjacent 
atoms, 2 between alternate atoms, etc. Let n, 
denote the number of pairs of adjacent atoms, n, the 
number of pairs of alternate atoms, and generally let 
nı denote the number of pairs of atoms at a distance i. 

Consider now the number (n,, ny, ..... ns), 
ns + 0, n = 0 when i> a, and examine its suit- 
ability as a code for an open-ended carbon atom net 
with n atoms. It will be noted at once that we have: 

n(n—1) 
a 


and n, = n-1 


and since the number n, is univocally determined by 
all others, it may be ignored. Furthermore, it has been 
established by inspection that n, is fully determined 
by the other n,’s, provided the convention is adopted 
to eluminate from the classification all nets of less than 
four atoms and the branched four-atom net, so that 
` n, may be ignored also. With these conventions 
(1) denotes a four-atom unbranched chain, (2, 1) a 
five-atom unbranched chain, (2) a five-atom branched 
chain, (0) a five atom net in which a central atom is 
linked to the other four, ete. 

This method of coding appears satisfactory for 
the following reason. 

When the question is asked whether two different 
open-ended nets can correspond to the same code, a 
search extended up to neta of 10 carbon atoms has 
revealed only a single family of paired nets in which 
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this occurs, namely, the family the first pair of which 
18 the two nine-atom nets: 
© 


c—o—c>-c-—C—C and o—c_o_t-o-¢ 
b é 7 
( 


both of which have ten pairs of atoms with the dis- 
tance 3, six pairs with the distance 4 and two pairs 
with the distance 5, and are therefore represented by 
the common code (10, 6, 2). The other members of 
the family are obtained by replacing each single 
link — by the straight chan —C—C...C— of k 
atoms in the two C, neta shown above so as to obtain 
two Oꝓ nets. 

Since there is no occurrence of ambiguity for ten- 
atom nets, the last case searched, and sincé the 
number of nets approximately doubles whenever an 
atom is added, while the number of available codes 
increases more rapidly, ıt is believed that very few 
cases of ambiguity will be encountered in addition 
to the family just stated. 

A similar code may be defined to denote nearly 
unambiguously within any given open-ended net the 
location of any carbon atom to which a special radical 
may be appended. This location code consists of the 
successive numbers of carbon atoms which are at 
distance 1, 2, eto., of the location considered, and here 
again a limited search has revealed a single family of 
nets in which there is ambiguity, namely, the family 
the firat member of which is the net: 


C 


| 
O* 


o o=0r0- 6 — 


in which the two asterisked carbon atoms have both 
the location code (2, 2, 2, 2, 1). The other nets of the 
family are formed by lengthening by 2k atoms the 
three branches of the net written above while moving 
the asterisked atoms a distance k away from centre, 
and the location code of both atoms consists of 
3k + 4 2’s followed by al. 

If several radicals are added, the codes for the 
location of each radical should include the distance 
of every other radical in order to remove any ambi- 
guity in the relative location of the radicals which 
might otherwise arise from the molecule symmetry. 

MAREL J. E. Gouay 
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Technische Hogeschool, 
Eindhoven. 


Acenaphthene Derivatives and c-Mitosis 


Tux effect of acenaphthene (I, R = H) on plant 
cells, producing mitotic abnormalities, has been 
known for many years!?. It appears to have an 
effect similar to that of colchicine, but very 
low concentrations of material. Introduction of 
substituents into the acenaphthene nucleus may 
modify the activity. Sehmuck et al.* found that 
compounds such as 5-bromoacenaphthene (I, R = Br) 
and 5-chloroasenaphthene (I, R = Cl) were also 
active, but when the substituent was a hydrophilic 
group, as in 6-carboxy acenaphthene (I, R = COOH), 
the antimitotic activity disappeared. Similar obser- 
vations were made when bridge-substituted acenaph- 
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thenes were studied; 1:2 dihydroxyacenaphthene 
(IL), for example, is inactive. 

It would seem reasonable to suppose that c-mitotic 
activity in this type of compound requires the 
attachment of the acenaphthene derivative to some 
protein-like substrate at both the ‘bridge’ and the 
5-6-positions of the nucleus. Substitution by hydro- 
philic groups could cause the molecule to lift away 
from the substrate at either of these points, with loss 
of activity. Working on this assumption, we have 
synthesized alcohols ‘containing a 5-acenaphthyl 
group, and have tested their c-mitotic activity against 
onion root-tips (Feulgen steining). 5-acenaphthyl 
carbinol (I, R = CH,OH) was inactive, the alcohol 
group being coplanar with the acenaphthene nucleus. 
No activity was observed with 2-(5-acenaphthyl) 
ethanol (I, R = CH,CH,O8) but with the correspond- 
ing acenaphthylpropano]l (I, & = CH,CH,CH,OH) 
and acenaphthyl butanol (I, R = CH,CH,CH,CH,OH) 
c-mitotie activity was once more observed. This took 
the typical forms of ‘clumped’ chromosomes, over- 
contraction of chromosomes and ‘stickiness’ of 
chromosomes. In such compounds the activity may 
depend on the ability of the side-chain to ‘bend’ 
away from the substrate so that the hydrophilic 
group is able to enter more effectively the surrounding 
aqueous phase, and the hydrocarbon nuoleus can 
remain attached as though it were unsubstituted. 
Free rotation about the C—C bonds of the side-chain 
would just make this possible in 5-acenaphthyl 
ethanol, but the distance of the hydroxyl] group from 
the nucleus is presumably too small to permit the 
required orientation. 

Previous workers have pointed out the inhibition 
of root growth by naphthalene and acenaphthene and 
their derivatives, and we have found thet both the 
active alcohols referred to above are exceedingly 
potent growth-inhibitors, much more effective than 
acenaphthene in this respect. 


J. G. CLARKE 
Chemistry Department, 
University of Otago, 
Dunedin, New Zealand. 
W. G. H. EDWARDS 
Chemistry Department, 
Royal University of Malta, 
Malta. 
1 Bohmuck, A., C.R, Acad, Sei., U-S.S.R., 19, 189 (1988). 
t Navashin, M., O.R. Acad. Sei., U.S.S.R., 10, 198 (1988). 
* Schmuck, A., and Guseva, O.R. Acad. Sot., U.S.8.R., 22, 441 (1989). 


Qualitative Analysis of Hydrocarbons 
by Pyrolysis and Gas Chromatography 


À RECENT paper by Dhont! has described the 
application of pyrolysis to the detection of benzene 
rings in organic compounds, the pyrolysis products 
being analysed by gas chromatography. He suggests 
that the technique may be generally useful for identi- 
fication of small amounts of material, for example, 
those separated by gas chromatographic columns. 


NATURE 


1073 


In work to be published later, the pyrolysis products 
of a variety of hydrocarbons have been examined by 
gas chromatography. In all cases so far examined, 
it has been found that a simple relation exists between 
the starting material and the products and this 
allows the former to be characterized. For example, 
it is possible to differentiate between isomeric 

. In Table 1, the principal pyrolytic products 
of 2,2- and 2,3-dimethylbutane (DMB) are listed, 
together with the approximate amounts formed: 
Pyrolysis was performed in an unpacked quartz tube 
at 500° C. upstream from a squalane on firebrick 
column and hydrogen flame ionization detector. 


Table 1. PRINCIPAL PYROLYTIO PRODUCTS OF 2,2- AMD 2,3-Dr1- 
HETHYLBUTANH 
Product Approximate weight (per oent) 
E 2-DMB De bus 
Propylene 1 10 
Butene-1/fsobutens 10 8 
$-Methyl] bntene-1 nil 0-5 
2-Methy! batene-1 3 trace 
2-Methy! butene-2 11 16 


Cearbon—carbon bond fissions of these two molecules 
would be expected to lead to the products shown as 
follows : 


Bond breaking Expected product 


© 
| 2 1 
1 4 6 
2 2-methyl butene-1 and 
2-methyl butene-2 
8 8 
4 ethylene and Iso-butene 
2,2-dimethylbutane 5 rearrangement 
© 1 
2 2 
1 8 5 3-methyl butene-1 and 
4 2-methy] butene-2 
| 5 
2,8-dimothyIbutane 3 propylene 


Table 1 shows that the expected products do in 
fact occur and enable a distinction to be drawn 
between the isomers. Other similar relationships have 
been found, and it is believed that the basis of a 
scheme of qualitative analysis exists which will be of 
especial value in the field of hydrocarbon identifica- 
tions above Oro- Distinctions are also to be found 
between paraffins and naphthenes which may be 
exploited to get hitherto unobtainable information on 
the composition of saturate hydrocarbon fractions, 

A. vital distinction between this work and that“of 
Dhont is that no packing is used in the reactor. 
Catalytic effects are thus excluded whereas with & 
packing like ‘Chromosorb’ the deposition of cracked 
or polymerized material on the surface could well 
change ita properties, leading to wunrepeatable 
pyrolysis patterns unless the packing was replaced 
after every analysis. 

A. I. M. KEULEMANS 

Technische Hogeschool, 

Eindhoven. 


8. G. Parry 


Esso Research Ltd., 
Abingdon, 
Berkshire. 
1 Dhont, J. H., Nature, 198, 747 (1961). 
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Effect of Adrenaline, Corticotropin, 
Fasting, and Diabetes on the Composition 
of the Long-Chain Fatty Acids of Rat 
Epididymal Fat 


THE increased liberation of free fatty acids by rat 
adipose tissue in nse to adrenaline and cortico- 
tropin is well known!~. In the present work the 
composition of the free and glyceride long-chain fatty 
acids was measured afler exposure of fat to either of 
these hormones and after incubation of fat homo- 
genates. Results were also obtained on the effect 
of fasting and diabetes on the composition of glyceride 
acids in fat. 

Male Wistar rata (150-190 gm.) maintained on 
‘Purina Lab Chow’ were used throughout. In experi- 
ments with adrenaline and corticotropm, multiple 
pieces of epididymal fat were incubated in air for 
3 hr. at 37°C. in a Dubnoff shaker. The medium 
(pH 17-4) consisted of Krebs-Ringer phosphate 
buffer, 5 per cent human albumin and 100 ugm. of 
the hormone under study in a total volume of 1-1 mal. 
The albumin was pretreated to remove bound fatty 
acid‘, The tissues and media were then extracted 
and titrated by the method of Dole", following which 
the heptane phases were pooled. In the homo- 
genate investigation approximately 700 mgm. of rat 
epididymal fat was ground in phosphate buffer and 
albumin (pH. 7-0) and then incubated, extracted and 
titrated as previously described. 

In the in vivo studies, about 50 mgm. of epididymal 
fat was removed from each of one group of rata 
before and following a 72-hr. fast, from a second 
group following a 112~120-hr. fast and from a third 
group two weeks following induction of alloxan 
diabetes. Only rata the blood sugar values of which 
exceeded 350 mgm. per cent were included in the 
last group. The tissues were extracted and titrated 
as before. 

Separation of glyceride from free acids was accom- 
plished by extraction of the free acids from the 
heptane phase into 60 per cent ethanol by gentle 
stirring in the cold. Following removal of the 
heptane the ethanol phase was washed with petroleum 
ether, and the latter was taken off and pooled with 
the heptane. An aliquot of the heptane—petroleum 
ether mixture was used for analysis of glyceride acids. 
To remove last traces of glyceride from the free 
acids the ethanol fraction was continuously extracted 
with petroleum ether for 4 hr. When mono-olein 
was dissolved in heptane and carried through the 
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entire procedure less than 1 per cent was recovered 
in the ethanol phase. 

The acids were converted to their methyl esters 
by the method of Stoffel eż al.* and then separated 
at 210° C. on a column with diethylene glycol succin- 
ate polyester as stationary phase in a Perkin Elmer 
gas chromatograph with a thermistor detector. Peak 
areas were estimated by triangulation and expressed 
as mol, per cent. The acids are designated in the 
tables by the method suggested by Dole’ and minor 
components have been omitted. 

The free acids produced on exposure of rat adipose 
tissue to adrenaline and corticotropin were com- 
posed of the same six major fractions which were 
present in the glyceride acids (Table 1). In addition 
small amounts of decanoic, lauric and linolenic acids 
were found in both fractions. Consistently the free 
acids contained higher concentrations of palmitic and 
palmitoleio acids and lower concentrations of oleic 
and linoleic acids than were found in the glyceride 
fraction. 

As the in vitro effects of corticotropin and adrenaline 
on free fatty acid production in rat adipose tissue 
have recently been attributed to augmentation of 
lipase activity in the tigsue**, it was considered of 
interest to examine the composition of the free acids 
produced by’ unstimulated lipase action during in- 
cubation of fat tissue homogenates. The results of 
this work (Table 1) show a trend comparable with 
that obtained when intact tissues were exposed to 
corticotropin and adrenaline. 

Fasting of rate resulted in @ progressive fall in the 
concentrations of palmitic and palmitoleic acids and 
a rise in those of stearic, oleic and linoleic acids in 
the glyceride fraction of rat adipose tissue (Table 2). 
The changes noted in the diabetic group appeared 
to be an accentuation of the changes produced by 
fasting and corresponded to the smaller amount of 
visible fat present compared with rats fasted for 
44-5-days. A similar response to fasting was evident 
in some of the experiments reported by Longenecker’. 

Glucose and insulin inhibit free fatty acid pro- 
duction in adipose tissue by enhancing esterification 
of fatty acids in this tissue’*™, It is thus likely that 
the free fatty release associated with fasting or 
diabetes is secondary to relatively unopposed lipase 
action in fat tissue, a process that is basically similar 
to that responsible for the adipokimetic effecta of 
adrenaline and corticotropin. The results of this work 
are consonant with this view; palmitic and palm- 
itoleic acids appeared in relatively greater concen- 
trations in the free acid fraction following adrenaline 
and corticotropin stimulation and in progressively 
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Table 2 
G.A. Fed (5)* 72-hr. fast (6) 112-120-hr, fast (6) Diabetic (5) 
14:0 28+O01f 27 +01 26 + OL 1140-2 
16:0 82-0406 28-608 289*06 20:9 +07 
16:1 1Ł56Ł04 88407 4£90+04 20408 
18:0 S74+02 4-5et 0-3 68t04 %0 t09 
18:1 803 86-2 +06 88°6 + 0-7 86-4+06 
18:2 17-2407 192407 23 TLL 80:1 +08 
* No. of animals in each group. The same animals were used as 


donors of the fed and the specimens fasted for 72 br. 
t Mean of group and standard error. 
Statistical analysis: Fed vs. 72-br. ae 0, — a 18 : 1,18: 2, 


16: Í- P < ool. 


Fed vs. diabetic sal: 0 — P < 0-001, 


smaller amounts in the glyceride fraction of tissue 
from fasted animals. It is possible that factors such 
as specificity of fatty acid distribution in the tri- 
glyceride molecule and specificity of the tissue lipase 
for certain ester linkages may be important. in 
determining the composition of the fatty acids that 
are mobilized. The changes in the composition of 
fat tissue with fasting and induction of diabetes 
cannot be attributed solely to the effects of prolonged 
fat mobilization. Factors such as alterations in fatty 
acid synthesis and oxidation undoubtedly con- 
tributed to the effecta noted. 

This work was supported by grant H-5282 from 
the National Institutes of Health, Bethesda, Mary- 
land, and grant MA-872 from the National Research 
Council, Ottawa, Canada. 


O. H. HOLLENBERG 
D. E. DovaLas 


McGill University Medical Clinic and 
Department of Metabolism and Toxicology, 
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Effect of Adenosine-3',5'-phosphate on 
Corticosteroid Production in vitro by 
Slices of the Adrenal Cortex of Human 
Beings 

Tus cyclic nucleotide, adenosine-3’,5’-phosphate 
(3’,5’- AMP), found in animal tissues!*, hes been 
shown to increase in concentration in slices from the 
adrenal cortex of the ox when these are incubated in 
the presence of corticotrophin (ACTH)’. Sectioned 
rat adrenal glands respond to AOTH in vitro with 
an increased output of corticosteroid‘~’, and addition 
of 3’,5’-AMP elicits a response in corticosteroid pro- 
duction under these conditions equal to or greater 
than that produced by ACTH". 

In contrast with the adrenal cortex of a number 
of species, that of man contains large lipid laden 
‘clear’ cells in the fascicular zone and smaller ‘com- 
pact’ cells in the reticular zone’. It has recently 
been shown that slices of such adrenocortical tissue, 
containing predominantly ‘clear’ cells, respond to 
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ACTH in vitro with an increased output of cortisol 
and corticosterone, whereas slices of ‘compact’ cell 
tissue do not respond in this way’. It was of inter- 
eat to compare the effects of 3’,5’-AMP and ACTH 
added in vitro to these different tissue slices. 

The slices, about 50 mgm. in weight and 0-4 mm. 
thick, were cut, on a small Stadie—Riggs microtome!, 
from the cortex of adrenal glands removed surgically 
from women with breast carcinoma. Yellow ‘clear’ 
cell tissue was readily distinguished by eye from, 
brown ‘compact’ cell tissue. By selection of slices 
from outer fascicular (‘clear’ cells) and inner reticular 
(‘compact’ cells) zones, mixtures of tissues were 
avoided as far as possible. The separation was further 
checked by histological examination of small pieces 
of tissie removed from the slices. Slices were in- 
cubated separately at 37° in 1-5-ml. Krebs-Ringer 
bicarbonate with glucose medium, gaseed with 95 per 


‘cent oxygen, 5 per cent carbon dioxide!*. After 1 hr. 


the medium was changed and incubation continued 
for 2 hr., followed by a further change to fresh medium 
containing 10 mu. ACTH, or 10 pmoles 3’,5’-AMP, 
or both, and further 2 hr. incubation. The ACTH 
was & lyophilized preparation of ACTH-A,’’, assay- 
ing’ 10 1.u./mgm. provided by Organon Laboratories, 
Ltd. The 3’,5’-AMP was purchased from Schwartz 
BioResearch, Inc. Media, from the second- and 
third-incubation periods, were extracted with methyl- 
ene chloride and optical densities of extracts measured 
at 240 my. Optical densities were corrected by 
Allen’s method* and converted to ugm. apparent 
corticosteroid by reference to a calibration curve 
prepared with cortisol. Further evidence for the 
presence and quantity of corticosteroids in the ex- 
tracts was obtained by paper chromatography and 
blue tetrazolium colour reaction! }7, 

A typical result is shown in Fig. 1. Addition of 
3’,5’-AMP is as effective as ACTH in stimulating 
corticosteroid production in vitro. The maximum 
response in our experiments was obtained with 
0-10 mu. ACTH. The use of 10 mv. ensures full stimu- 
lation of the adrenocortical slices. The addition of 
10 umoles of 3’,5’-AMP in our experiments had the 
same effect as maximum stimulation with ACTH. 
Haynes et al.* found that this concentration of 3’,5’- 


8 


8 


8 





ugm. apparent cortloosteroid/100 mgm. tissue/2 hr. 
S 


Compact cell-zone 
slices 


Fig. 1. Effect of — and 8’,5’-AMP on slices of human adreno- 
cortical tissue. The figures in parenthesis Indicate the number 
of inoubations under each oh wet of conditions. White, no additlon: 


ACTH; 3’,6’- AMP 
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Fig. 2 Bffect of adding ACTH and 8’,5’-AMP together to slices 
of ‘homan nocortical theue. The figures m parenthesis 
indjoate the number of incubations under each set of conditions. 
Adrenal d uxed hero was removed at a different operation 
from that used for results in Fug. 1. White, no addition; 


AOTH: 8’,6’- AMP; ACTH + 3’,5’-AMP 


AMP produced an effect on the steroid production 
by rat adrenal sections well in excess of that which 
could be obtained with ACTH. Furthermore, 
addition of 3’,5’-AMP to rat adrenal sections already 
fully stimulated by ACTH caused an additional pro- 
duction of corticosteroid’, but this effect is not 
observed with human adrenal cortex (Fig. 2). 

These results indicate that in man 3’,5’-AMP can 
simulate the action of ACTH in causing increased 
corticosteroid production in vitro from the clear cell 
(fascicular), but not from the compact cell (reticular) 
zone of the adrenal cortex. Clear and compact cells 
as found in the adrenal cortex in man are not seen 
in the rat, and possible differences in function of the 
fascicular and reticular zones in the rat have not 
been investigated. In general, the fascicular zone in 
man responds. in vitro to 3’,5’-AMP, as does the un- 
fractionated adrenal cortex of the rat. The apparent 
species differences in adrenal response to 3’,5’-AMP 
remain to be investigated. 

The expenses of this investigation were defrayed 
in part by a grant from the Scottish Hospital 
Endowments Research Trust. 

G. P. BTUDZINSKI 

University Department of Pathology, 

J. K. GRANT 

University Department of Steroid Biochemistry, 
Royal Infirmary, 
Glasgow, C.4. 
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Factors affecting Proteolytic Activity 
of Extracts from Norma! and Tumour 
Tissues of Tobacco 


A sHerms of experiments «vere undertaken to 
establish the optimal conditions for extraction of 
soluble fractions containing proteolytic enzymes from 
normal and tumour (crown-gall) tissues of Nicotiana 
tabacum var. Wisconsin, and for assaying the proteo- 
lytic activity of these crude stem extracts. It was 
hoped that the results attained would expedite the 
selection of a single set of conditions for future 
extractions of crude plant material for the purpose of 
purifying the proteolytic principle. 

The methods used in the present work are basically 
similar to those described in a previous investigation}. 
The substrate (urea-denatured bovine serum albumin, 
fraction V) used in the assay, which in the previous 
work had been denatured according to the method of 
Anson’, was modified to the extent that the 22 per 
cent solution of the albumin was denatured with one- 
half the recommended? quantities of urea and one- 
half the molar strengths of sodium hydroxide and 
potassium dihydrogen phosphate. The modified 
substrate solution was clearer, gave less precipitation 
in the presence of the buffér salts, and resulted in 
an increased sensitivity to hydrolytic cleavage 
measured by the Lowry? method, i 

In order to ascertain the optimal concentration of 
potassium chloride in a buffer solution which is used 
for extracting the proteolytio principle from stem 
tissues, it was thought advisable to establish first the 
molarity of the potassium chloride in the digestion- 
reaction mixture which would afford optimal proteo- 
lytic activity. To this end, water (de-ionized) extracts 
of normal and tumour stem tissues were incorporated 
in a series of digestion-reaction mixtures containing 
substrate, 0-05 M sodium acetate, and 0-0, 0-2, 0-4, 0-8, 
1-2, 1-6 or 2:0 M potassium chloride. The complete 
mixture was incubated at 35° C, for 18 hr. at pH 4-5. 
The resulta indicated that the greatest proteolytic 
activity for both normal and tumour tissue extracts 
was effected with 0-2 M potassium chloride. With this 
molarity as a constant, in a series of digestion- 
reaction flasks contaming tissue material extracted 
with buffer solutions of different potassium chloride 
strengths, it was observed that tissues extracted with 
a 1-6 M potassium chloride—0-1 M sodium acetate 
buffer solution gave highest proteolytic activity. The 
results are presented in Table 1. 


Table 1. OOMPARIBON OF MOLARTITY OF POTABSIOM CHLORIDE Ik 
EXTRACTING BUFFER SOLUTIONS AND PROTEOLYTIC AOTIVITY OF 
Crups STExk OTS FROM N tabacum VAR. WISCONSIN 
AT pH 45 
Molarity (Af) of potasalum chloride O.D. 750 mut 
in the extraction buffer solntion* Normal tissuet Tumour tlesue$ 
00 OO1 O14 
0-2 0 02 O25 
Q4 0-08 O85 
0:6 0:04 0:39 
0-8 0-04 041. 
1-2 0:05 044 
16 0-05 0-46 


* Contains 0-1 M sodium acetate in addition to the different concen- 
trations of potassium chloride. The final concentrations of potassium 
chloride and sodium acetate In the digestion-reaction mixture are 
0-2 Af and 0-05 M, respectively. 


t Optical density readings based on aliquots from an 18-hr. digestion 
at 35°C. Lowry determination employed (ref. 8). 


t Tissues inoculated with attenuated strain IIBNV6 of A. lume- 


Saciens. 


$ A composite of extracts from tissues Inoculated with A. tumefaciens, 
strains Bő and 11156 (A.T.0.C.). 

Examinations of the reaction mixtures at termination of digestion 
penod detected no bacterial contamination. Controls on spontaneous 
orao of substrate and tissue extracts indicated very low levels 
hydrolysis (optical density readings of 0-00-0:01), 
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Tablo 2. EFYECT OF ACTIVATORS ON THE PROTWOLYTIO AOTIVITY OF 
CRUDE STHM EXTRACTS FROM N 


Ntcotiana tabacum VAR. WISCONSIN 
AT pH 4-5 
Activator Mo O.D. 750 my -> 
employed Normal tissue+ Tumour tissue t 
— -à 0-10 0-48 
AMS * 1 x 10 0-15 0-50 
1x 104 0°12 0-45 
GSH 1 x 10° 0-19 058 
1 x 104 0-17 0-60 
Cysteine hydrochloride 1x 10-* O24 0-69 
1 =x 10-4 0-18 0-58 
BAL 1 x 10° ` 0-00 0-20 
1 x 107 Oil 42 
FD 1 x 10 0°00 0-20 
1 x 10⁄4 0 08 0-49 


* AMS, Acotylmercaptoanccinic ——— GSH, reduced pluta- 
thione; BAL, dimereaptopropanol; FD, formamidine phide 
hydrochloride, 

+ Tissues oxtracted with buffer solutions cont 1:6 Af 
potassium chlonde and 01M sodium acetate at pH 4-5. inal 


concentrations of potassium ohloride and sodium acetate in the 
digestion-reaction mixture were 2 M and 0:05 M, respectively. 


The necessity then arose for determining whether a 
molarity of potassium chloride greater than 1-6 in the 
extracting buffer solution would result in enhanced 
proteolytic activity of tumour tissue, and whether the 
molarity of potassium chloride in the digestion- 
reaction mixture was optimal at 0-2 M when tissue 
extracta were made with buffers rather than with 
water. The resulta indicated that of the molarities of 
potassium chloride tested (0-8, 1-6, and 2-4 M), the 
extraction and digestion solutions giving greatest 
proteolytic responses with tumour tissues were at 
1-6 M and 0-2 M respectively. The superiority of the 
1-6 M potassium chloride extraction solution was 
particularly pronounced when comparisons were 
made with digestion-reaction mixtures containing 0-5 
M and 0-8 M potassium chloride. 

Preliminary work previously reported! noted that 
“the best pH range for proteolytic activity of the 
crude extracts lies at approximately 4:6”. Experi- 
ments with tissues extracted and assayed at the same 
pH-levels indicated that the highest proteolytic 
activity was furnished by crude stem tumour material 
extracted and assayed at pH 4-5 (O.D. ing of 
0-43), as contrasted to extracts at pH 3-5 (O.D. of 
0-36), pH 5-5 (O.D. of 0-25), and extracts at the other 
pH ranges (2-5, 6-5, and 7:5), which yielded O.D. 
values of leas than 0-05. The extracting buffer 
solutions consisted of a 0:1 M glycine~-1-6 Af potas- 
sium chloride for pH 2-5, a 0-1 tris (hydroxymethyl) 
aminomethane-maleate-1-6 M potassium chloride 
for pH 6-5 and 7-5 (a 1~10,000 merthiolate solution 
was used in these digestion reactions to prevent 
hacterial contamination), and a 0-1 M sodium acetate 
~1-6 M potassium chloride for pH 3-5, 4-5, and 5-5. 
All digestions were at 0-2 M potassium chloride. 

The role of 8H-activators was examined in light of 
the findings concerning optimal conditions for extrac- 
tion and assay. The resulta given in Table 2 indicate 
that the proteolytic activity of crude stem extract 
material can be enhanced in the presence of certain 
SH-activators. In the previous study’ BAL (2,3 
dimercaptopropanol at 0-04 M) was noted as decreas- 
ing the proteolytic activity of extract material from 
several plants. This finding was substantiated in the 
present experiments even when BAL was used 
at the reduced concentration of 0-02 M. It was also 
previously noted! that cysteine-hydrochloride caused 
a decrease in proteolytic activity. Unfortunately, the 
casual manner of stating this observation did not 
allow for the fact that the result was based on a 
concentration of 0-08 M cysteine hydrochloride acting 
in @ digestion-reaction mixture containing extract 
material from stem tisue of Helianthus annus and 
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Kalanchoe daigremonttiana—extracts displaying little 
to no proteolytic activity. In the present experiment 
it is obvious that cysteine hydrochloride inal x 107 
Af concentration actually increases the proteolytic 
activity of stem tissue extracta of Nicotiana tabacum 
var. Wisconsin to a higher degree than any of the 
other activators tested. What appears as a discrep- 
ancy in the activity of cysteme might eventually be 
explained on a basis comparable with that reported by 
Jaffe‘ for the proteolytic, tabernamontanain, 


— 


for which it is shown that the ability of cysteine to ` 


activate or not activate is in part a seasonal phenom- 
enon based on the presence or absence of a natural 
activator in the plant juice. 

To summarize, tumour stem tissue material from 
Nicotiana tabacum var. Wisconsin extracted with a 


1-6 M potassium chloride-0-1 M sodium acetate 


buffer at pH 4-5 yielded crude extracts exhibiting 
proteolytic activity which showed maximum response 
when reacting in a digestion mixture containing a 
final concentration of 0-2 M potassium chloride at 
pH 4-5 and in the presence of such activators as 
cysteine hydrochloride or glutathione. 

‘This work was supported by a grant (C-4624) from 
the U.S. Public Health Service, National Institutes of 
Health. l 
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Preparation of Orosomucoid («Acid 
Seromucoid) 


WEMmER et al.t developed the process used mostly 
to isolate seromucoid acid from sera. But the salting 
out with ammonium sulphate results in the protein 
precipitate appearing with 60~70 per cent sulphate and 
this is carried away. While performing experiments 
on precipitation and denaturation of serum proteins 
by phenol with high concentrations of salt?,. I 
noticed that seromucoid acid was present in the 
supernatant. A new process was therefore devised 
and perfected, combining the elimination of the 
proteins by phenol, with the help of sodium chloride 
and fractionation by ammonium sulphate. 

200 gm. of crystallized sodium chloride are dis- 
solved in 1 litre of plasma or serum. One volume of 
an aqueous solution with phenol at 5 per cent was 
added drop by drop while stirring gently. After 
12 hr. at ambient temperature, the precipitate was 
removed by centrifuging. The supernatant was 
dialysed agam in running water for 48 hr., then 
lyophilized. The yield in proteins is 1-2 per cent of 
the initial quantity. 

The lyophilized extract, dissolved in distilled water, 
was then dialysed until the sodium chloride com- 
pletely disappeared. The solution was brought to 
pH 38 by adding acetic acid. 1-5 volumes of 4 M 
ammonium sulphate were added drop by drop (final 
concentration 2-4 M). After standing for 4 hr. at 
+4°C., the precipitate which had formed was removed 
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by centrifuging; the supernatant was saturated with 
ammonium sulphate. After standing for 12 hr. at 
+4° C., the precipitate was collected; it was dis- 
solved and dialysed with distilled water until the 
ammonium ions completely disap : 

The dialysate was then set at pH 4:65 by acetic 
acid-sodium acetate buffer (final concentration 
0:02 M). The molarity was brought to 0:06 by 
adding sodium chloride. One volume of cooled 
absolute ethanol was slowly added, the temperature 
being kept at 0° ©. Once the precipitate was removed 
by centrifuging, the supernatant was brought to 
80 per cent of ethanol (3 volumes). 

The «,-acid seromucoid was collected, successively 
washed with cooled absolute ethanol and by anhy- 
drous ether, then dried in a vacuum. 

By this process, 300-400 mgm. of seromucoid acid 
were collected for every litre of plasma. 


JEAN MICHON 


Laboratory of Medical Biology, 
Centre Hospitalier and Universitaire, 
Tours. 


!? Welmer, H. B., Mehl, J. W., and Winzler, R. J., J. Biot. Chem., 185, 
669 (1960). 
*Michon, J. (unpublished results, 1061). 


Preparation of Urease Crystal from 
Jack Bean 


A PREVIOUS communication! reported a method for 

igh-yield crystallization of urease from jack bean. 
Se ane of this method was later made 
to secure a constant yield and purity of the resultant 
enzyme preparations in any circumstances and this 
procedure is reported here. 

(1) The enzyme fraction obtained by ammonium 
sulphate fractionation was dialysed overnight at room 
temperature of 15°-25° C. The dialysate was divided 
into about 600-ml. portions. Each portion was 
heated to 50°-52° O. in a hot water bath and allowed 
to remain at this temperature for 15 min. The 
solution was then dipped in an ice-water bath to be 
cooled to room temperature. Constant mechanical 
stirring was maintained throughout the heating and 
cooling treatment. The bulk of denatured precipitate 
which formed during the heat treatment was centri- 
fuged and discarded. Loss of activity in this treat- 
ment was confined to approximately 10 per cent. 
Two litres of the supernatant (from 500 gm. of jack 
bean meal) were mixed with 1-1 litre of calcium 
phosphate gel and the enzyme was adsorbed by the gel 
at pH. 5-0-5-5 as previously reported. Urease was 
eluted three times with 300 ml. of M/12 phosphate 
buffer of pH 7-5. To 900 ml. of the eluate, 337 gm. 
of ammonium sulphate was added for the second 
fractionation. 

In the previous method, the amount of denatured 
precipitate which formed by dialysis was affected a 
great deal by room temperature and this had con- 
siderable effect on the result of the following pro- 
cedures. To provide for sufficient removal of impure 
proteins from the dialysate, this heat treatment was 
again added. 

(2) After treatment with acetone, the resulting 
precipitate, insoluble in water from 500 gm. of the 
atarting material, was treated with 30 ml. of mixed 
solution of 9 vol. of M/30 citrate buffer (pH 6) and 
1 vol. of 10 per cent aqueous solution of 2-mercapto- 
ethanol. Citrate buffer used here was prepared by 
dilution of 0-5 M citrate buffer (pH 6-0) used in 
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recrystallization of urease by Dounce**. After 
separation of the supernatant, 10 ml. of the mixed 
solution was added to the remaining insoluble portion 
and this was treated again as before. To the com- 
bined supernatant containiig urease in highly’ 
purified state, 0:3 volume of acetone was added 
without any adjustment of the pH and the mixture 
was placed in an ice chamber overnight to allow 
crystallization. 

It was noticed that the quantity of impure protein 
which transferred to the supernatant together with 
urease increased as pH value of the buffer became 
higher. 

The yield of urease crystals thus prepared with 
additional steps was approximately 25 per cent. 


Kryvomiont HANABUBA 


- Department of Biochemistry, 
School of Medicine, 
Keio University, 
Shinjuku, Tokyo. 
1 Hanabusa, K., Nature, 189, 561 (1961). 
* Dounce, A. L., J. Biol. Okem., 140, 807 (1041). 


*Sumner, J. B., The Enzymes, 1, Pt. 2, 876 (Academic Press, Inc., 
New York, 1951). 


«,y-Diaminobutyric Acid in Seeds of Twelve 
Species of Lathyrus and Identification of a 
New Natural Amino-Acid, L-Homo- 
arginine, in Seeds of Other Species 
Toxic to Man and Domestic Animals 


Tan term ‘lathyrism’ has been applied somewhat 
uncritically to the toxic effectes produced in many 
creatures by the ingestion of the seeds of various 
species of Lathyrus or by the injection of extracts of 
these seeds. 

Selye! has pointed out that there are at least two 
distinct manifestations of ‘lathyrism’. The first, 
induced by the ingestion of seeds containing B-(N-y-L- 
glutamyl)-aminopropionitrile, he calls ‘osteolathyr- 
ism’ because of the skeletal changes seen in rats. The 
second, induced by the ingestion of the seeds of a 
greater range of species, he calls ‘neurolathyrism’ 
because of a nervous derangement seen in animals and 
man. 

The isolation of a neurotoxic compound, «,y-di- 
aminobutyric acid, from the seeds of L. latifoltus, a 
species inducing ‘neurolathyrism’, has recently been 
described*. Using a,y-diaminobutyric acid as a 
‘marker’, it has now been shown (by paper chromato- 
graphy m 5 solvent systems and high-voltage paper 
ionophoresis at pH 3-6 and 1:9) that «,y-diamino- 
butyric acid is identical with the basic amino-acid 
designated B, by Bell? and found as a free amino-acid 
in concentrations of the order of 1 per cent dry 
weight in the seeds of Lathyrus aurantius, L. cir- 
rhosus, L. gorgon, L. grandsflora, L. heterophyllus, 
L. laevigatus ssp. aureus, L. luteus, L. multiflora, 
L. rotundifolius, L. sylvestris, L. tuberosus, and 
L. latifoltus itself. 

This neurotoxic amino-acid has not been detected 
in the seeds of L. sativus, L. cicera, or L. elymenum’, 
those species associated with lathyrism (a ‘neurol- 
athyrism’) in man, horses and cattle’. It is of interest, 
however, that the seeds of these three species, nnlike 
those in which a,y-diaminobutyric acid has been 
detected, contain major concentrations of a new 
natural amino-acid which has been identified chrom- 
atographically as homoarginine (a-amino-e-guanidino- 
eaproic acid)’. It is now reported that this amino- 


March 17, 1962 


acid has been isolated from the seeds of L. ctcera as 
the hydrochloride. Colourless prisms m.p. 206° 
(uncorrected), no depression when mixed with 
authentic | L-homo e hydrochloride. Found: 
C, 37-51; H, 7-62; N,°25-10; Ol, 16:22. Cale. for 
0,H,,0,N,Cl: O, 37-42; H, 7-67; N, 24-95; Cl, 15:81 
per cent. On alkaline hydrolysis the isolated amino- 
acid decomposed to give a second ninhydrin-reacting 
compound which was identified as lysine (by paper 
chromatography in 6 solvent systems and high- 
voltage ionophoresis at pH 3-6 and 1:9). The infra-red 
absorption spectra of the isolated amino-acid hydro- 
chloride and tL-homoarginine hydrochloride were 
indistinguishable. 

This is the first occasion on which homoarginine 
has been isolated from a natural source, although 
t-homoarginine may be synthesized by treating the 
copper complex of L-lysine with O-methylisourea‘. 

I wish to acknowledge the interest and suggestions 
of Prof. H. Harris, a gift of seed from Dr. Yu. Ya. 
Gofman, a gift of L-homoarginine from Prof. C. E. 
Dent, and the help of Mr. G. E. Hurst in determining 
the infra-red absorption spectra. 
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Crystalline Ubiquinone (Coenzyme Qo) 
from Sea Urchin Sperm 


SPERM colls of Paracentrotus lividus and Sphaere- 
chinus granularis contain a quinone which shows the 
game chemical and physical properties as ubiquinone 
from. the bovine heart. The method used for the 
extraction and purification of this invertebrate 
ubiquinone is quite similar to that used for the 
mammalian compound!. However, the presence in 
the extracts of a number of coloured substances, 
which have typical absorption spectra and which can 
undergo reversible oxidation-reduction, excluded 
the use of some common solvents, made column 
chromatography purification more difficult and 
restricted the use of the paper chromatography 
method and of the colorimetric test to the very 
purified material, that is, to its crystalline form only. 
It was impossible, therefore, to make any calculation 
of degree of purification during preparation and of the 
yield of the substance and of its original quantity. 
After several attempts the method was standardized 
as follows. 

The material was treated at 100° C. for 1 hr. with 
an alcoholic solution of potassium hydroxide in 
presence of pyrogallol (100 gm. fresh weight of 
packed cells + 150 ml. 10 per cent potassium 
hydroxide in 95 per cent ethanol + 8 gm. pyrogallol) ; 
the unsaponifiable lipids were extracted with heptane, 
neutralized by repeated washing, dried and redis- 
solved in absolute ethanol. Sterols are always present; 
they crystallized off when the extracts were left at 
4° O. for 12 hr. The sterol-free material was redis- 
solved in heptane and chromatographed on a silicio 
acid column different solvent mixtures for 
elution (Fig. 1). With the heptane/chloroform 
mixture (1:1 v/v) several coloured fractions were 
obtained, one of which contained practically all the 
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Optical density 





oh raphy on atic acid of the unsaponifiable 
t of Sp) Sahas inus granularis sperm, The optical denat 
of the oxtraot, corresponding to 100 gm. of 
was about 200. The extract was redissolved in 
to the column (30x1 cm.) oon 10 gm 
siltcic aoe (120-230 man reviously washed with ee fee 
nyareos loride and suspend heptane, Elution was — 
th heptane et heptane—chloroform 1: 1 bA Oy G hiorororm 
(3) — methanol 4). Fractions of 5 mi. each w 


ubiquinone present in the extract. . This fraction, 
which is contaminated by a red pigment, was 
redissolved in ethanol, concentrated under reduced 
pressure and left in the cold (4° C.) to crystallize the 
quinone. The yellow oarystals were filtered from the 
red mother liquid, washed, redissolved in aloohol and 
crystallized again. 

Ubiquinone from Paracentrotus and Sphaerechinus 
sperm in its oxidized form has a small band at 405 mu 
and a sharper one in the ultra-violet region with the 
maximum at 275 mu and the minimum at 237 mu. 
After reduction with boridride, the band in the visible 
region disappears, whereas that at 275 mu shifts 
towards higher wave-lengths. The new peak has the 
maximum at 290 mu and the minimum at 258 mu. 
As shown in Fig. 2 and Table 1 the spectrophoto- 
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metric properties of the crystalline compound from 
sea urchin sperm were found identical with those of 
coenzyme Q,, from bovine heart. The melting-point 
determinations and paper chromatography gave 
further evidence for identity of the two compounds. 
The best results were obtained using n-propanol/water, 
4:1, as solvent and Whatman 3M M paper previously 
impregnated with Dow silicone fluid 550 (ref. 2). 
The testing material was spotted on the paper with 
coonzyme Q, from Saccharomyces (kindly supplied by 
the Istituto Sieroterapico Italiano, Naples) and 
coenzyme Q, from bovine heart. After reduotion with 
boridride, development was performed with several 
reagents, such as the Craven test? and the a,a’-dipy- 
ridile reagent. As shown in Table 1 the Rr of the 
ubiquinones from bovine heart and ses urchin sperm 
are identical. No spots corresponding to vitamin K,, 
a-tocopherol and a-tocopheryl-quinone were found. 


Table 1. COMPARISON OF PROPERTIES OF UBIQUINONN PREPARED 
FROM SEA UROHIN SPERM AND UBIQUINONE (50) FROM Boviws HEART 
Sphacrechtnus Bovine 
Properties sperm. heart 
Melting po 48 56—40 0 49-9 
Rr e N iia 4:1) 0'17 0°17 
Absorption spectra : 
x! ule (max, 275 my) 168 166 
1% 
E an, AX. 408 my) 5:7 59 
ES * (max. 290 ma) 43°8 48-4 
DE, Š (Ox-Red 276 my) 140-6 142 
(Box~Brea) Box (275 my) 0-88 0-86 
Ensi Ess 28 28 


This work was supported by research grant 
(RG-4845) U.S. Public Health Service. 
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Vitamin C Status of Vitamin A-Deficient 
Rats 


Ir was initially suggested that vitamin A-deficiency 
leads to an interference in the biosynthesis of ascorbic 
acid, because depletion of vitamin A was found 
to cause a fall in the tissue-levels of ascorbate 
and diminished urinary ascorbic acid excretion in 
Mapson‘, however, concluded that 
lowered ascorbic acid-levels in vitamin A-deficient 
rats is due to inanition only, because he was able 
to show that following chloretone treatmont vitamin 
A-deficient and pair-fed vitamin A normal rate 
excrete comparablé amounts of ascorbic acid in their 
urine and that restriction of food intake reduces the 

ascorbate even in the chloretone-treated 
normal rate. Results of our preliminary experiments 
reported here clearly indicate that the synthesis of 
ascorbic acid in rats is markedly reduced during 
vitamin A-deficiency. 

We reported higher concentrations of free phenyl- 
alanine and tyrosine and lowered levels of threonine 
in the tissues.of A-deficient, as compared with pair-fed 
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normal control rats and ascribed the enhanced 
phenolic amino-acid levels to a block in their hydroxyl- 
ation processes’. Ascorbic acid, however, is required 
for the hydroxylation of dopamine in vitro by purified 
enzymes prepared from bovine’adrenals*. It therefore 
seamed possible that the block in the hydroxylation 
of theae amino-acids might be due to lowered syn- 
thesis of ascorbate in the A-deficient rate. Experi- 
ments were, therefore, designed where vitamin 
A-deficient and pair-fed normal male rata were 
obtained as described before’, and at the weight- 
plateau stage ascorbic acid, neutralized with sodium 
bicarbonate, was injected intraperitoneally im the 
proportion of 100 pgm. ascorbate/rat/day for about 
ten days. Every day 1-5 ml. blood samples were 
withdrawn from these rata by direct heart puncture 
and at the termination of the experiment their blood, 
liver and kidneys were collected. Amino-acid analyses 
of these tissue samples showed that the phenolic 
amino-acids of the blood of the ascorbate-treated rats 
came back to normal within three days of the 
injection, while their liver and kidney values were 
normal at the termination of the experiment. The 
threonine values, however, did not show any c 

In another set of experiments, the vitamin A-defi- 
cient and pair-fed control rate, at the two stages of 
depletion (weight plateau and acute deficiency), were 
killed by heart puncture under light ether anzxs- 
thesia and their livers chilled in crushed ice. The 
vitamin C values of these liver samples, as determined 
according to Meyer et al.?, showed that the deficient 
rats had only about half as much as those of the 
corresponding pair-fed controls. Also, the in vitro 
synthesis of ascorbate from L-y-gulonolactone by the 
microsomes obtained from there livers, assayed 
according to Feinberg and Caputto’, revealed that the 
specifico activity of the ascorbate-synthesizing enzyme 
is reduced to 50 per cent at the weight-plateau stage, 
while during acute deficiency it is only 10-20 per cent 
of the corresponding pair-fed controls (Table 1). 


Table 1. 
ASCORBATE IN THE 


ASCORBIC AOD CONTENTS AND tn vitro SYNTHESIS OF 
OF VITAMIN A-DEFICIENT AND PAlIR-¥RD 
CONTROL Rats 


aluss are averages from 6 male rate in each ) 
y ascorbio del 


State of vitamin A-dəfolonoy in rats synthesized/gm.  acid/am 
t liverjhr. wet liver 
eficient -16 + OO4{6* 1-49 + 0072 
medida SEE —— 
en -88 F. 
Acute deficienoy 4 Patr-fed normal 215 £0163 2-48 + 0-087 


Finally, in a third set of experiments the deficient 
and corresponding pair-fed normal rate were trans- 
ferred into paraffin wax-coated metal metabolic cages 
and grouped as pre-plateau, plateau and severely 
deficient. All the animals were then given by mouth 
5 mgm. of chloretone in 0-1 ml. groundnut oil/rat/day 
and the urinary excretion of ascorbic acid was determ- 
ined every 24 hr. according to Meyer et al.7. Our 
results have shown that while the pair-fed controls 
excreted 5-8-7 mgm. ascorbic acid/rat/day throughout 
the whole of the chloretone treatment period, there 
was 6-5-7 mgm. ascorbate/rat/day in the urine of the 
deficient rats at the pre-plateau and plateau stages, 
but only about 1-0 mgm. during the severe stages of 
deficiency. Moreover, in any of these groups, there 
was no activation in vitro of the liver microsomal 
enzyme that converts L-y-gulonolactone to ascorbate; 
on the contrary, the chloretone treatment caused 
distinct inhibition of the same enzyme, but here also 
the specific activity in the cohen rats was con- 
sistently lower. 


w 
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We should add that the vitamin A-deficient rats, 
which were given chloretone at the plateau stage, or 
ascorbate at any stage, consistently lived 2-3 weeks 
longer, as against their counterparts deprived of 
either. Evidence, therefore, seems to be overwhelming 
in supporting the previous contentions that ascorbate 
synthesis is markedly reduced during vitamin 
A-deficiency in rats}-*. 
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PHARMACOLOGY 


Encephalitogenic Activity of Poly-L-lysine 


Ir has recently been reported that a water-soluble 
protein extracted from brain tissue has encephalito- 
genic activity’. The method of extraction of this 
water-soluble protein is very similar to that used by 
Dounce and Monty for the extraction of histones 
from rat liver nuclei*. Lederer? has reported that 
killed cells of the H 37 RV strain of Mycobacterium 
tuberculosis can produce allergic encephalomyelitis in 
rabbits. A basic protein from this same strain has 
been shown to induce a positive tuberculin reaction‘. 
To determine whether a synthetic basic polypeptide 
might influence the production of experimental 
allergic encephalomyelitis we examined the effect of 
polylysine on this experimental disease in rabbits. 

Synthetic polylysine was prepared by polymerize- 
tion of the N-carboxyamino-acid anhydride of 
e-carbobenzoxy-L-lvsine. Ammonia was used as the 
initiator for polymerization at an anhydride to 
initiator ratio of 170. The bovine brain extract was 
prepared according to the method of Waksman et al.*, 
In the following experiments albino rabbits weighing 
4-6 Ib. were divided into three groups. In the first 
group a total dose of 0-35 c.c. brain white matter 
extract was injected into the footpads of 19 rabbits. 
Eighteen rabbits forming the second group were in- 
jected subcutaneously in the back with one 10-mgm. 
dose of poly-L-lysine. Nineteen animals were used for 
the third group. These animals received a total of 
0:35 mgm. brain extract injected in the 4 footpads. 
Eight days after injection of the brain extract they 
were injected with 10 mgm. polylysine subcutane- 
ously in the back. All animals wore killed 21-60 days 
after the first injection. Of those injected with brain 
homogenate alone only two animals showed partial 
hind-limb paralysis. Those given only polylysine 
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showed no . Of those receiving brain ‘ex- 
tract followed by polylysine, 10 of the 19 animals 
developed severe hind-limb paralysis. Complete 
pathological analysis of all the animals used in this 
experiment has not been completed. Prelimimary 
findings indicate that the pathological lesions of 
experimental allergic encephalomyelitis are more 
frequent following polylysine administration. 
Although polylysine alone did not cause any 
clinical symptoms in the rabbit there is presumptive 
evidence that this polycation may produce putho- 
logical lesions similar to those of experimental 
allergic encephalomyelitis. __ 

From this work we have concluded that poly- 
lysine enhances the clinical signs of experi- 
mental allergic encephalomyelitis induced by brain 
extract in rabbits. The mechanism of this enhance- 
ment may be complex. The polylysine may act 
independently of the brain extract. This would 
imply that either brain extract or polylysine alone 
should induce the clinical and pathological mani- 
featations of experimental allergic encephalomyelitis. 
It seems possible that the polylysine may combine 
with the central nervous tissue to allow penctration 
of the blood brain barrier by antibodies which were 
formed against the injected brain antigens*. It may 
also enhance the production of antibodies which 
react with the central nervous system by virtue of 
its chemical similarity to histones found in this tissue. 

Laatach ef al.’ have recently reported that a basic 
protein isolated from brain tissue is capable of in- 
ducing experimental allergic encephalomyelitis in 
guinea pigs. In view of Laatech’s findings and the 
encephalitogenic activity of polylysine in rabbite, it 
would be of interest to study the effect of polylysine 
on the production of experimental allergic encephalo- 
myelitis in guinea pigs using the method used by 
Kies and Alvord!. Such experiments would help to 
answer the question whether experimental allergic 
encephalomyelitis is a remlt of antibody formation 
to a specific protein derived from the brain or to non- 
specific basic proteins the antibodies of which cross- 
react with the brain. 

This investigation was supported in part by 
research grantes No. #-101, from the Nationa] Insti- 
tute of Allergy and Infectious Diseases, and No. 
484-8477, from the National Institute of Neurological 
Diseases and Blindness, U.S. Public Health Service. 
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Beta-G L Acid on the Adrenal 
Ascorbic Acid of Unstressed and Stressed 
Immature Female Rats 


Tan structural! and pharmacological?-* similarity 
between glycyrrhetinic acid and adrenal corticoids 
has been reported. Glyoyrrhetinic acid resembles the 
corticoids in mineralocorticoid’*, anti-inflamma- 
tory**, anti-cstrogenic’ and anti-leukwmic* activity. 
Since the glycoside, glycyrrhizin, has an inhibitory 
action on the pituitary-adrenal system’, it was 
of interest to ascertain whether the aglycone, 
glycyrrhetinic acid, exerted similar action. 

In this investigation, adrenal ascorbic acid as a 
parameter of pitui -adrenal activity waa de- 
termined in both stressed and unstressed animals 
which had received short-term or prolonged admin- 
istration of glycyrrhetinie acid. Beta-glycyrrhetinic 
acid (supplied by 8. B. Penick Co., New York) was 
prepared in a vehicle of I part ethanol and 9 
sesame oil. Immature OFN rats (23-24 days old 
and weighing 35-40 gm.) received subcutaneous 
injections of either 2 mgm. of glycyrrhetinic acid or 
an equal volume of vehicle (0-2 o.c.). Animals 
received three daily doses of the vehicle or drug as 
short-term administration. Prolonged administration 
consisted of 7 days of treatment with vehicle or 
drug according to the dosage schedule in Table 1. The 
specific stressor agent of 0-6 mgm./kgm. histamine 
was administered intraperitoneally 1 hr. before death. 
Animals were killed by decapitation. Both adrenals 
were cleaned, weighed and homogenized in 3 per 
cent metaphosphoric acid. The adrenal ascorbic acid 
was determined according to Bessey’s method!* in 
unstressed and stressed animals of both experi- 
mental groups. 

Short-term administration of 8-glycyrrhetinic acid 
(total dose 6-0 mgm.) had no effect on the response 
of the adrenal gland to the resting adrenocortico- 
trophic hormone (ACTH) secretory-rate nor did it 
impair the production of endogenous ACTH in 
response to a stressor. There were no differences 
between the ascorbic acid contents of unstressed 
treated and control animals nor stressed treated and 
control animals (Table 1). 

Prolonged administration of glycyrrhetinic acid 
(total dose, 16-0 mgm.) significantly altered the ad- 
renal ascorbic acid of the resting gland (Table 1). 
There was a significant increase (120-47 pgm./100 
mgm.) in the adrenal ascorbic acid content of un- 
stressed treated animals (Table 1). This might have 
indicated depression of adrenal corticoid output 
either through decreased ACTH secretion or decreased 
responsiveness of the adrenal gland. There was no 
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evidence for the latter since there was no impair- 
ment of the pituitary-adrenal stress response (Table 
1). The degree of adrenal ascorbic acid depletion in 
response to stress was the same in treated (31-43 per 
cent) and control (37:02 pef cent) animals. The 
differences between the two groups remained the 
same, however (118-99 ugm./100 mgm.), The 
pituitary of treated animals was capable of respond- 
Ing to a stressor agent with an increased ACTH 
secretion equivalent to the controls and the adrenal 
gland was likewise capable of a response to increased 
endogenous ACTH. Prolonged administration of 
glycyrrhetinic acid therefore inhibited the secretory 
rate of the unstimulated pituitary. This inhibition 
was adequately overcome by the specific stressor 
histamine. 


This work was supported by U.S. Publio Health 
Service grant A-4597 from the National Institutes 
of Health. 
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Cholinergic Activity of Atropine 


ATROPINE in suitable doses has been shown to 
potentiate the action of acetylcholine, and to possess 
anticholinesterase properties'*. In addition, hyos- 
cyamine is known to have cholinergic properties on 
the frog rectus muscle*. We have confirmed that 
atropine, in small doses, potentiates acetylcholine 
both tn vivo, when the toxicity of acetylcholine is 
measured in mice, and in vitro, on the guinea pig 
ileum. 

Groups of 5 male mice weighing 18-22 gm. were 
injected intraperitoneally with atropine 15 min 
before receiving an intraperitoneal injection of 


Table 1. Errors OF GLYOYRRHETINIG ACID ON ADRENAL ASOCORBIO ACID IX UNSTRESSED AND STRESSED IMNMATURB FRMAIM Rats 











Adr. asc. Duff. from 
ngm {100 gm. 


control 
Unstreseed control 490- a +4011 
; 47852 + 85 27 


Stressed controlt 7) 847-78 + 26-55 
Treated 7) 812 80 $ 22°65 
Depletion control§ 42-62 TE } 
Treated 162 22 ($4 25 


*Group 1: 23—24 day old rats treated for 8 da 
Total dose b cii — on 4th day at 25-28 








Group 2t 


















11 
Sa 


478-04 + 80:66 
598-04 + 27-85 





+120 47 
+ 118-00 
+11°48 





2 Daly administration of 2 mgm. of glycyrrhetinie acid or 0 2 o0. of vehicle subcutaneously. 


ys o 
fOroup day old rata treated for 7 days. elas oe administration of 2 of glyoyrrhetinic acid or 0 2 0.0. of vehicle subon 

for 6 — — **— dose on 7th day. Total dose 18-0 on 8th day at 8 oft ee y taneonely 
tStressor: 0 5 mgm. histamine base /100 gm. body-weight intraperitoneal 1 hr. before killmg. 


€Depletion: Unstreased minus streseed. Per cent calculated as 


unstressed minus streesed 
unstreased 


x 100, 
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Table 1, PEROENTAGE OF DEATHS CAUSED BY ACETYLCHOLINE 
200 MGM./KGM. GIVEN 15 MIN. AFTER ATROPINE 

Atropine Total No, Mean per- Significance of differ- 

(mgm./Kgm., ip.) of mice centage dead ence from controls 
— 75 52 

1-0 10 œ 0 

0-1 10 0 

0-01 25 40 not significant 

0-001 20 40 RA * 

0-0001 20 55 * * 

0-00001 60 85 P < 0-001 


There is an obvious gradation of effect by atropine, ranging from a 
complete block of acetylcholine, to potentiation. 


acetylcholine. The mice were then observed for 30 
min. Results are shown in Table 1. 

When in vitro investigations on the guinea pig 
ileum were carried out, three effects of atropine were 
noted: inhibition of acetylcholine, potentiation of 
acetylcholine and a contraction of the gut due to 
atropine alone (Table 2). 


Table 2. EFFECTS OF ATROPINE AND ACETYLCHOLINE ON THE GUINEA 
Pia ILEUM. CONCENTRATION OF DRUG IN NGM./ML. 


Atropine Acetylcholine added Effect 
1 min. after atropine 

0-0066-3-3 — Contraction 

0-025-2-5 250 No effect on acetylcholine 
2- 250 Potentiation of acetylcholine 
25 250 Partial block of acetylcholine 
1:25-7-5 125 Potentiation of acetylcholine 
7-5-25 125 e Partial block of acetylcholine 
0-0066 6-6-10 No effect on acetylcholine 
0-066 66-10 Potentiation of acetylcholine 
0-66-1-3 6-6-10 Partial block of acetylcholine 


At the 250 ngm./ml. level of acetylcholine the partial blocking 
dose of atropine is about 10 times greater than the potentiating doses. 
This difference is not so great as in vivo, where the inhibitory doses 
of atropine are at least 100 times greater. 


Following a contraction of the tissue caused by 
adding atropine to the bath, there was invariably 
potentiation of succeeding doses of acetylcholine 
which was sometimes followed by a slight inhibition. 

In tests in which chromodacryorrheea in the rat was 
measured, we were unable to show any potentiation of 
acetylcholine by atropine. 

Lullmann et al. showed clearly that atropine 
inhibits cholinesterase, and this may be the mechan- 
ism by which atropine increases the toxicity of 
acetylcholine in the mouse, and potentiates the 
action of acetylcholine on the guinea pig ileum. 
However, the contraction of the gut caused by 
atropine alone is not necessarily due to cholinesterase 
inhibition, since eserine, a much stronger anticholin- 
esterase agent, induced, in our experiments, a much 
smaller contraction of the ileum. These facts may 
give some support to the recently published hypothesis 
of drug action*, in which it is postulated that antagon- 





Fig. 1. 
@, indicates the addition of acetylcholine 6-6 ngm./ml. to the bath at 2-min. intervals; 
|, indicates the addition of atropine 1 min. before acetylcholine 
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HAMATOLOGY 


Reaction of Hemoglobin «4 with 
Hemoglobin H 


Two hemoglobin variants which do not contain 
a-chains are known to occur in vivo, namely, hemo. 
globin H (ref. 1), with the composition $4 (ref. 2), and 
hemoglobin ‘Bart’s’, y? (ref. 3). Recently, the in 
vitro preparation’ and properties® of a hæmoglobin 
consisting of a single «4-polypeptide chain have been 
described. Because this in vitro species has an 
electrophoretic mobility under the usual conditions of 
analysis which differs from that of hemoglobin A or of 
all the known hæmoglobin variants, it was concluded 
that this hemoglobin did not occur in vivo. In 
dissociation and recombination experiments at acid 
pH, hemoglobin a4 exchanged with the abnormal 
-chains of hemoglobins J and G/C to form hæmo- 
globins A and C respectively. It has now been found 
that, in contrast to these experiments, the reaction of 
hemoglobin «4 with hemoglobin H does not require 
acid conditions but proceeds rapidly at neutral pH. 

Hemoglobin «4 was prepared in the cyanmet form 
by elution from carboxymethylcellulose at pH 4-7, 
while hemoglobin H was purified from the red cells 
of two individuals with hemoglobin H disease by 
starch-block electrophoresis of the hemoglobin after 
conversion to the cyanmet derivative. Solutions of the 
two hemoglobins were finally dialysed separately 
against a 0-2 per cent sodium chloride solution. 

Equal volumes of approximately 1 per cent solu- 
tions of hwmoglobin «4 and hemoglobin H were 
mixed and the resulting mixture 
was analysed by starch-gel electro- 
phoresis. Analysis, both in the dis- 
continuous buffer system! (Fig. 1) 
and in phosphate buffer pH 7-4, 
showed the formation of a new 
hæmoglobin species migrating in the 
position of hemoglobin A as well as 
the disappearance of all the hwmo- 
globin a4 and some of the hemo- 
globin H. The reaction between 
hemoglobin a4 and hemoglobin H 
proceeds rapidly, since analysis of 
the mixture of the two hemoglobins 
showed that the same amount of 
‘hemoglobin A’ was present im- 
mediately after mixing as after 48 
hr. storage. The new species formed, 
like hæmoglobin A, was found to be 
more stable than either hæmo- 
globin H (ref. 1) or hemoglobin «4 


(iv) 


(i) (ii) 


(iit) 


aA 





Origin 


Fig. 1. op am of hemoglobin H (84) with hemoglobin «4 
at neutral pH. — in starch gel, tris- citrate/borate dis- 
continuous system ( pile a a pu g * Ase Hemoglobin A Sorat nk 


in text: t; (ili) — —— eem coon fy (i); aw 
ata no n v) pre- 

of haemoglobin — 
—— Aea reeevet in 


in (ii). (In the experiment 

H than hemoglobin a4 was used) 
(ref. 5), remaining in solution after freezing at — 15° C, 
for 48 hr. or after storage for three months. 

Separation of proteins on starch-gel electrophoresis 
occurs not only because of differences in their mass: 
charge ratios, but also because of differences in their 
size or shape, the gel acting as a molecular sieve’. 
The finding that the new hemoglobin species formed 
when hemoglobin «4 and hemoglobin H are mixed 
has the same electrophoretic mobility in starch gel as 
natural hemoglobin A when analysis is made at two 
separate pH values, therefore, suggests that this 
hemoglobin has a similar composition to natural 
hemoglobin A. The fact that the stability of this 
hemoglobin resembles that of hemoglobin A rather 
than that of the parent hwmoglobins further supports 
this idea. 

The formation of hemoglobin A could arise in 
either of two possible ways. If solutions of hæmo- 
globin H consist of the 84 tetramer in equilibrium 
with small amounts of single or pairs of 84-chains, 
then the reaction with hemoglobin «4 could take 
place without the direct involvement of the £4 
tetramer. Alternatively, if the only species present 
in a solution of hæmoglobin H is the $4 tetramer, 
then hemoglobin «4 must first attack this tetramer. 
The formation of hemoglobin A could then take place 
by any one of a number of different mechanisms, In 
any event, it is clear from the rapid rate of hamo- 
globin A formation that «4-chains have a very high 
affinity for 84-chains. 

A number of authors have suggested that the final 
stage in the assembly of the hemoglobin molecule is 
the combination of independently synthesized «- and 
B-chains. The in vivo occurrence of hemoglobin H 
(84) indicates that 64-chains, once completed, can 
be released from their site of synthesis. However, 
the failure of hemoglobin «4 to appear in vivo even 
when $-chain synthesis is significantly impaired, as in 
thalassemia major‘, indicates that a4-chains are not 
freely released into solution except in the presence of 
completed 64-chains, when hemoglobin A is imme- 
diately formed. Furthermore, in view of the high 
affinity between «- and 8-chains demonstrated here, 
it is conceivable that the release of «-chains is brought 
about solely by the presence of completed $-chains. 
If it is assumed that «-chains can normally be syn- 
thesized more rapidly than the combined rate of 
synthesis of the other chains, then this mechanism 
would automatically adjust the rate of release of 
a-chains to that of the 6-, y- and 8-chains being 
synthesized. However, if the maximum possible rate 
of synthesis of a-chains is reduced to less than that 
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of the other chains, the formation of hemoglobin 
H (84) or ‘Bart's’ (y7) would result. The wide 
variation in the proportion of ne ype H and 
hemoglobin ‘Bart’s’ in the — cases and the 
occurrence of hæmoglobin ‘ ’s’ without hemo- 
globin H might appear to make this hypothesis 
untenable. However, it has previously been pointed 
out? that this can be explained if it is assumed that 
a-chains have a greater affinity for B-chains than for 
y-chains. 
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Evidence for the Binding of Two Factors 
of the Third Component of Complement 
to Red Cells 


A NUMBER of recent investigations'* have led to 
the view that there are two factors in serum which are 
responsible for the action of what has previously been 
called the third component of complement (C’3). 
This communication presents further evidence for this 
view, based on experiments with radioactive guinea pig 
complement prepared biosynthetically according to 
the method of Penn et al.*. This was used in preference 
to serum proteins labelled with iodine-131 with which 
Mayer et al.’ have demonstrated uptake of radio- 
activity by ZAC’,,, in the reaction with O’3. It was 
felt that biosynthetically labelled complement would 
be less likely to be adsorbed non-specifically than 
complement labelled with iodine-131. 

When guinea pig serum labelled with carbon-14 is 
allowed to react with sensitized sheep erythrocytes in 
the state HAC’,,, (ref. 7) in the presence of 0-02 M 
versene, lysis results and the stroma contain con- 
siderable amounts of radioactivity (Table 1). Reaction 
of the same serum with sensitized erythrocytes, not 
previously exposed to the action of the other com- 
ponents of complement (ZA), leads to no lysis and a 
much lower binding of radioactivity to the stroma, in 
confirmation of the results of Mayer et al.*. Heating 
the radioactive serum to 56° for 30 min. destroys its 
capacity to lyse EAC (see also ref. 4) and leads toa 
decreased binding of radioactivity to the stroma of the 
cells, though the amount of radioactivity bound is 
still considerably greater than in a control in which 
the heated serum is allowed to react with ZA. Treat- 
ment of radioactive guinea pig serum with either 
formaldehyde or zymosan, both of which processes 
inactivate 0'3, inhibits lysis of HAC’,,, and also 
reduces binding of radioactivity to the stroma to 
control-levels found in experiments with EA. 

These experiments support the previous contention‘ 
that of the two factors which go to make up C’3, a 
heat-stable factor which is inactivated by zymosan 













ARE OF CARON 
FERENTLY — TIVE GUINEA 
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` With BACs, With BA 
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` Counta Hæmolysis Counts 


atment of. serum Hæmolysis 
— ~  pergnin. (percent) per min. (per cent) 
633 100 85 2 
335 123 ui > 2 
z 12210 8 2k 
DY} Same as A, with J eo a ys 
ernm incubated at A ; 
_ 37° for 90 min. with a 7 
— — 10 mgm. zymosan 181 9 93 2 


reacts first with HAC’, 4. while the heat-labile factor 
in C’3 (previously called 0’5) only reacts with HAC’ iaa 
ee after the heat-stable one has been bound, Further- 
_ — ‘nore, the radioactivity data show that both factors are 
_. bound to the cells undergoing lysis. 

_. This work was performed while one of us (J. D.H.) 
= was on leave of absence from St. Bartholomew’s 
_ Hospital Medical College, London, and was sup- 
ported by grants G-1296 of the National Science 
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S Comparison of the Proliferative Capacity 
Of Acute Leukemia Cells in Bone 
Marrow and Blood 


In recent discussions? of the proliferative capacity 
f leukemic cells in acute leukemia, these cells have 
een treated as a uniform population with regard to 
heir generation cycle. The reported findings of these 
tudies that only a small percentage of the leukemic 
cells incorporated labelled thymidine after short-term 
exposure have been taken to suggest a long generation 
ime for these cells and therefore a low proliferative 
capacity. In the interpretation of these results, 
however, it is important to know if the leukaemic 
cell population is indeed relatively uniform with 
regard to cell division. For this purpose a comparison 
fas made between the rate of incorporation of 
abelled thymidine by leukemic cells obtained from 
lood and bone marrow of patients with acute 
oukæmia, 
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pesparations: were. developed i ‘and. | stained and 
percentage of blast cells that were labelled was determ- 
ined. All differential cell counts were compared with 
those obtained from examination of directly stained 
smears of the samples. For in vivo labelling studies, 
2 patients were given 100 pc./kgm. of tritiated thymi- 
dine intravenously and 1 hr. later smears were < _ 
prepared from blood and bone marrow samples. 
These smears were similarly treated, although the 
exposure time was 3 months. feos 
The results of these studies are shown in Table Tes 
In all cases a greater number of leukemic cells __ 
obtained from the bone marrow had incorporated the es 
labelled thymidine than those cells from the blood. 
In most patients the difference was marked, but = __ 
patient No. l is an interesting exception. In contrast > 
to the usual patient with childhood leukemia, this — 
patient presented with generalized and striking 
lymph node enlargement, massive hepatospleno- = 
megaly, and a white blood count of 100,000/mm.*. In < 
many respects, the disease resembled a leukemic T 
episode of lymphosarcoma. . — 


Table 1. A COMPARISON OF THR. INCORPORATION OF LARELLED es 
THYMIDINE BY LEUKZMIC CELLS IN: BONE. MARROW AND BLOOD € 


Type of Method of Percentage-of labelled Piast sel cella = : : Se 


Patient No. leukemia labelling Bone marrow ‘Blo 
1 ALL in vitro 8-6 oe RB 
2 ALL in vitro 8-6 Pd. 
3 AML in vitro 26°5 SEES 
4 AML in-vitro 38 oe BE 
5 AMI in vitro 22 Ob 
6 ALL in vivo 30 OB: 
7 ALL in BIO 2-6 Be 







ALL, Acute lymphoblastic leukemia; AML, acute myeloblasti - 
leuksemia, 


‘There are several possibile: explaiiations 3 for this DE TN 
apparent discrepancy between the. proliferative oe 
capacities of leukemic cells in blood and bone marrow. = 
Although maturation cannot be detected by morpho- 
logical standards, perhaps some leukæmic cells: lose 
the ability to divide. after several generations 
resulting in a population: of non-proliferating “blast 
cells. These cells may leave the bone marrow or other 
tissues and circulate in the blood. On the other hand. 
the proliferative inactivity of cells found in the blood 
may,be only a temporary feature, perhaps determined 
by environmental factors, which may change on 
return to a more suitable site. Furthermore, it may 
even be incorrect to assume that proliferating. leuk. 
zemic cells have a uniform generation time, S ns 
other abnormalities found in these cells. — 

Therefore, although the explanation for. “the 
discrepancy between the incorporation of labelled | 
thymidine by leukemic cells in bone marrow and- 
blood is not evident from this work, the results _ 
strongly suggest that leuksemic cells in acute leukemia Gar 
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* Plasma-Cell Neoplasms 1 in Strain 
y ice with Mineral Oil and Mineral 
Oilil Adjuvants 


Merwin and Algire! have reported the development 
plasma-cell neoplasms in strain BALB/c mice 
vhich had been implanted intraperitoneally with 
lipore’ diffusion chambers. We have observed 
<io plasma-cell neoplasms i in the same strain of mice after 
intraperitoneal injection of a mixture of incomplete 
-= Freund’s adjuvants and heat-killed Staphylococcus 
= eultures?.. In other experiments, reported here, we 
sought to determine: (1) the frequency of plasma- 
-< cell neoplasms in mice injected with the adjuvant- 
Staphylococcus mixture; (2) if the whole mixture 
was necessary. 
Initially, 2-month-old female BALB/c mice were 
injected intraperitoneally with one of the following 
materials: (1) the emulsified mixture of incomplete 
Freund’s adjuvants, and a heat-killed Staphylococcus 
culture. concentrate?* (IF+8); (2) incomplete 
Freund's adjuvants alone‘ (IF); (3) mineral oil usually 
Bayol F. obtained from ESSO Standard Oil of New 
Jersey (M.O.); (4) corn oil, a commercially obtained 
food product (C.O.); (5) Locke’s solution a buffered 
, physiological saline solution. Later, two groups 
- 9f mice received additional injections of IF +8 or 
= M.O. (Table 1). In several groups of mice additional 
experimental procedures were performed as follows: 
oes (1) mice in group A, experiment 1, received a series 
of skin paintings ‘with methylcholanthrene?; (2) 
mice in groups B and C, experiment 3, were im- 
nunized with horse serum before the injection 
of IF+8; in addition mice in group C received 
sters of horse serum 1 month and 2 months after 
on of IF +S. 
“mies, maintained as previously described?, 
pserved. twice weekly for the development of 
four or more months after the initial injection 
materials listed: Ante-mortem diagnosis was 
shed by the presence of characteristic neo- 
plasma cells in smears, and confirmed. by tissue 
— oF. E E studies. Myoloma and 






























: terized by Sarge electrophoresis*: $, 
lasma-cell neoplasms appeared in 2-32 per ‘cent 
— a. bager of IF Sf 8. sles en: 








oped cues ol neoplasms. * Mice given single 

s. of mineral oil developed plasma-eell 
ys frequently as mice given the adjuvant- 
mixture. _ -Thio highest incidence of 
È sms. NOE ‘ cent) was found in a 


MICE 


DEVELOPMENT OF PLASMA-CELL NEOPLASMS IN BALB 


Table 1. 


Months of 
age when 


Months of age of mice. with: 
plasma-cell neoplasms ©... 


No. alive 
Unaccounted (at month 
deaths 


other 


Dead from 
Retienlar* Non-reticular? causes 


Other neoplasms 


s l Plasma 
No. of No. of ceil 
injected neoplasms 


injections 


Volume 
A injected 
injected (ml) 


Material 


Experiment 
group 


7,9, 11 


of age) 
0 (16) 
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32 
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T Most common neoplasm was pulmonary adenoma. 


* Reticular neoplasms include lymphocytic, histiocytic and the Hodgkin-like lesion. 
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- group of mice given three injections of 0-5 ml. mineral 
oil, spaced 2 months apart. In other experiments in 
progress plasma-cell neoplasms have appeared in 13 
out of 56 BALB/c mice given single injections of 
<. another purer mineraf oil (‘Primol D’) obtained from 
_ESSO Standard Oil, of New Jersey. No plasma-cell 
“neoplasms have been observed in mice injected with 
-corn oil, Locke’s solution or IF. In other experiments, 
. however, mice have developed plasma-cell neoplasms 
- after injection of IF. 
<- There were 63 plasma-cell neoplasms in all; 54 have 
been in transplant over two months, 39 of these have 
grown progressively. A serum myeloma protein and/ 
or a pathological urinary protein has been found to be 
<- associated with 38 of these transplant lines. From 5 
-of these primary cases, more than one protein-produc- 
ing transplant line has been established?)*.% 
Tho development of intraperitoneal plasma-cell 
~ neoplasms in BALB/c mice follows two dissimilar 
procedures: the implantation of a ‘Millipore’ diffusion 
chamber and the injection of relatively pure mineral 
oils. There are similarities between the chambers and 
‘the oil: (1) they are only mildly irritating and 
tolerated well by most mice; (2) they are not remov- 
able by a host mechanism; (3) they cause a reactive 
tissue on the peritoneal surfaces. Following injection 
of mineral oil, the plasma-cell neoplasms appear to 
arise in the reactive tissue? (a lipo-granulomatous 
tissue). Thus far, the inbred BALB/c strain of mouse 
appears to play an all-important part; though 
results are incomplete at this point. The injection of 
mineral oil into the peritoneal cavity of the BALB/c 
mouse may be described as a ‘carcinogenic situation’ 
where a seemingly bland agent in the proper place and 
host results in the development of an unusual type 
of neoplasm. Obviously each of the participants of 
this situation plays an important part and each must 
be evaluated. The important question to clinicians 
who have been using mineral oil adjuvants in -desensi- 
tization procedures’ is whether they will inadvertently 
satisfy the requirements for a similar situation in man. 
MICHAEL POTTER 
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Simple Paper Electrophoretic Method 
F for detecting Macroglobulinæmia 

”. ABNORMALLY high concentrations of macroglobulins 
are known to occur in a number of disease states', 
‘Detection has depended on certain preliminary 
tests?*, at times complicated by either false positive 
or false negative reactions. Definitive evidence is 
provided only by analytical ultracentrifugation, a 
- procedure not conveniently available at all medical 
centres. 
. Early reports by Deutsch and Morton’ and 
Henchur, Zinneman and Briggs* described dissocia- 
tive changes produced in macroglobulins following 
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incubation with a sulphydryl-containing 


* 
2-mercaptoethanol. Bloch et al.? observed evide 
dissociation of macroglobulins both in vitro 
vivo, induced by pt-penicillamine. Butle 
basing their work on the earlier work*-*, -de 
method for demonstrating macroglobulinemia i 
ing starch-gel electrophoresis, in which 2-merei 
ethanol was incorporated in the medium, 
starch-gel technique is also not readily a 
most clinical laboratories, the sit 
described here was devised and has p 
reliable. — 

Serum was collected from 20 patients, 5.w 
macroglobulinemia as demonstrated by 
ultracentrifugation, 5 with multiple myel 
cirrhosis and one each with Hodgkin’s dis 
cythemia vera, chronic lymphatic leukæm 
lung disease, lupoid hepatitis, Reiter’s s 
dyscollagenosis, type undetermined, and eryo 








7 
æmia. Each of these sera contained at: Bas bone 
M-component. One-ml. samples were incubated for 
24 hr. with 0-25 ml. of 0-85 per cent saline solution 
containing 18 mgm. DL-penicillamine at room tem. 
perature. Control serum, to which no pt-penicillamine 
had been added, was incubated concomitantly. 
Aliquots were applied to paper strips and subjected to 
electrophoresis in a Spinco model R, Durham type, 
electrophoresis cell utilizing pH 8-6, ionic strength 
0-075 veronal buffer in the usual manner. The strips — 
were then stained with bromphenol blue dye and were 
inspected directly and analysed quantitatively using —— 
the Spinco model R Analytrol. ee 
In each of the 5 cases of macroglobulinemia, a — 
distinct shift of the slender macroglobulin peak was 
noted in the DL-penicillamine-treated sample as 
compared to the control. This change was readily 
detected by gross comparison of the stained strips or — 
by superimposition of analytrol densitometer patterns — 
(Fig. 1). There was no comparable shift in the 
M-component peaks of the other serum samples. ` 
Minor changes, ‘slurring’, of the electrophoretic 
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Fig. 1. Above, comparison of electrophoretic patterns of a 

control and penicillamine-incubated sample of macroglobulinemie =- 

serum, demonstrating shift of the y-peak. Below, comparison of 
densitometer patterns : 
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incubated 
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Fig. 2. Above, comparison of electrophoretic patterns of a control 
an nicillamine-incubated sample of myeloma serum, demon- 
etrating slurring of the a-2 and §-peaks, with stability of the 
myeloma peak. Below, comparison of the densitometer patterns 


pattern were occasionally noted in the sample treated 
with pu-penicillamine. These would occur in the 
a-, B-, and y-globulin peaks, whereas the albumin 
peak remained consistently unchanged (Fig. 2). Such 
minor slurring changes were readily distinguishable 
from a true shift in peak, apparently characteristic of a 
macroglobulin. 

Following pu-penicillamine incubation of the serum 
of a macroglobulinzmic patient, Bloch et al.” noted 
broadening of the y-globulin area with the appearance 
of a double peak. This difference from the present 
results may be accounted for by the difference in 
concentration of pi-penicillamine incubated with the 
sample. 

Whether the change in electrophoretic mobility of 
the macroglobulin at present observed is due to 
change in the size and shape of the protein, or to 
change in the net charge of the molecule, or both, has 
not been determined. In any event, this change is 
sufficiently characteristic to provide a useful tool in 
detection of macroglobulinemia. Experience with 
the method must be extended to permit a thorough 
evaluation. 

I thank Dr. Frederick C. Goetz, associate professor 
of medicine, for his interest in this work, and the 
B. F. Nelson Fund and the Minnesota Medical 
Foundation for their support. 

PHILIP LEDER 
Department of Medicine, 
Medical School, 
University of Minnesota, Minneapolis. 
* Martin, N. H., Quart. J. Med., 29, 179 (1960). 


a J., Ergebn. Inn. Med, und Kinderheilkunde, 9, 501 
(1958). 


* Ritzmann, 8. E., Thurm. R. H., Truax. N. E. and Levin, N. C., Amer. 
Med. Assoc. Archiv, Int. Med., 105, 939 (19860). 


+t Deutach, H. F.. and Morton, J. I., Science, 125, 600 (1957). 

* Deutsch, H. F., and Morton, J. L, J. Biol. Chem.. 231, 1107 (1956). 

* Glenchur, H., Zinneman, H. H., and Briggs, D. R., Ann. Int. Med., 
48, 1055 (1958). 

* Bloch, H. S., Prasad, A., Anastasi, A., and Briggs, D. R., J. Lab. 
and Clin. Mad., 56, 212 (1960). 

. — Flynn, F. V., Harris, H., and Robson, E., Lancet, ii, 289 


NATURE 


March: 17, 1962 vaio 


Hæmadsorption by Measles Syncytia 


HÆMADSORPTION, the adsorption of red blood cells 
to cell sheets infected by viruses (as distinct from 
hæmagglutination by virus sųspensions), has been 
known since 1957'*, and has been used by Chanock et 
al.* for the detection of two new viruses, parainfluenza 
type 1 and type 3, in cell cultures. 

Sinee measles virus has been recently reported to 
agglutinate only rhesus red blood cells‘-’, experiments 
were made to test the hmmadsorptive properties of 
animal cells infected with this virus. Animal cells 
infected with measles virus undergo a typical trans- 
formation into giant, multinucleate cells, syncytia. 
Syncytia appear 1-10 days after infection depending 
on the dose of the infecting virus. 





Fig. 1. 


Adso 
5 days after infection of AB cell monolayers. 
B, phase contrast; C, stained (hematoxylin and eosin). (x 160) 


tion of rhesus red blood cells to measles syncytia, 
A, unstained; 
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In these experiments the KB epithelial cell line was 
used“. A series of coverslips with a one- or two-day-old 
tell culture in Eagle’s medium and 10 per cent calf 
serum was infected with 107-104 infective doses of the 
. Edmonston strain of measlos virus. Following infec- 
on the medium from a number of tubes was removed 
at daily intervals, the cell monolayer on coverslips 
washed in phosphate-buffered saline, and 1 ml. of a 
» per cent suspension of rhesus blood cells added 
fo each tube. The tubes were incubated for 15-60 
min. at 37° C., whereupon the suspension of red cells 
was sucked off, the cell sheet washed twice in phos- 
phate-buffered saline and the tubes were observed 
inder a light microscope. 

.. Hemadsorption of the rhesus blood cells was seen 
on the syncytial sheets but not on unaffected cells. 
The hemadsorption became evident from the second 
-day of appearance of syncytia onwards. The red cells 
“were mostly adsorbed around the edges of contracted 
syneytia (Fig. 1), while in parainfluenza viruses the 
-Fed cells adsorb on the whole surface of the monolayer 
_ of epithelial cells. This adsorption to the edges of the 
syncytia agrees with the observation of Toyoshima 
et al.” that measles antigen is abundant on the per- 
iphery of a syncytium. With the progress of the 
“infection of KB cells by measles virus more red cells 
coated the syncytia. Hemadsorption could. be 
prevented by treating the cell sheet with measles 
antiserum, before adding the red cells. Normal serum 
_ did net have this effect. The optimum time for 
- — hemadsorption at 37° C. was 30-60 min. Prolonged 
incubation of red cells adsorbed to syncytia (3-5 hr.) 
caused their gradual disappearance due to hærmo- 
lysis. 

_.. Human Bh positive, O group, red cells, as well as 
_ fed cells of chickens, mice, guinea pigs, and rabbits, 
_ did not adsorb to measles syncytia. , 






















A. Koun 


ce Israel Institute for Biological Research, 
— Ness-Ziona, 

pos Israel. 

Vogel, J., and Shelokov, A., Science, 126, 358 (1957). 
a 

89) B02 (1958). 

> * Chanock, R.M., Parrot, R. H., Cook, K., Andrews, B. E. Bell, 

BRoichelderfor. T., Zapikian, A. Z; Mastrota, K. M.. and 

Huebner, R. J. New England J: Med., 258, 207 (1958), z 

Peries, J. R., and Chany, C., CR. Acad. Sei., Paris, 251, 820 (1960). 








Rosen, L., Virology, 18, 189 (1961) = — 

DeMeio, J. L., and Gower, T, A., Virology; 18, B67 (1861). 

Rosa HE. 1, Proc. Soc, Exp. Biol. Med., 106, 563 (1961). 

me , Proc, Soe, Exp. Biol, Med., 89, 862 (1955). ~ 

«Hata, S$., Takahashi, M., Miki, T., and Okuno, Y., 
24141960), 7 | 










d its Rela onship to Radio- 
sitivity and Cancer = 


ggested by Steffonsen! that cal 








ng radiosensii alcium 
netal affecting radiosensitivity. . Rixon 
— 
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the survival of rats, which had been exposed 
. of X-rays. They explain this result by the. 
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thesis that chromosomes are inherer 
to breakage at reduced levels of- 
Could these experimental finding: 
human pathology ? No explanation 
found for the greatly increased incidenc 
in patients with ankylosing spondy! 
received X-ray treatment’. In this conditi 
is removed from bones, in particular from 
bral bodies, and is deposited into the spin 
It is feasible to assume that X-ray radia 
ealcium-depleted vertebral bodies in ankylosing 
spondylitis leads to increased radiosensitivity anc 
an increased frequency of chromosome aberrations in 
the bone marrow, thus predisposing to the develop- 
ment of leuks mis. e ye | ae A 
Pertaining to these experimental findings on the 
stabilizing effect of calcium on chromosomes is the. co 
observation that cancer is significantly less common => 
in individuals aged over fifty with marked ‘calcified 
atherosclerosis than in those without it. The hypo-. 5 
thesis was, therefore, advanced that individuals, 
who show evidence of an increased affinity of the 
tissues to calcium are relatively immune to cancers, 
From the above-mentioned experimental findings and  — 
the observation in human beings the hypothesis is 
submitted that the stabilizing effect of calcium on 
chromosomes is a factor which influences not only < 
radiosensitivity but may also have a similar effecton = —— 
carcinogenic agents. E 
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ml. The resulting emulsion was injected subcutan- 
eously at two different sites, adult guinea pigs 
receiving a total of 2 ml. and sheep a total of 50 ml. 
Injections were repeated at monthly intervals and 
the animals were bled two weeks after the third 
injection. Further samples of sheep serum were 
obtained two weeks after each of three subsequent 
monthly injections. 

Ouchterlony plates were made by cutting wells 
1-5 cm. apart in a 2 per cent agar gel containing 0:1 
per cent sodium azide as preservative. 0-2 ml. of 
anti-serum was placed in one well and 0-2 ml. samples 
of serially diluted insulin solutions adjusted to either 
pH 3-0 or pH 7-2 in adjacent wells. After standing at 
room temperature for 18 hr., precipitin lines formed 
between guinea pig anti-ox insulin serum and insulin 
solutions down to 0-2 unit/ml. After 186 hr. a faint 
line was found with 0-1 unit/ml. insulin. The sheep 
anti-ox insulin serum (even after an immunization 
period of six months) was, however, much less active 
and did not react with solutions containing less than 
0-8 unit of insulin per ml. 

No lines were formed in response to insulin which 
had been previously incubated with 0:1 N sodium 
hydroxide for 4 hr. at 37° ©. Adult and calf bovine 
serum, crude bovine milk protein (Fig. 1) and a crude 
pancreatic protein from which the insulin had been 
removed also gave negative results. 

Using the more active guinea pig anti-ox insulin 
serum, double lines (Fig. 1) as reported by Steigerwald 
et al. (loc. cit.) were obtained with the following 
samples: six times recrystallized ox insulin as used 
by Jones and Cunliffe, crystalline ox insulin from 
three different manufacturers, crystalline pig and 
sheep insulins, the Fourth International Standard 
Insulin (a mixture of crystalline pig and ox insulin), 
samples of crude insulin (including the crystallization 
mother liquors) obtained during the manufacturing 
process, both fractions isolated by chromatography 
on columns of calcium phosphate (Dickinson*) and 
insulin prepared by counter-current distribution. By 
contrast, sheep anti-ox insulin serum gave only a 
single precipitin line when tested against crystalline 
ox insulin. 

While Jones and Cunliffe (loc. cit.) report the forma- 
tion of only one line on Allison and Humphrey’ plates, 





Fig. 1. Photograph of Ouchterlon 


plate. A, Guinea pig anti-ox 
insulin 


serum; J, insulin, 1-0 unit/mL; B, bovine serum; C, calf 
serum; M, milk protein 
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Fig. 2. Photograph of Allison and Humphrey plate. A, Guinea 
pig anti-ox insulin serum; J, insulin 2-0 unit/ml. 


we however obtained two precipitin lines when using 
the more active guinea pig anti-ox insulin serum (Fig. 
2). Assuming an antibody diffusion coefficient of 3-8 x 
10-7 em.*. sec.-! the angles between the lines and 
antigen trough suggest molecular weights of 13,000 
and 30,000 for the antigens. The sheep anti-ox 
insulin serum, however, produced only one short faint 
line which corresponds with the lower line produced 
by the guinea pig anti-ox insulin serum. 

When examined by Wright’s method’, the guinea 
pig anti-ox insulin serum was found to be capable 
of neutralizing 0-6—-0-7 unit of insulin/ml. 

The Ouchterlony method has been used extensively 
in our laboratories as a screening test to detect the 
presence of free insulin in pancreas fractions and 
biological fluids. An approximate determination of 
the amount present can be made by comparing the 
position and intensity of the lines formed by dilutions 
of the unknown with those given by standard insulin 
solutions on the same plate. 

We thank Mr. B. S. Cooper for his assistance in 
the preparation of the sheep anti-ox insulin serum, 
Dr. W. Dickinson for the samples of insulins prepared 
by chromatographic separation and countercurrent 
distribution, Dr. A. E. Pieree, of the Animal Research 
Council, Institute of Animal Physiology, for samples 
of bovine sera and milk proteins, Dr. B. Shaw for 
encouragement and the Directors of Boots Pure Drug 
Co., Ltd., for permission to publish this communica- 
tion. 

V. J. BIRKINSHAW 
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Nottingham. 
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An Attempt to obtain Auto-immunity 
to Tumours with Freund’s Adjuvant 
-Ag and Tetanus Toxoid 


sSixon Freund first, showed that a demyelinating 
encephalitis could be produced by the subcutaneous 
injection of brain tissue with an adjuvant prepared 
= from tubercle bacilli, this method has been used to 
induce other auto-antibodies. Freund and other 
. workers have shown aspermatogenesis following the 
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adjuvant, and similarly other. auto-antibodies have 
been produced against lens tissue? and peripheral 
nerves’, 
- Jt seemed feasible, shierefoxe, that. auto-antibodies 
5 might be induced against growing tumour tissue by 
the injection of homologous tumour extracts with an 
>. adjuvant, and that if such a reaction were produced, 
= retardation or even destruction of the tumour might 
follow. The following experiments were therefore 
undertaken to see if this were so, using a C+ strain 
-of mice of the same age and with spontaneous tumours 
of the same size. 


The adjuvant was popovi by mixing 0-025. per- 


==> cent killed, dried, Mycobacterium butyricum with 85 
| per cent thin mineral oit and 15 per cent ‘Arlacel A’, 
~ -the mixture being sterilized by autoclaving. 
At the beginning of these experiments, pulped 
_. ) tumour was used, but this was difficult to inject with 
a syringe, and since reading Graham and Graham's 
paper*, their method of passing tumour tissue through 
A fine, stainless steel sieve, with 250 pores to the inch, 
< has been followed. The resultant paste was then 
EE „scraped from the under surface of the sieve, using an 
= aseptic technique, and mixed with equal portions of 
adjuvant and 1/2,240 of a human dose of tetanus 
toxoid. The latter was added both as an additional 
_ stimulus to the reticuloendothelial system and to 
_ prevent the mice from developing tetanus, & disease 
to which they are susceptible. 
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-injection of homologous testicular extract with an- 
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following simplified 
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la and again two weeks later. The mi e were. 














identified by the number of slits. a de. i 
for this purpose. Sixty-six mice with 
similar size, of the same strain and the 
were used as controls, and the subsequent 
the two groups compared. 
No significant difference in the life-span. of the 
groups was found. The tumours.in the ope 
continued to grow, and secondary t 
develop as readily as in the cont 
evidence of auto-immunit 
tumours when portions ofti 
separate occasions with. Fre 
tetanus toxoid. 
This investigation was — -pos bl 
from the Endowment. Fund o: 
Hospital, London, and by a ‘supply 
from the Chester — Cancer. ‘Researg 
London. SATT Reale 





100, Green Lane, 
Hersham, 
Walton on Thames, 
Surrey. 
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B24-Globulin as.a Possible Carrier of 
Allergic Reaginic Activity | 


Reacins of the. hay-fever type have never boen Soe 
clearly identified with either of the two serum. protein ee 
fractions usually associated with antibody activity, 
namely, y-globulin (7Sy) and @,2-globulin (1958y) | 
It is known, however, that there exists a third serum 
protein, which is immunologically and’ functionally Pes 
related to y-globulin’, and which is also a carrier of 
antibody activity*. This third component is Bae 
globulin, which was first isolated and described by —__ 
one of us’. Though the presence of. B24-globulin im. 
reaginie fractions has been suggested‘, and its | jossible 
role in allergic phenomena considered’, positiv 
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fractions were then diluted four times with 
d sterilized by passage through Seitz filters. 
Kiistner skin tests were carried out with 
dilutions of whole sera and of fractions 
ining 6,4-globulin from six patients who were 
rzie to orchard grass pollen, as well as from non- 
— rgi controls. All controls remained entirely 
= negative, whereas the fractions containing p,a- 
°° globulin and the whole sera from all six patients 
> = produced highly pruriginous wheal-and-flare skin 
T reactions ¢ on subsequent injection of the allergen. 
Serial dilutions showed that fractions containing 
— 8,4-globulin from positive sera had skin-sensitizing 
titres which were of the same order of magnitude 
as their corresponding whole sera when evaluated at 
_ similar concentrations of the globulin. In contrast, 
dilutions of the fractions which still gave distinct 
“positive skin tests contained only as much y-globulin 
as would have been present in 1/6,400 or even higher 
< dilutions of the original sera. The latter whole sera 
_usnally became negative at dilutions higher than 
4/32. 
<o e These preliminary results seem to imply that skin- 
=e gensitizing activity of allergic sera is essentially, 
and perhaps quantitatively, carried by their Baa- 
— globulin. | 
Our findings are not entirely unexpected, for the 
— available data on the molecular weight, the electro- 
. phoretic and chromatographic behaviour, the solu- 
_ bility properties and the lack of transplacental 
passage of allergic reagins (for literature see reviews 

















re cited in refs. 3 and 7) are all compatible with known 


; : i properties of B,a-globulin?. 
It ds tempting to speculate that the peculiar 
ga tendency to form complex with other proteins’, 


— which is characteristic of 8,4-globulin, may in some 
| way. be Yelated to the strong affinity which allergic’ 
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correlated with the implantation ‘period. Durin; 
- shape well, but a prolonged implantation re 
= be the main cause for the increase in. ler 
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It is — that boan xenografts! thrive i in — 
unconditioned? and conditioned? mammalian’ h 
Reports have been published on the fate of human. 
tooth germ xenografts‘ and on human foetal bone 
tissue xenografts*:*, but although homografts. have 
been used in work on osteogenesis and growth 
potentiality of bones’:*, no data seem to be avail- 
able on growth of whole human feetal bone xeno- 
grafts. The present work was undertaken to explore 
the possibilities in this respect. 
Because human foetal tissues probably lose their 
ability to grow in foreign species during the fifth 
month of gestation’, the xenografts were taken from 
three human foetuses of 43, 45 and 100 mm. erowns =. 
rump length, corresponding to ages of about _. 
9, 9 and 14 weeks, respectively. The hosts were” 
young rats of Long-Evans strain and of 28, 6 and =. 
19 days of age, respectively; implants from one 
foetus were placed in hosts belonging to one litter. =o 
Altogether 22 bones were implanted, of which 8 =. 
were halves of long bones, the rest being whole long. 
bones. cae 
The foetuses were delivered through legal abòr —. 
tions and obtained directly from the operating room: = _ 
The bones chosen for implantation were removed, — . 
cleaned of soft tissues, measured, and put into saline” 
of room temperature. When the whole sample from. 
one foetus was collected, the hosts were answsthetized 
with ether, an incision was made in the skin of the = 
back, subcutaneous pockets were created in the 
flanks, and implants were transferred from saline int 
the pockets, in most cases two in each animal, on 
opposite sides. The incision was sutured or covered 
with collodion only. The implantation was always 
completed within 90 min. from the time of. the 
delivery of the foetus. ee 
The implants were left in the hosts for’ varying 
periods of time, ranging from 31 to 87 days. When = 
removed, each implant was measured and carried — 
through routine histological processes for micro- 
scopical examination. All the implants, except two, == 
were actually recovered. Leaving one female host 
with her male litter mates in the same cage for too 
long resulted in birth of a litter on the fifty-seventh. 
day of implantation period, and no trace of two 
implants could be found after she was killed on: the 
eighty-seventh day. 
Macroscopic examination revealed that in 14- cases 
of 20 recovered implants the length of the bone had 
increased, while- the remaining 6. bones- showe 
either no change. ora slight decrease in length. 
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The diaphyseal bone trabecule appeared rather 
intact as to form even in implants of longest duration, 
that is, 75 days. Most of the lacunæ of the original 
æ were —— contained shrunken cells, 
although in a few ec some osteocytes appeared 

ill vital. A consistent feature in the implants was 
the disappearance of both osteoblasts and osteoclasts 
at the original trabecule. The marrow had already, 
in 31 days of implantation, lost most of its cellular 
elements and was filled with fibrous tissue. Capillaries 
filled with red cells were seen in this marrow tissue, 
but circulatory connexions with the surrounding host 
tissues could not be ascertained. In some implants 
relatively great masses of viable immature bone were 
seen to have formed on the surface of the original 
diaphyseal bony tube or inside of it. 

In general, the changes observed were similar to 
those reported in connexion with human foetal bone 
homografts’. | 

Infiltration of surrounding connective tissue of the 

host into the implant was noted in many instances, 
but no typical defence cell reaction was seen. 
- Previous investigators have reported survival 
periods of xenogeneic human fœtal cartilage and bone 
tissue transplants in adult rats up to 41 days. The 
nice findings indicate a possibility of considerably 
onger survival periods. Continued investigations on 
xenogeneic human foetal bone transplants, in various 
host animals and implantation sites, and using various 
means of conditioning of hosts are warranted. 

The investigations of which this work is a part 
were aided by a grant from the Sigrid Juselius 


Foundation. 
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Reduction of the Pathogenicity of 
Fasciola hepatica in Mice by X-irradiation 


THe mouse has been used by several investigators 
for experimental work with Fasciola hepatica infec- 
tions'-*, During the course of investigations described 
in this communication mice infected with 10 or 20 
r rnal metacercarie generally died 18-35 days after 
ora or intraperitoneal infection; most mice died 
22-26 days after infection. At post-mortem examina- 
tion immature flukes have been found in the body 
cavity, thoracic cavity and liver. Occasionally 
mature flukes have been found in the greatly enlarged 
bile duct 37 days after infection and a few mice have 
survived for at least 60 days with as many as 5 mature 
flukes in the bile duct. 

By X-irradiating the metacercarie it has been 
possible to reduce pathogenicity so that the infected 
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Fig. 1. Three stunted F. hepatica which have de from 
metacercarie X-irradiated at 2 kr. and one — has 
developed from a metacercaria The flukes 


* a 
were taken from mice 21 8 after oral infection. The largest 
fluke is of comparable EBay h age O 
normal 


mice do not die 3-4 weeks after infection as they 
would if infected with normal metacercariz. 

In the present experiments mice were infected 
orally with 20 metacerearie each of which had been 
X-irradiated in water at levels of 0-100 kr. It was 
found that levels of X-irradiation from 4-100 kr. 
reduced pathogenicity of the metacercarim to such 
an extent that no mice died due to F. hepatica. At 
2 kr. two mice out of ten died in one group although 
the deaths were delayed. At 1 kr. and below all mice 
died due to infection by flukes. It was also found that 
X-irradiation at 100 kr. did not prevent excystment of 
metacercariæ in the mouse. In another experiment a 
serial kill was carried out in mice infected orally with 
20 metacercari# X-irradiated at 4 kr. Mice were 
killed on alternate days after infection and the livers 
teased apart and the body cavity and thorax carefully 
examined. Living immature flukes were found in 
liver squashes up to 32 days after infection; but the 
majority of the flukes appeared to die in the liver 
18-28 days after infection. These flukes were markedly 
stunted in appearance, being only about one-fifth the 
size of normal flukes of the same age. Those flukes 
which had been stunted by X-irradiation did not 
appear to have developed beyond the stage reached 
7-10 days after infection with normal metacercariæ 
(Fig. 1). Later experiments have also shown that 
metacercarie X-irradiated at 4 kr. and fed to rabbits 
also fail to reach maturity and die in the liver. 

It appears, then, that there is a minimum level of 
X-irradiation between 2 and 4 kr. that so reduces the 
pathogenicity of metacercarie that mice do not die, 
although some liver damage is caused. It is of 
interest to note that this seems to be about the same 
minimum level of X-irradiation which partially 
inactivates S. mansoni in mice*, and also in hamsters 
(Smithers, 8S. R., personal communication). Experi- 
ments are in progress to determine whether previous 
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infection with X-irradiated metacercarie will influence 


the course of normal infection in mice and rabbits. 
D. L. HUGHES 
Parasitology Department, 
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Allen and Hanburys, Ltd., 
Ware, Hertfordshire. 
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—— —— of Mees orb pease Immu- 
pay in the Regionalized Lymph Node 
lowin 2 gre of the Original 
egional Lymph Node 


Tue extirpation of the regional lymph node sage 
the survival-time of a cutaneous homograft on the 
ear of a rabbit'*. If we perform an indirect colour 
lymphography before and after extirpation, we can 
observe a further node which is connected to the 
lymphatic system within 2 weeks and which pre- 
viously did not belong to this collecting area‘. 

We have tried to verify whether this regionalized 
-node is a source of transplantation immunity. To 
this end, we made use of the fact that the cells of a 
regional node and a cutaneous graft against which 
the node was immunized, grafted on various sites 
of the same ear of a rabbit, produce a considerable 
cedema of the ear within 48 hr.*. 

The experiments were carried out on Chinchilla 
rabbits weighing 1,800-1,900 gm. In the control 
group a 2 cm. x 2 cm. full thickness cutaneous homo- 
graft was transplanted on the ear of the rabbit. 
One week after rejection of the graft (it survived 
about 11 days) the regional lymph node was extir- 
pated after indirect colour lymphography and trans- 
planted on the ear of another rabbit. Over it a 
cutaneous graft was transplanted against which the 
node was immunized. 48 hr. later both ears were 
weighed. In the second group the regional lymph 
node was extirpated simultaneously with the cutane- 
ous grafting. Again a week later, after rejection of 
the graft (it survived 25 days on the average), the 
regionalized lymph node was extirpated after indirect 
lymphography and together with the respective 
graft it was transferred to the ear of a further rabbit. 
In the third group an experiment similar to that of 
the control group was performed, with the exception 
that we extirpated the preauricular node which, in 
this case, was not a regional one and therefore not 
immunized against the graft. 


Table 1. GipeMA OF THE FAR 48 HR, AFTER TRANSPLANTATION OF 
GRAFT AND LYMPH ne ee AGAINST THIS GRAFT 


ht of ear (gm.) after 48 hr. 

va rol side Influenced side 
Regional node and graft 15-1 + 1:5 322 + 27 
Regionaliżed node and graft 158 + 1-4 30:7 + 2:5 
Non-immunized node and graft 157 + 19 164 + 18 


The results are summarized in Table 1. After 
transplantation of the regional node and of the 
respective graft a considerable oedema developed so 
that the weight of the ear doubled compared with 
that of the non-influenced one. Similarly, after trans- 
plantation of the node regionalized following the 


extirpation of the original regional node and the 
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AR ASE of the respective graft, a considerable 
cedema occurred and the weight of the ear doubled 
again. If we, however, transferred the preauricular 
node which was not regionalized because the original 
retroauricular node was intacf, no œdema occurred 
after transplantation of the respective graft. 

This leads us to presume that the node which is 
connected to the lymphatic system after the extir- 
pation of the original regional node becomes one of 
the sources of transplantation immunity. 

J. VRUBEL 
H. VRUBELOVÅ 
Institute for Clinical and — — Surgery, 
P 
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Coccolith Formation 


Wits the application of culture methods to the 
study of coccolithophorids, evidence is now accumu- 
lating! in favour of the older hypothesis that cocco- 
liths are formed inside the cell. This hypothesis has 
recently received further support from electron micro- 
scope investigations of other types of scale-bearing 
Chrysophyceae*. So far, however, the process of 
coccolith formation does not appear to have been 
studied by e imental means. 

In young cultures of Coccolithus huxleyi (Lohm.) 
Kamptn., I have on numerous occasions observed one 
(Fig. 1) or two coccoliths in the cytoplasm between 
the two chromatophores. Their actual liberation has 
not been observed, but the following experiment 
suggests that the average time needed by the cell to 
produce a new coccolith may be less than 1 hr. Cells 
were grown in a medium of sufficiently low calcium 
content (0:01 gm. caleium/l.) to prevent coccolith 
formation entirely, and were afterwards transferred 
to sea-water and exposed to light. During the next 
few hours, various stages in the development of a 
coccolith cover could be observed. Single coccoliths 
were seen inside cells that were either still completely 
naked or carried one or more external coccoliths. 
After 6 hr., the majority of cells had produced 5-10 
coccoliths. 

By means of volumetric calcium analysis and 
simultaneous coccolith counts, it was found that 
the calcium content of one Coccolithus huxleyi is 
55 x 103 gm. calcium. ing & cell radius of 
2-5u, an organic carbon content of 0-1 gm. per c.c. of 
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‘gad an average ) f 15 edgeoliths per cell, 
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hich did not inerease on prolonged exposure to acid. 





was concluded that this method provided ‘reliable 
estimates of the uptake of carbon-14 in coccoliths. 
-The alternative method of washing the filters with 
0-001 N hydrochloric acid in 3 per cent sodium 
chloride could not be used, as it apparently led to a 
~ removal of organic substances as well as of coccoliths. 
_ Some experiments were carried out on coccolith 
ce < formation and photosynthesis in relation to light 
intensity. A strain of Coccolithus huxleyi from the 
-Oslo Fjord, grown in enriched sea-water, was used. 
_ Special precautions were needed to ensure that at 
least. 99-5 per cent of the cells possessed a complete 
6occoolith cover. Cells suspended in sea-water were 
.. -ineubated with standard amounts of radioactive 
_. -earbonate for 4 hr. at 20° C. The apparatus used was 
similar to that used by Danish workers',. except 
that the required range of light intensities was 
-obtained by means of one or more layers of stainless 
- metal screen. At the end of the exposure, the samples 
were filtered through membrane filters of 0-4 pore 
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Fig. 2. Uptake of carbon-14 in photosynthesis corrected for datk 
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£ yie they are further corrected se 
fsistont and repr roducible values of Joss of P antivity, g HCN: : 

synthesis {P}. respectively mot shown ‘in 
When a naked strain of C. huzler yi was used instead, 


there was no measurable decrease in filter activity. It to unity at all light intensities, other experime 


width, with pointed ends. (Fig. 3). 
n m and in coccoliths (O), plotted against light intensity I 


could ihorelom: be a 

-The results of one experi 
There is a remarkably. el 
eurve repr esenting coccolitl 
synthesis curve corrected | 
curves can be made’ to doin 







dependent”. coccolith formati 
Although the ratio C/P in this experiment was ek 


have shown that deviations may occur and that the 
are somehow connected with the age and pre-history 
of the cultures. At light saturation, the C/P ratio 
may be as low as 0-6 or.as high as L2, Also; thë dark = 
uptake in coccoliths, although generally insignificant, e 
may at times represent 30 per cent of the uptake in — 
coceoliths at light saturation. | — 
The apparent dependence of coccolith formation on 















photosynthesis may possibly be due to some kind of y : : 
interaction at the level of inorganic carbon uptake and p 


transport. If so, the process of coccolith formation 
may have essential features m common with the 
mechanisrn. operating in lime-depositing aquatic 
phanerogams* or with the one that has been suggested 
for skeletogenesis in corals containing zooxanthellae’, 
Further work, now in progress, is needed before those - 
oe can be tested. $ —— 
E. Paasonn PE RAR 

— for Marine Biology, . et 
Section B, University of Oslo. 
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A Micro-organism associated: with Sperm ees: 
= Cells of Ornithodoros =€ 


Duna an a of the femalo Je genital traci : 


— form. A detailed. examination. of 3 
showed that each one is covered with many hund sdg 
of spindle-shaped micro-organisms (Figs. 7 
attached to the post wior third of its broad 
The systematic posit on of these micro-org 
uncertain. They stalim vitally with Jam 
methylene blue, and remain alive | r 
slide and cover glass for more tha’ 
Osmium tetroxide and. formalin v 
to be the best fixatives. Heiden 
safranin after osmium tetroxide, : an 
formalin fixation gave satisfactory staining 
micro-organism is about 15-20u in length,. 
No flagellum w w as 








observed. 
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Fig. 1. A group of three sperm cells of Ornithodoros tholozani 

covered with micro-organisms. Fresh preparation, from a 

spermatophore dissected from female’s uterus, Vitally stained 
with Janus green. (x 100) 


. > 


Fig. 2. Site of sperm cell with attached micro-organisms. ( x 900) 


Fig. 3. Detached micro-organisms. Fixed in osmium tetroxide 
vapour and stained with Heldenhain. (x 1,600) 


Staining as well as phase-contrast study showed 
dark stained areas and unstained highly refractile 
spherical or elliptical vacuolated areas. Some 
individuals have only one vacuole but the majority 
2 or 3 and a few up to 8 vacuoles. Vital staining with 
Janus green, methyl-green-pyronin, or Heidenhain 
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after fixation in osmium tetroxide vapour showed 
no cytoplasmic differentiation and no discernible 
nucleus. After formalin fixation several dark violet 
granules which stained with Giemsa were found. 

While in the spermatophore the sperm is covered 
by the above-mentioned micro-organisms, those 
found in the ampulla of the oviduct have no micro- 
organisms attached to them. AN specimens of 
O. tholozani were found infected, and every individual 
sperm without exception was covered by these 
organisms. 

This phenomenon (infectivity of 100 per cent of 
ticks and 100 per cent of sperm) suggests that we are 
dealing with a commensal or a symbiote. 

We examined O. parkeri obtained directly from the 
Rocky Mountain Laboratory, United States, in order 
to determine whether the above micro-organisms, the 
systematic position of which is not yet clear, are 
specific for O. tholozani. The sperm of these speci- 
mens were also covered with similar but much smaller 
micro-organisms (2:5-5u long and 0-5-1-7u wide) 
containing only one vacuole in most individuals. 

Examination of sperm of O. moubata, Hyalomma 
excavatum and Rhipicephalus sanguineus showed that 
in these species the sperm is not infected with the 
above type of micro-organisms. 

The source of the above organisms was found to be 
the posterior lobe of the male accessory glands. This 
lobe contains round yeast-like micro-organisms 1-5- 
24. in diameter with a single large vacuole. In the 
spermatophore these micro-organisms undergo a 
cycle of development terminating in the formation 
of the above elongated spindle-shaped organisms, 
which attach themselves to the surface of the sperm. 

We thank Dr. W. Burgdorfer from the Rocky 
Mountain Laboratory and Mr. A. Avivi from the 
Israeli Institute of Biology, who provided ticks, 
as well as Mrs. H. Weinman, for taking the miero- 
photographs. 

This investigation was supported by research grant 
No. 4531 from the National Institutes of Health, U.S. 
Public Health Service. 

B. FELDMAN-MUHSAM 
Y. Havivi 
Department of Parasitology, 
Hebrew University of Jerusalem. 


Activation by Redox Dyes of Urechis 
Eggs 

Various kinds of artificial treatment are known to 
bring about early developmental changes in eggs. 
We have developed a new method of activating the 
eggs of the echiuroid, Urechis unicinctus. 

While we were staining these eggs with janus green 
B, in order to find the sites most sensitive to this dye, 
we noticed incidentally that a membrane was sepa- 
rated from the surface of the egg in a similar manner 
to that seen in the natural fertilization. This oceurred 
several minutes after the eggs were immersed in well- 
oxygenated sea-water which contained the dye. 
Another dye, janus green, also activated the eggs, 
with a similar result. An unfertilized egg of this 
species often shows one or more indentations on its 
surface, but these were always smoothed out before 
the membrane separated. Thus the activated eggs 
were always spherical in outline’. The indentations 
also disappeared when treated with the dye in 
anserobic conditions, but afterwards they reappeared 
and remained in the original positions. As soon as the 





No.4820 March 17, 1962 


Fig. 1. Behaviour of Urechis eggs in sea-water containing janus 
green B in aerobic conditions. (A) O hr.: eggs in sea-water 
containing janus green B in a depression slide covered with a 
thin glass, (#) 16 min. later: the separated membrane is shown 


eggs thus treated were exposed to air, they also became 
spherical and in a few minutes showed the fertiliza- 
tion membrane. The accompanying photographs 
show the separation of the membrane in sea-water 
containing janus green B in aerobic conditions. 

The activation by thé janus green dyes in this 
species was always accompanied by an increase in 
the rate of oxygen uptake, as was confirmed by the 
manometric determinations. In this connexion we 
observed a change of colour under different conditions. 
Under aerobic conditions the eggs were stained purple 
by the dyes, but this colour changed into red in the 
absence of air. The eggs did not reduce neutral red. 

We also examined some other redox dyes as to 
their power of activating the eggs, but found that the 
janus green dyes were most effective. At the concen- 
tration of 4 x 10-* M the order of the effectiveness 
was: janus green B, janus green, nile blue; neutral 
red and phenosafranine were effective at a higher 
concentration of 4-6 x 10-* M. Results are summar- 
ized in Table 1. 


Table 1. ACTIVATION (PER CENT) OF Urechis EGGS, 30 MIN. AFTER 
IMMERSION IN SEA-WATER CONTAINING REDOX DYES 


Molar concentration of 
dyes in sea-water 
4 x 10* 46 x 107 
per cent per cent 


Dyes 


Methylene blue 
Indigo tetrasulphon- 
ate sodium 


EB’, (H 7) in mV. 


+ 11 


n 
-). The dyes were dissolved in natural 
sea-water (pH 8-35, chlorinity, 16-94 per mille). 


In sea-water which contained one of these dyes at 
the proper concentration, the Urechis eggs developed 
to the stage of extruding polar bodies, and in some 
cases they were further cleaved, though irregularly. 

Riboflavin, sodium indigo-tetrasulphonate and 
methylene blue were also examined over a wide range 
of concentrations, but they did not activate the eggs. 

It is clear from these results that the concentration 
and the redox potential of a dye are the important 
factors in activating the eggs. It is interesting that 
the effective agents are the janus greens and the 
allied substances. Some biochemically important 
substances are known to have redox potentials near 
that of the janus greens; for example, diphospho- and 
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triphospho-pyridine nucleotides and certain com- 

pounds with thiol groups*. It is possible that these 

might co-operate with the redox dyes in causing 

separation of the egg-membrane. 
ABURO ISAKA 
Toyoo AIKAWA 

Biological Institute, 
Chiba University, 
Konakadai, 
Chiba, Japan. 
‘Tyler, A., Biol. Bull., 60, 187 (1931), 


* Hewitt, L. F., Oridation-Reduction Potentials in Bacteriology and 
Biochemistry, aixth ed. (Livingstone, Edinburgh). 


Effects of Salinity and Oxygen on 
Developmental nage in a Cyprinodont 
Fis 


NATURALLY inseminated eggs of the desert pupfish, 
Cyprinodon macularius Baird and Girard', were trans- 
ferred approximately 4 hr. after fertilization into 
combinations of 5 different salinities (fresh water, 
35, 45, 55 and 70 parts per thousand) and three 
different concentrations of ambient dissolved oxygen 
(equivalent to approximately 70, 100 or 300 per cent 
air saturation) at 27-5° + 0-1° C. and 31-0° + 0-1° C. 
Developmental rate was then determined as time be- 
tween fertilization and hatching and as time to 
attainment of defined embryonic stages*:*. 

Under normal oxygen conditions of ineubation, 
that is, 100 per cent air saturation, rates of develop- 
ment decrease with increasing salinity, particularly 
in salt concentrations above 35 parts per thousand 
(Table 1); the decrease was found to be comparatively 
small over the wide range from freshwater to sea- 
water of 35 parts per thousand. Relative to 100 per 
cent air saturation, velocity of development decreases 
at 70 per cent air saturation, and increases at 300 per 
cent saturation in salinities higher than 35 parts per 
thousand. 

The progressive retardation observed at normal 
air saturation in 35, 45, 55 and 70 parts per thousand 
can be nullified largely or even completely by an 
appropriate rise in the content of dissolved oxygen. 
Retardation is caused primarily by differences in the 
salinity-dependent coefficients of absorption and 
saturation for oxygen in water. At 27-5° C., for 
example, saturation values for dissolved oxygen from 
normal dry atmosphere were found to be approx- 
imately 5-8 ml./l. in freshwater and 3-6 ml./l. in 
70 parts per thousand. These figures represent a 
decrease in oxygen content of 38 per cent from 
freshwater to 70 parts per thousand. Physiological 
effects of the salinity factor as such proved to be 
rather limited in spite of the wide range of salt 
concentrations used. Salinity-specific effects might 
have been more pronounced if eggs had been trans- 
ferred immediately after fertilization®. 

Additional experiments conducted at a variety of 
temperatures revealed that the upper lethal tem- 


Table 1. INCUBATION PERIODS (DAYS BETWERN FERTILIZATION AND 
HATCHING) IN DIFFERENT SALINITY—OXYGEN COMBINATIONS AT TWO 
ENT CONSTANT TEMPERATTRES. AVERAGES OF 30-50 
IN EACH CASE 


Air 
saturation Fresh 35%.,S 45%.S 55%,8  70%,S 
(per cent) water 
27:5° C. 70 . 6:6 lethal 
100 5-2 5-4 6-0 


lethal 
6-6 
53 5-2 5-4 f 
lethal lethal lethal 
41 4°25 4-6 


300 
31-0° C. 70 
100 
300 4-2 8-9 4-0 
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Table 2. UPPER LETHAL TEMPERATURES OF INCURATION IN DEGREES 
CENTIGRADE AS FUNCTION OF — AND OXYGEN (APPROXIMA- 


Air 
saturation Fresh 


35%,S 45 55%.8 70%,8 
‘aromas. “mates ° %S % *. 
lethal lethal 

70 28:5 27-5 24-0 oye whole ore whole 

° C-ra ° C.-range 
100 36-1 35-9 34-0 $92 °° 32-5 
800 86-1 86:1 35:5 84-5 84-0 


perature of incubation, that is, the lowest of the 
constant high temperatures at which 100 per cent of 
the embryos die previous to hatching, shifts con- 
siderably under different conditions of salinity and 
oxygen (Table 2). Lethal temperatures are lowest 

in all 5 salinities at 70 per cent and highest at 
300 per cent air saturation. They decrease with in- 
creasing salinity; such a decrease is significantly less 
pronounced at 300 per cent saturation than at 70 
and 100 per cent saturation respectively. A salinity 
of 85 parts per thousand proved to be lethal under 
all salinity-oxygen combinations used. 


Orro KINNE 
Eva MARIA KINNE 


Department of Zoology, 

University of Toronto. 
— 5— F., and Girard, C., Proc. Acad. Nat. Sci. Phila., 6, 387 
*Kinne, O., Phys. Z., 38, 288 (1960), 
*Kinne, O., and Kinne, E. M., Canad. J, Zool, (in the press). 


Regeneration of Limbs in Adult 
Hymenochirus boettgeri 


ALTHOUGH many vertebrates have retained to a 
considerable degree the ability to regenerate organs, 
adult anurans are generally believed to have lost the 
power to replace limbs or digits. Isolated cases of 
regeneration in anurans have been observed, but were 
considered simply as anomalous oeccurrences'~*, In 
1932, Rostand* reported that adults of the African 
‘clawed toad’, Xenopus laevis, regularly formed hetero- 
morphic regenerates of amputated digits. This has 
been confirmed for limbs as well as digits by Gallien 
and Beetschen*, Beetschen", Gitlin’, and Skowron and 
Komala’, As part of an extensive analysis of regenera- 
tion in the anurans, the present communication 
reports the normal occurrence of regeneration in 
another African frog. 

Limbs of the pipid Hymenochirus boettgeri were 
amputated just distal to the elbow and knee. Digits 
were also cut at different levels. The wounds were 
not trimmed, and healing was allowed to proceed 
naturally. The results are summarized in Table 1. 

The limb regenerates took the form of thin rod-like 
outgrowths not exceeding 5 mm. in length (Figs. 1 





Figa, 1 ~, s eli Ra 8-mm. fore-limb ———— or Piymonccnires 


boetigeri. hind-limb regenerate o 
geri. Aton 


menochirus 
ws indicate point of ——— 
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Table 1, OCCURRENCE OF REGENERATION IN EXTREMITIES OF 
Hymenochirus boetigeri 


Forelimbs Hind limbs Fingers Toes 


Regeneration observed 8 6 8 10 
No regeneration observed ere 1 2 2 
and 2). Occasionally, digital outgrowths were 


observed at the distal end of the regenerate. The 
course of the regeneration appeared to be similar to 
that described for Xenopus laevis**®. 


ROBERT P. GOODE 


Department of Zoology, 
Columbia University, 
New York 27. 


i — H, The Cambridge Natural History: Amphibia and Reptilia 


t Woodland, W. N. F., Quart. J. Micro. Sci., 65, 100 (1921). 

* Thornton, C. S., and Shields, T. W., Copeia, 40 (1945), 

t Rostand, J., C.R. Soc. Biol., 111, 451 (1932). 

* Gallien, L., and Beetschen, J. C., C.R. Soc. Biol., 114, 874 (1951). 
* Beetschen, J. C., Bull. Biol. Fr. and Belg., 86, 88 (1952). 

7 Gitlin, G., Bull. Res. Counc. Israel, 5, B, 307 (1956). 

*Skowron, S., and Komala, Z., Folia Biologica, 5, 53 (1957). 


Influence of Tetracycline on Calcification 
in Normal and Regenerating Teleost 
es 


AMONG the attributes manifested by tetracyclines 
administered to biological systems are an affinity for 
calcified tissues'-*, the concomitant inhibition of 
calcification®*, and fluorescence under ultra-violet 
illumination, These properties have facilitated the 
investigation of growth and regeneration of scales in 
tetracycline-treated teleosts (Fundulus heteroclitus). 

Adult fish (about 3 in. long) maintained in running 
sea-water at 21-22° C. were given daily intraperi- 
toneal injections of 0-02 mgm. tetracycline (‘Achro- 
mycin’) per gm. body-weight in 0-1 ml. distilled 
water. Scales were plucked from the flank at the 
beginning of the experiment and were allowed to 
regenerate for 3 weeks. Some scales were then stained 
for calcium by the von Kossa technique, while others 
were mounted unstained and examined for tetra- 
cyclins fluorescence under ultra-violet light. The com- 
bination of these two approaches made it possible to 
correlate the respective patterns of calcium and 
tetracycline deposition in normal and regenerated 


es. 

Control fish, injected daily with 0-1 ml. distilled 
water, regenerated normally calcified scales possessing 
several concentric growth rings. They stained heavily 
with silver nitrate (Fig. la) but exhibited no fluores- 
cence under ultra-violet light. Regenerated scales 
from experimental fish, in contrast, were considerably 
less rigid than control regenerates, although their 
over-all dimensions were normal. The von Kossa 
stain revealed that such scales were only very lightly 
calcified in the central ringless areas and that what 
little calcification had occurred in the concentrie rings 
was largely restricted to depositions immediately 
peripheral to each of the sculptured lines delineating 
one ring from the next (Fig. 1b). Under ultra-violet 
light the pattern of fluorescence, indicating the 
localization of tetracycline in the scale, was found to 
coincide with that of calcium deposition (Fig. Ic). 
The intensity of both the calcification and the fluores- 
cence diminished progressively in the younger, more 
peripheral, rings. 

Normal (non-regenerated) scales of tetracycline- 
treated fish were also examined under ultra-violet 
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Fig. 1. a, Regenerated scale from control fish in which the von 
Kossa stain for calcium has revealed intense calcification; 
b, Regenerated scale from tetracycline-treated fish, stained by 
the von Kossa technique. Only very light calcification has 
occurred. ¢, Pattern o tatunaueltiea distribution in regenerated 
experimental scale as viewed under ultra-violet illumination 


light. Fluorescence in these scales was greatest along 
the proximal (anterior) margins in the two outermost 
rings. Along the lateral margins of such scales, the 
width of the fluorescent band was thinner. Pos- 
teriorly, fluorescence was almost non-existent. The 
innermost part of the scale disclosed only an extremely 
light, homogeneous fluorescence. If the extent of 
fluorescence corresponds with the amount of tetra- 
eycline deposited in normally growing scales, and if 
this in turn is a reflexion of the degree of calcification 
occurring during the experimental period, it can be 
concluded that there is a light over-all deposition of 
calcium on the surface of a scale, probably accounting 
for its gradual increase in thickness, but that the 
bulk of the calcium laid down is added at the mar- 
‘Furthermore, these observations support the 
contention that the scale grows more rapidly along the 
proximal margin, and at a somewhat slower rate 
laterally. Posteriorly, the rate of growth is very 
slow. These conclusions are consistent with the fact 
that the number of rings, counted from the centre of 
the scale to the margin, is greatest in the anterior 
direction and least in the distal portion of the scale. 
These investigations were supported by grants 
D-473 and B-923 from the National Institutes of 
Health, U.S. Public Health Service, and were carried 
out at the Mt. Desert Island Biological Laboratory, 
Salisbury Cove, Maine. Tetracycline was kindly 
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supplied by Lederle Division, American Cyanamid Co., 
Pearl River, New York. 
GERRIT BEVELANDER 


Department of Histology, 
College of Dentistry, 
New York University, 
New York City. 
RICHARD J. Goss 


Department of Biology, 
Brown University, 
Providence, 
Rhode Island. 


1 Milch, R. A., Rall, D. P., and Tobie, J. E., J. Nat. Cancer Inst., 
19, ar (1957). 


* Milch, R. A., Rall. D. P., and Tobie, J. E., J. Bone and Joint Surg., 
40. A. 4, 897 (1958). 


3 Rone, G.. Nakahara, H., and Rolle, G. K., Nature, 184, 728 
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Leaf-clearing Technique to assist 
Fungal Spore Germination Counts 


For comparisons between formulations of certain 
fungicides, it was necessary to estimate the percen- 
tage germination of Alternaria solani and Venturia 
inaequalis spores inoculated on to sprayed tomato and 
apple leaves. Direct microscopic examination was 
generally difficult owing to the opacity of the leaf. 
When the leaves were cleared by immersion in solvents 
such as pyridine! or dioxan and propionic acid*, the 
results were misleading because many of the spores 
were washed off. Pressing leaves on to gelatin or 
cellulose acetate? on slides and removing them 
proved time consuming, and often failed to remove all 
of the spores. Moreover, debris and the impression of 
the leaf surface made it difficult to decide whether 
many of the spores had germinated. Stripping 
of a cellulose acetate film*® from the leaves and 
dissolving it in acetone on a slide was an improve- 
ment, but nevertheless tedious. As direct examination 
of the spores in situ would be the most rapid method of 
estimating the percentage germination, a technique 
was developed which allows accurate and rapid spore- 
counts on large numbers of leaves. 

Spores are incubated on the leaf surface for 24 hr., 
and disks are removed from the leaves with a cork- 
borer or leaf punch*®. The disks are arranged in Petri 
dishes and placed in a beaker which is filled with 
chlorine gas from a cylinder. If large numbers of disks 
are involved, they may be arranged in Buchner 
crucibles, and these are stacked in a glass tower 
through which the gas is passed. The disks are 
bleached in a few seconds and the spores and hyphx 
remain undisturbed. They may then be stained with a 
drop of methyl violet and examined in transmitted 
light. Methyl violet appears to stain spores of 
A. solani more effectively if the disks are previously 
exposed to ammonia vapour to reduce the effect of 
residual chlorine on the stain. 

This technique has been used extensively and 
successfully on leaves of tomato and apple, and it 
appears to be useful for leaves of many fruit trees, 
vegetables, cereals and pasture species. In most 
cases the leaves clear within a minute, and the clearing 
time is reduced if steps are taken to ensure that the 
stomata are open. Lemon leaves, however, require 
several hours’ exposure to the chlorine. The technique 
may also find application in histological examination 
of diseased leaves. 
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Aecimulation ‘and Transformation of 
Sugars in Sugar Cane Stalks: Mechanism 
~% Inversion of Sucrose in the Inner 
Space 


e Previous work}-* has shown that sucrose is the 

== sole sugar transferred from the outer space to the 

inner space of sugar-cane storage tissue disks by an 

=o — energy-coupled process. The outer space was identified 

— tentatively as including the cytoplasm, and the inner 
apace as the vacuolar volume. 

By means of tracer studies, glucose and fructose 

which occur- in relatively high concentrations in 

-immature tissue were shown to arise from sucrose 

being inverted in the inner space. It was suggested 

that. inversion may be mediated by a vacuolar 

~~ invertase, and that an essential step in the matura- 

tion process would be masking or loss of invertase’. 

Hartt‘ found invertase in green-leaf and dry-leaf 

— — portions of sugar-cane stalks, while Fujii? reported 

invertase in the rind at the tip of the stalk but absent 

from the storage tissue in the centre part of the stalk. 

‘Two enzymes which synthesize sucrose have been 

<o yeported in sugar-cane—-uridine diphosphoglucose- 

.- fruetose transglycosylase! and sucrose phosphorylase’. 

_.. Both enzymes catalyse freely reversible reactions, 

2 whieh together with other enzymes could form 
ee ae systems for inverting sucrose. 

The mechanism by which sucrose is inverted in 

SOs storage tissue has been investigated. Initially the 
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tivity in erushed cells, juice and cell residues was 


contained 2-8 pM sucrose/25 disks the- turnover 


trate and ‘inversion followed by measuring the time for the sucrose pool was 8:6 hr.’ 


ion. Approximately 80 per cent of the activity 


ctose, with- the expectation that asym- 
elling in sucrose would develop: if either. 
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1-0 ml. juice from immature storage tissues. Additions were e85 
sucrose-U-“C; 5,000 pgm, unlabelled fructose, T = 25°C 
in O-1 ml. samples Was Separated on paper chromatograms, eluted pr 
inverted with. analytical invertase. Radioactivity in glucose and 
fructose moieties of sucrose was determined after separation on. paper 
chromatograms, Results are means of quadruplicate doterings? 

























sucrose-synthesizing enzymes require dialysable © 
factors. Lastly, no activity was detected in boiled 
juice. All these experiments were carried out with 
juice from immature storage tissue. The results sho 
that an enzyme of the invertase type is responnible 
for sucrose inversion. 

A comparison was made of the invertase activity oe 
in dialysed juice from storage tissue at different: — 
stages of maturity. (Table 2). Relatively high activity = _ 
was found in dialysed juice from very young inter- .· 
nodes in which reducing sugar content is high. No |. 
activity was detected in juice from more mature 
internodes which contain large amounts of sucrose: __ 
and practically no reducing sugars. The limit of 
detection of the method was about 10 enzyme units 
as defined in Table 2. 28 
















Table 2. INVERTASE Activity. IN DIALYSED JUICE FROM STORAGE — 
TISSUE OF DIFFERENT AGES cies 

Enzyme content. 
Internode Internode diameter Internode length invertase: 0. 
No. (em.)} (em.) units/ml. juice. — 

5 1-3 2°65 374° 

6 9 104 108 

8 82 14 nil. 

11 0 £2 14 nll 


Storage tissue was ground and centrifuged at 1,800g for 5 min. ES 
07 ml. juice was removed and dialysed against distilled water for. 
3 hr. at 25°C. and with rapid stirring, The volume of the dialysed 
juice was noted, and 0-5: ml. samples taken for assay of invertase. o> 
The unit of invertase activity is arbitrarily defined as the amount =- 
of enzyme inverting 1-0 ugm, sucrose/hr, in 0-83 per cent sucrose ato 
25°C. Assays carried oat under toluene, with sucrose-"‘C as substrate: 
Radioactivity. was determined in reducing sugars after separation on °°: 
paper chromatograms. Reaction-rates for internodes 5 and 6 wore Sea 
constant over 27 hr, Pare a 


The failure to detect. invertase in immature storage — 
tissue’ was probably due to insufficient sensitivity 
of the method used.: The amount of enzyme. presen — 
is very small but appears to be adequate to ace 
for previous observations. In young tissue which 
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l thyl-v-Glucoside ‘in the Leaves of 















=- ~ Medicago sativa 
galacto-heptulose! other carbohydrate compounds 
ere isolated from an*alcoholic extract of the leaves 
alfalfa (Medicago sativa, var. Caliverde) by chrom- 
tographic separation. We wish to report that 
-methyl-p-glucoside has been identified as one of 
hese compounds. Although §-methyl-p-glucoside has 
uccisa’, to our knowledge it has not been reported to 
ccur in alfalfa. he te 
from an alcoholic extract of alfalfa leaves, was 
analysed qualitatively for sugars by paper chromato- 
‘graphy, a very faint flesh-pink zone was detected by 
an aniline developing reagent*®. This zone had an Rp 
‘similar to that of xylose, and initially the carbohyd- 
-Yate responsible for this reaction with aniline was 
thought to be xylose. An investigation was under- 
_-- taken to verify the identity of this compound, and by 
_©. means of heavy paper chromatography the carbo- 
_ hydrate was isolated and a crystalline compound 
_ -obtained. 

_ .... The following procedure was used to separate the 
compound which afterwards was identified as 6- 
— -methyl-p-glucoside. Leaves and some petioles of 
c field-grown alfalfa were stripped from the stems 
directly after cutting the shoot and were placed in 
boiling 95 per cent ethyl alcohol. The final concen- 
tration of alcohol in the extract was adjusted to be 
_ about 80 per cent. The alcohol extract was evaporated 
under a stream of air on a steam bath. The syrup 
was cooled, transferred with water on to a Buchner 
- funnel containing a ‘Celite’ mat, filtered with suction, 
-and washed with water. The filtrate was passed 
through a cation (‘7R~-120’, H+ form) and an anion 
(Duolite A—4’, OH- form) exchange resin and then 
evaporated to about 10 per cent solids. About 1 ml. 
-of this syrup was streaked on water-washed and dried 
Whatman 3MM (18 x 22 in.) paper sheets and 
irrigated with ethyl acetate/pyridine/water (8:2: 1 
oc vjv). After irrigation, strips from the sheets were 
== developed with the aniline reagent; the band corre- 
sponding to the pink area previously noted was 
> Identified, cut from the sheet, and eluted with water. 
The eluate was passed through the ion-exchange 
rosins and evaporated to a syrup and, upon standing, 
the. syrup became filled with a erystalline material. 
Whe crystals were recrystallized from 95 per cent 
~~ ethyl alcohol, filtered, washed with anhydrous diethyl 

“ether, and air dried. _ | 
Thoe isolated crystalline compound did not show a 
. eopper-reducing value; a 5 per cent solution gave a 
faint chromatographic test with aniline and a positive 
‘test. with silver nitrate reagenti. However, after 
hydrolysis in 3 N hydrochloric acid at 80° C., a positive 
hromatographic test for glucose was found and a 
ducing value of 95 per cent (calculated as glucose) 
as determined by the Somogyi micro-copper 
1rethods®. Glucose oxidase (DeeO-Takamine Labora- 
ry, Clifton, New Jersey) completely oxidized the 
glucose produced by acid hydrolysis. This confirmed 
the. presence of glucose. The p-configuration for 
glucose was also established, as L-glucose was not 
_ oxidized by glucose oxidase. The presence of p-glucose 
in the hydrolysate, and an Hr which was similar to 
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D-glucoside in Medicago 
-The investigation was 
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Root Ecology of Tilia europaea L: >= 
Anatomy of Mycorrhizal Roots ss 
Ecrorrormo mycorrhizæ of the conifers have been 
investigated by a number of workerst-3, Special > 
mention may be made of the contributions*-" to this 
problem from the anatomico-ecological aspect. Com- 
paratively very little is known about the deciduous 
forest trees from this point of view?-*. Tilia americana 
and T. parvifolia have also been listed as endotrophic!® < 
and endotrophic as well as ectotrophie" respectively. 

The root specimens of 40-60 year-old trees and - 
seedlings 1-3 yr. old of Tilia europaca were ins 
vestigated in connexion with this problem. Specimens 
were sectioned and stained in combination of safranin 
and aniline blue. The fungus mantle in almost all 
eases was found undisturbed by the normal procedure 
of preparing permanent sections, which is contrary to- 
the expressed view?,. 1 gs 

The form of the root. system in lime is modifie 






depth and the kind of soil in a particular locality. 
The root system shows heterorhizy, that is, there 
exists a difference into ‘long’ and ‘short’ roots, the 
former forming the main skeleton of the root system, 
and the latter most of the absorptive surface for 

nutrition. So far as our investigation goes the roots 
of lime and beech present a lot of similarity. The 
account presented here supports the view? tha 
mycorrhizal roots are the changed form _ 
end-roots of limited growth: and this ‘è 
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different from the other cortical cells. The cells of 
the rhizodermis are not affected even after infection. 
No root hairs were observed at all in mycorrhizal 
roots. Endodermis is a distinct layer, more so in 
mycorrhize where it differentiates earlier as a morpho- 
logically distinct layer together with stele. The endo- 
dermal cells are impregnated with tannin opposite 
phloem groups, and passage cells are quite well marked 
against protoxylem poles. Similarly the cork cells 
are earlier impregnated towards outside opposite 
phloem groups. The dominance and quick develop- 
ment of cork in mycorrhizal roots are more frequent 
in adult trees rather than the seedlings. The de- 
velopment of cork is not decisively dependent on 
infection; but its occurrence in mycorrbize is more 
frequent and early. The stele in mycorrhizal roots 
is not very much developed, but secondary growth 
is a normal feature. They have only pitted xylem, 
which might fulfil the need of mycorrhize having a 
restricted growth. 





Longitudinal section of Tilia europaea L., showing a 


Fig. 1. 
lateral root with fungal hyphx 


at its apex, coming out from a 
non-mycorrhizal 


Toot. (x c. 256 


It has been shown by a few workers*~’ that the long 
roots in some trees are also mycorrhizal. It is also 
stated that the infection can continue from the mother 
long root to a lateral short root without any infection 
from outside'’?, After examining a few hundred 
sections both in transverse and longitudinal planes 
from the roots of adult trees and the seedlings, we 
were unable to achieve enough proof to support the 
above-mentioned statement. Except for one section 
(Fig. 1) there was no stage observed where a lateral 
root coming out from a long root would possess a 
fungal mantle already at its apex. The presence 
of fungus at the apex in the given photograph is 
difficult to explain when the mother root is quite 
uninfected. 

Tt is felt here that the infection of long roots in 
Tilia, if it oceurs, is a very rare phenomenon. As 
has been stated earlier'*, the long roots have a 
different physiology and so no morphological change 
is brought about due to the fungal influence. It is 
also felt here that ectotrophic mycorrhize like that of 
lime, where the apex is completely covered by fungal 
mantle, gets lesser oxygen than needed for the grow- 
ing tip, which is so necessary for all such growing 
points. It is possible that in these circumstances 
seen in Tilia, the normal growth is hindered due to 
respiratory disturbances. This statement is further 
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— if trees with endotrophie mycorrhize are 
n into consideration where no ‘further’ restriction 
is to be observed (ef. Fraxinus excelsior L.). 
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Gibberellic Acid and the Malting of 
Embryo-less Barley 


THe techniques utilized by present-day maltsters 
have evolved from the concept of the embryo as a 
necessary evil. The embryo has been regarded as the 
source of enzymes required for the conversion of 
starch to sugar and for this reason has been held to 
be indispensable for the necessary modification of 
endospermic reserves. Consequently, maltsters have 
been forced to require a minimum of embryo 
as a result of harvesting methods and/or insect 
infestation while having, also, to impose sub-optimal 
conditions for embryo growth during the germination 
or flooring period, Current malting techniques involve 
the control of temperature, moisture and aeration, 
and have as a primary function the reduction of 
embryonic growth and consequent malting loss (that 
is, a dry-weight loss of 8-15 per cent due to the 
utilization of endospermic material by the embryo). 
One phase of present research deals with the applica- 
tion of growth inhibitors and re-steeping techniques 
to malting barley in an attempt to limit embryo 
growth without affecting the processes involved in 
modification'*. 

Another line of research has recently questioned 
the actual indispensability of the embryo. It has 
been demonstrated that enzymes involved in the 
breakdown of starch are already present in the 
endosperm? and that application of gibberellic acid 
not only activates them, but also leads to a release 
of sugar‘. This is accompanied, also, by an increase 
in soluble protein, and an actual dissolution of the 
contents of the endosperm, in the complete absence 
of the embryo*. These results raised the possibility 
that the embryo might not be required for the malt- 
ing of barley and that suitable modification might be 
obtained in its absence provided gibberellic acid was 
applied. 

To test this possibility the variety Triple Awned 
Lemma was malted using a micro-malting technique 
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noo or Ginseng: — ON E — AND 
LUB B- NITROGEN: CONTENT OF NORMAL AND EMBRYO-LESS. GRAIN 
— AFTER 7 DAYS 


— Reducing sugar Soluble nitrogen 
{per cent) {per cent) 
GA, * 3-4 1-13 
Water 1-4 0°38 
GAs 53 1:59 
. Water 0-13 0-31 


GA, Gibberellic acid. 


of gibberellic acid. This variety was chosen because 
of its husk-less character and also because the sample 
available had been severely damaged during harvest- 
ing and‘ by insects during subsequent storage. — 


group was inspected, and, if necessary, the last 
: remnants of the scutellum were removed by hand. One 
 5-gm. sample of each group was treated with 30 ml. 


acid in the simulated 48-hr. steep period and a 
second 5-gm. sample of each group received only 
water. The complete endosperms of 5 grains from 
== each of the 4 treatments were ground in cold buffer 
(the embryos were first remmoved from the normal 
. -grain). Samples were then taken for the estimation 
_ of reducing sugars, soluble nitrogen content, and 
amylolytic activity. This procedure was carried out 
before and after steeping and daily for a further 5 
days corresponding to the flooring period. All four 
groups were held at a temperature of 10° C. through- 
out steeping and germination, Reducing sugar and 
soluble nitrogen values are shown in Table 1. Normal 
_ > grain treated with gibberellic acid responded with an 
| = extremely rapid modification and by the end of the 
_ fifth day flooring period were ‘over-modified’. The 
_. values in Table 1 for normal untreated grain on the 
seventh day approach average values for green malt 
-of other varieties’, although they are 2-3 days 
|. behind figures derived from the gibberellic acid- 
_ treated normal grain. It can be seen, as well, that 
(the embryo-less grain treated with gibberellic: acid 
_ “responded to a slightly greater degree than did the 
~ normal treated grain. The formation of sugar and 
|. Ynerease in soluble nitrogen of the two groups was 
< -very similar provided gibberellic acid was sup- 
` plied. 
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described previously’, in the presence and absence 


The 
sample was separated into- embryo-less and normal, 
undamaged grain. Each grain in the embryo-less 


-of a once-renewed 2 p.p.m. solution of gibberellic | 


The embryo- less untreated grain, on the other hand, 


inations. Changes in amylolytic activity due to treat- 


ations. The lack of the ‘amb ryo was sé qu nately. pen pig resumed active — whereas he 
ted by the inability of the endosperm, in the : 


cid, to undog, the n 


Ses — — 


age nitrogen was 1-47 as. a compared with Fh 


< were able to utilize atmospheric nitrogen. Since th 
only’ known difference in constitution between. the 
: nodulated and the control plants lay in the ‘presence 


and techniques. The conclusion that the embryo is 
not indispensable for the malting of barley seams = 
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Fixation of Nitrogen in Coriaria 
myrtifolia 


Å PRELIMINARY examination has been meds o£ the ee 
European species (C. myrtifolia L.) of the non-legume — 
genus Coriaria to. determine whether fixation of 
atmospheric nitrogen is associated with the root 
nodules normally present, as previously demonstrated ae 
for species from other continents*-*.. Dr. P. Montserrat —— 
kindly provided me with. seed of C. myrtifolia and with 
a small quantity of soil collected from near. plants 
that species growing in the region of Barcelona. In. 
April 1959 seed of Ç. myrtifolia and also of O. 
japonica (the latter kindly provided by Prof. R. Good 
was sown thickly i in the soil mentioned. | -After some — 
four months it was noted. that. certain of the C. eee 
myrtifolia plants were growing more strongly than thea 
others, and examination of the roots revealed that 
these plants (numbering 6 out of the total of 53) bore —— 
nodules; the small proportion nodulating is possibly ae 
a reflexion on the prevalence of the endophyte i inthe = = 







soil. None of the 31 plants of C. japonica developed 
nodules, suggesting that endophyte specialization has 


oceurred between Coriaria species from dilfarent oe 
geographical regions. = = 
The nodulated plants. (showing at this stage a mean 

shoot height of 9 cm.) were transplanted in Septemhe 
1959 into beakers filled with vermiculite moistened 
with diluted Crone’s ‘solution free of combined 
nitrogen, non-nodulated plants being set up in othe 
beakers as controls. In. the following spring the 




























Height of tallest shoot: 17-em. A em: — X 


Dry weight per plant” 784 mgm. (57 mgm.) 
Total nitrogen per mate 87. mgm. (0° 5 nig 


Percentage total nitrogen ia 


plant dry matter, “111-0 82) 


The dry weight of the nodules attain £ 
6 per cent of that of the whole plant; nodul er 
Of in ‘the 
rest. of the plant. 2 

It is evident that in. some. way the nodulated plants 
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Fig. 1. One nodulated plant (left) and two non-nodulated plants. 
See text (x0-25). Inset, a nodule cluster from one of the 
nodulated plants (=x 1:50). Photographs by Mr. R. Cowper 





Fig. 2. 
of a nodule cluster as shown in Fig. 1. 
cells; st., stele of nodule lobe; e.l., cork layer 


Diagram of transverse section through the distal region 
i.r.c., Infected cortical 


of nodules, inhabited by the endophyte, on the former, 
it is a fair inference that the fixation is a nodular 
phenomenon, as is supported by the higher percentage 
nitrogen shown by the nodules. Non-nodulated 
plants supplied with combined nitrogen in the form 
of ammonium nitrate also grew vigorously. Exam- 
ination of the structure of the nodules revealed the 
same asymmetrical distribution of the cortical cells 
infected by the endophyte (Fig. 2) as was described 
by Shibata and Tahara’ for a Japanese species, 
contrasting with the infection all around the cortex 
shown in other nodulating non-legumes. 

It is to be hoped that someone will make an examin- 
ation of Coriaria species occurring in Central and 
South America, to determine whether the same 
special relation towards nitrogen is shown as has now 
been demonstrated for species from Japan, New 
Zealand, and Spain. 

G. Bonp 


Botany Department. 
The University, 
Glasgow. 
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Rifamycin XXV : a Group of Actino- 
phages Active on Sfreptomyces 
mediterranei* 


Streptomyces mediterranei', which produces the 
new antibiotic rifamycin’*, has been found to be 
attacked by a series of actinophages. These phages, 
when tested against about 150 Streptomyces strains 
belonging to more than 100 different species and 
against 40 Nocardia strains, were found to be inactive 
against all of them (Silvestri, L., personal communi- 
cation). 

The following phages were isolated from lysed 
broth cultures : phage ß, y, 17, 112 and 156. Each 
of these phages appeared as a subsequent infection 
of the strain made resistant to the previous ones. 
Resistant colonies were obtained for each phage by 
plating an aliquot of the completely lysed culture 
and testing the survivors for resistance. 

The criteria adopted for the proof of resistance of 
the isolated colonies were those of Van Alstyne 
et al.*. 

The phage titre produced in liquid medium varied 
according to the different phages from 10° to 10% 
particles/ml, Sensitivity of the different strains of 
Streptomyces mediterranei to the 5 phages are presented 
in Table 1. 


Table 1 
Phages Streptomyces mediterranei strains 
ME ME/R MEIR MEIR MEIR MEIR 

83/973 17 47 112 156 291 

B + - - - - — 

Y + - + - - — 
17 — + = — — — 
112 + + _ + — — 
166 + + — + + — 

+, Lysed. —, Not lysed, 


Examination of the morphological characters of 
the plaques as well as the relative importance played 
by the host-phage system and by certain plating 
conditions on plaque morphology and size was 
carried out. The double-layer technique of Gratia’ 
was used throughout this work. 

The results in Table 2 indicate that, maintaining 
constant the plating conditions, the plaque size and 
its overall morphology are characteristic of specific 
host-phage systems. It seems, furthermore, that the 
host and not the phage is the more active determinant 
of the plaque size, whereas the phage in its turn 
determines up to a certain point the plaque mor- 
phology, which nevertheless can also be drastically 
influenced by the host, as in the case of indicator 
strain ME 83/973 (Table 2). 

Our results corroborate those obtained by St. Clair 
and MecCoy® for other actinophages. 

A minor variation in plaque size has been observed, 
but proved to be due to minor changes in the physi- 
ology of the micro-organism or to environmental 
conditions such as age of the infected mycelium 
fragment, localization of the infected mycelium in the 
lower part of the secondary layer, etc. 

Plaque size and plaque counts were influenced to 
some extent by the plating conditions: 

(a) Plating the phages at pH 5-0 to 6-5 instead of 8-0 
resulted in a 25-45 per cent increase in the plaque 
count. The size and the morphology of the plaques 
were not influenced by the pH. 

(b) Increasing the volume of the base layer from 
10 to 40 ml. per plate (diameter = 9 cm.) and thus 


. 
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5 >o . PHAGES ON DIFFERENT HOST-STRAINS 
Jes. ‘Host strains Plaque size and morphology after 48 hr. at 


_ ME 83/973 Cireylar, ọ 2-5-3-0 mm., clear centre. Halo of 
difffise lysis at the border of the plaque. 


ME 83/973 Circular, ọ 1-5-2-0 mm., clear centre, Practic- 
ally no halo of diffuse lysis surrounding the 
border of the plaque 


- Circular, ọ 1-5-2-0 mm., clear centre. Practic- 
ally no halo of diffuse lysis D ning the 
border of the plaque. 


Very irregular and turbid, 
Plaque appears mainly as pane devoid of 
aerial — 


Circular, ¢ 20-25 mm., clear centre with 
somewhat irregular margins. Small halo of 
diffuse lysis. at the border of the plaque 


Very irregular. and turbid. ọ 05-1-5 mm. 


ME[R 47 - 
ME 83/973 
ME/R17 


MEIR 47 


‘aerial mycelium 


Very irregular. and turbid, ọ i 5-2: 5 mm. 
Plaque appears mainly as spots devoid of 
aerial mycelium ` 


Circular, ọ 0-5-1-2 mm., clear — Small 
halo of diffuse lysis at the border of the 
plaque 

Circular, ọ 4:0--5-0 mm., clear plaques, Small 
halo of diffuse lysis at the berder of the 
plaque 

Very irregular and turbid, 9 0- 5-10. mm. 
Plaque’ appears mainly as spots devoid of 
aerial mycelium 


Circular, 9 15-2-0 mm., clear centre. Small 
halo. of diffuse lysis at the border of the 
plaque 

Circular, ọ. 4°5-5-0 mm., clear centre, Large 
diffuse halo of lysis at the border of the 
plaque j 

Circular, ki 2-5-8:5 nim., small clear centre. 
pores, halo of diffuse lysis at the. border of 
the plaque 


ME 83/978 
ME/[R 17 


MEIR 112 


156 


ME 83/973 
ME/{R17 
ME/R 112 


ME/R 156 


“increasing its depth resulted in a slight reduction 
of the plaque counts, whereas their size and mor- 
— phology remained unchanged. 

_ -. (e} Contrary to some results found in the literature’, 
Ae the. 6 size and the plaque counts of Streptomyces 
-mediterranei phages are inversely proportional to the 
<o agar concentration in the secondary layer. 

=. A detailed discussion of the Streptomyces mediter- 
-=o ranet phages and of their serological and physico- 
eee chemical characteristics will be presented elsewhere. 

n J. E. THEMANN 

C. HENGELLER _ 
A. VIRGILIO 
Department of Microbiology, i 
Antibiotici Lepetit S.p.A., | 
F -Torre Annunziata, Naples. 


The. name ‘rifamycin’ has been adopted instead of ‘rifomycin’ 
revious papers in order to avoid a confusion with other anti- 









F and Beretta, G., Mucopathol. et Mycol. App. oe: 48, 2 


— argal rgalith, — and Timbal, x T, il Farmaco (Sei. ed. 3,14, 








y oa: and Ballotta, Ba Antibicties Annual, 1959- 
eal PE Ine., New York, 1960 — 


‘Teichoic Acid and the Group Antigen 
- of Group D Streptococci 


Tae immunological specificity of carbohydrates in 
the cell walls of streptococci characterizes groups A, C, 
# and G in Lancefield’s classification of these micro- 
organisms'-*. Group D is different. Here the cell wall 
arbohydrate is type-specific, and a component the 
chemical nature of which has hitherto been in doubt 
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phosphate. 


5-25 uum. 


Plaque. appears. mainly as spots. Aevoio of 


-presence in staphylococei 













characterizes the groups, oT 
work indicate that this subs 
antigen, is probably a polyme 


Group D antigen was extracted fror 
coccal strains Cl, C3 and D76, each 
different cell wall — S 










— “front. 4 6 to 624 per. "vont, co Anor 
phosphate was absent and since nucleic acid estimated 
from the absorption peak at 260 my accounted for see 
part only of the total phosphorus. (less than one-fifth — 
in preparation CI) it became of interest to determine o 
the source of the ‘excess’ phosphate, that is, total. 
phosphorus minus nucleic acid phosphorus. 


CHEMICAL ANALYSIS OF GROUP ANTIGEN FROM ‘Tees BAe 


Table 1, 
i DIFFERENT GROUP D STREPTOCOCCI 


Naclele acid — 


Source of antigen Glucose Total phosphorus a ore 
Strain (per cent)” (per cent) phosphorus o eoet 
(per cent) e oe 
01 30 6-2 Ade 
C3 30 4-6 2:0. 
Dib 25-6 4-9 ERS 


A 3-mgm. sample of each preparation was: therefore zi 
submitted to paper chromatography after hydrolysis — 
in 4.N hydrochloric acid for 6hr.at 100°C. Using water- — 
saturated butanol as solvent and ammoniacal silver = — 
nitrate as developing agent’ faint spots in the glycerol > 
position were detected with all three preparations. — 
Re-examined by the method of Hanes and Isherwood = 
for phosphate esters* each hydrolysate gave a wele = 
defined blue spot indicative of a single organic phos- ož ooo 
phate with the mobility of «-glycerophosphate. Spots | 
due to inorganic phosphate resulting from the acid E AS 
hydrolysis were also seen: eee 

Assuming an equi-molar_ ratio. of glucose and 
glycerophosphate the latter in preparatién Cl would 
account for 28-7 per cent of the dry weight, a value i 
good agreement with that of 28-3 per cent derived 
from the ‘excess phosphate’ concentration of 5-1 per 
cent (assumed to be entirely glycerophosphate). W. th 
these assumptions 58. per cent of preparation. gi 
could be accounted for as glucose and. a-glyceropho 
phate and a further 10 per cent as nucleic aci remain 
ing after digestion with nucleases. —— 

Mitchell and Moyle? d atte 































ing glycerophosphate, and suggested : 
organisms the latter might occur as a. polymei 
variety of Gram-positive bacteria Baddiley 
associates isolated polymers of both gl 
ribitol phosphates. which they designated. 
acids’®, In cell walls of lactobacilli a re 
found between serological behaviour am 
content! while from staphylococci serolo 
tive teichoic acids have recently been isolated 
investigators isolated from Streptococcus faecal 
(group D) a polymer of glucose glycerophosph 

(Baddiley, J., personal communication). A sample of 
this compound kindly provided by Prof. Baddiley has- 











been tested serologically with four different group D. 
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antisera and its reactions found to be identical with 
those of the group D antigen preparations here 
described. 

In many respects the group D antigen resembles the 
polyglycerophosphate antigen isolated from group A 
streptococci by McCarty'*. Both constitute not more 
than 1 per cent dry weight of the bacterial cell from 
which they can be released by simple extraction at pH 9 
and room temperature. Both are quantitatively 
extracted by shaking the streptococci with glass beads 
in a Mickle disintegrator and both are found, not in 
the cell walls, but in the clear supernatant fraction 
recovered after high-speed centrifugation of the 
disrupted cocci. Chemical similarity is reflected in an 
immunological relationship: the group A polyglycero- 
phosphate does not react with the available group D 
antisera but, in a minimum concentration of | mgm./ 
ml., the group D antigen precipitates with a group A 
antiserum, R54. This serum forms strong precipitates 
with the group A polyglycerophosphate in concen- 
trations of 0-01 mgm./ml.'5. These serological results 
could be interpreted as indicating either contamina- 
tion of the group D antigen with group A polyglycero- 
phosphate or, more likely, a similarity but lack of 
identity of the immunological determinants involved. 

The group D antigen is of taxonomic importance 
because it is found mainly in streptococci of intestinal 
origin and serves as the basis for their classification 
in a single group. A systematic survey of unrelated 
bacteria for the presence of this antigen has not been 
made. The group A polyglycerophosphate on the 
other hand, or a related antigen, has been identified 
serologically in aerobic, sporulating bacilli and in 
staphylococci in addition to streptococci of most 
groups. It is therefore of taxonomic importance 
only as a possible source of confusion. Fortunately, 
it does not react with group D antiserum. Non- 
specific reactions will be limited to instances where 
the group D antigen, in high concentration, is mixed 
with serum containing antibody to the group A 
polyglycerophosphate. 

In summary, group D antigen preparations contain 
glucose and «-glycerophosphate as major constituents, 
probably in a polymerized form. This is in agreement 
with the known biological properties of the sero- 
logically active material. 
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An Improved Selective Medium for the 
Formation of Ascospores by Aspergillus 
nidulans 


THEIR effects on sporulation are among the most 
conspicuous characteristics of trace elements in fungi. 
Numerous observations attest to the influence of 
mineral nutrition on sporulation, and these have been 
reviewed by Foster’. Either deficiencies or excess of 
particular elements reduce or inhibit sporulation. 


a 
sk 
t 


Fig. 1 


In a routine investigation of the effect of metals on 
growth and sporulation of Aspergillus nidulana, 
8-hydroxyquinoline was used to provide media 
deficient in metals following the method described by 
Waring and Werkman* modified by Gale*. Under 
these conditions it was found that a fair growth of 
the mould occurred; conidiospores were practically 
absent from the culture and replaced by a marked 
formation of ascospores. Microscopie examination 
showed less than 5 per cent of conidia in ascospore 
preparations (Fig. 1). These results are an improve- 
ment on those reported previously by the same group 
of workers*. 2 per cent (w/v) of ammonium oxalate 
was used as the only source of nitrogen, the other 
media constituents being identical to those already 
described. 

JUAN ANTONIO LEAL 
Jurio R. VILLANUEVA 


Instituto ‘Jaime Ferran’ de Microbiologia, 
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Microbial Urease 


THE enzyme urease occurs in a wide variety of 
tissues in man, namely the gastric mucosa, liver, 
kidney, erythrocytes, etc., as well as in bacteria, 
yeasts, moulds, plants and molluses. Sumner was the 
first chemist to obtain urease in crystalline form and 
showed that it was a protein of the globulin type with 
an isoelectric point of five':*. All species of the genus 
Proteus and many other genera of bactcria contain 
urease. The urease content of P. vulgaris is very 
high, and the rate of ammonia production of these 








ko bean urease * been shown to " immun- 
logically related toe soybean urease’. Walberg’ 
ined urease in cell-free extracts of P. vulgaris 
rough sonic lysis and demonstrated that some heavy 
tals, notably mereury, can block the urease of 
vulgaris. 


Our. laboratories previously reported the grouping | 
pathogenic bacteria into splitters and non- 


ers of urea. The foll ng a are urea 


‘Mercaptide:forming 
-as heavy metals — à 


ing gr | faction, we observed Ù 
ferentiating Proteus : “from ‘other. — 


ghee also: showed. urea 


groups. Its Span OH — 
adsorbed on a Seitz filter, — thr 
a but does not — rh 


ae the pele 
l g reag 


J i the 8-8 stage. = * — 


sie th (23 per cent), ar are Hach — w Ap 
Vibrio cholerae, Vibrio El Tor; Shigella, Eberthella, 
Enterococcus, Pneumococeus, Neisseria, Streptococcus - 


“pyogenes, Micrococcus (31 per cent), Lactobacillus 
= acidophilus, D. bulgaricus, L. doderleinii, Brucella 

-= melitensis, B. abortis, Pasteurella. pestis, Bacillus 
subtilis, and Mycobacterium tuberculosis... Heavy 
=- metals in the form of chlormerodrin. (“Neohydrin’), 
 £05-2795 (N3-chloro-mereury 2-methoxypropyl 5- 
methyl 3-isoxazole carbamide) and R05-3211 (N3- 

- ehioromercury 2- ethoxypropyl 5-methyl 3-isoxazole 
< @arbamide), block urease in vitro in live cultures as 
“well as in cell-free extracts through sonic lysis?-!*. 
“Furthermore, studies in patients indicate that expo- 

_ sure to such urease-blocking chemicals (chlormerodrin 
and RO5-2795) produces morphological and physiol- 
ogical changes in the pathogenic bacteria and changed 
drug susceptibilities. Unfortunately the alteration 
in the susceptibility pattern is occasionally favourable 
to the pathogen: thus mutation may occur in either 
direction— increase in drug susceptibility or increase 

in drug resistance. It was also observed that R05- 
2795, unlike chlormerodrin, has an effective Gram 
‘positive -spectrum. 


Table 1. CLASSIFICATION OF MICRO-ORGANISMS ON THE BASIS OF 
UREASE PRODUCTION 
Urease — Urease negative 
i + 
Urea splitting Non-urea splitting 


Living eultures living eultures 














Proteus columbiensis Escherichia coli Trypanosoma cruzi 
oP. morganti Alcaligenes faecalis Leishmania donovani 
Klebsiella pneumoniae Salmonella: - L. trapiea |: 

Aerobacter aerogenes Shigella L. braziliensis 
Prone aeruginosa Pseudomonas aeru- Trichomonas vaginalis 
{77 per cent) ginos (23 per cent) T. onus : 
Stanhylococeus aureus Staphylocoreus aureus 
(31 per cent) 


(69 per cent) 
Le cx Vibria cholerae 
F. ELT or ~ 
Eberthella. 
Enterococcus 
Pneumacoceus 
Neisseria | 
Streptococcus pyogenes 
da a e acidophilus 
L. bulgaricus 
, L. doderleini 
Brucella melitensis 
B. abortis 
Pasteurella pestis 
Bacillus subtilis 
Mycobacterium tuber- 
culosig 


-The importance of bacterial urease is such that 
organisms which split urea are either drug-resistant 
to begin with or readily undergo mutation and become 
drug-resistant4?, The fact that the non-splitting 
athogens have also responded favourably to enzyme 
locking in patients attracted our attention to the 
oil-free extracts of the non-splitters. To our satis- 








brasiliensis failed to split urea. 





_ These —— 


cultures of Trichomonas vag 


soma cruzi, Leishmania donovani » be trop 





extracts obtained from sonic. “ysis: ‘manifes ed- r 
urease activity, which indicated the absence of | urease 

in the protozoa studied. Unlike bacteria, which 

require 30-60 min. to undergo. lysis in a Raytheon 
oscillator, the flagellates undergo lysis ina matter of = 
minutes. For example, practically all Trypanosoma E, 
eruzi.are lysed in 1-1-5 min. Heating effects in both greeter 
instances have been rigorously controlled.. EER ee 

~ What is the significance of bacterial urease in the — 
micro-organism, the host and the scientist? As for 
the purpose of bacterial urease we may speculate — 
that it probably makes available nitrogen for the 
synthesis of amino-acids.. In terms of the host itis o 
known that urea-splitters are either drug resistant or > 
readily mutate to become so. Therefore it may have 
to do with the preservation of the species, a matter of — 
survival in a world where antibiosis has been actively — 
used in the past quarter of a century to eradicate the — 
pathogenic bacteria. As for the scientist, it shoud 
give a clue concerning the metabolism of the pathogen 
so that tailor-made compounds can be synthesized = 
which may have the property of blocking. this mys: cee 
terious enzyme. | — 
H. BENEGA a ae ae 
P. PEER 
R. Natry — 
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ion and. migration, two autosomal allelo- 
ean only be in stable equilibrium if the hetero- 

fitter than either homozygote, or if the 
types varies with their frequency in the 
This is not true. 
equilibrium is possible if the same gene 
iffects the fitness of the two sexes in a 
ypposite directions. Let us consider the 
ossible case. Suppose that (1 + f) females 
otype aa.survive to breed for each AA or Aa, 
ales do so, both f and m being positive. 

Wy, a is a recessive gene raising the fitness 
and lowering that of males. Consider a large 
mating population in which the female 
s of any generation are in the ratio uA : la, 
the male gametes in the ratio vA : la. Then the 
ae parents of the next generation are in the ratios: 


a — uv AA: (u + v) Aa: (1 + f) aa fomalos, and 
Ue AA: (u + v) Aa: (1- m) aa males 
“Hengo in the next generation: 




















oat Spt ae Pw tut 
tb UE D+ OS? utot? — 2m 
“At equilibrium, w = u,v’ =v. Hence u =v = 0, 


ee y = 0, OF: 
(= mw + 211 + f)(f - mm +f m — 2fm = 


“whence u =fxf(Q ti) slef 
vam,/(1+ 


uand v are real and positive if: 


f 
f>m> i+ yy (2) 
If so, the equilibrium (1) is stable, and it is easily 
-verified that the equilibria at which A and a disappear 
are unstable. For example, if f = l,m = 04,u = 
= 0:08167, v = 023267, so the frequencies of the gene a 
in femalo and male gametes are 92-5 and 81-1 per 
sant respectively, that of aa in the population being 
765-0 per cent. But the mean fitness of the hetero- 
-> gygotes is equal to that of the homozygotes 4A, and 
Gg Jess than either the arithmetic mean 1-3, or the 
geometric mean 1-095, of the fitnesses of the homo- 
zygotes aa. Obviously a similar stable equilibrium is 
possible if f and m are both negative. 

rhe: general | ease, when the fitnesses of all three 
‘pes in. each sex are different, and there is some 
ng, is more complicated, and will be treated 
a. However, it is easily seen that the above 
um will be little displaced, and will remain 
the fitnesses of 4A differ from those of 
small quantity such as 1 per cent. The case 

ny allelomorphs is still more complicated. 
seems likely that the same mutant may often 
ss the viability or fertility of one sex and raise 
of the other. If so, it follows from (2) that an 
equilibrium is only probable if the effect is fairly 
‘go, Thus if f = 1, aa females being twice as fit as AA 
females, the fitness. of aa males can have any 
ss than 2/3, and give an equilibrium. But if 
females being only 10 per cent fitter, the 
ess of aa males must lie between 90 and 
1 for Para Genes with fairly large 


(1) 
































Oe E ee eee ee - fitness caused by a in the diploid phase is 
Een stated’ that; — from the effects 






by a losser fitness of the gametes. carrying 
unequal segregation. ‘When we allow for mu 
migration, positive and negative assortative 
and so on, the possible statical and dynamical 
in a population are extremely numerous, an 
conclusions may easily be reached if biologists confine 
their attention to those which can be discussed with 
the aid of simple algebra. 
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Effect of $-Brontouracil < on Ascus. Patterns 
in Some Neurospora Crosses 


Tae knowledge that 5-bromouracil {5- -BU) may be 
incorporated into deoxyribonucleic acid in the place ofo 
thymine! makes an examination of the effect of this 
base analogue on genetic recombination of interest. . 

Two Neurospora crassa crosses were examined; both = = 
included the markers cr and.ylo. cr is on chromosome ~ 
I, and ylo is near the centromere of chromosome VI... 
(ref. 2). The second cross differed from the first in 
that the protoperithecial parent. was pyrimidine =- 
requiring. — 

Crosses treated with 5-BU were grown on minimal 
medium supplemented with 5-BU at the rate of 
100 mgm./l. of medium. In addition to the 5-BU 
supplement, the pyrimidine-requiring cross received a 
supplement of cytidine sulphate, either at 100 mgm./I. 
of medium (non-limiting to growth) or at 40 mgm. /l. 
of medium (growth limiting). 

Crosses were made by moculating the appropriate 
medium with the protoperithecial parent. After 5 
days the protoperithecial parent was inoculated with 
conidia from the other parent. At maturity the crosses 
were analysed by tetrad analysis. se 

The results are shown in Table 1. The column .. 
headed ‘Total No. of asci’ refers to the number of 
dissected aser which could be scored unambiguously = 
for the markers cr and ylo; for each treatment approx- 
imately 90 per cent of the asci dissected were of this 
type. Ze 
The following effects are of interest: cay ‘Where. — 
the cytidine supplement is growth-limiting does the | — 
presence of 5-BU have a significant effect. The effect is 
seen in the excess of asymmetrical patterns for asci 








Table 1. ASCUS PATTERNS FOR THE MARKERS er AND ylo SEGREGATING 
AT THE SECOND MEIOTIC DIVISION. . k 
l No. of asci Second. aivisio 
Total givin: agcus patterns 
center No. of secont Asym- Sym: 
asei division metrical metrica i 
segregation J 
Cross 1 (i) Control 35 ere 5 3 Page is 
Non- (No 5-BU) ylor. 3 -2 m 
pyrimidine erand |. ——— 
requiring as yilo: 0 — J——— 
üi) 5-BU 78 or: 8 3 PB: 
(100 megm./1.) alo: 8 3 9 
er and l — 
ylo: 0 — cae 
Cross 2 (i) 5-BU 40 eor: R 3- i 
Pyrimidine (400 mgm. ji.) ylos 3 ow eek 
requiring eytidine er and ie Coa. 
(100 mgm./L) vio: 90 — — 
(ii) 6-BU 59 er: 11 10 1. 
(160 mgm./L)} ylo: 5 3 2. 
cytidine er and 
(40 mgm,/1.) vio: 6 3 2 


and 1 symmet- — 2 
rical for er, 
asymmetrical 

for glo 



















inion ‘segrogations Tot cr, in the cross in 
-eytidine is limiting, is 13, and the total sym- 
al second division segregations for cr in this 
ross. is 4. The probability of obtaining such a ratio 
13.: 4) when the expected is 1: lis < 0-05. Where 
and ylo both appear to segregate at the second 
lotic division, 3 asci are asymmetrical for both er 
nd ylo, 2-are symmetrical for both markers, and 1 is 
symmetrical for ylo and symmetrical for cr... Where 
appears to segregate at the second meiotic division 
nd ylo at the first, there are 1¢ 
sedate for cr and one wit 
r.: The probability of obtaining a 10 : 1 ratio by 
— is < 0-01. The number of asci in which er and 















aneously is significantly: greater in the pyrimidine 
‘requiring cross supplemented with 5-BU and limiting 
cytidine than with the other treatments. 00 
A previous seport suggested that the production of 
* An oxceos of asymmetrical second division asei by 5-BU 
_ was due to the occurrence of spindle overlap during 
-= meiosis’, From the results presented here the excess 
<: of asymmetrical asci for cr are unlikely to be due to 
spindle overlap or nuclear passing, for if this were 
_ so there should be an excess of asci with asymmetrical 
patterns for both er and ylo simultaneously., 
. These results suggest that 5-BU must be incor- 
- porated to be effective. and that the effect: may be 
“through some mechanism of recombination rather 
than nuclear passing or spindle overlap, that is, the 
effect is at the chromosome-level and not: on the 
nucleus in general. This phenomenon is now being 
investigated in greater detail. 
; “This. work was initiated at the Botany School. 
Cambridge, while I was in receipt of a National 
; doa Council of Canada Special Scholarship. 
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— Selective Eating of the Acyanogenic 
-on Form of the Plant Lotus corniculatus L. 
— by Various Animals 


Wup populations of. the tetraploid plant Lotus 

niculatus L. (birds’ foot trefoil) are polymorphic for 
esence or absence of a cyanogenic glucoside. 
character is genetically controlled', the gene 
nsible for producing the glucoside being domi- 
over its allelomorph. Hydrocyanic acid is 
d on hydrolysis of the glucoside when the 
tems or leaves are injured.. Corkill? has shown that 
vith Trifolium repens L. the change in the colour of 
ure- picrate paper from yellow to brick red is 
jÐ rtional to the amount of hydrocyanic acid 
roduced | and hence to the glucoside content of the 
plant. The plants are scored from 0 (no glucoside) to 
“6 by matching: the colour-change in the picrate paper 
_against a series of standards. 



















lucosides in T. repens, Corkill? makes passing 
reference to the damage done to the acyanogenic 
lants in his plots by slugs of the genus Agriolimaz. 
‘He also mentions that rabbits occasionally eat 
— plants, while sheep show no preference. 





_ latus for the frequency of cyanog 


0 asci with asymmetrical | 
ymmetrical pattern for 
: into two main groups: Bes) pla 
~acyanogenic plants do no 
lo appear to segregate at the second division simul- 


-In his work on the effect on sheep of the cyanogenic 




























While sampling ‘wilds 


attention was paid to: 
‘nibbled’. 27 such plants w 
1960 and all were acyanogeni 
colonies in which the frequency 
was less than 25 per cent, the. pre babili 
this result is less than l x 1 
plants the animals resp 
were larve of the six-spot 
filipendulae L. (identified by: 
laboratory), while the third 
ticulatus Müller: ‘During 196 
genic plants were found eaten. 














colonies eaten by young ls, Hygi 
In a series of experiments two. acyan gen. 
weakly cyanogenic) and two: strongly -cyano eni 
plants were offered to 200 slugs of the species Arior 
ater L. The pots in which the plants were growing 
were sunk to ground-level in a pit, 5 ff. 6 in. x  ă< 
4 ft. 0 in., where slugs have been kept for several _ uae 
years. The plants were put into the pit during the < 
afternoon and scored for eating the following morning. = 
Four fresh plants were used for each run of approxi- = 
mately 18 hr., and the relative positions of the acyano- 
genic and cyanogenic plants were also changed. The 
results of each night’s experiment have been plotted > 
separately on the graph as it was noticed that the =€ 
slugs ate more on wet nights (nights land 4). Plants 
containing the least glucoside were always the most 
eaten. On night 3 only one weakly cyanogenic plant 
was available, and it is noticeable that the plant of —. 
score 4 was eaten in preference to plants containing _ 
more glucoside. Good evidence was obtained that the | 
vole Microtus agrestis, two snails Arianta arbustorum — 
and Helix aspersa and the slug Agriolimax reticulatus ES 
also show this selective eating. UR a, 
Thus the cyanogenic glucosides in plants seem to = 
act as a defensive mechanism discouraging predation 
by some animals. Slugs prefer young plants or the | 
younger parts of old ones, and it is significant that = 
the new shoots of Lotus corniculatus contain more — 
glucoside than the older parts of the same plant. 
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Fig. 1. Results of 2 x 2 experiments on the — bating of” 
Lotus corniculatus by the slug Arion ater. The glucoside content 
of the plants is scored from. 0 to G, 0 being acyanogenic plants = — = > 
and 6 plants containing the most ‘glucoside. Hating is scored = 
from 0 to 5, O is ‘not touched’ and 5 completely eaten. Plants 
_ containing the most Cree are always the least eaten. 
8, Night A 8, night 2 A ngh = @, night 4; ©, night 5; 
, night 
























tly doulternct the ener — the: oer 
(2) In populations containing only eyano- 
lants the frequency of score 5 and 6 plants is 
ow. (3) Some field observations show that 
plants produce more seeds, grow and 
quickly especially when the density of the 
which eat them is low. Dawson! noted that 
genic plants may be partly self-fertile. In 
t° 1960. one of the areas on Silbury Hull 
; which has been sampled in four successive 
tained 11 cyanogenic and 42 acyanogenic 
n September 1960, 14 plants in this colony 
pods and all these plants were acyanogenic. The 
ey of cyanogenic plants with pods in another 
“was, however, the same as the over-all 
mney in previous samples of that population. 
aday? has correlated the gene frequencies in 
populations of Trifolium repens with January iso- 
therm, such that a decrease of 1° F. in January mean 
“temperature corresponds to a reduction of 4-23 per 
cent in the frequency of the glucoside gene. Daday 
“proposed that a ‘geographical factor’ associated with 
| temperature acted on wild populations of T. repens. 
- It is possible that the January temperature is con- 
trolling the distribution of the animals selectively 
eating acyanogenic plants and that this is reflected in 
‘the gene frequencies in populations of Lotus cornicu- 
latus and Trifolium repens. 
“Genetic polymorphisms are controlled by selective 
forces. The predation of the acyanogenic forms of 
Lotua corniculatus by various animals appears to be 
part of the mechanism by which the polymorphism 
of the cyanogenic glucoside is maintained. 
A am grateful to Dr. E. B. Ford for his advice 
and. encouragement. I thank the Medical Research 
Council for a scholarship for training in research 
a methods. 
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PSYCHOLOGY 


The Act of Visual Attention 


— Tar act of visual attention consists of: a mental 
— — directing a fixation of gaze, conjugate ocular 
movements, and accommodation of the lens and 
~~ pupil. The mental set, particularly, is related to 
-© the general nervous and neuromuscular activity and 
to the autonomic function, as shown by the electrical 
resistance of the skin. 
“The act is performed in a wakeful state with open 
— pal sbral fissures. 
We have determined the relationship between 
ual attention and the size and reactivity of the 
ebral fissures. Measurements were made sim- 
— of the Poan of the — eyelid, the 
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Fig. 1. Simultaneous records of eyelid movement, d.e. resistance 
of palm, biceps brachialis electromvogram, and periods showing - 
spot of light 


electrical activity. The movement of an upper eyelid 
was recorded by means of a low-torque potentio- . 
metric transducer attached by a light lever. Palmar. 
skin resistance was measured by a method developed 
by one of us (D. K.) (to be described elsewhere). Muscle 
activity was recorded from surface electrodes over a 
biceps brachialis. The subject was sitting and was 
instructed first to gaze straight ahead, and then, at a 
signal, to concentrate his attention on a small shot 
of light (1 em. diameter), which appeared inter- 
mittently at a distance of 2-4 metres, without moving 
his head. The observations were made on six subjects. 
Under these conditions, visual attention was accom-. 
panied in approximately 70 per cent of all testa by. 
an increase in size of the palpebral fissure as shown |. 
by the elevation of the upper lid in our records. | 
During this, the skin resistance may change, usually — 
decreasing. The electromyogram altered littl ‘his 
was the most consistent pattern observed. A t 
record is shown (Fig. 1). In this instance, lid eleva- 
tions of 1-2 mm. were measured. Such movements 
could not alter the light entering the pupil, since at 
no time was the pupil covered by the upper lid, and 
eyeball movement was not apparent. | 
Poulton and Gregory! observed that visual tracking 
is aecompanied by a reduction in the rate of blinking. 
Our observations confirm this, and indicate that the © 
act of visual attention, and its associated state of 
wakefulness, are accompanied by a widening of the ` 
palpebral fissures, and that these composite reactions _ 
are under automatic unconscious control by brain ` 
mechanisms. l 
Further details of these and related observations 
are being published. 
GILBERT H. Graser * 
Davin KENNARD 
Medical Psychology Laboratory, 
Department of Medicine, 
University of Cambridge. : 
* On leave of absence from Yale University School of Medicine, © 
$ Poni E. C., and Gregory, R. L., Quart. J. Exp, Psychol, &, 57 >> 
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FORTHCOMING EVENTS 


(Moetings marked with an asterisk * are open to the public) 


Monday, March 19 


SOCIETY oF CHBMICAL INDUBTRY, PESTICIDES GROUP {at 14 Bel- 
grave Square, London, 8.W.1}, at 8 p-m.— Meeting on “‘Pestindes 
and Wid Info”. Dr. B. B. Partie. ‘The Investigation of Deaths 
Amongst Wild Birds from the Consumption of Dressed Beed”; Dr. 
N. W. Moore: “The Conservationist’s Point of View”. 


BRITISH SOOIFTY FOR THE PHILOSOPHY OF SOTBNOE (in the Joint 
Staff Common Room, eae —— Gower Street, London, 
W.C.1), at 6.30 p.m-—Prof. C. F. A. Pantin, F.R.B Bolentiſio 
Method and Intuitive Inference”. 


UNIVERSITY OF LONDON (at the Senate House, London, W.C.1), at 
5,80 p.m.— Prof. M. Wester (University of Copenhagen): *‘Some 
Problems In Genetic Rescombimation Mechanisms”.* (Further lecture 
on March 20.) 


UNIVERSITY OF LONDON (in Room 226, Roderick HNI Building, 
a deta Collage of Selence and AERD London, 8.0.7), at 
5,80 p.m.—-Prof. 8. Goldstein (Harvard). “The Electrodynamics of 
Afoving and Deforming Media’, * 


INSTITUTE OF METAL FRIBEXNXG (at the Northampton College of 
Technology, 8t. John Street, London, E.C.1), at 6.15 p.m.—Mr. W. N. 
Bradshaw: “Significance of some Discoloration and Staining Effects 
Produced in Anodisgng of Aluminium Alloy Die Castings”, Ar. 
BR. E. AM. Polfreman and Mr. M. K. Budd: “An Important Defect 
in Dyeing Anodised Aluminium’’, 


ROYAL GRoGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, 
ee at 8.80 p.m.—Sir Raymond Priestley, M.C : “Scott’s Northern 


Tuesday, March 20 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.80 p.m,— 
Dr. H. House: “The State of Knowledge of Klectrical Breakdown in 
Insulating Liquids”. 


UNIVERSITY OF LONDON (in Room 226, Roderick Hill Building, 
——— College of Science and Technology, London, 8.W.7), at 
5.80 p.m.—-Prof. 8. Goldstein (Harvard): ‘Fundamentals of a Con- 
tinum Theory of Magnetohydrodynamucs’’. * 


INSTITUTION OF POLISH ENGINEERS IN GREAT BRITAIN, GROUP 
FOR Econowd, SOOLAL AND MANAGEMENT STUDIAS (at 55 Princes 
Gate, Exhibition Road, London, 8. W.7), at 7 p.m.—Dr. F. J, Wilinns: 
“Liberty and Organization”. 


BOIL ASSOCIATION (in the Alliance Hall, Palmer Street, London, 
8.W.1), at 7.80 p.m.—— Dr, R. M. Milton: “Technical Problems in 


the Haughley Expenmment’’. 


Tuesday, March 20—Thursday, March 22 


INSTITUTE OF METALS (at Church House, Great Smuth Street, 
London, 5.W.1)—Spring Meeting. 


Tuesday, March 20—Saturday, March 24 


ASBZOOLATION OF BUPERVISIVG ELROTRIGAL ENGINEERS’ EXHIBITION 
(at Earls OQourt, London). 


Wednesday, March 2! 


ROYAL BTATISTIOAL SOCIETY (at the London School of Hygiens 

and Tropical Medicine, Keppel Street, London, W. O. I), at 5.15 p.m.— 

. G. A. Barnard, Dr, G. M. Jenkins and Air. €. B. Winsten: 
Inkolihood, Inference and Time Seriea”. 


LNSTITUTION OF HLEOTRICAL ENGINRERS, ELFOTRONIOS AND COM- 
MUNIOATION SECTION (at Savoy Place, London, W.0.2), at 5.30 p.m. 
~Dr, A. T. Starr “‘Xerography”, ` 


Thursday, March 22 


LINNEAN SOCIETY OF LONDON m“ Burlington House, Piceadilly, 
London, W.1), at 5 p.m.—-Dr. J. F. Taling “Some Aspects of the 
Limnology of Lake Albert, B. Afmoa’’; Dr. P. Gay: ‘‘Riverain Vegeta- 
tion of the Nule in the Sudan”: Dr. J. Rzóska: “On Plankton Prob- 
lems in the River Nile”, 


MINERALOGICAL Socrery (at the Geological Boolety, Burlington 
House, Piceadilly, London, W.1), at 5 p.m.— General kieeting. 


OHEMICAL SOCIETY (in the Lecture Theatre, The Royal Instituton, 
Albemarle Street, London, W.1), at 7.80 p.m.—Sir Christopher Ingold, 
——— “Mechanism of Olefin-forming Eliminations”’ (Faraday 

cture). 


Friday, March 23 


NORTH Bast Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
at Bolbec Hall, Newcastle upon Tyne 1}—Prof. L. ©. Burm!) and 
. W. Robson: ‘Mass Moment of Inertle of Propellers”. 


ROYAL ABTROROMOM. Socrery (at Burungton House, Piccadilly, 
London, W.1). at 4.15 p.m.—Duiscussion of papers. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1 „at 
9 p.m.— Prof. Micheel Swann: “The Proper Study of Mankind”. 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned: 

DEMONSTRATOR (with a good honours degree In geography) In THE 
DEPARTMENT OF GEOGRAPHY—The Secretary, The University, Edm- 
burgh (Maroh 21). 

ASSISTANT LECTURER (with qualifications m the feld of applied 
e amao IN THE DEPARTHENT OF MATHHNATICS—The trar 
The University, Manchester 18 (March 24). 

OFFICER (with a degree in agriculture or agricultural botany, and 
DEALERA DIY a sound practical knowledge of grass and clover seed pro- 

uction methods) FoR HRRBAGE SEED PRODUCTION IN THE BIULTI- 
PLIGATION BRrancuH—The — National Institute of Agri- 
cultural Botany, Huntingdon Road, Cambridge (March 26), 

INVESTIGATIONAL ASSISTANT (preferably with a knowledge of 
agricultural economies) IN THE AGRICULTURAL ECONOMICS SECTION 
OF THE DEPARTMENT OF AGRICULTURE—The Registrar, The Univer- 
sity, Leeds 2 (Alarch 30). 

ESEAROH ASSISTANT/RESHAROH FELLOW (man or woman with a 
degree in a biological subject and at least two years’ aera 
experience in tea or research) IN BIOLOGY AND bpuvcaTION— 
Tho Registrar, The University, Keele, Staffs (March 80), 

LECTURER or ASSISTANT LECTURRE IN ORGARIO CHEMISTRY IN THE 
HAOULTY OF BorENcE—The Registrar, The University, Manchester 18 


> 


(Marsh 31). 

SOIENTIFIO OFFICER (with a good honours degree in zoology and 
— research experience), for research in mammahan embryo- 
ogy and immunology—Prof. F. W. Rogers Brambell, F.R.8., A.B.O. 


Unit of saa Se University College of North Wales, Bangor, 
North Wales ( $1). 

SENIOR LECTURER (with special qualifications in the sociology 
of education and/or the philosophy of education, and a good 
background of school expenence) IN EDUCATION at the University of 
uccnslend, Brisbane, Australia~-The Secretary, Association of 

niversities of the British Commonwealth (Branch Ofhes), Marl- 
borough House, Pall Mall, London, 8.W.1 (larch $1). 

LECTURER IN ZOOLOGY (Marine) at Fourah Bay College, The Univer- 
sity College of Sierra Leone—The Secretary, Inter-University Council 
ve ae Education Overseas, 20 Woburn Square, London, W.0.1 

Tl . 

Tuorin IX THE DEPARTMENT OF PHYSICS, to participate in the 
teaching of the Department melu courses at graduate level, and 
in research m one of the followmg fields. naclear physics at high or 
low energy, physics of solids and of liquid heluum—The Deputy 
Registrar, The Umversity, Edgbaston, Birmingham 16 (Apri 7). 

SENIOR LECTURERS and/or LECTURERS IN BOTANY (preferably tn 
Cytogenetics); PLANT PHYSIOLOGY; CHEMISTRY; PURE MATHE- 
MATIO8; APPLIED MATHEMATICS; PHYSICS; ZOOLOGY; GEOGRAPHY’ 
GEOLOGY, and SENIOR LECTURERS, LECTURERS or ASSISTANT LEC- 
TURERS IN PHARMACEUTICAL STRY: PHARMACEUTICS; PHARMA- 
COGNOSY; and PHARMACOLOGY at the University of Ife, Nigeria— 
The Secretary, Inter-Unrversity Counc] for Higher Education Over- 
seas, 29 Woburn Square, London, W.C,1 a (i: RR 

JUNIOR LECTURER IKN BIOCHEMISTRY —Tho , Trinity 
College, Dublin, Republic of Ireland (April 8). 

LECTURER (with interesta in plant physiology, morphology or 
taxonomy) IN THE DEPARTMENT OF Botany, University College of 
Ghana, to teach both genera and honours studenta—The Registrar, 
University of Ghana, P.O. Box 25, Legon, Acera, or The Assistant 
Hg — (london), University of Ghana, 15 Gordon Square, London, 

G. p . 

LECTURERS/ASSISTANT LECTURERS (with at least a good honours 
degree or equivalent and preferably suitable teaching and research 
experience) IN THE DEPARTMENT OF MATHEMATICS, University of 
Malaya—tThe Secretary, Association of Universities of the British 
Commonwealth (Branch Oftce), Marlborough House, Pall Mall, 
London, 8.W.1 Qlalaya and London, Apri 9). 

PLAKT PHYSIOLOGIST at the Regional Research Centre (University 
College of The Weat Indies}, Trinidad, to icspate m a programme 
of researoh on bananas with particular reference to nutrition, timing 
of crop production and pruning The Secretary, Inter-University 
Gouno ) — Education Overseas, 29 Woburn Square, London, 

G. p Š 

ASSISTANT LECTURER (graduate in agricultural chemistry, chemistry, 
or mucroblology, and preferably some experience im soll science) IN 
SO CHEMISTRY IN THE DEPARTMENT OF PHYSIOLOGICAL CHEMISTRY 
ant Vives wtar (Room 22, O.R.B.), The University, Reading 

Lucruneas and ASSISTANT LECTURERS IN THE DEPARTMENT OF 
, The Manchester College of Science 
and Technology, Sackville Street, Manchester 1 (April 14). 

TUTOR or CTURER (woman, with special g cations im any 
branch of chemistry) IN CHEwIaTRY—The Treasurer, Bom 
College, Oxford (April 14). 

LECTURER or SENIOR LECTURER IN NUTRITION IN THE DEPARTMENT 
OF BIOCHEMIBTRY AND NUTRITION, Faculty of Rural Sclence, Univer- 
sity of New E d, Australia—The Secrotary, Association of Univer- 
sities of the British Commonwealth (Branch Offices), Marlborough 
House, Pali Mall, London, 8.17.1 (Australia and London, April 15). 

OF ANATOMY in the University College, Ibadan, Nigerna— 
The Secretary, Senate Committee on Colleges Overseas In Specint 
— Senate House, University of London, London, W. O. 

Diem (with extensive practical and/or research experience in 
soul mechanws) IN THE DEPARTMENT OF CIVIL ENGINEERING—The 
Registrar, The Univermty, Leeds 2 (Apml 16). 

EOTURERS and ASSISTANTS IN EXYEROIENTAL PHyYsiIcs, THEORET- 
I0AL PHYSICS AND ELEOTRONIOGS—The Secretary, The University, 
Aberdeen (April 24). 

RRADER or UNIVERSITY DEMONSTRATOR IN COMPARATIVE BIO- 
PHYS108, to engage in advanced study or research and to ta papel 
in the teaching work of the Departments of Zoology and Physiol 
-The Becretary of Faculties, University Registry, Oxford (April 28). 


MATHEMATIC8——The R 
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SHNIOR Tren heer ipo (preferably with research and Paoa 
experience in plant physiol with special reference to its blochemi 
aspects, and experience with radio-biological techniques) IN BOTANY 
at the University of Western Australia—The Secretary, Association 
of Universities of the British Commonwealth (Branch bffice), Marl- 
nore aa Pall Mall, London, 8.W.1 (Australia and London, 

p f 

BIOLOGIST or ENTOMOLOGIST, for research on pesticides at the 
Tropical Products Institute, London, W.C.1, under the auspices of 
the Colonial Pesticides Research Committee—Research Department, 
Department of Technical Co-operation, Sanctuary Buildings, Great 
Smith Street, London, 8.W.1. 

DEPUTY LIBRARIAN, & SUB-LIBRARIAN, and an ASSISTANT LIB- 
RARIAW at the University of Ife, Nigerla—The Secretary, Inter- 
eae pannel for Higher Education Overseas, 20 Woburn Square, 

ndon, W.C.1. 

MASTER TO THAOCH PuHysics—The Master, Wellington College, 
Crowthorne, Berkshire. 

POSTDOCTORAL FELLOW IN ORGANIO C y—Dr. J. I. G 


HEMISTE ş s 
ea ae Department of Chemistry, King’s College, Strand, London, 


READER IN PURE MATHEMATIC8—The Clerk to the Governors, 
Peary College of Science and Technology, Road, London, 

SHNIOR LECTURER or LECTURHR IN MECHANICAL ENGINEHRING 
at Fourah Bay College, The University College of Sierra Leone—The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1. 

SENIOR RESRAROCH STUDENTS (2) ONE IN ARTS and ONE IN SOLENCE; 
and a limited number of POSTGRADUATE STUDENTS IN EITHER ARTS 
OR ScIpNcE— The Registrar, Westfield College (Univeraity of London), 
Hampstead, London, N.W.3. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britaln and Ireland 


The British Association of the Hard of Hearing. Memorandum on 
the Problems of Excessive Nolse in Relation to the Hard of Hearing. 
Pp. 5. (Iver, Bucks.’ O. H. Mardell, Hon. Secretary, British Associa- 
tion of the Hard of Bearing, Bnarfleld. Svke Ings, 1961.) [712 

Government of Northern Ireland: Ministry of Agriculture. Leaflet 
No. 13: Brucellosis and Infections Sterility of Cattle. Pp. 4. Leaflet 
No. 59: Pulloram Disease (B.W.D.). Pp. 2. Leafiet No. 60: Agricul- 
tural Olasses. Pp. 8. (Belfast: Ministry of Agriculture, 1961.) [712 

Imperial College of Science and Technology, (University of London). 
Fifty-third Annual Report of the Governing Rodv, 1960-61 Pp. 15. 
{London : Impertal Colega of Science and Technology, 1981.) [1212 

British Library of Political and Economic 8clence, London. Annual 
Report, 1960/61. Pn. 15. (London: British Library of Political and 
Economic Science, University of London, 1961. [1212 

Proceedings of the Roval Irish Academy. Vol 61, Section A, No. 
9: Development of Localized Plasma Oscillations and Concentration 
Gradients. By D. W. Mahaffey, G. C. —— A. Garscadden and 
K. Q. Emeleus. Pp. 77-88. 1s. 6d. Vol. 61, Section A, No. 10: A 
Stochastic Process Associated with the Ultraspherical Polynomials. 
By Maurice Kennedy. Pp 80-100. 2s. Vol. 61, Section A, No. 11 
The Band Spectrum of Zr0l. By P. K. Carroll and P. J. Daly. Pp 
101-108 +plate 1. 1s. 64. Vol 62, Section A, No. 1: Gravitational 
Waves in the Second Approximation. By J. L. Synge. . 1-10. 
1s. 62, Vol. 61, Section B, No. 17: Spits, Tombolos and Tidal Marshes 
in Connemara and West Kerrv, Ireland. André Guflcher and Cuch- 
laine A. M. King Pp. 283-338+-plates 14-18. 10s Vol. 61, Section 
B, No. 18° On Olosarites bechei B lart from the Iriah Rhaetic. 
By T. M. Harris. With Stratigraphical and Sedimentary Petrological 

otes by John S. Jackson. Pp. 389-344-+ plate 19. 1s. Vol. 61, Section 
B, No 19: The Relationship of the Micro-Fabric to the Small-Scale 
Structures of the Dalradian ks on North-Eastern County Antrim. 
By D.C Goldring Pp. 845+3868+plate 20. 48. Vol. 62, Section B, 

0. 1: The Fauna of an Area of Limestone Pavement on the Purren, 

Oo. Clare. Bv O, W. Richards. Pp. 1-8+plate1. 1s. (Dublin: Hodge. 

and Co., Ltd., 1961.) [1212 
lanning, Vol. 27, No. 457, (11 December 1961): Mental Aub- 
normality and Community Care. Pp. 317-344. (London: Political 
and Economic Planning, 1961.) 35. @d, 11212 
8&cience is Too Small! By Dr. R. I. Wormell. Pp. 14. (Ooventry: 
R. L. Wormell, 10 Southleigh Avenue, 1941.) [1212 

Government of Northern Ireland: Ministry of Agriculture. Lenflat 
M: Pig Housing. Pp. 27. (Belfast: try of — gi 


Other Countries 


Brasil Ministério do Trabalho, Industria e Comérolo: Instituto 
Nacional de Tecnologia. Métodosa de Análise Quimica dog Ferris 
Fundidos o dos Acos Comuns e Especiais. Por A. H. Da Silveira Feljo. 
Pp 69. (Bio de Janeiro: Instituto Nacional de Teonolngis, 
National Academy of Sciences—National Research CounolL ta 

: . Ry W. M. Gibson. Pp. 

1.75 dollars. NAS-N8 3041° The Radiochemistry of 
Cobalt. By L. ©. Bate and G. W Leddicotte. Pp. v+80. 1 dollar. 
NAS-NB8 8048: The Radiochemistry of Germaninm. By Jacob A. 
Marinsky. Pp. vi+48. 50 cents. NAS—NS 3044: The Radiochemlstry 
of Platinum. By G. W. Leddicotte. Pp. v+30. 50 cents. ashington, 


Po Office of Technical Services, Department o OD 
—* States Department of the Interior: Geological Sui vev. 


Professional Paper 356-0 a and Geochemistry of Uranium in 
Marine Black Shales—a Review. By Vornon E. Swanson. Pp. tul+67- 
112. Professional Paper 424-B: Short Papers in the Geologic and 
Hydrologic Sciences, Articles 1-146, Geological Survey Research 


` 
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1961. P viu +344. (Washington, D.C.: Government Printing 
1961. [412 


Institut Royal dea Sciences Naturelles de Belgique. Mémoires. 
Deuxitme Serie, Fasc 65: Transformations des Systèmes de Fixation 
et de Vasculansation Dentatres dans Il‘Hvolution des Sélaciens du 
Sous-Ordre des Squaliformes. Par Dr. ÆRdgard Casier. Pp. 61. (Bruxel- 
les: Institut Royal des Sciences Naturelles de Belgique, 1961.) [412 

Annals of the New York Academy of Sciences. Vol. 94, Artiole 8: 
Muitiple Molecular Forms of Enzymes. By Kenneth F. G ry, Felix 
Wroblewski and 58 other authors. Pp. 655-1080. (New York: New 
York Academy of Sciences, 1961.) 712 

University of California Publications in Geological Sciences. ol 


89, No. 2: Early Pleistocene Floras from the © pa Surface, 
Southern Sierra Nevada. By Daniel I. Axelrod and Willtam 8. Ting. 


EP 119-104 (plates 25-87). (Berkeley and Los Angeles: Universi 
of California Press; London: Cambridge University Press, 1961. 
1.50 dollars. [712 
Organization for European Economic Co-operation. Systems of 
National Accounts in Africa. By P. Ady and M. Oourcler. Pp. 282. 
: Organization for Buropean Economic Co-operation: London 
IL Stationery Office, 1960.) 8.50 NF. ; 12s. 6d.; 2 dollars. [712 
Bulletin of the Astronomical Institutes of the Netherlands. VoL 16. 
No, 512 (1961 November 27): A Study of the Wavelength Dependence 
of Interstellar Extinction. By J. Borgman. Pp 99-114. (Leiden. 
Astronomical Institutes of the Netherlands, 1961.) 
United States Department of the Interlor: : 
Professional P apar 810. Geo of Central Dickinson County, 


a 

Michigan. By H. L. James, L. D. k,C. A Lamey, and F. J. Petti- 

ohn. Pp. vii+176+18 plates. (Washington, D.C.: Government 
nting Office, 1961.) e [1212 


Chicago Natural History Museum Fieldiana : Anthropo - Vol 
86, No. 10 : A Definition of Primitive Art. By Philip H. — Pp. 
221-242. 50 cents. Fieldiana Geology. Vol 13, No. 2: Catalogue 
of Type Speolmens of Foraminifera in the Walker Museum of Palacon- 


tology. Mathew H. Niteck. 107-160. 1 dollar. Fieldiana * 
Zoology. Vol. 39, No. 54: A New es of Toad (Bgo) from Sierra 
Leone. By Robert F. Inger and Je I. Mensies. Pp. 589-594. 20 cents. 
Vol, 39, No. 55: Status of the Frog Hyla albomarginata In Central 


Field Museum of Natural History, Chicago. Botanical 
XMI, Part VO, No.1 Flora of Peru, By J. Franois Macbride. 
ie (Chicago. Field Museum of Natural History, 1961.) 2.26 


a 
Fisherlos Research Board of Canada. Bulletin No. 126: 


[1212 
Roach, 
and Transport of Fish in Refrigerated Sea Water. By 8. W. ; 


Caltim, M. 8. Chann, and A. W. Lantz. .ix+61. 75 centa. Bulletin 
No. 129: Shrimp Survey in the Newfo d F Area, 1057 and 
1958. By H. J. 8q Pp. vn+29. 50 cents. (Ottawa: Queen’s 


. 85. 
1961.) 306. 1212 
ber Research Institute of a Annual Report, 1960. 
-11+139. (Kuala Lumpur‘: Rubber Research Institute of Malaya, 
1961.) 3 dollars, 1212 
United States Department of the Interfor: Fish and Wildilfe Service. 
Bureau of Commercial Fisheries Circular No. 108: The Pacific Region 
of the Bureau of Commercial Fisheries. By Thomas O Duncan. Pp. 
1+17. Olroular No. 109 : Commercial Fishing Gear in the United States 
By Wm. H. Dumont and G. T Sundstrom. Pp. iv+61. 40 cents. 
Oiroular No 111 Duck Stamp Data: Baokground and Technical 
Information for Collectors. B N. Sater. Pp. li+82. 30 cents. 
Circular No. 119: Sharks, Skates, Rays and Chimaeras. J. R. 
Thompson and Stewart Sp er. Pp. fv+19. (Washington, D.O. 
Government Printing Office, 1961.) 1212 
National Solanner Fondation. NSF 61-62: Publication of 16 
ch Findings in Industry, 1957-59. vi+48. ee 
D.O.: Government Printing Office, 1961.) cents. 1212 
Canada’ Department of Mines and Technical Surveys. Geological 
Survey of Oanada. Paper 61-10: Dawson Creek Map-Area, British 
Columbia. By D. F. Stott. Pp. si+82. (Ottawa: Queen’s Printer 
1961.) 50 cents. 1218 
National Academy of Sclences—National Research Council NAS- 
NS 3045: The Radtochemls of Iridium. By G. W. Leddicotte. 
Pp. v+32. 50 cents. NAS-NS 6. The Radiochemistry of Osmium. 
By G. W. Ledicotte. Pp. v+20. 50 cents. (Washin D.O. 
Office of Technical Services, Department of Commerce, 1961.) [1212 
Annals of the Cape Provincwal Museums, VoL 1, March 1961. Pp. 102. 
Grahamstown: Cape Provinclal Museums, Albany Masan 
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SCIENCE AND TECHNOLOGY IN EMERGENT COUNTRIES 


HILE Dr. C. P. Haskins’s report for 1960-61 

as president of the Carnegie Institution of 
Washington * is marked by the same sensitive insight 
into the interrelations of the scientific disciplines with 
themselves and with the society in which they are 
nurtured that has characterized his previous reporis, 
it is noteworthy that this report, like the most recent 
review of the president of the Rockefeller Founda- 
tion, is deeply concerned with the way in which those 
interrelations, and the problems arising out of them, 
affect the new nations. He looks, for example, at the 
interrelations of science and society from the seven- 
teenth century, onward and at the partnership 
between science and industry with the purpose of 
gaining @ clearer understanding of the needs of these 
"emerging nations, and, when he points out that this 
partnership, which has so much enriched science and 
industry alike, came as a relatively late development 
in scientific history, he adds that it is equally impor- 
tant to bear in mind the separateness of the origins 
of technology and of science, and the fact that, while 
technology is an old and long-familiar quantity, to 
most of the new countries science may be neither. 
American experience may, in fact, be a poor guide to 
understanding the situation and the needs of the new 
nations to-day, and the seventeenth-century experi- 
ence of Britain may be a far surer guide as to what can 
happen when a scientific revolution takes hold of the 
imagination of a whole people and their outlook is 
transformed. 

Dr. Haskins admits that a revolution of such 
intensity and scope may never sweep over a whole 
society again and that long centuries of special 
experience preceded the Newtonian half-century. 
Nevertheless, its possibility has to be borne in mind 
when we consider the prospect of scientific revolutions 
where the tradition of science is relatively new; but 
the tempo of his report is displayed best by the 
question which he asks in that context. How can 
the advanced industrial nations of the West return 
to the leas-developéd areas some of the fruita of the 
long technical and the far shorter scientific and 
industrial revolutions set in train originally by the 
ancient technical pioneering of the eastern lands ? 

All the new nations of the world are in urgent 
need of appropriate technologies to strengthen their 
economies, and probably few would dissent from Dr. 
Haskins in regarding this as the most urgent need, 
and one in which the problems, though formidable, 
are primarily practical. Whether, in fact, the charac- 
ter and values of technology are as universally appre- 
ciated and understood as he suggests may be a 
matter of opinion. The ancient development of 
technology and its pragmatic cost are unlikely to 
have contributed much in Africa; but there, as 
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elsewhere, alert men in the new nations, generally 
familiar with technical matters, can seize on the 
world’s store, abstract elements from it that are 
relevant to their needs, and, in favourable circum- 
stances, adapt them successfully to the requirements 
of their countries. 

There is a particularly percipient and lucid analysis 
of the needs of the under-developed countries and of 
what is involved in meeting them, which frankly 
meets points which most politicians find it convenient 
to ignore, m Mr. D. L. Munby’s recent book God 
and the Rich Soctety*, but Mr. Munby does not refer 
to either of the factors stressed by Dr. Haskins. 
Nevertheless, he would manifestly agree that for 
most of the emerging peoples the conquest of hunger 
and disease and the fashioning of even very simple 
sources of energy are still primary problems, and the 
relevant technologies therefore will be those that bear 
heavily on such needs. Again, in most of the new 
countries capital is a scarce quantity, whereas man- 
power is abundant, and this implies, as Prof. P. M. 8. 
Blackett emphasized to the Britieh Association in his 
presidential address in 1957, not simply that the 
relevant technologies in any appropriate fleld will 
be those carrying the lowest capital cost consistent 
with effectiveness, but also that they be designed to 
maximize the efficiency of existing man-power, and 
not primarily to conserve man-power by replacing it 
with machines. Further, it is essential to accompany 
the introduction of new technologies with sufficient 
capital to establish them firmly and to see that they 
are actively integrated with the social fabric until 
they have become a and effective in the 
national welfare. 

All this demands onerous service of high quality 
and tenacity and this much is fully recognized by 
Mr. Munby also, although his approach as an econo- 
mist in the Edward Cadbury lectures, on which his 
book is based, was more specifically from the point 
of view of what an effective programme of technical 
assistance would really cost in economic and financial 
terms, rather than of technical service. The similarity 
of the conclusions reached by scientist and by 
economist, however, is striking, as is also the recogni- 
tion of the danger of pressing on the new nations 
technologies which they do not need, through failure 
to apply judiciously valid criteria of relevance in 
selection, on one hand, or to adapt, introduce and 
establish successfully the appropriate areas of tech- 
nology, once determined, on the other. Dr. Haskins, 
however, points out that all programmes of tech- 
nical aid will involve the constant re-assessment of 
the relative merits of two different technical courses 
in relation to the new countries; one involves a 
conscious stirring for continuing leadership in the 
technologies that are functionally truly relevant to 
them; the other involves leadership in fields of 

* Pp. 205. (Oxford University Presa, 1961.) 25e. 
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technology not directly relevant, but which, by their 
spectacular quality, provoke attention and admira- 
tion and possibly stimulate a further belief in and 
devotion to the processes of technology themselves. 

As Dr. Haskins admits, this is the hardest kind of 
judgment to make and one that may vary from 
country to country, decade to decade, but it will be a 
major guide to the ways in which technical assistance 
should be distributed. Even so it will not eliminate 
the need of the new nations for an indigenous, living 
science of their own, however limited in volume and 
scope. This is not simply because technology cannot 
remain vital without continuous nourishment from a 
living science, and that without a living indigenous 
science & new country must depend heavily on the 
constant borrowing of new technology from abroad 
if ita technical advancement is not to stagnate. Nor 
is it that a modern nation can be reckoned strong 
only if ita technology and science are both vital and 
appropriately balanced. A new nation needs the 
capacity for distinguishing between the scientifically 
genuine and the scientifically deceptive. 

Beyond these reasons why the developing countries 
need a living indigenous science, Dr. Haskins recog- 
nizes two further reasons. The ability to make inde- 
pendent original contributions to the world’s store 
of knowledge has come to be a mark of progressive- 
ness, and even of national identity in the modern 
world—and the new nations are proud nations. They 
are entering a world in which indigenous, distinguished 
science, however limited ita scope, is inherently a 
part of national greatness, an emblem of self-respect. 
Even more compelling, without a living science, the 
new countries will be denied acceas to that whole 
sector of satisfying and compelling beliefs, that 
model of our larger moral concerns which science 
in ita aspect of knowledge and understanding has 
developed over the centuries since its birth. They 
will be denied the world fraternity that the fabric of 
scientific knowledge, of scientific investigation implies. 
They will be largely denied that particular structure 
and array of lofty concepts that is the priceless 
heritage of the scientifically literate peoples of the 
world, 

Here Dr. Haskins enters on the field which the 
Pugwash Conference on international co-operation in 
science sought to serve. In that fellowship the new 
nations can indeed find the independent standards 
which they need, but on condition they have their 
own living science. Establishment of such a science 
will not be either an easy or rapid process for the 
new nations, but, as Dr. Haskins points out, nowhere 
is effective aid more important, and to give such aid, 
the most critical and most spiritually significant of 
all the aspects of scientific and technical experience, 
will make heavy demands on our wisdom and know- 
ledge, our understanding and our sensitivity. 

Dr. Haskins does not attempt to forecast what 
form a scientific revolution may take in any of the 
new nations, beyond suggesting that it will be highly 
individual, differing significantly from State to State 
according to the environment in which it occurs. 
Beyond this, such revolutions, he thinks, are likely 


NATURE 


$ 

March 24, 1962 vor 198 
to come as integral and delicately balanced parts 
of total social revolutions, and that the conditions 
for them will have been maturing for many years. 
Moreover, when such a revolytion finally occurs, it is 
likely to come with lightning speed, leaving all too 
short a time to take critical census or make critical 
decisions, and all too soon a pattern may be firmly 
set, for good or ill. The most significant period of a 
significant revolution, too, is almost certainly not 
when science is first apprehended by a gifted few, 
but at the moment when the vision that has already 
compelled them spreads to a whole people. 

These are the reasons that lead Dr. Haskins, in a 
passage strongly in line with the whole trend of 
President J. G. Harrar’s review to the Rockefeller 
Foundation, to suggest that a few young, well-trained, 
indigenous scientists in the new nations, young men 
in the front of their specialities, provided always 
that these have some relevance to the practical needs 
of their peoples, may, in a not too distant future, 
serve as important members of that gifted handful 
chosen by destiny for tasks of high importance. 
It is true that in his subséquent review of the year 
Dr. Haskins limits himself strictly to the scientific 
achievements of his Institution and does not, like 
President Harrar, outline specific or direct contribu- 
tions which are being made to the development of 
leadership in the new nations. On the other hand, 
Dr. Haskins begins his report with a searching analysis 
of the place of science in the rapidly changing world 
of to-day and of the contribution which it offers to 
mankind, in the new nations no less than in the 
Western world. 

Science and technology, he pointa out, in the 
intimate link with industrial processes in the advanced 
nations, constitute a principal fountain head of the 
torrent of change that could be described as charac- 
terizing our contemporary age. In that partnership 
with industry, still comparatively recent, they have 
been the creators of wealth and the moulders of power 
s0 mighty that within two centuries they have 
transformed the world positions of the societies 
that have benefited from them. Nevertheless, Dr. 
Haskins reminds us that in science itself, in the 
dynamism of science, taken primarily as the search 
for understanding in the natural world, lie some of 
the greatest invariants, and he shows how within 
the very structure of science, in the context of its 
beliefs and its dedication and the special character 
of ite mission, there may lie a model for our wider 
concerns and that, at a deeper level, the fabric of ita 
belief could bind in common fraternity all those who 
glory in the great uncertainties of our world and seek 
to understand them. He believes that the scientific 
ethic in its profoundest aspecte, with all the special 
verve that accompanies it, is largely identifiable 
with the Western tradition obtaining in those Western 
nations when and where it first arose and that that 
environment supplies the condition for ita continuing 
growth. 

That conviction alone gives sufficient force and 
inspiration to Dr. Haskins’s plea for help in meeting 
the scientific needs of the new nations, so as to equip 
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them to meet the challenge of change and, like 
ourselves, accept it as a constant and desirable 
feature of the world, cultivating spontaneous, 
unanticipated, many-faceted change, ranging in its 
richness and implications far beyond the limits any 
human mind can visualize, rather than attempt to 
control and channel change, to plan and predict it, 
forcing it into the strait-jacket of a totalitarian 
regime. Behind theese unities of structure and method 
which science brings lie the greater unities of belief 
and common dedication, the unities of purpose, the 
unities of common point of view of the nature and 
the ‘style’ of the world in the deepest sense, of how 
to deal with it, of man’s relation to it and his place 
within it. These have bonded men everywhere who 
have been committed to the scientific road, welding 
them in a powerful fraternity through the generations 
of the past three hundred years. Few human institu- 
tions can show stabilities so great, or unities so pro- 
found amid all the turbulent change that it has 
been the business of science both to court and to 
create. 

Nor is this all. It is not enough even to understand 
the real nature of the scientific and technical revolu- 
tion that we inherit, for Dr. Haskins believes we are 
also the witnesses of a revolution in scientific philoso- 
phy at least as profound as that which marked the 
ages of Copernicus and of Newton, and which promises 
to have effects quite as far ranging. The notions of 
relativity and uncertainty, of chance and of contin- 
gent probability and adaptive processes bid fair to 
replace as central concepts of science the Newtonian 
ideas of cause and effect that dominated the three 
centuries after his time. Although the place of 
refined inductive analysis is unchallenged, the 
intimation that in future scientific thinking it may 
not in fact be formally separable from deductive 
thinking strikes at a central root of old scientific 
philososphy. Such profound alterations of point of 
view must have effects in their impact on the social 
structure comparable with those at any revolutionary 
intellectual period of history. 

Moreover, the impact on the study of living systems 
is already making the realm of biology one of the 
most exciting current factors of scientific advance, 
and besides this revolution in content and point of 
view, there was the sheer magnitude of the revolution. 
The mere projection of the scientific mode during the 
next decades, its rate of growth and the volume of ite 
activity must bring the gravest questions, the 
answers to which themselves demand a searching 
re-examination and a profound understanding of 
the deepest meaning of the scientific way. Some of 
these problems, such as those arising out of the 
unparalleled proliferation of specialized scientific 
knowledge in our time and the threat to communica- 
tion and understanding both within the bounds of 
science and between science and other disciplines 
are already apparent; but Dr. Haskins suggeste that 
the challenge to understanding which they represent 
is only part of the challenge of to-day. 

It is not enough to understand science, to recognize 
its differences from technology, ite special functions, 
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its special strengths, the strange duality of its 
structure, and the implications of ite long-standing 
alliance with technology and with industry in the 
West. Our ability to characterize the scientific way 
as we understand it objectively and thoroughly is no 
leas a challenge, and unless we can meet both require- 
ments successfully we shall be in no position to offer 
real assistance to the new nations of the world as they 
face their own scientific and technical revolutions. 
To-day their demands on science of necessity are 
largely pragmatic: a developed technology is their 
dire need. To-morrow they may be no less anxious 
to participate in the continuing scientific revolution 
of the world, and participation in that is not possible 
except on the basis of an indigenous science devoted 
primarily to understanding, with the sense of national 
dignity and national self-respect that independent 
contribution to the world’s store of learning alone 
can bring. 

Dr. Haskins’s lucid and impressive argument, in 
which incidentally he touches on the contribution of 
the scientific societies, both m the mid-seventeenth 
and the latter eighteenth century, puts in its fitting 
perspective the significance of the whole problem of 
technical assistance to-day, its cogency and ite far- 
reaching importance. That the challenge has come 
from the United States does not make it the less 
essential that it should be met boldly, promptly 
and imaginatively in Britain. Repeatedly in his 
recent speeches, Viscount Hailsham, the Minister for 
Science, has shown his awareness of the importance 
of the vital thesis in Dr. Haskins’s argument, and on 
his shoulders must largely rest the responsibility for 
ensuring that the Government as a whole is brought to 
appreciate the critical importance of the issues and 
the need for urgent, imaginative and generous action. 
In broad terms Dr. Haskins displays a programme 
of action which could occupy the Department of 
Technical Co-operation for years to come and engage 
all the resources and skill which Government and 
scientists alike can put at its disposal, but which 
could enable the new nations to meet and respond 
to spontaneous, unanticipated changes in the manner 
to which the modern world owes its greatness. 


BOTANICAL RE-ASSESSMENTS 


Principia Botanica or Beginnings of Botany 

By Leon Croizat. Vol. la: Pp. xiii+1—-1149. Vol. 1b: 
Pp. 1150-1821. (Caracas, enezuela : Leon Croizat. 
Distributed by Wheldon and Wesley, Ltd., Codicote, 
Hitchin, Herts, 1960). 


EON CROIZAT is a botanist already familiar 

for his massive Panbiogeography, a work of great 
length, originality and some heterodoxy. He now 
presenta us with a further massive publication 
Principia Botanica, of 1,821 pages, in which he has 
somewhat different objectives. The field covered by 
this book is very largely that of comparative mor- 
phology of the higher plants with its bearings on 
systematics and phylogeny. There are very long 
discussions on floral morphology, phyllotaxis, sym- 
metry, the leaf, the stipule and the root, and there is 
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a general addendum covering a wonderful range of 
topics, including (inevitably) many topics of plant 
and animal distribution, the effects of the ice ages, the 
laticiferous system and the ‘origins’ of Zea mays. 

In all that M. Croizat writes there are ideas worth 
considering, but he is so far out of the common 
mould of botanical writers that the most exacting 
demands are made on the reader’s patience and 
charity. A perspicacious reviewer of Panbiogeo- 
graphy likened M. Croizat to Don Quixote, and said 
“you slash the wine-sacks and wield the proverbs of 
Sancho Panza’’, M. Croizat has indeed a passion to 
deflate and dethrone: the more eminent the reputation 
the more gaily he assaila it. Goethe is not spared and 
Darwin is ridiculed for the stupidity he shows, 
stupidity, that is to say, as compared with the author. 
Reading is certainly enlivened by a style which has a 
loose Rabellaisian jocosity, but this raciness and 
allusiveness is altogether out of place since it effec- 
tively prevents any precision of statement, a defici- 
ency which the author freely attributes to most of 
those from whom he differs. 

The author has a vast amount to say on a wide 
variety of subjects and will infallibly annoy, even if 
he will also inform, a great many people. It is his 
criticism that a great deal of botanical hypothesis has 
failed for lack of adequate provision of any consistent 
philosophical approach, and because of an inadequate 
formulation of terms. Hoe is almost certainly correct, 
but I scarcely can feel that M. Croizat’s own con- 
tributions in general wholly escape these criticisms, 
or indeed carry a greater measure of conviction. 
The author adheres to the view that there are 
immense stores of botanical information, chiefly 
anatomical and distributional in character, that 
require only common sense, diligence and a clear 
head to yield clear-cut answers. His book is intended 
to demonstrate how easy this is. The majority of 
present-day botanists, one suspects, will continue 
their profitable inquiry into fields of plant physio- 
logy, genetics, biochemistry, ecology, palynology 
and the rest, where new sharp tools and, above all else, 
experimental methods can assist them. 

No doubt the great fields of botanical inquiry that 
concern M. Croizat, essentially the processes of 
evolution and distribution in the higher plants, 
merit more critical attention than they have yet 
received. But M. Croizat is mistaken in thinking 
that the mass of contemporary botanical research is 
indifferent or irrelevant to this issue. One wonders 
indeed whether Principia Botanica is altogether the 
correct title for his momentous conclusions. 

H. GODWIN 


BLITHE SPIRIT 


Bird-Song 

The Biology of Vocal Communication and Expression 
in Birds. By Dr. W. H. Thorpe. (Cambridge Mono- 
graphs in Experimental Biology, No. 12.) Pp. xii + 143. 
(Cambridge: At the University Press, 1961.) 20s. 
net. 


HE first, almost accidental, application of the 
sound-spectrograph to bird-song in 1947 opened 
up a new line of attack on what had been an extremely 
intractable subject. Dr. Thorpe’s book is about the 
revolutionary consequences of this attack during the 
past fourteen years. 
The sound-spectrograph automatically records a 
continuous frequency-analysis of the sound fed mto 
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it, with a better temporal resolution than the human 
ear can achieve. The first records of bird-song showed 
that the song had a fine structure which could not be 
heard by man. Although the futility of verbal 
transcriptions of the jug-jug-cheese-tereu kind had 
long been recognized, it was still believed by many 
that musical notation in expert hands could be used 
to make communicable and acceptably complete 
records. The sound-spectrograph destroyed this 
illusion. In his first chapter, Dr. Thorpe argues ably 
and on the whole convincingly that bird-song is 
‘musical’, but this must not be taken to imply that 
it resembles the performance of any combination of 
familiar musical instruments; the time-scale is usually 
quite different. A musical trill consists commonly of 
two notes a semi-tone apart, alternating at the rate 
of 5 or 6 per sec. Until 1947 it was wholly unsus- 

ted that song-birds characteristically execute 
‘trilis’ extending over more than an octave at a rate 
which may be more than a hundred alternations per 
sec. Bo great is the difficulty of apprépriately trans- 
ferring the terminology of music to bird-song that 
Dr. Thorpe himself applies the terms ‘trill’ (p. 63) 
and ‘vibrato’ (p. 61) exactly reversing their usual 
musical meaning of frequency-modulation and ampli- 
tude-modulation respectively. 

The sound-spectrograph has certain limitations 
which cannot be discussed here, but when allowance 
has been made for these, it provides an unambiguous, 
explanatory and permanent record, subtle enough 
not only to establish the characteristic pattern of 
every song but also to permit the recognition of the 
apparently fortuitous differences between the songs of 
siblings reared together or to follow the development 
of songsters individually exposed to different training 
situations. In the exploitation of this field, Dr. 
Thorpe’s own work on the chaffinch has a central 
importance which more than justifies the substantial 
part of the book allotted to it, and the authoritative 
summary of the pioneer work of the Madingley 
school which occupies much of Chapters 3, 4 and 5 
will everywhere be welcomed by those with a special 
interest in animal behaviour. But there is much 
more. The analysis of the form and meaning of 
call-notes (Chapter 2) and the account of specific 
and sub-specific differences (Chapter 6) contain much 
that is new and obviously sound; and where Dr. 
Thorpe cautiously ventures into speculation, this too 
from such a source deserves to be very carefully 
considered. 

There can be few readers who will not be charmed 
by the mass of exotic but relevant information pro- 
vided. To know that the red-eyed vireo sings 
20,000 songs a day, that the gouldian finch can 
compress an elaborate 3-part fugue into a few seconds, 
to learn what a Kaspar Hauser bird is, and why the 
Indian hill mynah is the best mimic of human vowels 
and why the trained canary is more ‘musical’, any- 
one who, like myself, has a mind like a litter-bin (and 
most people have if they would only admit it) must 
find such material irresistible in iteelf, quite apart 
from ita contribution to the main argument. 

There is a very substantial number of illustrative 
spectrograms (it could have been even larger with 
advantage) which tempt the reader to test both his 
memory of bird-song and his interpretative powers, 
and, when spring comes, to walk abroad with more 
alert ears. Most of the spectrograms are well chosen 
to illustrate a point or to clear such textual ambigui- 
ties as must occur in a field where old jargon has not 
been completely discarded and new jargon is (I fear) 
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coming into being. Very occasionally something 
seems to have gone wrong: for example, Fig. 1 does 
not correspond well with Fig. 28 or with Fig. 3, 
which is inadequately explained; and Fig. 51 does 
not show energy peaks at the frequencies where the 
legend says they should be; the epithet “Kaspar 
Hauser’, which is used repeatedly, is explained only 
in one footnote, which is not indexed. But these are 
small faults. The book is a worthy member of a 
distinguished series. If there is anyone who num- 
bers among his friends an ornithologist to whom he 
has forgotten to send s present, here is his opportun- 
ity to make amends. 
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ART AND FORM IN 
GLASS © 


Glass in Architecture and Decoration 

By Raymond McGrath and A. C. Frost. New edition 
revised by Raymond McGrath. With a section on 
the Nature and Properties of Glass by H. E. Beckett. 
Pp. 712 (418 photographs). (London: The Architeo- 
tural Prees, 1961.) 1268s. neb. 


N the preface to this second edition of a book first 

published twenty-four years ago is the following 
interesting observation: ‘‘Architects and writers 
about architecture often refer to the increasing 
‘tyranny of materiale’ but it is hard to see that 
the technical development of manufacturers, which 
is nothing new but only seems so from its present 
acceleration, can be anything but a liberation from 
older tyrannies which we have grown used to”, a 
quotation which is eloquently developed in the pages 
of this luxurious book. The new edition has been 
brought up to date, the historical section on glass 
manufacture now concludes with a brief reference to 
the float process first announced a year or so ago 
and the beautiful collection of photographs illustrat- 
ing the use of glass in buildings has been changed 
considerably. Many of the photographs are of things 
which did not exist when the edition was pub- 
lished, including, for example, the Lever, Seagram 
and the United Nations Buildings in New York, some 
notable school buildings in the United Kmgdom and 
some interesting modern interpretations of ‘stained 
glass’. 

The title is very modest, for the book is divided into 
five sections; the making of glass, glass in architecture, 
glass in decoration, the nature and properties of glass, 
the working, ing and fixing of glass; there is 
also an appendix on British building glasses which 
will, no doubt, be very useful to those to whom the 
book is primarily addreased. The section on the 
making of glass contains an excellent survey of the 
history of glassmaking from the earliest times until 
about 1850: from then on the treatment is more 
detailed and more specifically concerned with flat 
glags. At the end of the volume there is a bibliography 
which contains a good list of books on the history of 
the subject. The photographs of manufacturing 
processes are first class. 

The section on the nature and properties of glass ia 
adequate in a hundred of the very large pages, 
although having started with a brief mention of 
early work on the X-ray diffraction by glasses, it 
skates lightly over the thermodynamical problems of 
glass formation to deal with the daylight factors of 
windows, coloured glasses and, eventually, descrip- 
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tions of the manufacture and use of pavement lights, 
fibre glass, radiation, absorbing windows and photo- 
sensitive glass: even this list is not exhaustive. 

Modern. ‘stained’ glass is given very sympathetic 
treatment and is happily illustrated with examples 
of the work of Henri Matisse, Fernand Leger, John 
Piper and others. Unfortunately glass cutting and 
engraving of table glass receive very little considera- 
tion: one would have liked the author to stray a 
little more from his general thesis here. However, 
the book undoubtedly is written primarily for the 
architect and it contains much useful factual informa- 
tion on flat glasa. It is not surprising that the section 
on glass in architecture should be the longest. The 
first thirty pages of this section form a persuasive 
essay in support of the role of the development of 
glass as a liberating agent in architectures. 

Almost any reader could get some pleasure from a 
perusal of this volume, which must also be a very 
valuable reference work for the professional user. 

R. W. Dovaras 


ATMOSPHERIC DIFFUSION 


Atmospheric Diffusion . 

The Dispersion of Windborne Material from Indus- 
trial and other Sources. By Dr. F. Pasquill. Pp. 
xii+297, (London: D. Van Nostrand Company, 
Ltd.; Princeton, N.J.: D. Van Nostrand Company, 
Ino., 1961.) 60s. 


ANY notable scientists have matched themselves 
against the problems of turbulence—Reynolds, 
Prandtl, Richardson, Taylor, von Kármán and 
Kolmogoroff are among them-—but the subject 
remains distinctly intractable, and no comprehensive 
theory has yet emerged, even for homogeneous fluids 
much less for density-stratified fluids such as our 
atmosphere. Nevertheless, theory has 
appropriate descriptions of turbulence, for example, 
spatial and temporal velocity correlation functions 
and the corresponding spectra, the techniques have 
come to hand to effect such descriptions (though 
ian correlation remains a problem), and there 
is a developing interaction between observation 
and theory as a result. Thus, although answers to 
many important and practical problems in turbulent 
diffusion, not least in the atmosphere, must depend 
heavily on observations in the different classes of 
diffusion problem, the empiricism of the subject has 
become rather well framed by theory and a systematic 
exposition of tne present body of knowledge is indeed 
timely. Dr. Pasquill, who has been in the van of 
experimental investigations of atmospheric diffusion 
over some years and who has lately added notably © 
to ita theory, has performed a great service to the 
subject in providing the exposition here under 
review. 

Pasquill’s treatment is first, in three chapters, to 
describe the technique for a statistical analysis of 
turbulence, so far at least as its properties are of 
immediate concern to the diffusion of inert substance; 
to provide a broad review of these statistics as 
observed in the atmosphere up to a height of about 
1 km.; and then to develop the theoretical treatmenta 
of atmospheric diffusion, from the early and quite 
formal Fickian eddy diffusivity or ‘K’ theory to the 
recent transfer-theory of Russian workers and the 
statistical theory deriving from Taylor, Richardson 
and Batchelor and developed by Pasquill and his 
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colleagues. The second part of the book, of another 
three chapters, summarizes the measurements 
obtained in controlled experiments on different classes 
and scales of atmospheric diffusion; describes the 
methods now available for estimating concentrations 
from given sources of material in terms of meteoro- 
logical data which are, or might under demand become, 
availeble; and finally, discusses a number of special 
problems arising in diffusion from particular sources, 
for example, the rise of hot effluents from chimneys, 
surface deposition of particulate and gaseous pollut- 
ants, agricultural and botanical problems, and radio- 
active sources provided by bomb or power station. 
The treatment is very up to date, and quite compre- 
hensive except in regard to vertical diffusion above 
area sources or sinks which, for momentum, heat and 
water vapour, are of fundamental concern to the 
physical meteorologist and have been dealt with 
lately in a monograph by Priestley. For brevity, 
maintenance of line, or whatever, the author has 
usually chosen to state theoretical results without 
their derivation. That will not much inconvenience 
the expert, who will be not the least in gratitude for 
the volume. But for the less expert and particularly 
those primarily concerned with application, it is 
probably salutary to show how results are arrived at 
in a field in which misapplication has made many 
hairs stand on end in the past. In this connexion one 
welcomes the author’s critical appraisal of all that 
he presents, and probably would have welcomed an 
even greater obtrusion of the author’s views on his 
BPO. 

While this book is timely it will not provide ready 
answers to all the meteorological problems in atmo- 
spheric pollution, not least, perhaps, because many 
problems are not yet sufficiently well formulated to 
allow of a useful answer from the meteorologist, who 
must probably co-operate further with the engineer 
to find the appropriate questions. Meanwhile, 
Pasquill’s volume should become notable as an 
exposition of a science and ea landmark in man’s 
record to come to grips with the problem of avoiding 
the pollution of air, land and view with the products 
of his industry. P. A. SHAPPARD 


MORE ADVANCED STATISTICS 


The Advanced Theory of Statistics 

By Maurico G. Kendall and Alan Stuart. Vol. 2: 
Inference and Relationship. Pp. ix+676. (London: 
Charles Griffin and Co., Ltd., 1961.) 182s. net. 


N the first of their projected three volumes, the 

authors followed much the same plan as in Dr. 
Kendall’s original Volume 1. This second volume 
differs more markedly from the original Volume 2, 
and leaves the design of experiments and sample 
surveys, analysis of variance, multivariate analysis, 
and time series for presentation in the third. 

The volume under review is concerned with many 
different aspects of statistical Inference, with rela- 
tions between statistical variates, and with distribu- 
tion-free and sequential methods. Despite its price, 
to the statistician it is indispensable, for nowhere 
else can he find so comprehensive an account of the 
present state of the theory and the key to so high a 
proportion of the important references. A mathe- 
roatician also will find here as full a statement of the 
nature of statistical estimation as he could wish; 
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the presentation is not designed for the scientist who 
wishes simply to apply statistical techniques. As 
with any encyclopedia of a rapidly developing subject, 
this book is doubtless out of date almost from the 
moment of publication, but it will remain a standard 
work of reference for many years. 

Three chapters on principles of estimation show the 
central importance of maximum likelihood and least 
squares methods. Minimum yx? estimation, or 
‘minimum chi-square’ as the authors misguidedly 
entitle it, is mentioned but without consideration of 
Rao’s very recent investigations of the second-order 
superiority of maximum likelihood to any alternative. 
The presentation of confidence and fiducial theory in 
separate chapters is retained; the authors attempt 
no synthesis of views or full appraisal of relative 
merits, but give a fair and balanced account of the 
two schools of thought. Unfortunately, important 
work on fiducial distributions by Fisher and by 
Cornish has been published too recently for inclusion. 
It is perhaps surprising that the groyp of problems 
involving setting probability limits to a ratio omita 
to mention Fieller’s use of exclusive limits. Four 
chapters are then given to hypothesis testing, likeli- 
hood ratio tests, and the comparison of tests. 

The next large section is concerned with regression 
and correlation. When so much of modern theory 
needs to be included, the space given to intra-class, 
tetrachoric, and biserial correlation seems excessive. 
The chapter on multiple regression is typical of the 
authors at their best in giving a clear, systematic 
account of an important fleld of general theory. The 
following chapter, on functional and structural 
relations, is an outstandingly good presentation of a 
dificult subject on which much remains to be done; 
insistence on clear terminology, and on exact specifica- 
tion of the model and the error structure in the 
observations leads to a valuable summary of the 
present situation that complements the admirable 
chapter in Acton’s book (see Nature, 188, 176; 1960). 

Chapters on distribution-free methods, order- 
atatistics, and contingency tables are included; some 
sections of these are little more than brief guides to 
the literature, and not always complete (as the 
omission of Sampford’s maximum likelihood theory 
of censoring and truncation bears evidence). To a 
reviewer unfamiliar with sequential methods, the one 
chapter on these ap an excellent introduction: 
the authors would not claim it to be more. Dismissal 
of decision theory in one paragraph is severe treatment 
for an approach to applied statistics that, despite 
many weaknesses, is having a profound influence, 
though the authors wisely comment: ‘That statistics 
is solely the science of decision-making seems to us a 
patent exaggeration”; perhaps Volume 8 will elabor- 
ate on this. 

The statistician who is concerned with the applica- 
tion of statistical techniques to scientific problems 
may be disappointed by an underlying lack of concern 
with how methods are to be used. Typical is the 
section on Stein’s ingenious trick of double-sampling 
for obtaining a specified confidence interval; no 
mention is made of the desirability and difficulty of 
using the information on variance in the second 
sample, yet this is surely important if the first sample 
is small. Yet to end a notice of this important and 
necessary book on a disapproving note would be 
unfair; perhaps no one but M. G. Kendall would 
have the courage to tackle so vast a work, and he 
and Stuart are achieving a great result. 

D. J. FINNEY 
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Origin of Life-like Forms in Carbonaceous Chondrites 


By Pror. HAROLD C. UREY, For.Mem.R.S. >ò , 
School of Science and Engineering, University of Callfornia, San Diego, La Jolla, Callfornia 


Introduction 


N Moeinschein and Hennessy! have presented 
mass spectrographic evidence indicating that 
carbonaceous substances in the Orgueil meteorite were 
produced by living organisms. Privately, they have 
presented further evidence showing that the ultra- 
violet and infra-red absorption spectra of compounds 
extracted from this object and the Ivuma meteorite 
confirm these conclusions, and Claus and Nagy* have 
found microscopic evidence for the presence of 
fossilized microscopic organisms similar to terrestrial 
ones but different in specific form from any known 
terrestrial species. These objects were collected in 
France and Tanganyika under non-sterile conditions 
and stored m various museums. Yet several different 
types of life-like forms of unknown terrestrial species 
were observed in two different samples of Orgueil and 
in Ivuna. (In a private communication they also 
report similar observations in the Alais and Tonk 
meteorites.) In addition, Orgueil contains a more 
complicated form also unknown to Dr. Claus as a 
terrestrial form. 

There are arguments favouring the view that these 
forms are indigenous to the meteorites and that they 
are not of terrestrial origin. The number reported 
is about 3 x 10° per cm.* and the volume of the bodies 
can be easily estimated as about 10 per cent of all the 
carbonaceous material present. It is improbable at 
least that any such massive contamination with 
terrestrial organisms under the conditions of collection 
could have occurred. It is also improbable that 
terrestrial organiams would have grown under the 
fairly dry conditions of museums on some substrate 
of inorganic origin to such an extent. Mostly 
saprophytic organisms are rather selective in regard 
to the substrate on which they grow, and in all cases 
they do grow in carbonaceous substrates of organic 
origin. Moreover, these life-like forms resemble 
terrestrial algae living in liquid water. How could 
such a prodigious concentration of such cells have 
grown under the dry conditions of museums on some 
strange substrate which they had never encountered 
previously ? 

However, biological and paleobiological experts 
must study these forms in detail, and their opinions 
should carry great weight in this problem. -It is the 
purpose of this article to lore possible extra- 
terrestrial origins of such life-forms, if indeed they 
are such. 


Conditions for the Origin of Life 


Generally, students of the origin of life wonder that 
life with all its intricate chemical and its 
capacity of replication could have originated from 
inorganic forms at all in any length of time. Living 
things are not simple mixtures of dead compounds but 
consist of an intricate series of chemical reactions of 


most complicated kinds, and their evolution must 
have required much chemical experimentation; 
this in turn required a continuous source of free 
energy, which alone can promote spontaneous 
reactions at constant temperatures. At present, this 
sources is light from the Sun, which produces through 
the intermediary mechanics of photosynthetic pig- 


ments chemical compounds of high free-energy content : 


when used by organisms either in the fermentative or 
respiratory metabolisms. Before the evolution of 


photosynthesis, other sources of energy must have’ 


been present. The most probable source of such 
energy is ultra-violet light absorbed by compounds in 
the high atmosphere of Earth and transferred to ita 
surface and its oceans by atmospheric currents. 

From the environmental side, liquid water appears 
to be a necessary medium if life resembling that on 
Earth is to evolve, and the life-like forms observed in 
these meteorites are so similar to those of Earth that 
the question of the identity of these forms with 
terrestrial organisms is seriously considered. as possible 
or probable. This liquid water requirement places 4 
lower limit of temperature of 0° O. Also, the vapour 
pressure of water is 4-6 mm. of mercury at this 
temperature, and hence the ‘planetary’ object on 
which evolution occurred must have been able to 
retain an atmosphere for some time. 

In this discusion, the possibility that life evolved 
in liquid water retained in pockets within the body 
of a planet will not be considered because of the 
obvious difficulty of providing effective sources of 
chemical compounds of high free-energy content. 
Radioactive sources of energy would appear to be 
the only effective supply of such energy, and this is 
dissipated largely within solid minerals and thus is not 
effectively available for the production of the required 
chemical compounds. If these radioactive elements 
were present in the water solution containing the living 
forms, they would be highly destructive of the evolving 
forms according to present-day experience. Heat 
energy cannot supply free energy unless a suitable 
heat engine operating between two temperatures is 
available according to the second law of thermo- 
dynamics, and hence heat alone does not constitute 
@ source of free energy which alone causes chemical 
reactions to proceed. As stated above, a constant 
source of free energy is required, and this source was 
most probably ultra-violet light of the Sun before 
photosynthesis evolved. Hence we assume that the 
Oe i of life occurred at the surface of a planetary 

y*. 


Places of Orlgin of Carbonaceous Chondrites 


(1) The Asteroids. The meteorites are usually 
supposed to come from the asteroidal belt between 
Mars and Jupiter. Temperatures on Mars at noon 
and at ite equator are slightly above the melting-point 
of water, and temperatures at greater distances from 
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the Sun are below this value.. It is usually assumed 
that the meteorites come from a region at about 
2-4 aw. This would indicate lower temperatures 
than those of Mars, and the climate of Mars appears 
to be marginal for the origin of life. Such a planet 
must have been of lunar size or greater, for water 
would escape rapidly from smaller objects if liquid 
water existed. Possibly such an object existed and 
life evolved on it. In this case it has been destroyed 
by some process and only a small residue remains as 
the asteroids. Life would have deposited its remains 
only in a thin layer near the surface and the break-up 
should have supplied much material not containing 
these remains. Nmeteen carbonaceous chondrites 
are known, and these constitute 3-6 per cent of all 
observed falls. (The number reported varies because 
of differences in classification standards among 
different authorities.) They are very, fragile objects, 
and Orgueil and Ivuna are especially so. It is sur- 
prising that these objects have survived past violent 
processes, and we expect that their abundance in 
Nature, wherever they may come from, is higher than 
that indicated by the percentage of total falls or of 
total masses collected. If a planet disintegrated, we 
wonder why it is that these objects are not much rarer 
relative to other meteorites than they are. Where 
is the residue of the planet ? 

If evolution of life occurred in enclosed pools of 
water below the surface of smaller objects, which is 
regarded as most improbable, the fraction of the 
object containing such special pools could scarcely 
be more than a minute fraction of the total, and the 
above arguments apply to this hypothesis. 

The carbonaceous chondrites on a carbon- and 
water-free basis have approximately the composition 
of the high-iron group chondrites‘, which contain 
very smell amounts of water. This composition is 
entirely different from that of all terrestrial rocks. 
If free water existed on the planet for even 10° years, 
say, erosion and sorting of minerals should have 
occurred. These objects do not conform to the pattern 
of sediments of any kind known on Earth. 

Or, was the entire planet covered by oceans so 
that no erosion and sorting of minerals was possible ? 
In this case, it is difficult to explain how the very 
dry chondritic meteorites were formed and stored on 
this wet planet. Also, with deep oceans everywhere, 
the layer containing these life-like forms must have 
been very thin indeed, and it is thus most surprising 
that we have received any of this material. Only a 
rapid evolution of life on this planet in pools of water 
resting on material of a primitive composition 
conforms to observation. 

The whole pattern outlined above appears to be 
most improbable, and, in fact, the great scepticism 
with which the work of Nagy et al. has been received 
is due to this conclusion on the part of serious students 
of these objects. 

(2) We may next consider Mars as a possible place 
of origin of these objects. Life may have evolved on 
this planet, and indeed there are certain lines of 
evidence indicating that this is the case. 

We ask if the carbonaceous chondrites could have 
originated at Mars. Due to the relationship between 
them and the high-iron group chondrites, this means 
that we are asking whether all these objects originated 
on Mars. The ages of the carbonaceous chondrites 
vary from 1-4 to 4:5 AE (10° years) by the potassium- 
40-argon-40 method. Because of their porous struc- 
ture, we have supposed that some argon-40 has 
escaped and hence that the true age of all of them 
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probably is the maximum value. Since Mars could 
retain oceans for a long time’, it is expected that sedi- 
mentary rocks such as sandstones and shales cover its 
surface at the present time if life evolved on it. Hence 
collisions with its surface should produce meteorites 
of sedimentary composition. The carbonaceous 
chondrites do not have such compositions and no 
others have been observed. If sediments became 
generally covered by lava flows, then lava meteorites 
should be observed, which is not the case. Alterna- 
tively, the carbonaceous chondrites should have left 
the planet 4:5 Æ ago because of their age and because 
they do not have sedimentary structure and composi- 
tion. In this case they must have been in space for 
4-5 Æ. Opik’s calculations? show that they would 
have collided with Mars or Earth within some 10° 
years more or less. This indicates that they must 
have survived ~ 45 half-lives, which is so improbable 
as to be regarded as impossible. Cosmic ray ages 
also show that they have not been in space for such 
a long period of time. The carbonaceous chondrites 
cannot come from Mars. 

(3) The Moon-capture hypothests. I revived the 
old suggestion that the meteorites come from the 
Moon and also had in mind that the carbonaceous 
meteorites must also havé come from the Moon 
along with all the others’. It was suggested that 
collisions with the lunar surface removed the meteor- 
ites. The bases of this argument were: (i) that the 
structures of the chondritic meteorites required some 
intense collisional process applied to previously 
crystallized silicates and iron nickel masses, and the 
Moon’s surface would supply such ‘conditions; (i) 
that the low cosmic ray ages of the stone meteorites 
could be explained by the expected collision times of 
objects removed from the Moon and moving in 
orbits near Earth. The Przibram meteorite. the 
orbit of which was accurately determined’, fell in 
April 1959. Its orbit shows that ita probable mean 
life should have been about 2 x 10° years and that it 
approached the region of Earth with a velocity of 
17-45 km.sec.-!. Its cosmic ray age’ is some 10-20 
million years. These observations do not support 
the foregoing second argument. The short cosmic 
ray age is probably due to the destruction of stone 
meteorites by collision in the asteroidal belt; but 
this observation does not require that they do not 
originate from the Moon. 

The Moon could retain an atmosphere and liquid 
water for a considerable time, though this time would 
be difficult to estimate exactly. No river systems 
have been identified, and hence bodies of water 
must have been local and temporary. Fossil forms 
should have been deposited in sedimentary rocks if 
oceans had existed, and hence many sedimentary 
meteorites such as sandstones and shales should be 
observed. None has been observed, and the carbon- 
aceous chondrites are not such samples. It does not 


~ appear to be much more likely as a place for the evolu- 


tion of life than an asteroidal planet. Gilvarry?® comes 
to another conclusion (see appendix to this article 
(p. 1122) for a discussion of Gilvarry’s arguments). 
Goles, Fish and Anders" have argued that the 
inert gases of the meteorites would have been lost at 
lunar equatorial temperatures, which are estimated 
to be ~ 230° K. They argue that the required 
temperature is 196° K. or less. The present chondritic 
meteorites are mostly very porous, though Urey and 
Mayeda' observed that Estacado is quite compact. 
If the porous structure was produced during the 
collisional process which removed them’ from the 
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parent body, the calculated temperature limit may 
be much too low, for in this case diffusion from the 
compact mass would be much slower than that from 
the porous structures. Their arguments may be 
invalidated by -this circumstance. 

Evidence has been presented indicating that the 
surface features of the Moon were formed in ashort 
period of time™*, It was also suggested that this 
occurred due to its capture by Earth during the 
terminal stages of Karth’s formation from solid bodies 
of sufficient size to produce the lunar maria, some of 
which were still movmg in orbits about Earth, The 
introduction of the Moon into the system perturbed 
the orbits of these objects, causing them to be 
collected by the Moon or Earth during a short period 
of time. 

If oceans were present on Earth at that time, col- 
lisions with Earth should have produced enormous 
splashes of water. It is difficult to decide whether 
water may have been thrown far enough from Earth 
to have beenecollected by the Moon. I have been 
unable to make even approximate estimates in 
regard to this question. There are five circular maria 
on the near side of the Moon within an area of about 
xr’, Probably a total of 10 or 15 for the entire Moon 
is a reasonable estimate: The area of Earth is 13-5 
times that of the Moon, and its greater gravitational 
field makes its effective cross-section larger in propor- 
tion. Probably 200 or more objects of about 100 km. 
diameter hit Earth and some probably came in at low 
angles and such collisions especially should have 
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- driven materials from Earth to considerable distances. 


However, very high temperatures for brief periods of 
time must occur during the acceleration of objects 
to high velocities. The high velocity water masses 
passing through even a thin water atmosphere would 
be heated just as meteorites are heated on arrival 
on Earth, but if the objects were large, for example, 
greater than tens of metres in dimension, atmospheric 
effects would be unimportant. Whether some spores 
of organisms in the atmosphere could be trapped by 
these masses of water or carried within solid bodies 
with the water cannot be answered satisfactorily. 

But we know that life has evolved on Earth and 
possibly or even probably it was present on Earth 
when the Moon was captured. In the violent processes 
postulated, spores or frozen living forms may have 
reached the Moon. If so, they may have grown in 
temporary pools. Also, it may be that only dead 
organisms arrived. As water escaped into space the 
pools would dry up and the living or dead forms would 
be embedded in the materials at the bottom of the 
pool, or the water sank into the rocks below the 
surface. In any event, the carbonaceous chondrites 
would be formed by a mixture of ordinary high-iron 
group chondritic material and the contaminating 
terrestrial water containing the remains of organisms 
and the carbon compounds present in the terrestrial 
oceans under the reducing conditions of that time. 
Assuming this series of events, the observations of 
Nagy e¢ al. are accounted for. The observed forms 
would be similar to but not identical with present 
terrestrial forms as observed. The forms would have 
evolved on Earth where life has certainly originated. 
The high probability of these carbonaceous objects 
reaching Earth relative to other meteorites or 
materials from the interior of a planet is understand- 
able, since only surface materials would be removed by 
collisions. The absence of sedimentary type materials 
in the carbonaceous chondrites is consistent with the 
short time that pools existed. 
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Recently, DuFresne and Anders" have reported 
the results of an extensive study of the chemistry and 
mineralogy of the carbonaceous chondrites and have 
attempted explanations for their complex chemistry 
as might be developed in asteroidal-sized bodies. It 
would be difficult to decide whether the present 
postulated origin of these objects could explain this 
complicated chemistry. However, the presence of 
living organiams would complicate the chemical 
history greatly because of the well-known capacity of 
living organisms to modify their chemical environ- 
ment in many details. In particular, the presence of 
oxidized sulphur compounds, that is, sulphur and 
sulphates, may be due to the metabolic processes of 
such organi deriving their free energy from ultra- 
violet light from the' Sun. Such processes may 
have occurred either on Earth, in which case the 
compounds were transferred to the Moon, or on 
the Moon due to the growth of organisms after 
arrival. 

In order that the present hypothesis may be feasible, 
some method of ejecting water from Earth to great 
distances must be available. Water in the high 
vacuum would evaporate until the temperature fell 
to some very low value, but both solid and gaseous 
water could be captured by the Moon. The other 
high-iron. group chondrites, which are closely related in 
composition to the carbonaceous chondrites, should 
also have a lunar origin, and because the low-iron 
group chondrites and the achondrites are related to 
them, we expect that they also come from the same 
source. It would be expected that some objects 
removed by collisions would spiral toward Earth, 
as O’Keefe!* has pointed out. In 1876, an object 
travelled from Kansas to Ohio in nearly a horizontal 
orbit, and in Rochester, Indiana, a stone fell from this 
fireball, which is a very typical spherical chondritic 
meteorite. On the other hand, the Przibram meteorite 
was moving with a velocity at a distance from 
Earth of 17:45 km.seo.- relative to Earth. If such an 
object originated from the Moon, it must have been 
propelled from it with approximately thia high 
velocity ! 

The hypothesis presented here requires a certain 
general history of the Moon’s surface. First, it may 
have had an achondritic composition due to melting 
and crystallization processes on its surface. Next, 
during ita capture by Earth, large collisions occurred 
producing high temperature melted areas!#-17-18, 
Finely divided materials such as those found in chon- 
dritic meteorites would also have been produced’. 
Water containmg organic compounds and microscopic 
organisms should have arrived from Earth. The 
water sank into the chondritic-type rubble and 
produced the carbonaceous chondrites of Wiik’s 
Type I classification. Heat from lower levels 
generated by the collisions may have produced 
Wiuk’s Type If and Type II carbonaceous chon- 
drites by heating. 

Meinschein, Nagy and Hennessy (1961) have 
observed compounds similar to terrestrial compounds 
produced by living organisms in Orgueil (Type I) 
and Murray (Type I), but “organized elements”, 
that is, what appear to be the residues of living 
organisms, are found in the former but not the 
latter*. If Murray had an original structure similar 
to that of Orgueil, heating may have reduced the 
water content from 19:89 per cent as in Orgueil 
to 12-4 per cent as in Murray and destroyed the 
organized elements, while hydrocarbons and other 
compounds remained. On the other hand, if these 
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“organized elements” are due to terrestrial organisms, 
why did they not grow in Murray also? Possibly they 
insist on having 19-89 per cent of water and 12-42 per 
cent is not sufficient! I would be surprised to find 
that all the varieties of organisms observed would be 
so selective in their water requirements. 

Sztrokay, Tolnay and Foldvari-Vogl*! have argued 
that heating under other conditions produced the 
differences in these types. These different types of 
objects may have been produced at different levels 
of~one locality or at the surface at different lunar 
positions. Finally, some collision process blasted 
them into space. In this process the carbonaceous 
material was largely destroyed because of its fragile 
character and high volatile content. But a small 
fraction survived and arrived on Earth. This leads 
to the tentative conclusion that the low areas and 
hence the smooth areas are largely covered with 
carbonaceous chondritic material. 

(4) The Moon-escape hypothesis. The possibility 
that the Moon escaped from Earth has been out of 
favour during the past 30-50 years. However, if 
the Moon escaped from Earth, the transfer of water 
and living organisms to ita surface is easily understood. 
In this case it would be expected that the newly 
formed Moon would have great scars on its surface 
indicative of its origin. Such scars are surely not 
evident. The absence could be due to the accumulation 
of fragments produced during the birth to such a 
depth that the scars are completely obliterated. 

If the stone meteorites come from the Moon, its 
surface regions must have a ohondritic meteoritic 
composition (density 3:57—3-76), while its body as a 
whole (density 3-4 at low temperatures and pressures) 
must contain very much less iron, or differ in other 
ways. Tho separation hypothesis would lead to the 
conclusion that the main body should have the com- 
position of EKarth’s mantle, and it is not evident at all 
that the surface regions should have a much increased 
proportion of iron and the siderophile elements. The 
capture hypothesis, together with my theory™ for the 
origin of the Moon’s body, accounts for an outer layer 
of meteoritic material of about mean terrestrial 
composition superimposed on an interior of nearly 
solar composition. Except for these difficulties, the 
discussion under the capture hypothesis given here 
mostly applies to the escape hypothesis without 
important change. 

The surface features of the Moon appear to be more 
in accord with the capture hypothesis. On the other 
hand, the transfer of contaminating water in the case 
of the escape hypothesis appears to be simpler, 
though Nature often disagrees with our preconceived 
ideas in regard to what is simple or complex, and 
also possible or impossible. If objectes can now leave 
the Moon at 17:45 km./sec., possibly objects could 
have left Earth in times past and reached the Moon. 
The two processes are consistent but, of course, do 
not prove that erther can occur. 

Others have suggested that life-forms may exist 
on the Moon. I* and Sagan*t have previously sug- 
gested that carbonaceous compounds may exist 
in the lunar surface, but we suggested that these 
compounds would be of inorganic origin. Anders* 
has considered the possibility that life-forms could be 
transferred from Earth to the Moon throughout 
geological time. However, the low temperature of 
the lunar sub-surface regions even at shallow depths 
and the rigorous temperature and high-vacuum 
conditions at the immediate surface would prevent 
all growth of such organisms at least since the present 
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lunar conditions were established. (See appendix 


for discussion of Gilvarry’s ideas.) 


Conclusions 


Although the present evidence is not conclusive, 
there are good reasons for exploring possible origins 
of life-like forms in the carbonaceous chondrites 
other than contammation after their arrival on 
Earth. It is unlikely that they could have evolved 
on a planetary body previously existing between Mars 
and, Jupiter, or that they could have originated on 
Mars. That conditions for the evolution of life 
could have existed on the Moon is improbable. The 
most probable origin would seem to be that the 
Moon: became contaminated temporarily with water 
and life-forms from Earth early in its history, that 
these forms have been preserved there and that they 
are now returning to Earth. This conclusion requires 
that the lunar surface consist of materials of composi- 
tions and physical structures similar to those of the 
atone meteorites. It also requires that processes 
capable of transferring water to the Moon existed 
at a remote time end that ‘ capable of 
removing objects from the Moon exist at the present 
time. $ 

It will be interesting to note the results of detailed , 
lunar explorations. In particular, the Ranger flights 
will carry instruments recording the potassium content 
of the lunar surface. Since stone meteorites contain 
low concentrations of potassium, that is, 0-1 per cent 
and leas, it is a necessary but not a sufficient condition 
for the validity of the present proposed hypothesis 
that the lunar surface regions have such a low con- 
centration of potassium. 
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AppendIx 


Gilvarry’* has argued that the Moon had oceans 
for some thousands of millions of years, and that life 
originated and flourished there for some time. He 
points out that the filled craters are shallower relative 
to their diameters than are the craters without the 
smooth prey floors. He compares them with terrestrial 
collision craters formed in areas covered with water 
and concludes that these cratera were also formed 
under water. This is the observational basis for his 
postulated oceans. I believe that this interpretatoin 
is not valid. For example, Ptolemaeus, which he 
includes in such craters, is interpreted by many 
students of the Moon as having been formed by a large 
collision followed by the formation by collision of 
several smaller craters in its interior. Later, it 
became partially filled with the grey material which, 
however, did not completely cover the smaller 
craters. Also, its walls have been scarred by missiles 
during the Imbrian ‘collision. After such a history, 
the diameter to depth relation can scarcely be used 
to deduce anything in regard to its origin. Similar 
criticisms can be made with respect to other craters 
which he uses. 
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‘He — that — has come fom the Junar 


at ‘the amount of such ‘degassing’ produced 
ne proportion of water. relative to its volume 
, of the present terrestrial oceans relative to 


} ought that Earth has been transferring water to its 
face through geological time and that its oceans 
id not appear suddenly. Also, it is an arbitrary 
ssumption that the smaller Moon should be degassed 
» the same extent as the larger Earth. Such degas- 
ng has probably occurred, but since it occurs through 
heating processes the smaller and cooler Moon should 
roduce water at a much slower rate than E 
fence, the water could escape into space as rapidly 
3 it comes from the interior. In this case, his entire 
mechanism for the production and retention of 
-oceans on its surface fails. 

>. No river valleys have been detected on the Moon. 

a It is most improbable that water would not evaporate 
“from lunar oceans and be transported to other parts 
ef the Moon’s surface. In fact, we should expect that 
the entire cratered surface would have been modified 
by stream erosion generally or by glaciers in high 
latitudes until it might even be difficult to recognize 
ee the craters. 

If life did exist for these long periods of time as he 
ae a assumes, it would be expected that its remains would 
Be be embedded in sedimentary rocks as are terrestrial 
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Carbonaceous Chondrites 




















fossils. ‘In this case 5 tha: car 
not the remains. of such_ life 
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By Pror. FRANK FITCH 


Department of Pathology, University of Chicago, and the Argonne 
Cancer Research Hospital* 


AND 
Dr. HENRY P. SCHWARCZ and Pror. EDWARD ANDERS 


Enrico Fermi Institute for Nuclear Studies, University of Chicago, 
l Chicago, Illinois 


We have examined Orgueil kið Ivuna meteorite 
— 2 beeps from the Paris and Chicago Natural History 
Museums, and did indeed observe spherical. and oval 










the article by Claus and Nagy. 
= several new observations that shed some light: on the 
nature of the organized elements. 


iif 


fed to concentrate the i a — by 
entrifugation of the powdered meteorite in a bromo- 
orm-acetone mixture of density 2-31. Although 
some 5-10 per cent of the material floated in this 
, quid, the organized elements ap almost 
entirely in the heavy fraction (p > 2 31). When the 
ionation of the heavy residue was repeated with 
form (p = 2-88) and methylene iodide (p = 
he organized elements again appeared 
quantitatively in the heavy fractions, com- 


Operated b by the University of Chicago for the U.S. Atomic o Energy 











particles. quite similar to those shown in Figs. 1-3 of | 
We have also made | | 
over, previous X-ray diffraction work on the. ar 


piri fossils — consist of silica, silicates: 


that they consist of either troilite or mag 


appeared to be polarized magnetically. Also, s me. 
_of the solid appendages of Claus and ‘Nagy’s s Type 2 


prising less than 5 per cent of the total imaterial. oe 


Figs. LA and B show a concentrate of density — — : 2 


than 333. ee 
This high density is unlikely for any silicate. or — 
carbonate fossil containing organic matter. < More 














bonaceous chondrites has ‘demonstrated. 
Orgueil and Ivuna fractions of p > 3 3 
mainly of troilite (FeS) | and magn 

These two minerals are magnetic, 
organized elements. could h moved. 
the microscope by means of a. magnet, 


is interesting to note that Orgueil and I 
only carbonaceous chondrites containing org 
elements in abundance, also happen to be th 
ones containing both Fe,O, and FeS in appreciabi 
amounts. E. 
The experiments with the magnet alsó 
light other interesting facts. Some of the 
elements were thin platelets, as could easily be show 
by turning them over on their sides, wherea othe 
were spherical or discoidal. Some of the 
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Fig. 1. Phase contrast photomicrographs of dense fraction (p > 3-33) from Orguell 
carbonaceous chondrite 

A, Hexagonal crystal of troilite (FeS), and several organized elements with irregular 

fragments of material adhering to surface. Note similarity between troilite particle and 

organized elements, including a constricted particle seemingly in the act of ‘cell division’: 


B, Typical view of dense fraction, showing extent of enrichment in organized elements 
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birefringent, unlike the organized 
elements?. 

There is no doubt that the organ- 
ized elements are extra-terrestrial, 
as argued by Claus and Nagy. In 
fact, the identification as troilite 
would strengthen this argument, 
since troilite is exceedingly rare on 
the Earth. But to regard these 
organized elements as “possible rem- 
nants of organisms” is another mat- 
ter. The chemical composition of 
these bodies is strikingly different 
from that of any known fossil or liv- 
ing organism. True, the hydrocar- 
bons in these meteorites have been 
alleged to be of biogenic origin*®, but 
this conclusion has been criticized*, 
and no physical or genetic relation- 
ship between the organized ele- 
ments and the hydrocarbons has 
been demonstrated. 

Many paradoxes are encountered 
if the organized elements are 
assumed to be of biological origin. 
The strongest argument in favour 
of such an origin is the morphology 
of the organized elements. But 


organized elements seemed to be held in place mag- 
netically, and could be made to wiggle by gentle 
motion of the magnet. 

In reflected light, they showed the characteristic 
bronze colour of troilite. They were definitely opaque, 
although they seemed translucent in transmitted 
light, particularly in phase contrast illumination. 
Most particles appeared to possess a clear double 
wall, as described by Claus and Nagy, but since the 
thickness of this wall could be changed by slight 
adjustment of the focus, the ‘wall’ may actually be 
an optical illusion. Again, this 
phenomenon was brought out 
most strikingly by phase con- 
trast illumination. The wall varied 
in thickness, in a manner sug- 
gestive of the “thickening and 
sculpturing’’ mentioned by these 
authors. In some cases, trans- 
parent silicate lumps were firmly 
attached to the platelets, recalling 
the description of “the interior... 
spilling out through the fractured 
walls™i, 

To rule out the possibility that 
our observations and those of- 
Claus and Nagy referred to two 
different. classes of particles, we 
made numerous scans of water 
or glycerol suspensions of powdered 
unfractionated meteorite samples. 
We observed a small number of 
transparent particles, similar to 
the greenish-yellow silicate particles 
in the meteorite, but of somewhat 
more regular outline, so that they 
might conceivably be described 
as organized elements. However, 
these particles were at least an 
order of magnitude less abundant 
than the organized elements of 
Claus and Nagy, and they were 


Fig. 2. 
23 <p 


ultra-violet, 


arguments based on morphology in- 
volve a great deal of subjective judgment. Meteorites 
have long been notorious for containing structures 
resembling fossils*, and although the work of Claus and 
Nagy was done with much greater care and compet- 
ence than the early work of Hahn, the decision 
whether a certain form is of biological or inorganic 
origin is once again quite subjective. A purely inor- 
ganic mode of origin seems perfectly possible. Spheroi- 
dal or elliptical particles are the equilibrium form for a 
liquid condensate from a hot gas phase, whereas 
hexagonal platelets might grow from a gas supercooled 





A B 


A, Sulphur droplet surrounded by a concentric pool of liquid hydrocarbons, 
giving the appearance of a coating. This particular droplet was found in a fraction of 
< 2-4, but identical particles appeared in all other fractions, whenever the 
organic liquid was removed by evaporation, This particle showed strong fluorescence in 
B, Ultra-violet fluorescence of two sulphur—hydrocarbon droplets from 
p < 1:5 fraction, The apparent interna! structure is 


ue to lack of fluorescence by the 
sulphur nucleus of the droplet 
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below the liquidus. Such formation conditions for the 
meteoritic minerals have been previously suggested 
by Wood’ on independent grounds. 

To explain the shapes of the troilite particles, one 
is thus left with two alternatives. One can either 
assume that some inorganic processes exist that, 
produced these shapes. Or, one can assume that 
extra-terrestrial life-forms of the same appearance as 
the troilite particles existed on the meteorite parent 
bodies, and that these life-forms fossilized to troilite 
in some unprecedented way. We favour the former 
alternative. 


No. 4621 


Note added in proof. After reading our manuscript, 
Prof. Nagy kindly pointed out that in contrast to our 
particles of p > 3-33, the organized elements studied 
by him were of density less than 1-5, since they were 
recovered in the light fraction of a chloroform density 
separation. In fact, the particles depicted by Claus 
and Nagy? had been separated in this manner, 
although tkis fact was not mentioned in their article. 
(More recently, Prof. Nagy told us that his organized 
elements tend to concentrate in a fraction of density 
23 < p< 2-4, in separations with bromoform— 
carbon tetrachloride mixtures.) 

To resolve this edntradiction, we performed a 
density separation with chloroform. After centri- 
fugation, the light fraction was decanted, diluted 
with an equal volume of acetone, and centrifuged. 
Most of the supernatant was decanted, and the 
remaining liquid was evaporated at 45° C. The 
residue from this separation did indeed contain large 
numbers of spherical particles, pale to greenish-yellow 
in colour, and possessing most of the characteristics 
claimed for the Type 1 and 2 organized elements 
(Fig. 2). Perhaps one-half of these particles did not 
show any fluorescence in ultra-violet light; those 
that did appeared to have a lower refractive index 
than the others. 

However, these spherical particles showed certain 
properties that were not entirely consistent with 
their identification as the remains of living organisms. 
The particles of high refractive index crystallized on 
scratching, and produced a characteristic brown halo 
of silver sulphide on a silvered slide (Fig. 3). They 
redissolved in chloroform, and, less readily, in acetone. 
The fluorescent particles were also soluble in both 
solvents. 

From these observations we conclude that these 
two types of particles are nothing but supercooled 
liquid droplets of sulphur and hydrocarbons. That 
free sulphur occurs in carbonaceous chondrites has 
been known for more than a century, although this 
fact is being rediscovered with considerable fre- 
quency. Fluorescent, aromatic hydrocarbons have 
also been detected (ref. 7, and Yang, N. C., and 
Anders, E., unpublished work), and since both sub- 
stances are soluble in chloroform, they are extracted 
from the meteorite during density separation. Unless 
the separated fractions are washed with extra- 
ordinary care, a residue of these dissolved materials 
will be left after evaporation of the organic liquid. 
Control experiments with pure sulphur showed that 
it will indeed precipitate from chloroform solutions 
in droplet form. These droplets were identical in 
every way with the spherical particles of high refrac- 
tive index. The chloroform solution of the light 
fraction showed maximum fluorescence at 4400 A. 
when the exciting radiation had a wave-length of 
3700 A. Previously, it had been noted (Yang, N. C., 
and Anders, E., unpublished work) that aromatic 
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Fig. 3. Particles of high and low refractive index mounted on 


—— mor ce — we arer sulphide stain by 
sulphur particle. Hydrocarbon part uce only a very slight 
discoloration, implying a low content of free ——“ 


hydrocarbons from the meteorite had an absorption 
band at 3700 A. Hence it seems likely that these 
particles, too, were supercooled droplets, of hydro- 
carbons in this instance. 

It thus seems that we have characterized and 
identified three classes of spherical particles. To 
make sure that we had not overlooked yet another 
kind of spherical particles (which, it might be held, 
were the real “organized elements” of Claus and 
Nagy), we conducted a careful examination of the 
following Orgueil fractions: (1) powdered, unfrac- 
tionated meteorite; (2) a fraction floating on aqueous 
Zn(NO;). (ọ = 1-41); (3) a fraction floating on a 
bromoform-—acetone mixture of density 2-31. This 
fraction was washed thoroughly with acetone, alcohol 
and carbon disulphide, to remove sulphur and hydro- 
carbons. 

In all these fractions we observed a few isolated 
particles of somewhat rounded appearance that 
resembled the irregular silicate fragments in all other 
respects. These particles matched the reported 
properties of organized elements much less well than 
the three classes of spherical particles described above. 
We are thus led to the conclusion that the organized 
elements of Claus and Nagy are either identical with 
the troilite globules, sulphur droplets, or hydrocarbon 
droplets, or that they are so scarce in our specimen 
as to lie below our threshold of detection. 

This work was supported in part by the U.S. 
Atomie Energy Commission, the U.S. National 
Science Foundation and the U.S. Public Health 
Service. | 
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Complex Organic Micro-Structures in the Mokoia Meteorite 


By MICHAEL H. BRIGGS and G. BARRIE KITTO 


Department of Chemistry, Victoria University of Wellington, New Zealand 


~. Tue Mokoia meteorite is a carbonaceous chon- 
drite’. It is a heterogeneous structure, fragments 
containing 0-5-2-1 per cent by weight of carbon. 
This carbon is present as a mixture of water-soluble 
and organic solvent-soluble organic compounds*. 
There are three possible hypotheses for the origin of 
these organic compounds: (1) terrestrial contamin- 
ants of biogenic origin; (2) extra-terrestrial com- 
pounds of biogenic origin; (3) extra-terrestrial 
compounds of abiogenic origin. 

The first hypothesis is unlikely on several grounds. 
The only terrestrial biogenic compounds with which 
the meteorite has had brief contact are those of soil 
and human perspiration. The meteorite extracts do 
not resemble the compounds present in either of 
these materials* and lack compounds, such as amino- 
acids, that are constituents of both sources of con- 
tamination. But, if the meteorite compounds are 
terrestrial contaminants, it is certain that the 
meteorite will also contain viable terrestrial micro- 

i from the same contaminating source. We 
have examined fragments of the meteorite for such 
micro-organisms without success. 

Experiments were conducted in a sterile glove-box. 
The meteorite fragments were exposed to strong 
ultra-violet radiation to sterilize their surfaces. A 
fragment was lowered whole into a container of a 
particular microbiological growth medium. After 
1 min. the fragment was withdrawn and placed in a 
second container of the same medium, in which the 
fragment was broken up. In this way the sterility of 
the fragment’s surface was checked, while any 
included micro-organisms should have grown in the 
second container of growth medium after being 
released by the break-up of the sample. We have 
detected no growth at all using a wide range of 
growth media for aerobic and anaerobic bacteria and 
fungi. 

Rica this absence. of viable terrestrial microbial 
contaminants, the dissimilarity of the meteorite 
organic compounds to those of soil and perspiration, 
and the circumstances of collection and preservation 
of the meteorite'-*, it is reasonable to conclude that 
the meteorite organic compounds have an extra- 
terrestrial origin. 

If the inclusions in carbonaceous chondrites 
described by Claus and Nagy?’ are not terrestrial 
contaminants, the observations are proof of the 
existence of extra-terrestrial biogenic processes. We 
have attempted to repeat the work of Claus and 
Nagy using samples of the Mokoia meteorite, which, 
from the above experiments, is probably uncon- 
taminated with terrestrial micro-organisms. 

All the following experiments were conducted under 
conditions which rendered minimal the chances of 
air-borne contamination of the material under 
investigation. 

Small fragments of the meteorite were crushed on 
to glass slides and examined microscopically. Various 
types of mineral grains were seen, together with other 
unidentified microstructures. The meteorite powder 
was then treated with solutions of various biological 


stains. Numerous particles were found to have taken 
up the stains. Counts were made of the number of 
particles taking up each stain. In most cases counts 
ranged from 900 to 1,500 stained particles per mgm. 
of crushed meteorite. A preparation exposed to 
several stains simultaneously showed many particles 
to have taken up all the stains together. 

Control experiments were conducted on meteorite 
fragments that had been heated at 700° C. overnight. 
These contained no particles which took up stains. 

The stains used in this investigation were: 
methylene blue, bromophenol blue, safranine, fuchsin, 
Grams stain. 

A detailed examination of the stained particles has 
been attempted. They varied in size from about 1 to 
25u, most having diameters of about 10u. The 
particles mostly had irregular shapes and took up 
the stains heterogeneously. From these observations 
it is impossible to decide whether the particles are 
irregular fragments of disintegrated organisms, or are 
organic compounds adsorbed on to mineral grains. 
A very small minority of the particles resembled 
unicellular organisms. A photograph of one such 
particle is shown in Fig. 1. Whether these objects ` 
are the parent material from which the other par- 
ticles have been formed by some destructive process, 
or whether they are artefacts, it is not possible to 
decide. 

A few particles on each slide somewhat resembled 
wrinkled scraps of some sheet-like material, in 
general appearance similar to high molecular weight 
hydrocarbon polymers synthesized by the action of 
discharges‘. The material was translucent and 
extremely thin. It proved difficult to photograph; 
but a fairly representative fragment is shown in Fig. 2. 

The evidence presented here strongly indicates that 
the organic compounds of the Mokoia meteorite have 





Fig. 1. Approximately spherical micro-structures of the Mokoia 
meteorite. ( x 6,000) 
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Fig. 2. 
ma 


Irregular transincent and extremely thin sheet-like 


from the Mokoia meteorite. (x 6,000) 


an extra-terrestrial origin. The complex organic 
micro-structures could be either the partial dis- 
integration products of a cellular life-form, or struc- 
tures resembling the coacervates which are thought 
to have been the immediate precursors of terrestrial 
life*. Simple examination of the micro-structures of 
the Mokoia meteorite does not offer any way of 
deciding between these alternatives. If, as has been 
claimed’, the micro-structures of other carbonaceous 
chondrites are better preserved and are definitely 
cellular, then the organic materials of the Mokoia 
meteorite will be cellular fragments. However, from 
the difficulties of identification experienced by us, 
we are unwilling to come to any conclusion on this 
point from the published evidence. 

We have conducted two other experiments to 
obtain further evidence on the origin of the meteorite 
organic matter,- but neither has provided conclusive 
results. 

First, we have examined the water-soluble organic 
extract of the meteorite for optical activity. Extracts 
from several meteorite fragments have all been 
optically inert. Similar findings for the Cold Bokke- 
veldt carbonaceous chondrite have been reported by 
Mueller*. This evidence is more compatible with an 
abiogenic origin for the organic matter, though the 
compounds tentatively identified? in the Mokoia 
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meteorite (organic acids, aromatic and purine 
derivatives) could all be optically inactive irrespective 
of origin. The compounds which contribute the most 
to the optical activity of biological materials (deriva- 
tives of sugar and amino-acids) are absent from the 
meteorite. 

Secondly, the #*C/#8C ratio of the meteorite carbon 
has been determined. The results are as follows: 


C converted to CO, at o 
810° ©, — 20°7%/s5 
1,100° ©, — 19-3°/,, 


These values are expressed with respect to Craig’s 
PD belemnite (PDB) standard’. 

The meteorite isotopic ratios are well within the 
usual range for terrestrial biogenic carbon. However, 
some terrestrial abiogenic carbon gives similar values, 
as does carbon from some siderites®. 

We conclude that the Mokoia meteorite contains 
complex organic micro-structures of extra-terrestrial 
origin, a minority of which resemble unicellular organ- 
isms, but most are present as unorganized f ts. 
The evidence is compatible with either a biogenic or 
an abiogenic origin for the micro-structures. 

Whatever be the origin of the micro-structures, it 
is fairly clear that the meteorite parent body must 
have possessed an atmosphere and a PAR 
and was consequently at least of lunar size. an 
asteroida] orbit the surface temperature of the parent 
body would have been too low for any abundant 
hydrosphere, unless solar luminosity was significantly 
greater in Pre-Cambrian times. 

If carbonaceous chondrites have been falling on 
the Earth for a period greater than about 2:5 x 10° 
years, this is a fact of the greatest significance for 
theories of the origins of terrestrial life’, 

We thank Dr. W. A. Watters, of the New Zealand 
Geological Survey, for providing samples of the 
Mokoia meteorite, Mr. T. Rafter, of the Institute of 
Nuclear Sciences, Lower Hutt, for the carbon 
isotope determination, and Mr. L. Reynolds, of 
the Wellington Public Hospital, for assistance with 
the microbiological examination. 
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Comments 


By Pror. J. D. BERNAL, F.R.S. 
Birkbeck College, University of London 


THE implications of the observation by Claus and 
Nagy of what appeared to be organisms in carbon- 
aceous meteorites are extremely far-reaching, and at 
the present moment we are faced with very serious 
difficulties on their interpretation, as realized by Urey 
in his preceding article. These are, however, by no 
means the only difficulties, and I would like to take 
this opportunity of posing some other problems that 
arise. 


ty — 
Bier 


I have myself had the opportunity, on the oecasion 
of Dr. Claus’s visit to Britain, to see, at the British 
Museum, some of his original material and what may 
be similar objects from somewhat hastily prepared 
specimens from the Orgeuil meteorite in the Museum 
itself. The particular object featured in Nagy’s 
earlier article (Fig. 4) is the most convincing piece 
of evidence. Anyone who had seen it under a micro- 
scope with varied depths of focus would be inclined to 












< .sourees is inadequate to explain these findings as well 
as being highly improbable that it should be identical 
between Ivuna and Orgeuil. 
Further, as indicated by Briggs and Kitto (p. 1126), 
xperiments on the Mokoia meteorite make 
terrestrial contamination a most improbable source 
of the particulate fragments. 
ee slteration to the stony parts of the carbon- 
eous meteorites, however, has probably happened 
hey fell. The abundant sulphur and mag- 
phate may very well have been caused by 
1 in a damp atmosphere. It is notable that 
cimen of Orgeuil meteorite in Calcutta Museum, 
— -where conditions are much more severe than in 
Europe, has fallen into fine dust. Nagy, Claus and 
‘Hennessy in their latest note have shown what I 
consider to be conclusive proof that not all the sulphur 
or Magnesium sulphate in the Orgeuil meteorite can 
-be due to this source. In any event, these phenomena 
-can scarcely be called on to account for the appearance 



























» Of what are. claimed to be non-terrestrial types of 


organism. 

The evidence that Prof. Anders, Dr. Schwarez and 

Prof. Fitch adduce as to the dense and largely 

- inorganic nature of some of the particles might well 
be connected with subsequent alterations so that 
what is being observed are not the organisms therm- 
selves but their fossil forms converted to troilite or 
sulphur. 

The controversy between Prof. Anders and Prof. 
Nagy and Dr. Claus turns on the question of whether 
the objects, admittedly composed of sulphur or 
mineral fragments, are or are not identical with the 
“organized elements” claimed by the latter authors. 
This is a matter which clearly requires for its resolution 
eareful comparisons by a panel of impartial experts. 
I have stated my own view above, but it is only that 
of a layman in this field. 

Whatever its outcome, the controversy has multi- 
plied. the interest in the nature and origin of the 
carbonaceous material in these meteorites, whether 


this material is originally the product of life processes’ 


i, or merely a possible source for the origin of organized 
oooi Mfes It has already caused us to question a number 
Se ke of the assumptions which Prof Urey and nearly every- 

body in the field, including myself. have hitherto 
made about the origin of life. J. B. 8. Haldane 
had, however, expressed a belief, in 1954", that life 
eee have — as a result of an “improbable” 








mill * “years; “it must, ‘he — have Sue 
l elsewhere: at an earlier period and been carried to 
‘the Earth in the form of small bacteria or simple 
. plants. as Arrhenius suggested, or even been launched 
pace by intelligent beings. 
must now accept this at least as one 
possible explanation, for we can no longer assume, 
F as Urey does, that life must have originated on 
o though it does not follow that it may not 
"his leaves us unable to rely on evidence, 
the Earth, that life originated in surface 
‘laims that absence of sources of free 











othe specimens - ds alo. Dene. — for D vat n 
E their: organic origin. Contamination. from terrestrial. 


ea i “This — accumulation. of free 
may have occurred, as I have suggested 
originally in residual carbonaceous material of ¢ c 
dust’. Alternatively, as Anders‘ has argued 
original heating of asteroidal bodies was effected by 
relatively short-lived radioactive elements. This — 
would seem to suggest. that the energy-rich material Eo 
may well have been. produced by radioactive syn- — 
thesis of simpler organic compounds such as that = 
which occurs in the thucholites of pegmatites. If 9... 
these were formed in the first place by short-lived 
radioactive substances they would not be inimical to 

the subsequent development of living forms. We 

must think, so far as this Solar System is concerned, 

in terms of a relatively short ‘hot’ periéd, similar to 

that of the short-term fall-out, as a phase which. 
must have occurred at a time of the order of four — 
thousand million years ago. 

There is another consequence of this early radio- 
activity which would help to make an origin of life 
possible. Even a relatively small planetismal or 
asteroid would be bound in its earlier stages to be 
heated radioactively, as Anders estimates, to a tem- 
perature of 2,000° at the centre. The presence of fused 
olivine chondrites in the carbonaceous meteorites is 
definite evidence for this in their parent bodies. If 
they lay in the asteroidal belt or even in the terrestrial 
region, the mean surface temperature would be below 
0° C. Therefore, there would always be a zone of 
thickness measured in kilometres, in which the tem- 
perature would lie between 0 and 100° C. Tf, more- 
over, as we have every reason to believe, the original 
cosmic dust contained an appreciable quantity of 
water, free or as hydroxyl, this would be continually 
passing out quietly or violently so as to ensure that 
the warm layer was also always wet. The amount of 
water lost by the parent bodies of the carbonaceous 
meteorites may have been very great indeed. This 
is the plain implication of the enrichment, by some- 
thing like four- fold, of deuterium im the water content 
in the hydrated silicates contained in them. Such a... 
figure would imply the retention of only about I per - 
cent or less of the original water. What remained 
would be protected on the upper side by frozen rock, 
which is remarkably impenetrable to water vapour 
or liquid water, cracks being essentially self-sealing. 

The fact that the carbonaceous meteorites actually 
contain up to 10 per cent of water indicates that a 

damp zone is at least possible. By demanding, as I 

have myself®, the presence of free surface oceans for 

the origin of life, we are forced, as Urey has shown. 

in his contribution, to resort to a series of hypo- 
thetical events the probability of which goes down 

with their multiplication. In his view, it is not only 
necessary to get the organized life in terrestrial seas 
through outer space to the Moon, but also to let it d 
settle down there and to get it removed and return. ——— 
to Earth. a 

However, there remains what is probably ‘the | 
greatest difficulty in all these hypotheses, namely, 
that the preliminary examination by Claus indicates 
that though the “organisms” are not similar in shape 
to terrestrially single cell organisms, they neverthe- 
less appear to have the same biochemistry, that is, 
they react in the same way to various agents such 
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chaind. hydrocarbon8 also exist in the material. All 
this points to a biochemistry extremely similar, 
though not necessarily identical, to that of terrestrial 
organisms, and the results of the last three investi- 
ations make this estimate valid entirely indepen- 
ently of any hypothesis. about the origin: of the 
rganisms as terrestrial contaminants. z 

It seems to me we are forced to one of two. con- 
clusions. Either ‘life’ is- “complex of phénomena 
which only follow for intrinsic necessity a very narrow 











on the meteorites and here are genetically related. 
The first alternative seems inherently improbable, 
but the second strains. the imagination as to how 
these transfers may have been effected. Far more 
improbable journeys than those which peopled the 
- oceanic islands with plants:and animals will. es be 
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Organic Particles. embedded in Minerals in the Orgueil and Ivuna Carbonaceous — 
Chondrites 


By Pror. BARTHOLOMEW NAGY 
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ae AND | 
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poe MICROSCOPIC examination of thin sections 
os has shown that ‘organized elements’ are em- 
bedded in what appear to be indigenous minerals 
in the Orgueil and Ivuna meteorites. We suggested! 
that the organized elements are microscopic-sized 
< organic particles which morphologically resemble 
unicellular microfossils. The mineral constituents, 
beneath the burned crusts of these meteorites, indi- 
cate that the parent body had a low tanperafune and 
aqueous environment’, 
"Fitch, Anders and Schwarcez, in a preceding article, 
ferred to certain brownish-grey, mineral particles 























organized elements of Claus and Nagy. More 
hey suggested that the organized elements 
‘3 ‘icles of sulphur or hydrocarbons. (Anders 
ersonal communication). Our experi- 
-that the particles which Anders et al. 
39 i have properties that are substantially 
ferent. from the or ganized elements. It seems 
o certain, therefore, that the particles of Anders 
al. are not the organized elements described 
previously. 

Briggs and Kitto, in a preceding article, report 
the presence of mostly irregular-shaped, stainable, 
organic microstructures in the Mokoia meteorite 
 (Wiik’s® group No. ITI). We have examined the 
_Mighei and Murray carbonaceous chondrites (Group 
and found certain morphologically irregular- 
ad particles; we did not, however, attempt to 
these particles. 








he Orgueil and Ivuna carbonaceous chondrites. 


Our previous report? was baed on the examination er 
of powdered meteorite samples by phase contrast, 
polarizing and fluorescence microscopy. Organized — 
elements were identified on the basis of their particle — 
morphology and also on the basis of supplementary =... 
tests, such as biological staining techniques. Morphos ooo 
logical criteria included. structures which looked like = 
double cell walls {sometimes sculptured), spines, 
tubular protrusions, furrows, pores, vacuole- an | 
flagella-like formations... ES 

There are two observations which may ‘he: of: inte 
est — the — of these © particles: (jt 























of Nagy, “Meinsohoin, and Homes Cal } 
Briggs‘, regarding the presence of what appear to. 
biochemical compounds in carbonaceous meteorites 
suggest that organisms might have lived on. th 
meteorite parent body. In an attempt. to evaluat 
this possibility more intensively and in order to defin 
the nature and origin of the organized elements more F 
specifically, four types of additional experiments — 
were performed. d 


(1) Chemical and Physical Experiments 


(a) The effect of acids. A 15-min. maceration with 
boiling, concentrated hydrofluoric acid was carried- 
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rganized element that floated on chloroform. 

organized element, at two ane are shown 
sketch of it is shown in Fig. 1b. No "the spines 
and the pore (which is located —— y) 


out on powdered samples of Orgueil and Ivuna and 
on a non-magnetic fraction of Orgueil. This acid is 
known to dissolve silicate minerals ; however, it does 
not in a short time effect the solution of certain types 
of organic matter, such as chitin. The residues 
from the hydrofluoric acid treatment were washed 
first with water and then with acetone by centrifuga- 
tion. Microscopic examinations of the dried residues 
in glycerol, in mineral oil, in water and in bromoform 
revealed spotted, bleached-out pellicles still morpho- 
logically identifiable as remnants of the organized 
elements. A few particles, which appeared to be 
minerals, were still present. Some of the pellicles 
were visible in glycerol only by phase contrast 
microscopy; however, they seemed no longer to 
fluoresce. During the preparation of the staining 
tests reported previously’, and in recent experiments, 
samples of the powdered meteorites were also exposed 
for various periods of time to solutions of hydro- 
chloric acid (including a 5 WN solution), to dilute 
periodic acid and to 1 N chromic acid, respectively. 
acids cause solution by reaction on certain 
types of minerals; for example, hydrochloric acid 
dissolves certain sulphides, oxides and carbonates. 
They did not, however, seriously affect the morpho- 
logy of the organized elements. The opaque particles 
described by Anders et al. were observed under the 
microscope to react with and be dissolved by 5 N 
hydrochloric acid in approximately 20 min. 

(6) Density separations and the effect of organic 
solvents. Several attempts were made to concentrate 
the organized elements in liquids of various densities. 
(1) Powdered samples of Orgueil and Ivuna were 
triturated in chloroform and centrifuged. The 
chloroform layer (density = 1-50) was decanted and 
evaporated in a stream of filtered air. The residue 
of this evaporation was taken up twice in acetone 
and centrifuged. The final, nearly invisible residue, 
when microscopically examined in water or in glycerol, 
revealed some of the organized elements, mostly of 
type 1 of the previous report'. This preparation also 
contained the recent contaminants and a few mineral 

Fluorescence microscopy served to disclose 
the presence of organized elements that had not been 
observed in visible, transmitted light. Figs. la and 
1b show an organized element from the chloroform 
fraction. (2) Small grains (0-5-2-0 mm. in diameter) 
of the Orgueil meteorite were triturated in water. 
This sample had been Sohxlet-extracted previously 
with a 9 : 1 mixture of benzene-methanol for 20 hr. 
to remove most of the sulphur and the soluble organic 
matter. The water triturated material was washed 
with acetone and dried; it was then suspended in 
bromoform or bromoform-carbon tetrachloride mix- 
tures and subjected to centrifugation for several 
minutes. Microscopic examination revealed that some 
of the organized elements floated in each of the various 
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liquids. A high concentration of the organized 
elements appeared in liquids which had densities 
between 2-3 and 2-4. Similar observations were made 
when the hydrofluoric acid treated material was 
subjected to this centrifugation process. Certain 
microfossils, such as spores, and pollen, have been 
reported to have similar densities’. It was not possible 
to achieve a sharp separation between 

elements and transparent mineral i The 
opaque particles described by Anders et al. ‘formed 
the only matter which could be thoroughly separated 
from the organized elements by the centrifugation 
process. The relatively high density of an apparently 
significant portion of the organized elements (as well 
as that of terrestrial microfossils) is not fully under- 
stood, nor is the reason for the ap t variation in 
density of the organized elements. A partial explana- 
tion may be related to the observation that the 
organized elements are usually intimately associated 
by adhesion to small mineral particles of varying 
densities and that they cannot be fylly separated 
from this association. Some of them may also be 
mineralized to varying extents. 

Anders et al. also used density separations in their 
studies. They noted that approximately 5-10 per 
cent of the material of the.two meteorites were of 
densities lower than 2-3. However, they reported on 
the examination of particles which had densities 
greater than 3-3. They described particles which are 
almost opaque, showing a slight brownish-grey 
colouring only, which often have irregular shapes, 
which do not fluoresce in ultra-violet and which are 
magnetic. We confirmed the presence of these heavy 
particles and counted them (Table 1). They are not 
the organized elements that we described previously’. 
In our opinion they can be readily differentiated from 
the organized elements. 

Certain organic solvents appear to affect, but not to 
dissolve, the organized elements. When the organized 
elements were e to chloroform, acetone, 
bromoform or carbon disulphide for a prolonged period 
of time, they were observed to become ‘wrinkled’, 
to shrink, to lose some of their colour, and to develop 
a reticulated structure in their formerly homogeneous 
interiors. Some of the o elements were 
eventually ruptured. The lack of solubility of the 
organized elements in benzene—methanol, chloroform, 
bromoform, acetone, carbon disulphide, hydrocarbons 
(mineral oil) and water seems to eliminate the possi- 
bility that they are composed of sulphur, hydrocar- 
bons or of aggregates of low molecular weight organic 
compounds. 

(c) Effect of heat. Powdered samples of the 
Orgueil and Ivuna meteorites were subjected to 
heat treatment. The locations of a few organized 


ANIZED ELEMENTS, HEAVY MAGNETIC PARTICLES AND 
—— IN Six METEORITE SAMPLES* 
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Types of (isos). T ty Alais Tonk brook heim 
particles - (1806) 1912) — — 
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Organized 
elements 1,650 1,680 1,354 1,357 — — 
Heavy magnetic — 
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elements were noted on the microscope slides. These 
slides were placed over a small flame from a Meker 
burner. After be Granad 0-5 min., the organized 
elements turn black in colour. Their shapes, 
however, were not appreciably altered. ‘Bituminous 
matter’ in the meteorite fragments was transported 
during the heating by reason of melting and flowing, 
and possibly by distillation. The blackening of the 
organized elements on heating in air may indicate 
charring. 

(d) Magnetic separation. Finely powdered samples 
of Orgueil and Ivuna (both dry and dispersed in 
water) were separated with a magnet into two frac- 
tions: a brownish-black, strongly magnetic fraction 
and a light, brownish-grey, weakly magnetic fraction. 
A microscopic examination of the fractions has shown 
that organized elements were abundant in the weakly 
magnetic fraction only. The heavy particles described 
by Anders et al. were almost entirely in the strongly 
magnetic fraction. These opaque particles are 
characterized þy significant variations in shape (Fig. 
2). Areas were selected on the slides under the micro- 
scope which contained both the organized elements 
and the opaque particles of Anders e¢ al. A magnet 
was repeatedly moved above the cover glass; care 
was taken that the magnet did not touch the glass. 
It was observed that the organized elements remained 
at their original locations on the slides, whereas the 
opaque particles described by Anders et al. moved or 
disappeared from the fields of observation (Figs. 3a, 
b, c). 

In our opinion the heat treatment, the experiments 
with acids and organic solvents, the density separa- 
tions and the magnetic studies supply further evidence 


regarding the composition of the organized elements. 
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These tests seem to indicate that the organized’ 


elements are not inorganic minerals or aggregates of 
hydrocarbons. They appear to be organized, organic 
particles. It seems quite certain that they are not 
the particles described by Anders eż al. 

The next question which arises, then, is the possi- 
bility of organic ‘artefacts’. Can there be any 
possibility that the organized elements are organic 
artefacts (Fox, 8. W., personal communication, and 
Morrison, P.*), such as micelles, agglomerates, 
coacervates, spheroids or other formed and micro- 
scopically visible aggregates of polymeric material ? 
In our opinion, this is unlikely. Apparently, no 
organic particles have yet been prepared in the 
laboratory which possess simultaneously all the 
following properties: morphological similarities to 
living forms, some colour reactions which suggest 
the taking of biological stains usually specific to 
cell constituents, translucency, fluorescence in ultra- 
violet light, resistance to acids and a variation 
in density. The observation that many of the 
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Fig. 2. Composite photograph of heavy, opaque particles. Note variations in shape 
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Figs. 3a, b and ¢, Photographs of an organized ele nt and of 
the heavy, magnetic icles described by pes A cc cto 
fllustrates the cover glass. Fig, 3P was taken Wh moved 
above the cover Fig. 3b was taken w S AAAA, was 
moved past the . Fig. 3c ill tes the view after —— 
PTAs creas pants teas Note chat 
remained at its original location whereas the opaque particles 
were moved by the magne 


organized elements seem to have densities — 
2-3 and 2-4 suggests that they resemble in this respect 
microfossils rather than synthetic, organic coacer- 
vates. The fact that all these characteristics are 
manifested by nearly two dozen morphologically 
distinct types of the organized elements (recently 
observed organized elements will be described in a 
later report) which are found in close proximity to 
each other in thin sections of the meteorite is a further 
indication of their possible biogenic origin. 


(2) Microbiological Examination of the Tonk and 
Alais Carbonaceous Chondrites 


Powdered samples of these two remaining members 
of Wiik’s* Group I carbonaceous chondrites were 
examined under the microscope. Both are observed 
falls. Alais fell in France in 1806 and Tonk fell in 
India in 1911. Chemically they are similar to Orgueil 
and Ivuna; this includes the high water content, the 
relatively high organic matter content and the 
presence of suites of minerals of low temperature 
origin (Mason, Brian, personal communication). We 
found that both Tonk and Alais contain organized 
elements identical to those in Orgueil and Ivuna. It 
is interesting to note that the pseudohexagonal form 
in Orgueil (type 5 in the previous report') was also 
present in Tonk. The results of the microbiological 
examinations are shown in Table 1. 

The four meteorites, Orgueil, Ivuna, Tonk and | 
Alais, fell over a span of 132 years and thousands of 
miles apart. They do contain identical types of 
organized elements. This fact renders most unlikely 
the possibility that the organized 
elements are contaminations by 
identical micro-organisms from 
the locations of the falls. 


(3) ° Evaluation of Some of the 
Possibilities of Contaminations 
during Storage 


Shortly after their falls the four 
meteorites were placed in museum 
storage. Consequently, micro- 
biological contamination in 
museums is perhaps more likely 
than contamination at the loca- 
tions of falls. The problem 
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Figs. 4a and b. Photomicrograph and sketch of a thin section of the Orgueil 


meteorite, showing 
E, opaque minerals (probably magnetite). 


is complicated by the fact that specimens are 
continuously brought to museums from different 
parts of the Earth, each being a potential carrier 
of contaminants, including rare species of proto- 
bionta (Urey, H. C., personal communication). 
Such micro-organisms may infect and multiply in 
favourable media; such media may be bituminous 
rocks. To evaluate the problem of contaminations 
in storage, we examined previously! two samples 
of the Orgueil meteorite which were obtained from 
two different museums. In addition, we have now 
examined dust samples from a room in the American 
Museum of Natural History in which the meteorite 
samples are kept in storage, and from various rooms 
and laboratories at Fordham University and New York 
University, as well as from rooms at the investigators’ 
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eral paragenesis in a salt vein. A, micaceous matrix; 
B, salt crystals in the vein; C, opaque particle; D, organized element; and 
This organized element (D) was 
covered with spines (as shown, in enlargement, at the lower right corner of 
Fig. 4b) and it fluoresced with greenish-yellow light in ultra-violet light 
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residences. Bituminous rock samples which 
had organic compositions that were some- 
what similar to those of carbonaceous 
chondrites were taken from collections at 
the American Museum of Natural History 
and from Fordham University, and were 
subjected to microbiological examination. 
An examination of micro-organisms present 
in the New York City water supply system?’ 
provided a further test of a possible, even 
if of an indirect, source of contamination. 
Finally, chemicals used for the preparation 
of microscope slides were tested. Micro- 
organisms which were morphologically 
identical to the organized elements of the 
meteorites were not found in any of the 
control samples which were examined. 
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(4) Examination of Thin Sections of the 
Carbonaceous Meteorites 


. 

Thin sections were prepared from the 
Orgueil and Ivuna meteorites. Because 
these two meteorites are friable, the small 
fragments (approximately } in.) were first 
embedded in and mpregnated with a cold- 
setting resin. The strengthened meteorite 
fragments were then ground in a paste of 
earborundum powder and ethylene glycol 
to a thickness of approximately 10-25y. 
Ethylene glycol was used during grinding 
instead of the more customary water to 
avoid serious damage to the crystals of 
water-soluble salts. The thin sections were 
made by the Rév Laboratory in New 
York. 

An examination of the thin sections 
under the petrographic microscope has 
shown that the Orgueil and Ivuna meteor- 
ites consist of a greenish-brown matrix 
of fine-grained minerals interspersed with 
larger-sized opaque and transparent grains. 
A network of mineralized veins was visible 
throughout the mineral matrix. The micro- 
scopic examination and earlier studies of 
the mineral composition (refs. 2 and 10, 
and Nagy, B., Meinschein, W. G., and Hen- 
nessy, D. J., unpublished results) suggest 
that the fine-grained matter consists of 
micaceous minerals and that most of the 
opaque, angular grains are basically mag- 
netite (type formula, FeO.Fe,O;). Angular 
grains, showing rhombohedral cleavage 
and high birefringence, are probably 
carbonate minerals, dolomite or magnesite. 
In a recent paper’®, DuFresne and Anders described 
what may be dolomite in the Orgueil meteorite. 
The mineral matter in the veins has high bire- 
fringence, but it does not show rhombohedral 
cleavage; it is probably magnesium sulphate. 
Poor sorting, angular mineral grains and the occa- 
sionally granulated matrix give the appearance of 
brecciated texture, that is, a consolidation of accumu- 
lated fragments. The mineralized veins are secondary; 
they were formed after the consolidation of the matrix 
matter. 

It was possible to observe mineral paragenesis 
relationships in some veins. Figs. 4a and b show a 
vein in which the magnetite crystals are aligned in the 
centre and the sulphate salt crystals along the sides, 
next to the walls. When crystals begin to grow from 
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solutions percolating in fissures, the first solid phase 
usually crystallizes out adjacent to the vein walls. 
Consequently, the salt crystals shown in Figs. 4a and 
b could not have formed after the crystallization of 
magnetite. Magnetjte is, however, a partially 
reduced iron compound. It would be very difficult 
indeed to argue that magnetite was formed in the 
veins during the period of museum storage. Conse- 
quently, the magnesium sulphate must also be 
indigenous. DuFresne and Anders’, as well as 
others, proposed on different grounds that magnesium 
sulphate was indigenous. 

Figs. 4a and 6 also show an organized element 
embedded in magnesium sulphate. This particle 
fluoresced with greenish-yellow light in ultra-violet 
light. We are of the opinion that the embedding 
indicates that this organized element is indigenous 
to the meteorite parent body. Figs. 5a, b and c show 
another organized element embedded in salt. Similar 
phenomena were observed also in carbonate crystals 
and in the neicaceous matrix. The greenish-yellow, 
green or pink-coloured fluorescence of the organized 
elements can be differentiated from the bluish-white 
fluorescence of some of the minerals. We were able 
to differentiate the organized elements from minerals 
in the thin sections by Huorescence microscopy with 
the use of a suitable set of filters for selecting the 
exciting light and the emitted fluorescence. 

The four types of experiments offer additional data 
regarding the nature and formation of the organized 
elements, although, undoubtedly, additional experi- 
ments must yet be performed. The experiments 
seem to indicate that these microscopic particles are 
fossilized, organic, organized structures, which are not 
likely to be minerals, organic artefacts or terrestrial, 
microbiological contaminations. Recently, Staplin 
examined a sample of the Orgueil meteorite™ using 
standard palynological techniques, confirmed the 
presence of organized elements and referred to them 
as “microfossils of unknown affinities or age’. At 
present, we are of the opinion that the organized 
elements are microfossils apparently indigenous to 
the meteorite parent body. 

We thank Dr. Brian Mason of the American 
Museum of Natural History for providing the meteor- 
ite samples. Special acknowledgement is made to 
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Figs, 5a, b and e. Sketch and ———————— of a thin section 

of the Ivuna meteorite, taken with a Zeiss fluorescence microsco 

The pictures show an organized element embedded in a salt vein. 

Fig. 5c was taken with an appropriate series of filters which trans- 
mitted only pink-coloured fluorescent light 


Prof. Harold C. Urey of the University of California 
for his valuable suggestions and encouragement. 
We would like to thank Prof. J. D. Bernal of the 
University of London, and Drs. M. H. Hey and 
Robert Ross of the British Museum for commenting. 
on the microscopie preparations, 
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NEW FELLOWS OF THE ROYAL SOCIETY 


T a meeting of the Royal Society on March 15, 
the following were elected to fellowship of the 
Society: 
Dr. M. F. Atryau, reader in mathematics in the 
University of Oxford, distinguished for his work in 
algebraic geometry and differential topology. 


Pror. M. BLACKMAN, professor of electron physics 
in the Imperial College of Science and Technology, 
London, distinguished for his contributions to the 
theory of vibrational spectra of crystal lattices and 
his researches on electron diffraction and magnetism. 


Dr. H. K. F. BLASCHKO, senior research officer, 
Department of Pharmacology in the University of 
Oxford, distinguished for his work on the occurrence 
and metabolism of catecholamines. 


Dr. W. Cocuran, lecturer in physics in the Univer- 
sity of Cambridge, distinguished for his contributions 


to X-ray crystallography and the dynamics of crystal 
lattices. 


Stk WILLIAM Cook, member for reactors, United 
Kingdom Atomie Energy Authority, distinguished 
for his contributions to the application of science in 
the development of atomic power. 


Pror. W. A. DEER, professor of mineralogy and 
petrology in the University of Cambridge, distin- 
guished for his petrological and mineralogical re- 
searches in Scotland and East Greenland. 


Pror. C. E. Dent, professor of human metabolism 
in University College Hospital Medical School, 
London, and honorary consultant physician, Univer- 
sity College Hospital, London, distinguished for his 
researches into disorders of metabolism and of renal 
function, and for developing methods of medical 
biochemistry. 








_ Department, 
Harpenden, distinguished for his contributions to 
“mycology and epidemiology, especially for his work 
- on the dispersal of airborne pathogens and allergens. 

















M. N. Hiex, assistant director of research in 
yartment of Geodesy and Geophysics in the 
ity of Cambridge, distinguished for his con- 
ns to geophysical and geological knowledge 


coan floor. | 
> D. W. Horper, professor of engineering 





-o geience in the University of Oxford, distinguished for 
his work on boundary layer separation in trans-sonic 
‘and supersonic flow and for his contributions to the 

< design of wind tunnels and shock tubes. 


Dr. 8. Q. Hooger, technical director (aero), 

Bristol Siddeley Engines, Ltd., Bristol, distinguished 

for his research in fluid dynamics and for his outstand- 

-ing contributions to the development of aircraft gas 

turbine engines. 

Dr. A. A. P, KLECZKOWSKI, senior principal 

- ‘geientific. officer, Rothamsted Experimental Station, 

Harpenden, distinguished for his contributions to 

the knowledge of viruses and for his discoveries in 
immunology and photobiology. 

Pror: S. MANDELSTAM, professor of mathematical 
physics in the University of Birmingham, distin- 
guished for his contributions to quantum field theory 
and the development of the double dispersion 
relations. 


Dr. L. E. ORGEL, assistant director of research in 

theoretical chemistry in the University of Cambridge, 

distinguished for his application of molecular orbital 

theory to the structure of complex ions-and to the 
nature of the bonding involved. 

Dr. F. R. PARRINGTON, lecturer in zoology and 

< director of the Museum of Zoology in the University 
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The (irish) Institute for Industrial Research and 
Standards: Mr. M. J. Cranley 
OOO OO Me. Martin J. Craney has been appointed as 
< director general of the (Irish) Institute for Industrial 
: arch and Standards. Mr. Cranley is thirty-seven 
`: years of age. Educated at the O’Connell Schools and 
‘University College, Dublin, he had an outstanding 
- : academic career. He won a Corporation of Dublin 
University Scholarship on the results of his leaving 
= certificate examination, and in each year of his 
courseo towards a B.Sc. degree he won a University 
`. prize, In 1944 he secured first place with first-class 
honours (gaining the highest degree examination 
marks since records were first kept by the College in 
1982) in the B.Sc. degree examination, which he took 
M 
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on, of the Hugh Ryan Memorial Medal. 
varded. an M.Sc. degree in 1946 for research 
opy; after which he gained an Overseas 


slarship given by the Royal Commission 









tion mammal-like re 
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head of the Physics ‘Depart- 
ad 


distinguished for his physical studies of agricultt 
and botanical problems, particularly for his work 
transpiration and the irrigation of crops. = 

Mr. M. R. PoLLock, head of the Division of Bacter- 
ial Physiology at the Medical Research Council, 
National Institute for Medical Research, London, 
distinguished for his work on induced enzyme forma- = 00 
tion and for his contributions to the problem of = >- 
protein biosynthesis. a Ses 

Pror. R. A. RAPHAEL, regius professor of chemistry =.. 
in the University of Glasgow, distinguished for his = 
work on the synthesis of natural substances. ` 

Mr. J. S. Sawyer, deputy director (dynamical 
research) of the Meteorological Office, Bracknell, 
Berkshire, distinguished for his contributions- to 
dynamical meteorology, especially in the field of 
numerical weather prediction. : — 


Dr. W. G. ScuHNErpDER, principal research officer, 
Division of Pure Chemistry, National Research 
Council of Canada, Ottawa, distinguished for his |. 
studies of intermolecular forces and for his work on 
nuclear magnetic resonance. 


Pror. R. A. Sanre, professor of physics in the 
University of Sheffield, distinguished for his contribu- 
tions to the advancement of the science of solid-state 
physics. — 

Pror. M. M. Swann, professor of natural history 
in the University of Edinburgh, distinguished for his- ` 
studies on cellular processes, particularly those 
involved in cell division. 

Dr. N. TINBERGEN, reader in animal behaviour in 
the University of Oxford, distinguished for his con- 
tributions to the study of the behaviour of animals. - 

Pror. H. L. Weiss, professor of physics in the 
University of Toronto, Canada, distinguished for his 
experimental work on infra-red and Raman spectra. 
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for the Exhibition of 1851. He spent the two years 

of this Scholarship studying at the Davy-Faraday 
Research Laboratories of the Royal Institution, =< 
London, and at the Ramsay Chemical Laboratory of 
University College, London. On his return to Ireland, ` 
in 1948 he became an assistant in the Chemistry = 
Department of University College, Dublin. In 1952 | 
he was appointed principal of Kevin Street College of © =: 
Technology. , : 


Physiology and Pharmacology at Chelsea College ` 
of Science and Technology: Dr. S. E. Dicker œ 
Dr. 8. E. Dicker has been appointed head of the | 

Department of Physiology and Pharmacology. Dr... — 

Dicker holds the degree ‘of M.D. (Brussels), which 

has been recognized and registered in the United 

Kingdom. He came from occupied Belgium during — 

the War and in 1946 was appointed Beit Memorial 

Fellow in the Department of Pharmacology of the 

University of Bristol. He took his Ph.D. degree in 

Bristol and was awarded the degree of D.Sc. by that 
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University in 1949. He has been lecturer in pharmaco- 
logy at University College, London, since 1950, and 
is well known for his research work in the field of the 
physiology of the kidney in animals and man, and of 
endocrine glands, pagticularly with reference to the 
neurohypophysis. Dr. Dicker succeeds Dr. Mary F. 
Lockett, who has been head of the Department since 
1952 and who has become a Research Fellow in the 
‘University of Birmingham Medical School. Dr. 
Lockett, was responsible for the remarkable growth 
of the Department which has taken place since her 
appomtment and has gained well-deserved recog- 
nition for her research work in renal, endocrine and 
cardiovascular physiology. 


Cryogenic Physics at the National Bureau of Stan- 
dards: Dr. E. Ambler 


Da. ERNEST Ampere has been appointed chief of 
the Cryogenic Physics Section of the U.S. National 
Bureau of Standards. Dr. Ambler, an authority on 
low-temperature physics, will direct research studies 
into the properties of matter at very low temperatures. 
He is a Briton by birth, and graduated from the 
University of Oxford in 1945, 1949 and 1953. In 
1953, he joined the National Bureau of Standards, 
and five years later became an American citizen. 
At the Bureau he began work on magnetism and 
nuclear orientation studies at temperatures approach- 
ing absolute zero, and within eight months had 
completed the first nuclear alignment experiments to 
be conducted in the United States. Dr. Ambler was 
named one of the ten outstanding young men in the 
Federal Government in 1960 and given the Arthur S. 
Flemming Award m recognition of this work. Dr. 
Ambler and his associates, Hayward, Hoppes and 
Hudson, gained world recognition in 1956 for the 
parity experiments they conducted in co-operation 
with Dr. Chien Shiung Wu of Columbia University. 


C.S.1.R.0. (Australia) Irrigation Research : 
Dr. J. V. Possingham 


Dr. Joms V. PoSSNOEAM has been appointed 
- officer-in-charge of the Commonwealth Scientific and 
Industrial Research Organization’s Research Station 
at Merbein, Victoria, Australia. The Merbein Station 
is Australia’s main centre for research on vine fruits. 
Research on other irrigated crops, including citrus 
and stone fruits, is also carried on there. Dr. Possing- 
ham, who is aged thirty-two, is one of Australia’s 
leading young plant scientists. At the Organization’s 
Division of Plant Industry in Canberra he has con- 
centrated his researches on plant nutrition and the 
physiology of plant growth. A graduate of the 
University of Adelaide, Dr. Possingham later spent 
two years at Oxford, where he was awarded a doc- 
torate for his work on the role of some mineral 
elements in plant growth. 


Ministry of Aviation: Mr. B. Vaughan Williams 

Mr. B. VaueHsan Wriuirams has been promoted 
deputy chief scientific officer to fill the new post of 
director of professional staff management, Ministry 
of Aviation. He will be the first member of the 
scientific class to fill an administrative post at this 
level within the Establishment Division of the 
Ministry of Aviation. In his new post he will be 
responsible for the recruiting, promotion, posting, 
and career planning of scientific, experimental, 
engineering and ancillary staff. Mr. Williams 
graduated from University College, Aberystwyth, and 
Jesus College, Oxford, where he was a mathematical 
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research scholar. He joined the Royal Aircraft 
Establishment in 1929 as a junior scientific officer and 
later spent ten years before and during the War on 
air armament research. During 1944-51 he did 
project work on Government-sponsored new civil 
aircraft. After graduating at the Imperial Defence 
College in 1952 he spent two yeare on the Defence 
Research Policy Staff, Ministry of Defence. He was 
on loan to the fence Research Board, Ottawa, 
during 1955-57 and then returned to the former 
Ministry of Supply on career planning for the scientific 
grades. 


The Royal Aeronautical Society: 
Elections and Awards 


Honorary Fellowship of the Royal Aeronautical 
Society has been conferred on Sir George Gardner, 
controller of aircraft, Ministry of Aviation, and 
N. E. Rowe, director, Hawker Siddeley Aviation. 
Honorary Companionship of the Society has been 
.M. J. B. Stoker, formerly honorary 
secretary of the Helicopter Association of one 
Britain and now retired. 

The Society has also announced the following 
Awards: Gold Medal, to Bir Arnold Hall, chairman 
and managing director, Bristol Siddeley Engines 
Ltd., for his outstanding achievements in aeronautics; 
Silver Medal, to Dr. D. Kuchemann, head of Super- 
sonics Division, Aerodynamics Department, Royal 
Aircraft Establishment, Farnborough, for his out- 
standing work in aerodynamics, and to Prof. E. J. 
Richards, professor of aeronautical engineering and 
dean of engineering faculty, University of Southamp- 
ton, for his outstanding work in aircraft noise; 
Bronze Medal, to Dr. A. J. Barrett, head of the 
Technical Department, Royal Aeronautical Society, 
for his work on the preparation of technical informa- 
tion for use in aircraft design; British Gold Medal for 
Aeronautics, to F. W. Page, director and chief 
executive, Aircraft Division, English Electric Aviation 
Ltd., for his outstanding practical contributions to 
aircraft design; British Silver Medal for Aeronautica, 
F. N. Slingsby, director and chief designer, 
Slingsby Sailplanes, Ltd., for his practical achieve- 
ments in the design and construction of sailplanes; 
Wakefield Gold Medal, to J. E. Clegg, Weapons 
Research Establishment, Salisbury, Australia, and 
to T. G. Thorne, principal scientific officer, Royal 
Redar Establishment, for outstanding contributions 
to Doppler navigation; R. P. Alston Memorial Medal, 
to P. Howlett, flight test observer, Air Registration 
Board, for his practical] contributions to aircraft flight 
testing; “Alan Marsh Medal, to C. T. D. Hosegood, 
chief helicopter teat pilot, Bristol Division, Westland 
Aircraft, Ltd., in recognition of his outstanding 
contribution as a test pilot in the British helicopter 
development field, with particular reference to the 
tandem rotor configuration. 

In addition, the following medals and prizes have 
been awarded for papers published in the Society’s 
Journal and in The Aeronautical Quarterly during 
1961: Simms Gold Medal, to R. Smelt, chief scientist, 
Satellite Systems, Lockheed Missiles and Space - 
Division, for his paper “The Agena Satellite and the 
Discoverer Pro e”; George Taylor (Australia) 
Gold Medal, to J. C. Floyd, chief engineer, Advanced 
Projects Group, Hawker Siddeley Aviation, Ltd., for 
his paper “Some Current Problems Facing the 
Aircraft Designer”; Orville Wright Prize, to H. L. 
Cox and N. B. Owen, National Physical Laboratory, 
Teddington, for their paper ““The Influence of Biaxial 
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Mean Stresses on Failure of Tubes by Fatigue”; 
Edward Busk Memorial Prize, to Dr. R. ©. Lock, 
Aerodynamics Division, National Physical Labora- 
tory, Teddington, for his paper “The Design of Wing 
Plan Forms for Transonic Speeds”; Branch Prize, to 
Sir Roy Fedden, for his paper ‘The First 25 Years of 
the Bristol Engine Department”; Herbert Akroyd 
Stuart Memorial Prize, to H. Pearson, chief engineer 
(Performance and Research), Rolls-Royce, Ltd., for 
his paper “Trends in Aircraft Propulsion”; Naviga- 
tion Prize, to D. J. Lyons, senior superintendent, 
Ballistic Missile Group, Royal Aircraft Establishment, 
for his paper “Ballistic Research Rockets, with 
particular reference to Black Knight”; J. E. Hodgson 
Prize, to H. Caplan, assistant secretary, British 
Aviation Insurance Co., Ltd., for his paper ““The Law 
versus Science in Aeronautics’; Usborne Memorial 
Prize, to Dr. K. W. Pearce, scientific officer, Solid 
Propellants Section, Royal Aircraft Establishment, 
for his paper “Some Thrust Control Methods for 
Solid Propellant Rockets”; H. B. Irving Medal, to 
L. Welch, Microcell, Ltd., for his paper “‘Gliding and 
Man Powered Flight”. 


Parllamentary and Scientific Committee 


Tue annual report for 1961 of the Parliamentary 
and Scientific Committee, presented to the annual 
meeting on February 15, includes notes on a number 
‘of talks given to the Committee during the year 
(Pp. 27. Westminster: Parliamentary and Scientific 
Committee, 1962). These covered such topica as the 
university role in scientific research and the training 
of scientists; science and road safety; technical 
questions relating to broadcasting and television; the 
present position and future of colleges of advanced 
technology; the impact of biological research on 
advances in medical science; and the development 
and financing of research associations. Brief accounts 
are given of the European Parliamentary and Scien- 
tific Conference held in London during March 20-22, 
1961, and of the action taken in regard to the rating 
of scientific societies under the new Rating and Valua- 
tion Act. An Education Research Sub-Committee 
was set up with Sir James Pitman as chairman and a 
memorandum on the subject was sent to the Lord 
President of the Council, the Minister of Education 
and the Chancellor of the Exchequer. On November 
10, the Minister of Education and the Financial 
Secretary to the Treasury discussed the memorandum 
with a deputation from the Committee. In the 
discussion it appeared that while the Minister of 
Education was anxious to develop educational 
research in various fields, he thought that any 
additional funds for this purpose should be under the 
direct control of that Ministry. 


Joint Health Physics Committee 


Durge the past few years, there has been a 
considerable increase in health physics work in many 
countries, including Great Britain. A number of 
societies has had interests in this subject, arranging 
scientific meetings independently as part of their 
ordinary programmes. During the past few months, 
the Hospital Physicists’ Association has initiated 
discussions with interested bodies to ascertain how 
the scientific needs of health physicists could best be 
met. The result has been the formation of a Joint 
Health Physics Committee, consisting of two repre- 
sentatives of each of the following organizations: 
the British Institute of Radiology, the British Occu- 
pational Hygiene Society, the Central Electricity 
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Generating Board, the Faculty of Radiologists, the 
Hospital Physiciste’ Association, the Institute of 
Physics and Physical Society, the Radiological 
Protection Service, and the United Kingdom Atomic 
Energy Authority. It is hoped that each organization 
will arrange & symposium on some aspect of health 
physics as part of a series to be held over the next 
two years at approximately three-monthly intervals. 
The first is to be at the Atomic Energy Research 
Establishment, Harwell, during the summer on 
‘Provision of Health Physics Services; Problems and 
Organization”. Members of all collaborating organ- 
izations will be able to attend these symposia, and it 
is hoped to publicize them for the benefit of other 
people if accommodation permits. The chairman of 
the Committee is Mr. W. Binks, and the honorary 
secretary (from whom further information can be 
obtained) is Dr. 8. B. Osborn, of University College 
Hospital, London, W.C.1. 


U.K. Centre for Business Research , 


In the Westminster Bank Review for February 1962 
an article by Prof. C. F. Carter, “An Experiment in 
Business Research’’, describes how the Centre for 
Business Research was founded as a part of the 
Research Section of the Fatulty of Economic and 
Social Studies at the University of Manchester with 
Prof. Carter, Prof. B. R. Wiliams and Prof. J. 
Johnston as joint directors of research. For the first 
5-7 years it will be financed by a group of firms, 
mostly large national organizations with interests in 
& great variety of trades and Industries, and those 
firms, at present numbering fourteen, have agreed, so 
far as secrecy allows, to co-operate in the research. 
The purpose of the Centre is to study some of the 
major decisions of business, and to build up, by 
examining real situations, knowledge of the informa- 
tion systems and methods of decision appropriate in 
particular circumstances. It is hoped that the conver- 
gence of experience may yield new general ideas 
about methods of taking major decisions, as well as 
help firms to analyse some of their problems more 
accurately. ‘The University contribution is initially 
by way of re-grouping resources already available 
such as research time of teaching staff, visiting 
Follows, and research assistants. It is intended to 
publish results, subject to certain safeguards, and it 
is believed that a more relevant teaching of econ- 
omics should attract more lively minds, whose early 
training would be of particular value for a career in 
management, and that a realistic knowledge of 
business problems should increasingly be In demand 
for training scientists and engineers. Prof. Carter 
also hopes the Centre will, in a small way, add to the 
body of knowledge on which good management 
education can be based, and that in time the Centre 
will develop specialist short courses and seminars on 
such subjects as the management of research and 
development and on problems of long-run sales 
forecasting. 


Acta Neuropathologica 


A New venture in publishing, entitled Acta Neuro- 
pathologica, is to be the organ of the Commission for 
Neuropathology and of the Commission for Com- 
parative Neuropathology of the World Federation of 
Neurology (1, Fasc. 1. Pp. 106+10. Berlin und 
Wien: Springer-Verlag, 1961. 38 D.M.). Contribu- 
tions to neuropathology are scattered in numerous 
journals, and it is becoming more and more possible 
to overlook some fundamental observation. Advance 
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in our knowledge requires new techniques, and bio- 
chemistry, histochemistry and electron microscopy 
offer new and exciting lines of attack on the more 
intimate pathology of the nervous system. They also 
widen the scope of what may be organic lesions. 
Much time and accuracy of correlation will be saved 
if the neuropathologist extends his methods into 
these new techniques. The first number has a truly 
international origin, and if this standard can be 
maintained this new journal will serve a very useful 
purpose. 


Industrial Sociology 


Or comparatively recent origin, industrial sociology 
is growing fast, and though its boundaries are some- 
what indefinite it obtains a distinctive character by 
its specialized approach centrmg on the organization 
of work in society and the sociological analysis of 
industrial institutions and relationships. In a booklet 
entitled Industrial Soctology, recently added to the 
Unesco series on university teaching of social sciences, 
Mr. J. H. Smith suggests that the most fruitful 
application of the new subject will probably be found 
in those countries where industrialization is emerging 
or intensifying (Pp. 126. Paris: United Nations 
Educational, Scientific ‘and Cultural Organization. 
5:25 N.F.; 7s. 6d.; 1.50 dollars). There, problems of 
social change, and human adaptation to those changes, 
are of great urgency. Economic development, as, 
for example, in the Middle East or in Africa, depends 
on & concurrent social adaptation which may be more 
difficult to effect than economic or technological 
changes. Tho less-developed countries need to 
understand and to be prepared for the social changes 
which industrialization effects and there is a further 
need once industrialization is under way to under- 
stand the nature of the conflict newly created by an 
industrial re-deployment of labour. It is to be 
expected that industrial sociology will obtain greater 
recognition now that it has demonstrated its capacity 
to elucidate some of the critical problems arising in 
industry which are not adequately explained by other 
branches of the social sciences. Already in the 
United States, Britain, France and the Federal 
Republic of Germany, industrial sociology, though 
with differing emphasis, has found a place in univer- 
sity teaching of the social sciences and in technical 
education. 
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Research In Public Health Administration 


RESEARCH in public health administration is an 
ill-defined field, including few techniques that are not 
used in other types of research. In Research in Public 
Health Admintsiration : Selected Recent Abstracts (Pp. 
52. Baltimore, Md.: Research in Public Health 
Administration Project, School of Hygiene and Public 
Health, The Johns Hopkins University, 1962) the 
unit of study has been taken as the programme 
rather than the patient or the disease, and has been 
defined broadly to include all studies which give a 
firmer basis for administrative decisions. Studies of 
the distribution of disease or disability in the popula- 
tion are included in administrative research, for 
example, since they provide information needed to 
develop new programmes or improve existing ones. 
The booklet is planned for the beginner in research 
in public health administration, and not for the 
expert. It includes abstracts from recent papers 
which have clearly explained ideas, philosophies and 
techniques. It excludes examples of actual research 
projects in this field, since they are sufficiently 
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numerous to justify a separate booklet. The abstracts 
have been edited by Prof. C. M. Wylie, who 
would welcome suggestions for additional papers to 
be covered in a future supplement to the volume. 


‘Active Dry Bakers’ Yeast 


ALTHOUGH compressed wet yeast has been used in 
the preparation of baking bread since about 1860, 
the production of active dry yeast started only 
recently. The advantages of active dry yeast over 
compressed yeast are long shelf-life (6-12 months) 
and ability to store well at ordinary temperatures. 
The commercial importance of active dry yeast has 
steadily increased since the Second World War when 
it began to be commercially used. Patented and 
published literature prior to that contains contra- 
dictory claims on procedures for making active dry 
yeast. Present methods of manufacture are kept 
confidential and scanty information is available in 
literature. Sufficient literature has accumulated on 
various scientific aspects of active dry yeast to 
justify a review of the literature, however, and this 
has been reported in the Journal of Scientific and 
Industrial Research by Y. 8. Lewis, 8. Neelakantan 
and D. §. Bhatia, of the Central Food Technological 
Research Institute, Mysore (204; October 1961). 


Fingerprints and Palmar Prints of Kalahari Bushmen 


P. V. Tosras, assisted by J. Soussi and H. L. A. 
de Villiers, has made a study of the fingerprints of 
327 Bushmen, drawn from the northern, central and 
southern groups (South African Journal of Sotence, 
57, No. 12; December 1961). The Auen, like their 
fellow northern Bushmen, the Kung, depart from all 
other Bushmen studied in having few whorls and 
many arches, in which respect they closely resemble 
central African Pygmies. Central and southern Bush- 
men, on the other hand, have more whorls and fewer 
arches, their pattern approaching more closely that 
of Bantu-spealing Africans. This study provides the 
first evidence of differences in gene frequency between 
northern and central-southern Bushmen and of a 
possible genetic affinity between northern Bushmen 
and Eastern Pygmies. 


Education in Chemistry 


TH Royal Institution of Chemistry has published 
a most useful Training Guide. The publication gives 
details of qualifications and courses, grants and 
scholarships, and of firms sponsoring works-based 
students undertaking sandwich courses in chemistry. 
There are also lists of universities and colleges 
offering full-time degree courses in chemistry, as well 
as particulars of technical colleges that offer full- 
time, sandwich and part-time courses leadmg to 
Grad.R.I.C., Dip.Tech., B.Sc. external degree and 
Higher National Diploma qualifications in chemistry 
or applied chemistry. Copies of the Training Guide 
can be obtained from the Royal Institute of Chem- 
istry, 30 Russell Square, London, W.C.1, price 2s. 6d. 


Open Days at the National Institute for Research 
In Dairying 


Tum National Institute for Research in Dairying 
will celebrate its fiftieth anniversary by holding open 
days during June 28-29. The Institute is organizing 
tours of its farms, laboratories, engineering work- 
shops and dairy, where experimental work will be on 
show, and there will be demonstrations of work 
relating to the physiology of the udder; the use of 
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redioactive materials as aids to research; the hand- 
ling and treatment of milk; the manufacture and 
quality of cheese; and the nutritional value of milk 
end dairy products. Further information can be 
obtained from Mr. J. A. Irvine, National Institute 
for Research in Dairying, Shinfield, Reading, Berks. 


Geography of South-East Asia 


A CONFERENON of South-East Asian geographers 
sponsored by the International Geographical Union 
and the University of Malaya will be held in Kuala 
Lumpur during April 2-23, 1962. The conference 
will direct attention to geographical themes of 
immediate relevance in Malaya and South-East Asia, 
thereby providing data for assessing past practices 
and future policies in the region and in the humid 
tropics generally. It will also bring together geo- 
graphers and other specialists to stimulate research 
and to promote the communication of information. 
The programme of the conference will include major 
sessions on: meteorology and climate of East and 
South-east Asia; geomorphology, geology and min- 
eral resources; agricultural resources, soils and land- 
use; population, migration, ethnic studies and urban 
geography of South-east Asia. Further information 
can be obtained from Prof. R. Ho, Department of 
Geography, University of Malaya, Kuala Lumpur. 


Blood Transfusion Congress 


Tae fourth national congress on “Blood Trans- 
fusion”, arranged by the Société Nationale de 
ion Sanguine in conjunction with the Sovidté 
Française d’Hématologie, the Asociación de Hema- 
tologia y Hemoteriapia de Barcelone and the Centre 
d’Etudes des Problèmes Humains dans les Zones 
Arides, is to be held in Toulouse during June 11-14. 
The two main subjects to be discussed during the 
congress are hemolytic anmmia and the safety 
precautions n during blood transfusion. 
‘These will be followed by two colloquia: laboratory 
techniques, and the special problems arising in. blood 
transfusion and hwmotherapy centres in tropical 
countries. Further information can be obtained from 
the Centre de Transfusion Sanguine et d’Hématologie, 
avenue de Grande-Bretagne, Toulouse. 


1962 Waverley Gold Medal Essay Competition 


Tas Waverley Gold Medal Essay Competition is 
sponsored by Research Applied in Industry to encour- 
age gcientists to write clearly and comprehensibly 
about their work. The Medal, together with £100, 
will be awarded for the best essay of about 3,000 
words describing & recent project or practical develop- 
ment in pure or applied science, giving an outline of 
the scientific background, the experimental basis and 
the potential or actual application of the idea to 
industry or its importance to society. A second prize 
of £50 will also be awarded, and a special prize of 
£50 for the best entry from a competitor under the 
age of thirty on July 31. Entry forms and further 
information can be obtamed from the Editor of 
Research Applied in Industry, 88 Kingsway, London, 
W.C.2. The closing date for the competition is 
July 31. 


Announcements 


Tun Council of St. John’s College, Cambridge, 
invite applications for a Meres Senior Studentship for 
medical research, tenable for between one and three 
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years &t the University of Cambridge or some nearby 
institution approved by the Council. The applicant . 
must be a male graduate of a university, though not 
necessarily one admitted to a degree in medicine or 
surgery. Further information san be obtained from 
the Master, St. John’s College, Cambridge. Applica- 
tions must be received before October 1. 
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A syscposrum on ““The Significance of Selenium and 
Vitamin E in Nutrition”, arranged by the Nutrition 
Society (Scottish Group), is to be held in the Univer- 
sity of Glasgow on April 14. Further information 
can be obtained from Dr. D. G. Armstrong, Hannah 
Dairy Research Institute, Ayr. 


THe fourth annual medical staff symposium of the 
Memorial Hospital of Long Beach, California, sup- 
ported by a grant from the Merck, Sharp and Dohme 
Postgraduate Programme, is to be held at the Hos- 
pital on May 23. Further information can be 
obtamed from Dr. G. X. Trimble, Memorial Hospital 
of Long Beach, Long Beach, Californias 


A MEETING of the British Biophysical Society is to 
be held in the University of Edinburgh during April 
11-12. The programme will include two symposia on 
“Irreversible Thermodynamits and Membrane Trans- 
port, Particularly of Water” and “Supramolecular 
Structure in Relation to Biological Activity and 
Function”. Further information can be obtained 
from Dr. P. M. B. Walker, Department of Zoology, 
University of Edinburgh, West Mains Road, Edin- 


burgh. 


A conrmrencH on “The Accuracy of Industrial 
Measurement of Length and Diameter’’, arranged by 
the National Physical Laboratory in conjunction with 
the Institution of Mechanical, Electrical and Produc- 
tion Engineers, will be held at the National Physical 
Laboratory during April 17-18. Further information 
can be obtained from Mr. B. 8. W. Mann, Standards 
Division, National Physical Laboratory, Teddington, 
Middlesex. 


A CONFERENCE on ‘Use of Case Studies in Educa- 
tion for Management”, organized jointly by the Welsh 
College of Advanced Technology and the Comparative 
Administration Trust, is to be held at the College 
during April 6-7. The fee for the conference will be 
10 gns., and further information can be obtained from 
the conference secretary, Mr. T. Boyce, Welsh 
College of Advanced Technology, Cathays Park, 
Cardiff. 


A SHORT course on “Inorganic and Semi-Inorganic 
Polymersa’’, arranged by the Department of Chemical 
Technology of the Bradford Institute of Technology, 
is to be held during May 25-26. Subjects to be dis- 
cussed will include: inorganic polymers; boron-con- 
taining polymers; phosphorus-containing polymers; 
polyphosphonitrilic chlorides; silicon—nitrogen poly- 
mers; co-ordination polymers. Further information 
can be obtained from the Registrar, Bradford 
Institute of Technology, Bradford 7. The fee for the 
course will be £1 10s. 


Erratum. The authors of the article entitled 
“Penetration of Lipid Films by Compounds Pre- 
venting Liver Necrosis in Rate”, which appears on 
p. 764 of the February 24 issue of Nature, regret that 
errors occur in Table 1. The heading of the final 
column should read, “An electrokinetic potential (%) 
of + 25 mV. on lipid micelles”, and the fourth entry 
underneath “Y < 5 mV. at 10-0”. 
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THE CARNEGIE INSTITUTION OF WASHINGTON 


EARBOOK 60 of the Carnegie Institution of 

Washington*, covering the year 1960-61, in- 
cludes, besides the report of the president, Dr. Caryl 
Haskins, some features of which are discussed else- 
where (p. 1113 of this issue), the reports of depart- 
ments and special studies and a bibliography of 
publications of the Institution. This is in addition 
to the bibliographies appended to the reports from 
the Mount Wilson and Palomar Observatories, the 
Geophysical Laboratory, the Departments of Terres- 
trial Magnetism, Plant Biology. Embryology and 
Genetics. 

In his review of the year, Dr. Haskins, pointing 
out that four Departments were heavily committed 
to biological’ research and a fifth was carrying on 
very imaginative research in this field, notes the 
continuing work in the Department of Genetics on 
the operation of the suppressor~mutator gene control 
system where further stydies have confirmed previous 
conclusions regarding the highly specific types of 
control exerted by this system and about the mode of 
operation of control systems in general. Methods which 
have been developed for isolating and characterizing 
deoxyribonucleic acid so as to avoid artificial break- 
age of the molecules and radioautographic measure- 
ments of the molecular weight of deoxyribonucleic 
acid isolated from phage-7'2 indicate a molecular 
weight of 130 million with a length of about 52u. 

Besides purifying deoxyribonuclease II from 
salmon testes, the Department has also identi- 
fied chromosomal deoxyribonucleic acid m the 
primary spermatocytes of Drosophila by fluorescence 
microscopy and autoradiography. The role of hetero- 
chromatin has been brought into focus by an immuno- 
genetic analysis of variegation in Drosophila, which 
revealed a change that occurs in an antigen when 
the white locus is brought by chromosomal rearrange- 
ment into the proximity of heterochromatin. In the 
Biophysics Section of the Department of Terrestrial 
Magnetism, work continued on the synthesis of ribo- 
somes both on the time required for the material to 
flow through the precursor into the finished 
_ ribosomes and on the time required for the formation 
and loss of enzyme-forming systems. It was estab- 
lished that there is an eosome stage of precursor 
particles within the cells and a later neosome stage. 
The eosomes contain no protein, and the neosomes 
about one-quarter to one-half of the protein of the 
mature ribosomes, and the experiments suggest that 
the protein of the ribosomes is actually synthesized 
in the eosomes and neosomes. Kinetic studies of the 
induction of B-galactosidase in Æ. cols are also described 
at some length, and eight models for the mechanism 
of enzyme induction are compared. 

In the Department of Plant Biology procedures 
were developed for obtaining aqueous extracts of 
chlorophyll-a complexes in their natural ratios, and 
close derivatives of some complexes have been 
separated by centrifugation. Procedures were also 
developed for extracting purified protochlorophyll- 
bearing particles and electron micrographs indicated 
that these particles are oblate spheroids with an 


* Carnegie caspase of Mg rr ye Year Book No. 60; July 1, 
1960-June 80, 1961. it lates. (W axhington, D.C.: 
Carnegio Institution of — tom! Cloth, 1.60 dollars; paper, 


estimated molecular weight of about 1-4 million. 
Experiments with a red algae clearly showed the 
difference in the photochemical function of chloro- 
phyll and of the accessory pigments, and the 
apparent inefficiency for photosynthesis of chloro- 
phyll in red algae in comparison with that of 
phycoerythrin is attributed in part to the counter- 
balancing of photosynthetic oxygen evolution by the 
stimulated uptake of oxygen. Rates of apparent 
photosynthesis and of respiration of altitudinal races 
of Mimulus have now been measured from 0° C. to 
the highest temperature at which the experimental’ 
plants can function, and a selection experiment in 
Achillea involving study of the responses of cloned 
second-generation segregating progeny at the three 
transplant stations has been completed. 

In the Geophysical Laboratory also, observations 
on the preferential fixmg of carbon-12 as compared 
with the heavier carbon-13 during photosynthesis 
were extended to the culture of E. colt and the alga 
Chlorella pyrenotdosa with glucose as the sole source 
of carbon. The lipid fraction of these bacterial cells 
showed the same preferential fixing of carbon-12 
relative to the carbohydrate fraction as in photo- 
synthetic organisms, but the bulk of the remaining 
cell material had an isotopic composition similar to 
that of the glucose. Other studies suggest that it is 
unhkely that terregtrial-like life exists on the Moon, 
Venus or Mars. In the Department of Embryology 
the appearance of hypoxanthine dehydrogenase in the 
developing chick was studied in detail. Studies of 
the enzyme deoxyribonuclease in the developing 
frog have indicated all activity of one of the two types 
of this enzyme is associated with the digestive tract 
and has a generally synthetic function, while that of 
the other type is associated in the frog tadpole more 
with moribund processes. Using delicate grafting 
and culture techniques, a comparative study of the 
scale-producing areas (feet) and feather-producing 
areas of the chick body indicates that during the 
greater part of the life of the embryo the epidermis 
of feather-producmg areas yields feathers when 
grafted on to the dermis of scale-producing areas, 
although the reverse is not true. 

The Geophysical Laboratory has also undertaken 
physicochemical investigations of mineral systems for 
the information they can yield on crustal structure 
and processes, and has established that the form 
forsterite—albite does not exist at 30,000 atmospheres. 
Studies of the consequences of different distributions 
of radioactivity on heat-flow using an electronic 
computer suggest that thermal effects now observed 
at the Earth’s surface are related directly to the 
total amounts of radioactivity in the outermost 
400 kilometres; observed vanmations in flow reflect 
regional heterogeneities in total amount rather than 
the vertical distribution of radioactivity. Studies 
of melting behaviour and phase transformation of 
albite, enstantite and diopside under pressures up 
to 50,000 atmospheres indicate that no plagioclase 
can exist in the crust at pressures greater than 
30,000 atmospheres. Work has commenced on the 
copper—iron—sulphur system and on the copper~iron~— 
sulphur—oxygen system, and studies on the isotopic 
composition of lead from potassium feldspars indicate 
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that in the absence of metamorphisin their lead 
content reflects the isotopic composition of their 
surroundings at the time when they were crystal- 
lized 


In the Department of Terrestrial Magnetism, an 
investigation was commenced to determine whether 
any significant statistical relation exists between 
geomagnetic activity, including the auroral currents 
in the ionosphere, and the intensity of the outer 
Van Allen belt along the Earth’s radius. Besides 
investigations on cosmic rays and the Earth’s crust 
and in radioastronomy, including solar studies, 
radio source positions and radiohydrogen, the 
Department has been active in developing facilities 
and programmes in radioastronomy throughout 
South America, conducted by South Americans 
trained through the facilities of the Inatitution. The 
work of the Mount Wilson and Palomar Observatories 
has meluded the discovery of nineteen supernova 
and the strongest magnetic field yet observed in 
Nature—-that of the star HD216441. An investiga- 
tion of the chemical composition of stars, nebuls 
and other objects brought to light many anomalies 
in the abundance of the chemical elements, the 
commonest deviation involving a deficiency in the 
heavy elementa, including the common elements, all 
by about the same factor below their abundance, in 
the Sun and nearby stars. A new comprehensive 
theory of the solar magnetico cycle was announced, 
which predicts a marked dependence of fleld intensity 
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on latitude, as a result of which the field becomes 
amplified to a critical value, exhibiting local instab- 
ilities, which commence about three years after the 
beginning of a sunspot cycle. In the study of radio 
signals, the spiralling and expanding hydrogen 
clouds surrounding and enveloping the stars of our 
own galaxy in the direction of the galactic anti- 
centre were intensively examined. Besides the 
optical identification of radio sources, the velocities 
in clusters of galaxies, the rate of star formation, the 
frequency of occurrence of metallic binary stars, the 
optical spectrum of non-thermal radio sources and 
the chemical composition of interstellar gas were also 
among the subjecte of investigation at the Observ- 
atories. 

The major emphasis of the Committee on Image 
Tubes for Telescopes during the year was on pro- 
moting the industrial development of magnetically 
focused image amplifiers, and during the year proto- 
type image tubes became available for tests. Using 
magnetic focusing and fine-grain phosphorus of high 
resolving power, three types of image tubes can now 
be manufactured which provide a gain in sensitivity 
over traditional photographic methods by a factor of 
10 or more, and these tubes have proved strikingly 
successful in aiding spectroscopic research and the 
investigation of double stars. A new procedure for 
aluminizing the 200-in. mirror of the Hale telescope 
on Palomar Mountam was also developed during the 
year. 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


HE report * of the President of the Massachusetts 

Institute of Technology for 1961 has something 
of the quality which characterizes the reports of 
the Presidents of the Rockefeller Foundation and the 
Carnegie Institution of Washington, even to the 
extent of an awareness of the contribution which 
such an institution can offer to the development of 
the emerging nations that universities in Britain 
might do well to note. his review with 
some comments on the Institute’s centennial celebre- 
tions in the spring, Dr. J. A. Stratton’s report is 
indeed throughout concerned strictly with the teach- 
ing and research functions of the Institute, but in 
discussing them his awareness of the implications 
and opportunities of higher education to-day display 
an insight which should fittingly be matched here. 
For example, describing how the successful teaching 
of economics at the Institute since 1881, with the 
emergence of a major research pro and 
strong support of the School of Industrial Manage- 
ment, has now led to the establishment of sections of 
political science and of psychology within the Depart- 
ments of Economics and Social Science, Dr. Stratton 
refers to the association of the former section with the 
Centre for International Studies. In support of this 
work a professorship in political science with emphasis 
on African studies was established, while a grant of 
475.000 dollars from the Carnegie Corporation has 
permitted expansion of research on the problems of 
nation-building in transition countries and on the 
newly emerged African and Asian nations. Dr. 
Stratton stresses particularly the value of the 
grant in facilitating the sendmg of students from 


* Report of the Prasident, 1261. Massachusetts Institute of Toch- 
nology, Cambridge, Mass. Pp. 64. 
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the Institute overseas for research in developing 


areas. 

Dr. Stratton’s review this year directs particular 
attention to the state of the social sciences at the 
Institute, emphasizing the dependence of the over- 
riding practical problems of to-day on joint technical 
and social analysis and the policy of the Institute to 
develop more particularly those social sciences which 
are specially relevant to its central concerns with 
science and engineering. Special attention has been 
focused on those fields in which mathematics and 
statistical techniques play an increasingly important 
part, but without attempting to build the social 
gciences in the image of the physical or limiting their 
freedom to develop in their own way, and in psychology 
marked progress was made in planning a graduate 
programme. The section will comprise three general 
areas: physiological and comparative; experimental; 
and social and developmental psychology; and in its 
research it is hoped to create new opportunities for 
interdisciplinary co-operation. A programme — 
to a Ph.D. in linguistics is being offered 
the autumn of 1961 and much of the Institute’s re- 
search in this field has taken place in the Centre for 
Communication Sciences, where besides a central 
concern with the structure and logic of language some 
promising applied projects, mecluding work on 
mechanical translation and on machine perception and 
synthesis of human speech, have been undertaken. 

The other main features of President Stratton’s 
survey deal with the character of research at the 
Institute and its bearing on teaching, and with 
developments in undergraduate education, partiou- 
larly in engineering. Discussing the first of those 
topics he refers again to the concept of interdisciplin- 
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ary centres, which he regards as one of the most 
significant recent developments at the Institute. 
The oldest of these is the Research Laboratory of 
Hlectronics, drawing chiefly on the Departments of 
Electrical Engineering and of Physics from the 
direction of its programme but attracting students 
and faculty from at least nine other fields. Besides 
the Centre for Earth Sciences, a Centre for Aeronau- 
tics and Astronautics is proposed, and a 3-275 million 
dollars contract for further research in materials has 
been incorporated into the expanded programme of 
the Centre for Science Materials and Engineering. 
With the development of such Centres, however, the 
level of research activity in the departments has also 
risen, but while in most the research programmes are 
purely academic and completely interwoven with 
the educational objectives, in the Lincoln Laboratory, 
the Instrumentation Laboratory and the Operations 
Evaluation Group, considerable effort, amounting to 
some 57 million dollars in 1961, is directed to basic 
and critical problems of national defence, and Dr. 
Stratton emphasizes that work in engineering is 
nevertheless largely fundamental. During the past 
five years educational costs have increased 56 per 
cent, but costs of departmental and interdepartmental 
80 per cent, although the number of those associated 
with sponsored research in the departments and 
centres increased only 18 per cent. There has been a 
significant shift from full-time workers on sponsored 
research staff to faculty, instructors and research 
associates, but the level of academic research is 
regarded as in reasonable balance with the academic 
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budget, and while admitting the need for a re- 
appraisal of academic responsibilities for teaching by 
universities generally, Dr. Stratton is confident that 
the balance is reasonable at the Massachusetts Insti- 
tute of Technology and also that reserves are being 
accumulated sufficient to secure continuity in the 
event of fluctuating State support. 

Finally, Dr. Stratton reviews a major programme 
to stimulate improvements in undergraduate labora- 
tories and in methods and materials of teaching, 
towards which a grant was received from the Ford 
Foundation. The Heat Power Laboratory of the 
Department of Mechanical Engineering has been 
converted into an interdisciplinary Engineering 
Projects Laboratory for both teaching and research, 
and throughout the School of Engineering experi- 
ments are being made with the use of motion pictures, 
television, and other modern teaching sids. Besides 
serious investigation of methods providing students 
with opportunities for experimental homework and 
re-examining the traditional lecture-section method 
of organizing courses and problems of the tutorial 
approach, the Science Teaching Centre has made good 
progress in generating new laboratory experiments 
and devising new patterns of using experimental 
equipment, With all these developments, which 
give full expression to the dynamic character of a 
university, President Stratton is satisfied that the 
Institute will remain deeply committed to engineering 
education, and that its contribution there will be 
enhanced by the association and competition with 
neighbouring fields. 


PREPACKED FOODS 


N January, each year, the Society for Applied 
Bacteriology and the Microbiology Group of the 
. Bociety of Chemical Industry hold a joint meeting on 
a theme of common interest. This year, on January 
10, the choice was “The Effect of the Newer Forms 
of Packaging on the Microbiology and Storage Life 
of Various Foods”. Prepacked foods are appearing 
in rapidly mounting quantities; while all except 
technically enlightened manufacturers assume that 
packing creates no new problems and so they ignore 
questions of microbiology. 

Because this new industry is largely based on the 
use of flexible packages made from novel materials, 
the first paper was devoted to “Some Properties of 
Food Packaging Materials which Relate to the 
Microbial Flora of the Contents”, by Dr. R. 8. 
Hannan (T. Wall and Sons, Ltd., late of Metal Box 
Co., LAd.). After brief mention of questions like cost, 
transparency, mechanical properties and freedom 
from toxic constituents (for example, plasticizers), 
. attention was focused on the importance of the 
permeability of the wrapper to biologically important 
gases, notably water vapour, oxygen and carbon 
dioxide. No practicable transparent film was wholly 
impermeable to any of these: it was a matter of 
degree, though there was roughly a thousand-fold 
range between a highly permeable cellulose film and 
relatively impermeable ones like the polyvinyl- 
chloride copolymers. A complete barrier could be 
made only by laminating with metal foil. With any 
film, leaks were apt to occur where the film has been 
sealed or strained. 

The permeability depended on the state of the film, 
especially with polar films which absorb water, like 


the cellulose films which were far more permeable 
when wet. Thus, where a high degree of permeability 
was desired, as for example in wrapping freeh meat 
where oxygen is necessary to preserve the bright red 
colour, it was common to use a, cellulose film in 
contact with the meat, when it became moist and 
transmitted oxygen readily. Comparative data for 
different films were presented, with the warning that 
the values quoted must be regarded with reserve, 
because of this great dependence on factors lke 
temperature, wetness and mechanical damage. It is 
indeed a serious shortcoming of existing published 
values that they have mostly been obtained under 
conditions not relevant to prepacked foods: for 
example, the permeability of a film to water vapour 
may be determined, at say 20°C. with a relative 
humidity of 100 per cent on one side and of 0 per cent 
on the other, to yield a figure which may not be even 
roughly applicable to the same film around a piece 
of meat in a chilled cabinet. Because of this, it is 
still essential to test whole packages under the con- 
ditions of use. 

The permeability of the wrapper to water vapour 
was important in two respects. It determined the 
logs in weight by drying, and the relative humidity 
inside the pack which would be greater tho lower tho 
permeability. A film which was too impermeable 
and non-wettable would be ‘fogged’ by droplets of 
condensed water with even a small fall in temperature, 
the internal humidity being near saturation over a wet 
food; this was regarded as undesirable, both msthetic- 
ally and because it encouraged growth of bacteria. 

The permeabilities to oxygen and to carbon dioxide 
(which go roughly in parallel, the latter usually being 
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2—10 times the former) were important in relation to 
the respiration of the food tissues which generally 
consumed oxygen and gave off carbon dioxide. It 
was suggested that the change with temperature 
in permeability to these gases was substantially less 
than the change in rate of respiration, so that increase 
of temperature tended to diminish oxygen and raise 
carbon dioxide concentrations inside a pack. In 
discussion, there was some disagreement about the 
extent of the change of permeability with temperature. 

Although the last in order of presentation, it is 
convenient to consider next the paper of Dr. R. G. 
Tomkins (Ditton Laboratory) on “The Conditions 
produced in Film Packages by Fresh Fruit and 
Vegetables and the Effect of these Conditions on 
Storage Lıfe”, for this was almost wholly concerned 
with the relation between the permeability of the 
wrapper and the changes produced by the respiration 
of the contents. For any particular gas, an equilibrium 
concentration was attained mside the package, at 
which diffusion through the wrapper just balanced 
the rate of exchange by the contents. The production 
of carbon dioxide was, for example, known to be 
proportional to the number of fruits in a package, 
so that the influence of this number could be evalua- 
ted. Experiments were made with fruit in aluminium 
trays, the film being sealed over the top with wax, 
and gases being suppled or withdrawn through tubes 
inserted in the sides of the trays. Observation con- 
firmed the reality of the postulated equilibria. 
Graphical schemes were presented to illustrate the 
range of internal equilibria corresponding to a range 
of external conditions; which made it possible to 
predict the effect, for example, of a leak in the film or a 
change of its permeability. The differential effect of 
temperature on permeability and on respiration was 
again emphasized, with examples of the alteration 
of the internal equilibria by change of temperature. 

Attention was directed chiefly to the oxygen 
equilibria because, with fresh fruits and vegetables 
which are still alive, it was essential not to expose 
them to atmospheres with too little oxygen, a few 
hours under anaerobic conditions usually sufficing 
to ruin their quality by causing alcoholic flavours, 
internal browning or similar defects. For these reasons 
it was generally necessary to have highly permeable 
wrappers for fruit, ete., and ıt might be necessary to 
perforate the wrapper, which also helped to avoid 
internal condensation. of moisture. 

Differences of atmospheric composition within the 
tolerable range were regarded as normally having 
only a limited effect on the fungi, causing rotting of 
sound fruit. These mostly lived within the fruit as 
parasites, and were therefore not directly affected 
by the external environment. It was, however, 
remarked in discussion that this is not true of vege- 
tables damaged by washing, where wrapping favours 
surface wetness and hence the growth of saprophytic 
external bacteria, which could cause a slime but might 
not enter and rot the tissues. 

Though this paper did not deal extensively with 
microbiology, it provided an excellent background 
for the two remaining microbiological papers, in 
emphasizing the importance of the contents of the 
pack in determining the conditions under which 
any micro-organisms in it must live. 

The same point was considered more briefly by 
Dr. M. Ingram (Low Temperature Research Station) 
in speaking of “Microbiological Principles in Pre- 
packing Meats and Poultry’. After dismissing 
humidity as less significant than the partial pressures 
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of oxygen and carbon dioxide in a meat pack, he 
compared the observed exchanges of these gases by 
bacon packed in cans (to avoid complications caused 
by diffusion through the package) with those expected 
from the joint activity of the gontamed bacon and 
the rather numerous bacteria on it. The disappearance 
of oxygen was accounted for fairly well: the source 
of the carbon dioxide produced was uncertain. In this 
example, the activity of the micro-organisms them- 
selves was an important part of the total gaseous 
exchange; several contrasting situations were men- 
tioned. 

Experiments with poultry also illustrated this 
oxygen/carbon dioxide exchange, and showed the 
depletion of oxygen and mcrease of carbon dioxide 
in an umpermeable, as contrasted with a permeable. 
loose film wrapper; in the latter, spoilage followed 
the course normal in air, but in the former the 
normal aerobic flora was replaced by facultative 
anaerobes. Though such differences were usually 
ascribed to dearth of oxygen, it was suggested that 
even in vacuum packs sufficient oxygen might 
remain to satisfy aerobic organisms, and that the 
differences observed might in part be due to accumula- 
tion of carbon dioxide, which would account for the 
frequent. occurrence of lactobacilli, which are un- 
usually tolerant of carbon dioxide. 

The micro-organisms, besides beige specially 
selected, exhibited various metabolic peculiarities 
associated with the existence of low oxygen and high 
carbon dioxide concentrations in the packs. The 
maximum numbers attainable were unusually low. 
Respiratory activity tended towards the production 
of acid. The production of amino compounds by 
oxidative deamination of protein residues was hin- 
dered. Consequontly, there were not the usual 
relations between numbers of bacteria and spoilage. 
and spoilage frequently took the form of souring 
instead of putrefaction. 

The importance of casual contamination in spoilage 
was considered to be small with raw meats already 
carrying a substantial and characteristic spoulage 
flora. Food-poisoning bacteria hkewise did not find 
a ready foothold—an illustration was given of the 
suppression of introduced Staphylococes by the 
spoilage flora of bacon. With a cooked product which 
is nearly sterile, on the other hand, contamination 
was very important, and especially likely during 
packing. Where the nature of the product was such 
as to permit growth of pathogens, extreme pre- 
cautions were necessary to prevent their introduction 
during packing, or the pack must be pasteurized 
after sealing. The influence of in-package conditions 
on the development and metabolism of the pathogen 
might be important; for example, Staphylococci are 
more sensitive to drying, salt and nitrite when oxygen 
is absent. 

Mr. J. J. Cavett (Unilever, Ltd.) dealt in deta 
with “The Microbiology of Vacuum-packed Sliced 
Bacon”. The general effect of vacuum packing was 
to encourage the preponderance of lactic acid bac- 
teria, which remam a subordinate element in the 
flora of bacon kept open to air—numbers about 
5 x 107 per gm. were attained within a week at 
20° C. and the bacon smelled sour or ‘cheesy’ after 
15 days; bacon with 5-7 per cent salt/water behaved 
in a broadly similar way to that with 8-12 per cent. 
Warm conditions had a marked effect on the accom- 
panying organisms; Mtcrococcs from the curing flora 
were common at 20°, but were replaced at 30° by 
coagulase-negative Staphyloceccs which produced 
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putrid smells with the low-salt bacon; biochemical 
changes were accelerated generally at 30°. Coagu- 
lase-positive Staphylococet were found occasionally 
in the low-salt bacon kept at 20° but did not multiply: 
at 30° limited muJtiplication occurred but other 
bacteria reached counts 100- to 1,000-fold greater; 
no coagulase-positive Staphylococci were found in the 
bacon of higher salt-content. 

Among the lactic acid bacteria making up the 
dominant element in the spoilage flora, several genera. 
were distinguisbed: Lactobacilli, Group D Streptococci, 
Leuconostocs and Pedtococes, besides types not 
precisely identified. The development of large num- 
bers of Group D Streptococct is noteworthy—it is 
clear that these organisms are not a valid index of 
fecal pollution in this product. 

Data were presented to show the gradual dis- 
appearance of nitrate and nitrite from the bacon 
during storage with, occasionally, a peak in nitrite 
production; and these changes were related to the 
proportions, of nitrate- and nitrite-reducing Micro- 
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cocct under the different conditions. It was remarked 
in discussion thet this bacon contained unusually 
small quantities of nitrate and nitrite, so that the 
data could not be regarded as typical. 

The striking general feature of the sympomum 
was the contrast in treatment between the fruits 
and the meats. For the fruits, it was possible to dis- 
cuss changes in the internal atmosphere of a package 
with confidence, but not for the meats. Two reasons 
for this difference may be suggested. First, research 
on the gas storage of fruits during thirty-five years has 
provided detailed information about their respiratory 
activities under a variety of atmospheric conditions 
and temperatures. but there are few corresponding 
data for meats. Secondly, while micro-organisms sel- 
dom make any significant contribution to the gaseous 
exchanges m & fruit pack, they sometimes do so with 
meats; and for the micro-organisms, also, there is a 
dearth of information about their activities under the 
relevant conditions. Here are two examples of the 
need for more basic research on meat. M. INGRAM 


ECONOMIC ENTOMOLOGY IN AUSTRALIA 


HE annual report of the Division of Entomology 

of the Commonwealth Scientific and Industrial 
Research Organization (Australia) for the year 1860- 
61* records work in progress over a wide front. The 
work of the Division embraces the whole field of 
economic entomology but with minimum attention to 
short-term applied studies and particular emphasis 
on basic research involving long-term field and 
laboratory investigations. 

In recent years the disadvantages of controlling 
insect pests solely by chemical means have become 
increasingly manifest in Australan agriculture as they 
have elsewhere in the world. Induced resistance to 
insecticides, the suppression of beneficial species, the 
accumulation of toxic residues, are making chemical 
control measures more and more difficult and costly 
to implement. Many of the insect pest problems 
involved are of great importance to the economy of 
Australia, and, as part of a long-standing policy, the 
Division of Entomology is investigating means of 
control which will circumvent the difficulties con- 
sequent on relying entirely on the use of insecticides. 

New approaches are being sought to contro] such 
pests as sheep blowfly, cattle tick, codling moth, 
fruit-fly, phasmatids and various pasture pests. By 
deliberately manipulating the environment of the 
pest, ‘natural control’ factors are being utilized to 
limit the abundance of some of these pests. For 


* Commonwealth Soientific and Industrial Research O zation, 
Annual Report of the Division of Entomology, 1960-61. . ¥+ 46. 
(Melbourne: Commonwealth Sclentifio and Industrial oh 
Organization, 1961 ) 


PREHISTORY 


T should never be forgotten that prehistory as a 

study continues to a late date in large parts of 
Southern, Central and West Africa. Even when 
European traders had opened trading posts at various 
places along the sea coasts, little information as to 
what was happening in the interior of the continent 
filtered through them. Even in Nigeria, which seems 
to have been influenced by the Portuguese as early 
as the late fifteenth century, the story of what was 
taking place in the country was little known outside 


example, investigations carried out on the control of 
codling moth by such methods point the way to a 
possible solution of this and other orchard 
problems through the alteration of favourable 
breeding conditions by ‘pest management’. Rota- 
tional grazing, strategic dipping and the use of tick- 
resistant cattle are ecological measures which may be 
of increasing importance in the control of cattle tiok. 
The mechanism of msecticide resistance in the house- 
fly and the cattle tick continues to be studied so that 
insecticides and other control measures may be used 
to the greatest advantage. 

In recent years stick insects (Phasmatidae) have 
been increasing in importance as pests of forests in 
New South Wales and elsewhere. A new field station 
has been established to study the ecology of the 
species concerned. Other established stations deal 
with biological control, cattle tick investigations. 
fruit-fly investigations, pasture pests (which means 
chiefly the lucerne flea and the red-legged earth mite) 
and locusts. 

The headquarters of the Division in Canberra have 
a particularly impressive research programme in 
msect physiology and biochemistry including, among 
many other projects, the digestion of wool, chitin. 
and other resistant substances, the chemistry and 
hardening processes in insect cuticle, the chemistry 
of insect hormones. Other sections deal with popula- 
tion dynamics, insects and viruses (which include 
the development of insect tissue culture) and 
systematics. V B. WIGGLESWOBTH 


IN NIGERIA 


it. Modern investigators have been startled by the 
recent discoveries of really beautiful naturalistic 
sculptured heads both in terracotta (probably the 
earlier) and in bronze. 

Who were responsible for this splendid art, and who 
introduced the working in bronze which is certainly 
not indigenous since the metal is scarcely found in 
the country ? There seem to have been, from time 
to time, some east-west movements of peoples, and 
doubtless it is to some folk from Nubia or farther 
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east that we must look for the origin of cultures, late 
in time though still prehistoric, in Nigeria. The town 
of Ife was thcught to be the centre of the world. 
Here, according to Yoruba tradition, the High God 
came down a chain from heaven with a five-toed 
chicken and a bowl of sand, which the chicken 
scattered over the ocean to form land. Fifty years 
ago Frobenius made a number of investigations at 
Ife, and desultory discoveries have been made since 
in the sacred groves. Old Oyo was once the capital 
of Yorubaland, a site of vast size which until recently 
had scarcely been touched by the archeologist. Both 
these places have now been studied by Frank Willett, 
who waa released by the University of Manchester 
to work as an archmologist in the Nigerian Depart- 
ment of Antiquities. 

Willett would be the last person to suggest that he 
had more than scratched the vast site of Old Oyo. 
Not only is the site very difficult of access, but it 
has also been completely overgrown. However, a 
rock-shelter site was excavated and below the 
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Yoruba-levels occurred one with Pygmy tools and no 
pottery. Such industries are not unknown in Africa 
since Magosi times, but the exact age of the finds at 
Old Oyo are, of course, unknown. Several ‘gong’ 
sites were also discovered. Herp, exfoliated chunks 
of rock occur which give out a musical tone when 
struck. Not infrequently, paintings can be found in 
the rock-shelters where the ‘gongs’ are present. 

At Ife, Willett has been more concerned with bring- 
ing together the knowledge already obtained by 
various previous investigators. As a result, what is 
known to date of the early history of Ife, and, to 
an increased extent, of Old Oyo, ig now set out in 
convenient form. Students of the later prehistory of 
Yorubaland in Nigeria will do well to get hold of 
Willett’s two articles, namely, “Investigations at 
Old Oyo, 1956-57, and Interim Report” in the 
Journal of the Historical Soctety of Nigeria (2, No. 1; 
1960), and, “Ife and its Archaeology” in the Journal 
of African History (1, No. 2, 231; 1960). 

M. C.e BURKITT 
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INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH 


NEW international journal, devoted entirely to 

problems of production in industry, has been 
launched by the Institution of Production Engineers. 
The first issue reaches a high standard and contains a 
number of articles which should prove of value to all 
industrial engineers *. 

Of particular significance is a note submitted by 
C. Gregory of the Department of Statistics, University 
of Melbourne, indicating a method of estimating the 
precision of time-study observations. In conven- 
tional time-study practice the work content of a job, 
or element of a job. is expressed in terms of the time 
that the job should take at a prescribed rate of 
working. The time-study engineer bases this time 
value on observations of performance of the actual 
job, and is handicapped by the fact that he cannot 
normally require the job to be carried out at the 
prescribed rate of working, even if he could define 
it precisely. He has to take observations at the 
prescribed rate of working that he happens to see. 

The method adopted is to time the job on several 
occasions, each time independently assessing the rate 
of working. Of the several ratings scales in use, 
probably the most common is that which assigns o 
rating of 60 to a rate of working which, in terms of 
the effort involved, is equivalent to walking at 
3 m.p.h. The time taken to do a job at a rating of 
60 is known as the ‘normal time’, and this is generally 
accepted as a measure of work content. Since, 
inter alia, production planning and incentive pay- 
ments are based on this measure, the need for an 
accurate estimate of work content is apparent. 

The method used is to convert each observed time 
to ‘normal time’ by multiplying by the ratio of the 
estimated rate of working to the normal rate. Thus, 
if the observed time is T and the estimated rating is 
R, the estimate of the normal time is RT/60. In 
theory, the reciprocal of the rating is directly pro- 
portional to the time teken. There are several 
sources of error in the observed rates of KR and T, by 
far the most important of which is the error in rating. 

* The International Journal of Production Research, Vol. 1, No. 1 

November 1961). Pp. x+1-65. Published quarterly. Bu tions: 
embers of the Institutlon of Production neers, 848, per annum; 


Non-members, 1064. per annum. (London: titution of Production 
Engineers, 1061.) 


The subjective nature of the procedure makes errors 
inevitable, but certain steps can be taken to ensure 
uniformity not only between several time-study engin- 
eers, but also for an individual over a period of time. 

A series of observations may be taken of a job 
where the definition is clear, the raw material is 
uniform, and timing may be obtained accurately. 
The job of walking a measured distance is an example; 
which has the advantage of a generally accepted 
normal time. The job is repeated a number of times 
varying the rating over the practical range of about 
40-100. An individual time-study engineer records 
his ratings, and if y, the reciprocal] of the rating, is 
plotted against the time T, the relationship should 
be a straight line through the origin. The slope of 
the line should be (60 W), where W is the accepted 
normal time of the job. Comparison of the regression 
line y =a +bT with the theoretical line y = 
(60 W) — 1T will indicate the degree of agreement 
between the theoretical rating scale and the engineer’s 
conception of it. 

The first hypothesis to be tested is that the value 
of y corresponding to T = W is 60-7, that is, the 
engineer has the correct concept of normal rating. 
Confidence limits for the regreasion value of y corre- 
sponding to T = W are calculated, and, if these 
include the value y = 60-1, it can be assumed that 
the correct concept of normal rating is being used. 
Having established this, it is then reasonable to ask 
whether or not the line which is apparently being used 
is of the correct slope. A common fault, and one 
which a time-study engineer would recognize, is 
‘flatness’, that is, a tendency to underestimate high 
rates of workmg and overestimate low rates, resulting 
in & smaller gradient than the theoretical line. This 
hypothesis B = (60 W)> can be tested. If the 
testa a = 0 and p = (80W) had been used, it 
would have been possible to reject both bypotheses 
while still having the correct concept of normal 
rating. This would, in fact, occur frequently. 

The above tests have measured ‘concept of normal’ 
and ‘flatness’. <A third measure of interest which 
can be derived from the regression analysis is that of’ 
‘consistency’ and Gregory suggests a new equation to 
meaaure this. T. H. HAWKINS 
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REVERSAL OF THE MAGNETIC DAILY VARIATION AT ADDIS ABABA 


: By PIERRE GOUIN 
Director, Geophysical Observatory, University College of Addis Ababa, Ethlopla 


HE magnetic station at the University College of 
Addis Ababa is situated near the magnetic zero- 
dip equator and is directly under the influence of the 
equatorial electrojet currents. Ite position in latitude 
is geographic, N. 09° 02’; geomagnetic, N. 05° 2; 
magnetico, 8. 0° 5. Consequently, during magnetic- 
ally quiet days, the daily variation Sọ + D of the 
horizontal component H follows a smooth curve 
which normally starts with a small dip before sunrise, 
through a maximum of 100-200y above night- 
level between 1130 L.T. and 1230 L. P., and then de- 
creases with a slight positive asymmetry towards a 
night minimum. It is of interest to note that this 
second mifiimum could either be a night-level 
reached shortly after sunset (case A), or simply the 
dip before the next morning sunrise (case B). In 
case B, the p.m. negative slope is leas steep, but con- 
tinues regularly until, the early hours of the next 
morning unaffected by sunset or night conditions. 
In both cases, the H-curve could be slightly distorted 
either by a strong L-effect, or by the presence of one 
or two bays during the night. In case B, the general 
level of the field may be suddenly increased by the 
presence of a bay, but the gradient of the curve 
usually remains unchanged. 
The vertical component Z does not follow so defin- 
ite a pattern, being influenced, among other factors 
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by a strong lunar effect and by the position of the 
Sun north or south of the station. 

The declination-curve is of a northern or southern 
hemisphere type according to the declmation of the 
Sun 


This article reports a drastic change in the charac- 
teristics of the daily variation (AH, AZ, and AD) in 
Addis Ababa during the first week of January 1962. 
Fig. 1 shows the extreme phases of the phenomenon 
in H. 

The period was magnetically quiet. The sequence 
of the changes in the daily variation-curves for the 
three components H, Z and D is shown in Fig. 2, in 
which the hourly means have been plotted and centred 
on the half-hours. 

The H-curves of December 31, 1961, and January 
1, 1962, follow the standard pattern of an equatorial 
magnetic record as described above. In the morning 
of January 2, a premonitory dip appeared; such a 
dip would normally be insignificant, but in this case 
it marks the beginning of the reversal phenomenon. 
On January 3 and 5, the H variation-curve is com- 
pletely reversed with a minimum at local noon; 
during the first part of January 6 the curve, although 
distorted, is of equatorial type with a strong electro- 
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jet amplification while the second part of the day 
belongs to a completely different latitude. By 
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January 7 and 8. the disturbance was ended and the 
H-curves normal. 

The Z-curves prior to January 3 are too complex 
to be evidently significant and therefore are not 
shown in Fig. 2. The daily Z-veriations of January 


‘3 and 6 are clearly of a southern type with a single 


minimum around local noon while those of January 
7 and 8 show three maxima and two minima, a 
characteristic of quiet days around winter solstice. 

The variation in declination on December 31, 
January 4 and 8, are of the standard type; those of 
January 3, 5 and 6 show a high degree of distortion. 

Fig. 3 gives the vector di of the daily 
variation of the total field F projected on the H-Z 
plane. In this figure appears the normal ratio of AH 
and AZ, the variation in amplitude of AH during 
the period concerned, and the variation of the phase 
between AH and AZ. The premonitory dip is clearly 
shown on the vector diagram of January 2; the phase 
relations between AH and AZ are completely reversed 
on January 3 and 5; the reversal in theedirection of 
the field during the afternoon of January 6 is also 
indicated. 

Such a change in the characteristics of the mag- 
netic daily variation, from an equatorial type highly 
amplified by the electrojet to a type of the middle 
latitudes, has not previously been recorded at this 
Observatory. A few instances of a drop in the 
amplitude of the horizontal component of the daily 
variation can be found on isolated quiet days, but 
never such a marked sequence as that of January 1962. 

Would this phenomenon be caused by a shift in 
latitude of the ionospheric currents responsible for 
the S, + L daily variation or of the equatorial 
electrojet itself, or would it simply be an extra- 
ordinarily amplified L-effect ? The magnetic records 
for the same period during the following lunation sug- 
gest an amplified L-effect. This problem will be dealt 
with more thoroughly once records from other 
stations permit the analysis of the phenomenon over 
a wide area. 


ELECTRON MICROSCOPIC OBSERVATIONS OF STRUCTURES 
IN THIN SECTIONS OF COAL 
By H. R. BROWN and G. H. TAYLOR 


Divislon of Coal Research, Commonwealth Sclentific and Industrial Research Organization, Sydney 


N a recent article, McCartney, Ergun and Walline! 

produced electron micrographs of vitrinite showing 
roughly parallel or anastomosing striæ, and suggested 
the possibility that these apparent structures may 
be artefacts. We have observed similar structures 
in electron mucroscopic investigations of Australian 
coals and have shown them positively to be artefacts. 
They were present in all coal macerals but were most 
common in the harder ones—-micrinite and fusinite. 
The striæ had one characteristic property—they 
were always at right angles to the direction of cutting. 
It was shown that the stris were quite unrelated to 
the bedding plane of the coal, by rotating the coal 
sample in the microtome holder through angles up to 
90°: the direction of the stris in the resulting sections 
was found to be dependent on the direction of cutting. 
The stri were of variable width and spacing, some- 
times being readily observable at magnifications of 
2.000 or less and sometimes requiring comparatively 
high magnifications (x 40,000) before they could be 
resolved. It would appear that they are due to com- 


pression effects which occur during the process of 
cutting an ultra-thin section and that their occurrence 
and frequency are related to physical properties of the 
macerals such as elasticity. 

Similar effects have been found by others (Drum- 
mond, D. G., private communication) when cutting 
comparatively hard materials. Adjustment of the 
knife angle and the rate of cutting can at least 
minimize and often eliminate these artefacts. especi- 
ally in small specimens. Figs. 1 and 2 show miero- 
graphs of two thin sections cut from the same block. 
In Fig. 1; both folds and artefacts due to compression 
are present. In Fig. 2, representing almost the same 
area, formation of artefacts has been avoided by 
adjustment of the angle of the diamond knife. Fig. 2 
exemplifies the wealth of structural detail visible in 
ultra-thin sections of coal. Much of this cannot be 
resolved with the light microscope—for example, 
the larger areas of exinite and micrinite are barely 
distinguishable optically ın the background of 
vitrinite (cf. Figs. 3 and 4). Only by electron micro- 
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Fig, 1. Electron micrograph of thin section of Greta seam coal. 

The dark lines represent folds and the striations are due to com- 

pression during cutting of Sections. Most of the structural detail 
of the coal has been obscured. (x e. 5,625) 
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Fig. 2. Electron ree —— of thin section of Greta seam coal 
showing much structural detail, most of which cannot be resolved 
in the light microscope. (x e. 5,625) 

V, vitrinite; Æ, exinite; M, micrinite; G, minerals grains 


scopy is it possible to distinguish the precise shape 
and size of these bodies and to resolve the fine 
structure in the vitrinite, the fine mineral grains 
and the smaller exinite and micrinite occurrences. 
The following procedure has proved invaluable for 
studying these phenomena and, generally, for relating 
results given by optical and electron microscopy: 
a polished block of coal is examined optically to 
determine the area to be sectioned. A prism of coal 
is then cut out and mounted accurately in epoxy 
resin, so that the orientation is known. The face 
is trimmed in the Si-Ro-Flex ultra-microtome*® with 
a glass knife, and the final sections are cut with a 
diamond knife. Immediately a satisfactory ribbon 
of sections has been obtained, the block from which 
they were cut is removed from the microtome, and 
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mounted in an incident-light microscope, and a 
photograph taken of the newly exposed facet. 
Using this technique, it is usually fairly easy with a 
coal specimen comprising more than one maceral to 
establish unequivocally the identity of the macerals 
in the electron micrographs and to correlate any 
particular area in the latter with the equivalent area 
in the optical micrograph. The procedure has several 
advantages: (1) The orientation of the specimen is 
not in doubt. (2) The identity of the macerals is 
known from the normal petrological examination 
(in the electron microscope this is by no means 
obvious). (3) A coal can be systematically examined 
maceral by maceral, and the boundaries of, and 
mineral inclusions within, macerals can be studied. 
(4) The effects of gross ‘rippling’ or ‘chatter’ during 
cutting of sections can be seen by optical microscopy, 








Optical micrograph of surface from which ultra-thin 
section (Figs. 4-6) was cut. Glycerine immersion, incident light. 
(x ¢, 675). The rectangles drawn on this and the two sue ing 
photographs represent the precise field of the photograph of next 
highest magnification 


Fig. 3. 





- .-Ã. 


Fig. 4. Electron micrograph of field indicated in Fig. 3. The 

prominent score was caused by the plucking-out of a grain of 

pyrite which has been deposited farther along in the direction of 
cutting. (x e. 3,000) 
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Fig. 5. Electron micrograph of field indicated in Fig. 4. 
darker bodies near the boundary of the exinite and 
mineral matter. 


thus distinguished from defects and distortion which 
occur after cutting. (5) It is possible to obtain a check 
on the degree of magnification by comparing dimen- 
sions at right angles to the direction of cutting. Com- 
parison of dimensions in the direction of cutting allows 
overall compression of the thin section to be detected. 

If good sections have been cut, the facetted surfaces 
are quite free of relief such as occurs during the 
polishing of coal blocks and are ideal for measurement 
of reflectance in incident light. 

We have found that the reflectance of diamond-cut 
facets may exceed that measured on a surface ground 
and polished in the usual way. Thus a particular 
vitrinite occurrence in the Greta seam coal had a 
reflectance as measured by photomultiplier of: (a) 
0-90 per cent when diamond-cut; (b) 0°83 per cent 
when given the best possible polish by hand. Rather 
surprisingly, the subjective impression is that the 
diamond-cut surface has the lower reflectance; this 
is probably an optical illusion arising from the lack 


of polishing relief. 


The 
trinite are 


(x o. 18, 
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Fig. 6. Electron micrograph of feld indicated in Fig 
neral matter is resolved as an 
bodies of average diameter a 


5. The 
—— anpati spleen 


The photomicrographs in Figs. 3-6 illustrate the 
technique described. They relate to the high-volatile 
bituminous-rank Greta seam coal (V.M. = 45-5 per 
cent dry ash free; C = 83-6 per cent dry ash free) 
and were obtained with a JEM-5Y electron micro- 
scope at an accelerating voltage of 80 kV. 

Fig. 3 is an optical micrograph and Figs. 4-6 are 
electron micrographs of corresponding areas. In this 
series of increasing magnification, the superimposed 
rectangle represents the field of the photograph of 
next highest magnification. 

In Fig. 3, the grey material is vitrinite, exinite is 
dark, and micrinite white. The round bodies in Fig. 6 
are mineral grains occurring at or near the boundary 
of exinite and vitrinite. 

The assistance of Mr. J. F. Corcoran in preparing 
the ultra-thin sections is gratefully acknowledged. 


1 — J. T., Ergun, S., and Walline, R. E., Nature, 191, 1363 


* Farrant, J. L., and Powell, 8. E., Proc. First Regional Conf. Blectron 
Microscopy in Asia and Oceania, Tokyo, 147 (1956). 


LOWER OLD RED SANDSTONE OF THE SOUTHERN BRITISH 


ISLES : 


A FACIES RESEMBLING THE ALPINE MOLASSE 


By J. R. L. ALLEN 
Sedimentology Research Laboratory, Department of Geology, University of Reading 


SYNTHESIS, including additional evidence of 
structural results obtained by Greenly' in 
Anglesey, Shackleton? in south-west Ireland, Jones? 
and Shackleton‘ in Wales, and Ball and Dineley*® 
in the Welsh Borderland, combined with an analysis 
of boreholes to concealed Paleozoic rocks in England, 
reveals unambiguously for the first time that in the 
southern British Isles as a whole there were two 
principal episodes of movement during the Caledonian 
folding of the Lower Paleozoic geosynclines. 
The structures developed in the Lower Palzxozoic 
by the relatively weak forces of the initial or Arden- 


nian episode, dated at roughly 400 million years ago, 
are defined by the disconformable to unconformable 
base of the Lower Old Red Sandstone. The Midland 
Block was uniformly upwarped, but the geosynclinal 
sediments of Wales and Ireland and of East Anglia 
and Kent appear to have been folded in varying 
degrees. The structural effects on the combined 
Lower Old Red Sandstone and Lower Paleozoic 
sequence of the stronger later or Svalbardian move- 
ments, which culminated with granite injections 
(Galway*) about 386 million years ago, are defined 
by the unconformable base of either the Upper Old 
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Red Sandstone, Tournasian or Viséan. Broad 
anticlines disposed fan-like within the margins of 
the Midland Block rose at Usk, the Mendip Hills, 
Clee Hills and Leicester area. Apparently no further 
significant folding oecurred in eastern England as in 
the Ardennes. The intense Svalbardian structures of 
Wales are now known in fair detail*:*, but in Ireland 
have been surveyed only in outline. The Lower Old 
Red Sandstone of Dingle? and Anglesey: -was over- 
turned during this episode. Both the Carmel Head 
Thrust and Nappe of Anglesey emorge as probable 
Svalbardian structures, in view of the presence of 
tectonically subjacent Lower Old Red Sandstone, 
and the upward increase toward the thrust plane of 
cleavage intensity in the redbeds and Ordovician. 
Greenly' considered the structures to antedate the 
Lower Old Red Sandstone. 

These discoveries lead to the conclusion that the 
Lower Old Red Sandstone is a synorogenic facies. 
Hence it might be expected to show similarities with 
the Molasse*of the classical Western European Alpine 
Geosyncline’ transcending that of mere identity of 
position in the respective geosynclinal cycle. The 
Molasse, ultimately involved in the very fold move- 
ments that created it, has long been recognized as 
synorogenic. 

Additional proof of simultaneous folding of the 
‘turbidite’ and other geosynclinal facies rocks of the 
Welsh geosyncline and widespread deposition focused 
on the Midland Block of the late Lower Old Red 
Sandstone is afforded by assemblages of exotic 
pebbles of Welsh or Borderland derivation recently 
discovered in the Breconian. These remind one of 
the Nagelfluh of the Swiss Molasse and the poudingues 
à déments antémiocénes of ita Pyrenean equivalent’. 
From the Woodbank Series of the Clee Hills have 
come moetasedimenta of Mona Complex type, (7) 
Cambrian glauconitic quartzites, Caradocian rhyolitic 
tuffs, Denbigh Grits, Wenlock Limestone of both 
‘reef’ and ‘bedded’ facies, and earlier Lower Old Red 
Sandstone arenites and limestones. Those from the 
Brownstones of the Forest of Dean include, (?) 
Ordovician rhyolitic lavas and tuffs, (?) Cambro- 
Ordovician oolitic ironstones, Silurian sandstones, 
and lingulid-bearing early Lower Old Red sandstones. 
In both areas cross-bedding studies point to Wales 
as the source. Strahan’ obtained a predominance of 
igneous pebbles from the Breconian Cosheston Beds 
of Pembrokeshire. However, the Ridgeway Con- 
glomerate of the same area yielded to Dixon’ a 
quite different assemblage (fossiliferous quartzites 
and phyllites), and because of this and the varying 
thickness of the Upper Marl Group beneath may 
prove to be much younger than the Cosheston Beds 
with which it has been equated’, and somewhat 
younger than the principal mid-Devonian movement 
on the Benton Fault. 

Although the Lower Old Red Sandstone scarcely 
rivals the Molasse in thickneas (about 7,000 ft. 
versus 25,000 ft.}, and was deposited apparently more 
within the foldbelts than on their flanks. the litho- 
facies of the two are closely comparable. The Molasse 
succession in the Alpine Foredeep is very broadly: 
Lower Marine Molasse, Lower Freshwater Molasse, 
Upper Marine Molasse, Upper Freshwater Molasse. 
Significantly, the Lower Old Red Sandstone at out- 
crop on the Midland Block begins with Downtonian 
brackish water sediments with freshwater inter- 
calations (Holdgate Sandstones Group), being com- 
pleted by thick arenaceous fluviatile facies of Dit- 
tonian and Breconian age. A comparable succession 
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seems to be present on the concealed parts of the 
Block (for example, Little Missenden1!, Streatham’, 
and Witney?! borings). 

The petrographic facies of the two series likewise 
agree clearly, particularly when the sandstones are 
considered, each attesting the vigorous mechanical 
weathering of the source with rapid transport and 
burial of the product after minimal re-working. 
The implications of the immature Lower Old Red 
sandstones, abounding in grains of volcanic, meta- 
sedimentary and sedimentary origin, are exactly 
those presented by the Molasse sandstones rich in 
lithic detritus of the Alps!? and Pyrenees’. 

The closest similarities of all are found between 
the freshwater facies of the Lower Old Red Sandstone 
and the Molasse. SHersier!*-15 in Switzerland and 
Crouzel’ in France demonstrated the presence in the 
Molasse of repeated cyclothems, typically several 
tens of feet thick, showing the ‘standard’ sequence of 
poudingue — grès molassique — macigno —» calcaire —> 
marne (Fig. LA). Similar iterative deposits apparently 
occur in the Upper Freshwater Molasse of south 
Germany**. Each cyclothem reste on an erosional 
and locally channelled surface cut into ite predecessor, 
the channels being filled with cross-bedded sandstones 
and imtraformational gravel. Since Dixon! recog- 
nized them in Pembrokeshire, cyclothems almost 
identical to those of the Molasse have been discovered 
in substantial numbers through the thick Dittonian 
and Breconian measures of other parts of the Midland 
Block (for example, Clee Hills, Forest of Dean, the 
Black Mountains). Comparable cyclothems with 
channelled bases seem to be present in the Old Red 
Sandstone of the Caledonian mountain chain as far 
away as Spitsbergen!’ 18, The cyclothems of the 
Lower Old Red Sandstone vary from 2 to 40 ft. in 
thickness, displaying the ‘standard’ vertical sequence 
of intraformational conglomerate - sandstone —~» silt- 
stone with concretionary limestone (Fig. 1B). Like 
those of the Molasse, each cyclothem rests on the 
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n of cyoalothems in the freshwater facies of ihe 
lasse and the Lower Old Red Sandstone 


Fig. 1. Com 
o 
A, ‘Standard’ —— —— icknesa, 6-45 ft. Member 1, 


poudingua: rès molass 8, mangro; 4, calcaire; MATRO, 
Berger Got 15) shows tener 4 Kelk and overlain by 
member 5. B, ‘Standard’ Lower Oid Red Sandstone ot Repeat 
Negron er 2-40 nay Member 1, intraformational conglomera 
sandstone; 8, 5, siltstone: 4, concretionary Jimestone or wilt: 
atone with concretions 
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eroded top of its-predecessor, occasionally deeply 
channelled. Channels plugged with cross-bedded sand- 
stones, intraformational conglomerates and mud- 
cracked siltstones occur sometimes within the cyclo- 
thems. Bersier!* and Crouzel® explained the cyclo- 
thems of the Molasse as having resuited from the 
migration of rivers across their floodplains. A related 
hypothesis was ‘independently also developed for 
those of the Lower Old Red Sandstone”. 

The Lower Old Red Sandstone seems thus to be 
emerging as & facies of Molasse type. Direct com- 
parison of the Lower Old Red Sandstone with the 
Molasse should perhaps reveal their similarities more 
clearly and so aid the solution of some outstanding 
problems of that part of the Devonian continent 
stretching across the southern British Isles. 

It is a pleasure to acknowledge help received from 
Prof. P. Allen, Mr. W. A. Cummins, Dr. W. T. Dean, 
Dr. D. W. Humphries, Prof. L. R. Moore and Prof. 
A. Wiliams. 

1 Greenly, E., Geology of Anglesey (Alem. Geol. 8urv., 1919). 
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CÆSIUM-136 IN RAIN AND IN MILK 


By A. MORGAN, Dr J. RUNDO and H. D. VANDERVELL 
Atomic Energy Research Establishment, Harwell, Berkshire 
AND 


MISS V. M. EMELEUS 
Atomic Energy Establishment, Winfrith, Dorset 


HE presence of cxesium-136 in fission products 

was first reported by Glendenin!, who detected a 
short-lived radioactive component in chemically 
purified cesium isolated from irradiated plutonium. 
This was in addition to the 27-year csesium-137, and 
it was identified as 12-9-day cesium-136 which is 
formed directly in the fission process. Indirect 
formation in the 136 mass chain by successive B-decay 
is prevented by the existence of stable xenon-136. 
The fission yield is low; it has been estimated at 
0-007 and 0-08 per cent for the fission of uranium-236 
and plutonium-239 respectively!*, and at 0-036 per 
cent for fission in megaton. nuclear weapons’. For 
this reason and because of its relatively short half-life 
the presence of cesium-136 in fall-out from nuclear 
weapons tests has not previously beon reported. In 
fission products from a nuclear reactor, cesium-136 
may be more abundant, as it is formed by neutron 
capture in cmsium-135, the daughter-product of 
xenon-135. Thus, shortly after the release of radio- 
activity from the No. 1 pile at Windscale in October 
1957, the probable presence was noted of a small 
amount of cxesium-136 in a sample of veal examined 
by y-ray spectrometry. 

The purpose of the present communication is to 
report the detection of cesium-136 in rain and in 
milk, following the extensive series of nuclear weapons 
tests held in September and October 1961. To 
provide data on the deposition of fall-out from these 
testa, weekly samples of rain-water were collected at 
the Atomic Energy Research Establishment, Har- 
well, and they were analysed almost immediately 
for cesium-137. The radiochemical procedure was 
essentially the same as that described by Osmond 
et al.4; cæsium carrier was added to the rain-water 
and was purified by successive precipitations as the 
cobaltinitrite, the bismuth iodide complex and 
finally as the chloroplatinato which was mounted 


and f-counted. Estimations were made of the 
strontium-90 contents of the same samples of rain- 
water and it was found that the apparent cesium-137/ 
strontium-90 ratios exceeded the normal value found 
in rain-water (about 1-7), in some cases by more than 
a factor of two. Re-measurement of the f-activity 
of the cæsium chloroplatinate sources after intervals 
of several days showed a decrease in the activity, 
indicating the presence of a short-lived component. 
The B-activity of one of the sources was followed over 
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Fig. 1. Decay of Aay of cæsium chloroplatinate extracted 
from ramn-water co —— — October 18-28, 1961 
x, Measured counting-rates; erences after subtraction of 
constant ir er AA aus to emaium-137 
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Fig. 2. Gamma-ray spectra from cæsium chloroplatinate extiacted 
from sıx samples of rem-water, covermg tho penod Beptembe1 
26-November 6, 1961 
‘), Moasured November 8, 1961, x , measured November 238, 1064 


a period of 50 days (Fig. 1); subtraction from the 
observed counting-rates of a constant contribution 
clue to cæsium-137, left differences which fitted well 
to a straight line with a slope corresponding to a half- 
hfe of 12-9 days, in agreement with the value assigned 
to cesium-136. The best estimate we have been able 
to make of the activity in the rain-water from which 
this source was prepared is 2:3 puc. per litre and 
7 uue. per litre for omsium-137 and ce#esium-136 
respectively. In the latter case the value quoted is 
.corrected for decay to the time of precipitation. 

To assist further in the identification, cesium 
chloroplatinate sources from six samples of rain- 
water were examined by y-ray spectroscopy. The 
trays were placed on a well-shielded crystal of 
NalI(Tl) 4 in. in diameter by 2 in. thick, and the 
y-ray spectrum (25 keV.-1-675 MeV.) was determined 
over a 1,000-min. period with a 99-channel pulse 
amplitude analyser. The net spectrum (corrected 
for counter background) is plotted in Fig. 2; in 
addition to a prominent peak at 0-66 MeV. due to 
exesium-137, it shows peaks at 0-17, 0-34, 0-82 and 
1:04 MeV. as well as some low-intensity y-radiation 
at higher energies. The energies quoted are in essen- 
tial agreement with those reported by Olsen and 
O’Kelley® for the y-rays emitted by casium-136. 
The y-ray spectrum from these six samples was re- 
measured 15 days later; within the statistical errors, 
the net area of each of the four photo-peaks had 
decreased to 0:45 of the area at the first measurement, 
in agreement with a 12-9 day half-life. 

Because of the efficient transfer of cxsium-137 
from grass to milk, it seemed likely that cesium-136 
should be detectable in milk. Detailed y-ray spectra 
from two series of daily samples of milk were measured 
at the Atomic Energy Establishment, Winfrith. 
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One set of samples came from a local farm and the 
other from a large distributor at Weymouth. The 
presence in the y-ray spectrum from the milk of a 
large contribution from iodine-131 (peak at 0-364 
MeV.) prevented the detection of the lines from 
cesium-136 at 0-17 and 0-34 MeV., and the spectrum 
was complicated further by the presence of a non- 
equilibrium mixture of barium-140 and its daughter 
lanthanum-140. However, the spectra from all 
samples from the farm and almost all from the dairy 
showed a higher counting-rate ın, the energy-range 
0:72-1:27 MeV. than could be accounted for by the 
naturally radioactive potassium (1:4 gm. per litre) 
and the lanthanum-140 (barium-140 emits no y-rays 
of higher energy than 0-537 MeV. while lanthanum- 
140 emits y-rays inter alia at 0-82 and 1-60 MeV.). 
The spectrum from ono of the most active samples 
was measured for 1,000 min. and subtractions were 
made of normalized spectra of lanthanum-140 and 
potassium-40 determimed in the same geometry. 
Prominent peaks at 0:82 and 1:04 MeV. were then 
revealed and their relative intensities were in the 
same ratio as those from cresium-136. The identifica- 
tion of cæsium-136 in this milk sample rests entirely 
on this evidence; the surplus counting-rates observed 
in the energy-range 0-72-1-27 MeV. in the spectra 
from the other milk samples were assumed to be due 
to cesium-136, and they were used for calculating 
the amounts present. Calibration was based on the 
net area of the peak at 0-82 MeV.; the absolute 
intensity of this line in the decay scheme of cæsium- 
136 is not known, but if it is assumed to be 100 per 
cent then the results obtained (Table 1) are lower 
limits for the cesium-136 contents of the milk samples. 
Wide variations were observed in the day-to-day 
samples and the results have been averaged over 
weekly periods. 


Table 1. AVERAGE C&STUN-136 CONTENTS OF MILK SAMPLES 
Huc./l. in milk from 
Week ending farm near Winfrith distributor in Weymouth 
30.9.61 108 51 
7.10.61 198 110 
14.10.61 66 116 
21.10.61 110 118 
28.10.61 81-5 16 2 
4 11.61 29 8 12-1 
11.11.61 10°38 12-1 
18.11.61 — 6-2 


An approximate estimate of. the levels of cesium- . 
136 reached in the human body may be derived with 
the following assumptions: (a) milk is the only source 
of cesium-136 because of its short half-life; (b) the 
average daily consumption of milk is 1 pint (0-57 
litre); (c) the average concentration of cæsium-138 
in milk is 10 wue./l.; (d) the uptake by the body of 
cæsium ingested in milk is 100 per cent; (e) the 
average biological half-life of cæsium in the human 
body is 110 days. 

With these assumptions an equilibrium-level of 
about 100 uuc. cesium-136 might be reached in the 
human body after an exposure period of several 
weeks. This level is too low to be detected tn vivo by 
body radioactivity measurement, and the radiation 
dose from it is entirely trivial, amounting to less than 
10-3 mrem. 


*Glendenin, L. E., Radwochemical Studtes: The Fission Products, 
Bk. 2, 1092 (AfeGraw-Hull, New York, 1951). 

x ene W. E., and Milton, G. M, J. Inorg. Nuc. Chem., 20, 6 

* Quoted by Hallden, N. A., Fisenne, I. M., Ong, L. D. Y., and Harley, 
J. H., U.S. Atom Energy Comm. Rep. HASL-117, 194 (1961). 

i Osmond, G. D., Evett, T. W., Arden, J. W., Lovett, M. B., and 
Sweeney, B., Atom. Energy Res. Fstab., Harwell, AM 84 (1961), 

t Olsen, J. L., and O’Kelley. G. D., Phys. Rev., 95, 1589 (1954). 
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A CUMULATIVE DEPOSITION OF FALL-OUT WITHIN BUILDINGS 


By A. R. GOULD 
Physics Branch, Royal Military College of Science, Shrivenham, Berks. 


HE observation of visible dust deposit around 

door edges suggested that there may exist a 
mechanism for the high concentration of dust 
deposits from the particulate content of air. 

Simple observations have now confirmed the 
existence of a widespread preferential deposition of 
radioactive fall-out within buildings around doors 
and windows by inertial umpact. 

In the present experiments smear tests! were taken 
from a laboratory door and collected a surprising 
quantity of material: this showed intense «-activity 
with a direct count by an «-probe from a portable 
radiation monitor. An end-window Geiger—Miller 
tube indicated detectable B-emission in excess of the 
ratio to a-activity normally associated with air 
samples of dust containing the natural radioactivity 
from radon and thoron daughters. Detectable 
y-activity was demonstrated by a sodium iodide 
scintillation counter set with an infinite gate. 

This first observation confirmed the possibility of 
sensitive fall-out detection by this simple technique 
as the activity involved wes obviously in excess of 
that from the usual air samples through a filter 
paper taken over a period of days and several orders 
of magnitude greater than dust samples from a 
domestic vacuum cleaner and gravitational deposits 
on furniture and floor coverings’. This conclusion 
suggested that two major physical mechaniams of dust 
depositions by: (i) inertial impact; (ii) gravitational 
settling appear to result in quite different concentra- 
tions of fall-out. 

It was decided to investigate the door surrounds 
leading to a laboratory continuously exhausted by 
fume-cupboard extracts, and some 6:5 . of im- 
pacted dust was sufficiently y-active (about 1/20 uc.) 
to yield the easily recognized y-spectrum from fission 
products shown in Fig. 1 by direct counting in a 
simple spectrometer with a single channel analyser 
and a l-in. sodium iodide crystal. This deposit 
from only one door had accumulated over a 
3-month period—mid-October 1961 to mid-January 
1962. 

Such deposits of dust by inertial impact have 
exhibited considerable a-activity with some 300 
counts per hour from 5 om.* of dust after allowing 
72 hr. for decay of natural radon and thoron daughter 
activity. The same deposit also yielded some 6500 
counts per min. (primarily f’s) in a mica end-window 
Geiger-Miller tube. In favourable circumstances 
the radioactivity of controlled ventilation has proved 
sufficient for direct counting of the B-emission tn situ. 
This again demonstrates a B-activity some orders of 
magnitude in excess of the B-activity from filter 
papers even efter several days air sampling. 

On the other hand, a completely full collection 
bag from a domestic vacuum machine gave little 
y-activity above background in the same spectro- 
meter. Clearly the concentration of radioactive fall- 
out in domestic dust can vary widely according to 
the circumstances of collection. 

The secretion of particles by an obstructive 
surface in an air-stream occurs whenever the inertial 


energy of the particle exceeds the resistive forces of 
the surface, the impaction efficiency depending simply 
on the mass and velocity of the particle and the 
nature of the two surfaces. However, the relative 
velocity of the particle can exceed its terminal 
velocity in air whenever an obstructive surface 
changes the direction and velocity of air-flow. The 
complex mathematical analysis of the several factors, 
such as the shape and maas distribution of the 
particle, together with the shape and nature of the 
obstructing surface has many variants in literature*~’. 
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Fig. 1, Gamma-spectra: door sample 2. Top, low 
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The pressure differentials within the building caused 
by wind, result in high velocities within the restric- 
tive orifices between a closed door and its frame to 
give an impactive deposit of some of the particulate 
contents of the air. This deposit is most readily seen 
on light-coloured ddor surrounds of unused rooms 
which have remained undisturbed by regular house- 
wifery. The accretion-rate around office doors may 
also be a guide to the ventilation habits of the occu- 
pants as open windows and closed doors obviously 
provide maximum air flow depending on the inte- 
grated wind pattern over a long period. Controlled 
ventilation such as fume cupboard, dark room or 
kitchen extracts, boiler ventilation or air compressors 
and air-conditioning plants result in a notable 
increase in accretion-rates. 

There appear to be two physical factors, that is, 
impact efficiency and retention in high velocity air 
streams, within the restrictive orifices of buildings 
that result both in an increased rate of deposition 
and in concentration of fall-out by preferential 
deposition. ° 

It is suggested that dust samples may include 
greatly differing proportions of fall-out according to 
the nature of deposition: 

(1) Gravitational settling, on horizontal surfaces 
such as furniture, ledges and floors. (Book dust, 
dust on high ledges, dust beneath floor coverings of 
linoleum and carpets, and areas adjacent to outside 
doors, may each give different types of samples.) 

(2) Impacted deposite, within restricted orifices, 
suoh as doors, windows, ventilation grilles, roof 
thatch and tiles. (Total y-counts show that door 
and window edges on outside surfaces of buildings 
may also be affected by rain and snow deposita or 
metallic corrosion products. Curtains and other 
drapes and their fitments have also shown a differen- 
tial accretion.) 

(3) Oonvected and thermal deposition, convected 
dust above electric lights, fires and radiator installa- 
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tions and deposits in buildings heated by paraffin 
stoves may collect en surfaces in a form of differ- 
ential deposition. 

(4) Ash, garden incineration of vegetation and ash 
from young wood shows the reduction in quantity of 
organic solids with little loss of fission-product con- 
tent. Incinerated dust deposits above electric fire 
elements may also exhibit a degree of relative 
concentration by ashing of environmental diluents. 

Environmental dilution will occur in industrial 
areas and dust accumulations within motor-vehicles, 
for example, are expeeted to be severely contamin- 
ated by road dusts, exhaust deposita and corrosion 
products. 

Attention is directed to the widespread occurrence 
of large quantities of radioactive fall-out material in 
dust which provides a simple method of collection 
of periodic cumulative samples. Considerable differ- 
ences will occur in their specific activity, according 
to their method of deposition. Analysis of these 
samples can allow simple and effective investigations 
into the physical nature of fall-out particles**, the 
environment of the bomb*®?° and weapon design or 
the nature of the release from a reactor establishment! 
or from marine reactors. 

I thank K. Ledbury for assistance in sample 
collection and counting, and Prof. A. Charlesby for 
discussion and encouragement. 
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DOSE-SURVIVAL CURVES OF HUMAN CELLS IN TISSUE CULTURE 


IRRADIATED WITH ALPHA-, 


BETA-, 20-KV. X- 


AND 200-KV. X-RADIATION 


By Dr. G. W. BARENDSEN 
Radloblological Institute, National Health Research Council T.N.O., Rijswijk, The Netherlands 


URING the past few years accurate quantitative 

analysis of the reproductive capacity of mam- 
malan cells in tissue culture, as introduced by Puck 
et al.1, has been applied to investigate various prob- 
lems in cellular radiobiology. In the interpretation 
of their results Puck et al., Elkind et al. and Hood 
et al? described, on a semi-logarithmic scale, dose- 
survival curves obtained with X-radiation to consist 
of an initial shoulder at low doses, followed by a 
straight-line portion at higher doses. From these 
curves ‘extrapolation numbers’ between 1-5 and 5 
and mean lethal doses (ZD,,) between 90 and 160 
rads were derived. The nature of these curves was 
further discussed in terms of ‘hitness’ numbers? and 
a hypothesis was advanced explaining damage to the 
reproductive capacity to be produced through inter- 
action of two or more separately damaged chromo- 
somes’, 


In experiments described in detail elsewhere*® we 
have measured the inhibition of clone formation 
after irradiation of kidney cells of human origin 
(T-cells) with a-rays from polonium-210, B-rays from 
yttrium-90, 20-kKV. X-rays and 200-kV. X-rays. 
As shown in Fig. 1, curve 1, the surviving fraction 
of cells irradiated with «-particles decreases exponen- 
tially with the dose. Due to experimental conditions 
about 0-5 per cent of the cells is not irradiated pro- 
perly, but if this fraction is subtracted an exponen- 
tial survival curve is obtained up to at least 400 rads 
(curve 1’) with an ZD,, of about 65 rads. From this 
LD, which corresponds to about 0:025 a«-particles 
passing through | u? of the bottom of the culture dish 
on which the cells are plated, a ‘sensitive area’ was 
calculated of 40 u?. This large ‘sensitive area’ is 
approximately equal to the cross-sectional area of the 
nuclei of the cells’. 
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Fig. 1. Effeots of a-, p- and X-radiation on the capacity for clone 
formation of T-cells 
1, Curve obtained with a-radiation; 1’, curve 1 corrected for 
celis, not adhering to the bottom of the dishes (see text), 2, curve 
obtained with f-raduation. Relative blological effectiveness: 0 75- 
0-95: 3, curve obtained with 200-KV. X-radiation; 3, theoretical 
curve najn, = 67 Df! (L + pe) seo text); 4, curve obtained 
with 20-kV. X-radjation. Re ne 10logical effectiveness’ 1 25- 


The survival curves obtained with sparsely ionizing 
radiations are shown in Fig. 1, curves 2, 3 and 4, to be 
not exponential; but neither can they be explained 
by a simple two or more hit type of action. In earlier 
publications our results were not thon accurate enough 
to draw definite conclusions, but the shape of the 
curve obtained with 200 kV. X-radiation has now been 
determined very accurately. The initial slope at low 
doses is not zero but corresponds to an LD,, of 450 + 
100 rads, as calculated from survival percentages of 
94:3 + 2-3 and 89-7 + 2-1 at doses of 25 and 50 rads 
respectively (standard deviation of 20 dishes each 
plated with 100 cells). The slope further increases 
continuously with the dose and corresponds to an 
LD,, of 180 rads at a dose of 700 rads and to an 
LD,, of about 110 rads at a dose of 1,400 rads. The 
accuracy of our results is now sufficient to exclude the 
applicability of a two-hit type of curve, an example 
of which is given for comparison in Fig. 1, curve 3’. 
Our results indicate that there 1s no straight-line 
portion at higher doses in the survival curve obtained 
with 200-kV. X-radiation and, consequently, no defin- 
ite extrapolation number can be derived. Even if the 
assumption is made that an exponential portion is 
obtained at doses in excess of 1,400 rads, an extra- 
polation number of at least 900 is derived, which 
is very probably meaningless. The survival curve 
obtained with 200 kV. X-radiation must be inter- 
preted such that the damage is produced partly by 
a ‘single event’ type of action, partly by a ‘cumula- 
tive’ type of action as will be described later on. 

The accuracy of the results obtamed with 20-kV. 
X-radiation and §-radiation from yttrium-90 is at 
present not sufficient to demonstrate a significant 
difference in shape of the survival curves as compared 
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with 200-kV. X-radiation; the relative biological 
effectiveness is 1:15 + 0-10 and 0-85 + 0-10 respec- 
tively. The results obtained with 20-kV. X-radiation 
suggest, however, that the ‘single event’ type of action 
is relatively more important with this radiation as 
compared with 200-kV. X-radiation, whereas for hard 
-rays this is less so. This indicates that with 
increasing lynear energy transfer of the radiation used. 
the survival curves tend to become more nearly 
exponential. 

A hypothesis by which our survival curves can be 
explained starts from the consideration mentioned 
earlier that one a-particle passing through the 
nucleus renders the cell incapable of unlimited pro- 
liferation. This conclusion is supported by results of 
experiments, described in detail elsewhere’, in which 
the same cells were irradiated with both «- and 200- 
kV. X-radiation. It should be noted further that the 
column of ionizations around the track of an «-particle 
has a diameter of less than 100 A. Thus in penetrat- 
ing the nucleus of a cell these particles dissipate most 
of their energy in a volume which is léss than one 
hundred-thousandth of the volume of the nucleus, 
whereas by far the greatest part of it is not irradiated 
at all, except by a few $-rays. This implies that, 
though a relatively large part pf the nucleus is ‘sensi- 
tive target’, the damage considered is already pro- 
duced if in a small part of the target a relatively large 
amount of energy is deposited. The ‘sensitive site’ 
may thus be thought to consist of a number of essen- 
tial and unique molecules distributed uniformly 
within the nucleus, such that if an «-particle passes 
through one of them, the capacity of the cell to 
proliferate indefinitely is impaired by the local 
deposition of a relatively large amount of energy. 

With the sparsely ionizing radiations used, only a 
small part of the total energy is dissipated through 
electrons with an energy which is sufficiently low 
(and thus with a sufficiently high linear energy trans- 
fer) to cause the same type of locally concentrated 
energy deposition which produces the ‘single event’ 
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Fig. 2, Survival of cells after single and repeated exposure. 
a, Dose-survival curve after single doses of 200 KV. X-radiation; 
b, dose-survival curve of cells which have recelved 450 rads of 
200-kV, X-radiataon 12 hr. before the second doses of respectively 
950 and 450 rads of 200-kV. X-radiation; o, theoretical dose- 
survival curve after repeated exposure to small doses of 200-kY. 
X-radiation administered with intervals which are long enough 
to allow for maximum — er 4. 460 rads), d, dose-survival 


Circles, single exposure; 
mg — of 12 hr., each half the total dose 
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type of action. However, this small part of the total 
energy dissipated can very well explain the initial 
slope at low doses of the survival curve obtained with 
200-KV. X-radiation as already described. Further- 
more, at higher doses two or more locally deposited 
amounte of energy (that is, clusters of ionizations) 
which are each by themselves too small to produce 
the ‘single event’ type of damage, may be found 
sufficiently close together to be effective. Thus a 
‘two and more event’ type of phenomenon will 
play an increasing part at higher doses and increase 
the efficiency of sparsely ionizing radiations continu- 
ously with the dose. In this way a survival curve 
of the type derived from our experimenta can be 
explained on thé basis of pure physical considerations, 
without postulating anything about the biological 
phenomenon. By detailed calculations, based on 
experiments of Davies on ranges of electrons? and on 
calculations of Burch’ and Howard-Flanders® on 
energy dissipation characteristics of various radia- 
tions, it wag shown that the qualitative explanation 
described here can give quantitative results in 
agreement with experiments (to be published else- 
where). 

The shape of the survival curves, as described 
above, has consequences for the interpretation of the 
recovery of sub-lethal damage described first by 
Elkind?! and confirmed by us. By fractionation of 
doses of 200 kV. X-radiation, the surviving fraction 
of cells is increased if the interval is sufficiently 
large (Fig. 2, curves a and b). With «a-radiation, 
however, no differences due to fractionation could be 
detected (Fig. 2, curve d). This suggests that the 
‘single event’ part of the damage produced by 
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sparsely ionizing radiation cannot be repaired. In 
turn this should imply that by fractionation of a 
dose, even in many very small fractions, the surviving 
fraction of cells can never exceed the percentage given 
by curve c of Fig. 2 for the total dose, curve c being a 
‘single event’ curve corresponding to an LD, of 
450 rads. Thus fractionation of a dose in parte 
smaller than about 25 rads with intervals of one cell 
generation time (about 20 hr.) will not further de- 
crease the effect, that is, increase the percentage of 
cells which after irradiation have retained the capacity 
for clone formation. This was confirmed in a series 
of experiments to be reported in detail elsewhere. 
On the basis of the assumptions made, this result 
implies that decreasing the dose-rate below this level 
of about 1 rad per hour should not further decrease 
the effect of a given total dose. ` . 
The results reported here pertain only to the 
capacity of cells to proliferate; but indications can be 
found in the literature that genetic damage is pro- 
duced according to the same type of dose-effect 
relations’ 2°, If this could be demonstrated, the 
considerations given above about dose-rate depend- 
ance could be applied to genetic damage as well, 


i Puck, T. T., Revs. Mod. Phys., 31, 433 (1959). 

* Bikind, M. ML, and Sutton, H., Rad, Res., 13, 556 (1960). 

* Hood, 8. W., and Norris, G., Biochim. Biophys. Acta, 38, 276 (1950). 

t Barendsen, G. W., and Beusker, T. L. J., Rad. Res., 13, 882 (1960). 

t Barendsen, G. W., Beusker, T. L, J., Vergroesen, A. J., and Budke, 
W., Rad. Res., 13, 841 (1980). 

"Davies, M., Phys. Rev., 84, 248 (1954), 

! Buroh, P. R. J., Brit. J. Radiol., 30, 524 (1957). 

* Howard-Flanders, P., Adv. Biol. Med. Phys., 6, 553 (1958). 

* Edington, O. W., and Randolph, M. L., Genetics, 43, 715 (1958) 

18 Kayhart, M., Rad. Res., 4, 65 (1956). 


MULTI-STEP MECHANISMS FOR CHOLINESTERASE ACTIVITY 


ECENTLY, Krupka and Laidler suggested an 
interesting mechanism for cholinesterase activity 
based to a large extent on inhibition studies!4-4, 
If correct, their model provides significant insights 
into the mode of action of cholinesterase and outlines 
an approach which should be fruitful for other enzyme 
systems. Unfortunately, some of the assumptions 
required to derive the kinetic expressions used are not 
valid and the results do not completely support 
the modele, 
In order to explain an observed case of non-com- 
petitive inhibition?, Krupka and Laidler derive a 
kmetic expression based on equation (1)%, 


P, 
k 


E + S2 BS ———— es + P, 


n|) ax Jaz; (1) 


EI ESI ESI 


The complete steady-state expression for this 
model contains a term {(a + &,8/k)/k,LZ],}Ki, which 
can be evaluated by a suitable graphic procedure. 
Wishing to evaluate « and B, Krupka and Laidler 
claim”: “The most convenient procedure is to choose 
substrates for which the relative values of k, and k, 
are quite different. If k, is very much larger than 
k,, the intercept reduces to RK:/k; [E] A nonzero 
value of this intercept therefore indicates that the 
inhibitor combines with the acyl enzyme; ie., 


that the constant B is not zero. If, on the other hand, 
a substrate is chosen for which k, is much greater 
than &,, the intercept is aKı/k [E] and a positive 
value of this indicates combination of the inhibitor 
with the Michaelis complex”. 

These statements are not mathematically rigorous 
since both « and B are unknown quantities. The 
conclusion in the second sentence is only valid if 
e #Oand «=f. If B were zero, then the £,/k, ratio 
would be immaterial and only the value of «K,/k,[2], 
would determine the intercept. Also, if a> 8, « 
may not be ignored with respect to 8 unless the 
k,/k, ratio is very large. For the compound studied 
kjk = 5-7. For the case where k, > k, the condi- 
tions necessary for the simplification to hold are 
a £ 0 and «=, for similar‘ reasons. In this latter 
case, k,/k, = 0-25 for the compound used. 

The experimental result is that when k,/k, > 1, 
the intercept is not zero, when k,/k, < 1, the intercept 
is zero. From this Krupka and Laidler conclude that 
a= 0 for both substrates and B Æ 0. Obviously 
this conclusion is not compatible with the boundary 
conditions imposed by the simplifications used. 
Only when both « and 8 are equal to zero will the 
entire term equal zero. This latter situation is 
identical with totally competitive inhibition. 

If Krupka and Laidler’s conclusion were correct, 
the intercept discussed above would reduce’ to 
BKi/ka[ E] This term refers only to the binding of 
inhibitor to the acylated enzyme (8.K;) and the rate 
of decomposition of acylated enzyme (k,). It is 
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independent of the k,/k, ratio. Since, for the two 
substrates studied, the acylated enzyme is the same 
compound, acetylated cholinesterase, both substrates, 
when tested i the same inhibitor, should give 
identical intercepts, namely, §K,/k,[#],. However, 
the data show clearly that cts-2-dimethylaminocyclo- 
hexanol acts as a non-competitive inhibitor against 
acetyl choline, but as a totally competitive inhibitor 
against methylaminoethyl acetate. Thus, the model 
does not fit the facts. 

Further, although irreversible inhibition is dis- 
cussed, prostigmine is represented as exemplifying 
‘pure competitive’ inhibition™, a sype which is con- 
sidered not to block the deacetylation reaction. 
Wilson has elegantly demonstrated? that prostigmine 
and other inhibitors containing carbamyl functions 
act by carbamylating the enzyme. If the inhibition 
shown by prostigmine is due to the formation of 
carbamylated enzyme at the eateratic site, it is diffi- 
cult to see how this inhibitor could function without 
blocking deacetylation. 

Finally, Krupka and Laidler do not offer an 
adequate explanation for the failure to observe 

~substrate inhibition at reasonable concentrations of 
dimethylaminoethyl acetate. From the appropriate 
kinetic expressions and the known optimum sub- 
strate concentration of acetyl choline, it is possible 
to calculate a pH-dependent binding constant for the 
postulated addition of a second mole of substrate to 
ES’. Similarly, from the highest concentrations of 
dimethylaminoethyl acetate used, for which no 
substrate inhibition was observed‘, a comparable 
minimum value for its binding constant can be 
calculated. Table 1 lists these values and compares 
them with inhibition constants for other pairs of 
inhibitors which differ only by the Soran of 
H by CH, in an ammonium group‘. 


Table 1, K; VALUES FOR ANALOGOUS (CH, NB AND (CH,),NHR 
IWHIBITORS 
R (OH,), N (CHINH (OARECE, AN 
CH,CH,OCOCH, R i x 107°" > 16-67 > 10°5 
OH, x 10-7 rö x 10° 08 
CH,CH,OH 5: o x 107 0x 10° 10 


* Calculated from observed substrate inhibitio 
+ Caloulated from faflare to observe subatrate | inhibition at 107 M 
substrate concentration. 


In order to explain these data one must assume 
that for the substrates, but not for the analogous 
inhibitors, the third methyl group changes the orienta- 
tion of the molecule when bound to the acyl enzyme 
so that it interferes with deacylation. 

The information available suggests strongly that 
cholinesterase catalysed hydrolyses are characterized 
by two classes of substrates as well as two classes of 
inhibitors. The substrates differ not only in their 
k,/k, ratios but also in the type of inhibition shown. 
One class, exemplified by acetylcholine, shows 
substrate inhibition at reasonable concentrations and 
mixed or non-competitive inhibition with some 
compounds. The other class, exemplified by di- 
methylaminoethyl acetate and methylaminoethyl 
acetate, does not show substrate inhibition at reason- 
able concentrations and, up to the present time, has 
only been shown to give competitive inhibition with 
compounds which do show non-competitive inhibition 
towards acetylcholine. 

That the nature of inhibition observed depends 
on the nature of the substrate rather than exclusively 
on the nature of the inhibitor has been amply demon- 
strated in studies on other enzyme systems’. De- 
parture from totally competitive inhibition only 
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requires some form of ternary complex formation 
and subsequent reactions of this complex at a rate 
different from that for a corresponding binary sub- 
strate-enzyme complex. Variations in the structure 
of both inhibitor and substrate will be expected to 
determine the kinetic behaviour of any ternary 
complex. 

A more detailed analysis of the kinetic interpreta- 
tions as well as experimental results based on sug- 
gestions herein will be published shortly. 

I thank Prof. Carl Niemann for his support and 
encouragement of this work. 


Grorar E. HEIN 


Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, 
Pasadena. 
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Dr. Hany has directed our’ attention to an incon- 
sistency in our analysis of kinetic results with acetyl- 
cholinesterase in the presence of inhibitors. This 
inconsistency arises from an unfortunate error which 
we made in the presentation of our resulta. Our 
main conclusions are unaffected by this error, and 
it is necessary to re-state the reasons compelling us 
to believe that the proposed mechanism is entirely 
consistent with the experimental results and follows 
necessarily from them. 

Certain compounds, such as cts-2-dimethylamino- 
cyclohexanol, inhibit acetylcholinesterase reversibly, 
in a manner v hich is partially competitive and partially 
non-competitive. That is, the inhibition is overcome 
only to a limited extent when the concentration of 
acetylcholine is increased. These inhibitors are 
characterized by a positively charged nitrogen atom 
which is about 2-5 A. distant from a locus of high 
electronegativity. It is important to note that, 
with the exception of this group of compounds, all 
substances (like acetylcholine) which contain a 
positively charged nitrogen atom inhibit acetyl- 
cholinesterase in a purely competitive, manner. It 
is thus surprising that the new inhibitors do not 
also show pure competitive inhibition, and it is 
difficult to explain their behaviour in terms of the 
classical conception of non-competitive inhibition, 
according to which the substrate and inhibitor 
become bound to the enzyme at different sites, so 
that the binding of one in no way interferes with 
the binding of the other. 

A plausible mechanism by which cts-2-dimethyl- 
aminocyclohexanol can inhibit acetylcholinesterase 
non-competitively, but which allows for binding at 
the anionic site, is that in which the inhibitor is 
bound both to the free enzyme and to a reaction 
intermediate in which the anionic site is free. In the 
complex formed between this intermediate and the 
inhibitor, the electronegative locus characteristic of 
this type of inhibitor might interact in such a way as 
to block the subsequent reaction. Other compounds 
which contain a positively charged nitrogen atom, 
but which inhibit competitively, might also become 
bound to this intermediate, but might fail to block the 
subsequent reaction because they lack the required 
electronegative site. 
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0 1 2 8 4 5 6 
(i/[MABRA]) x 10-7 


[i] = FOIX 1073 M 





(IIAoCD x 107 
Fıg. 1. Plots of 1/p against 1/{8], for — acetate 


(upper figure) and acetylaholine 

In fact, there is experimental evidence for & re- 
action intermediate in which the anionic site is free. 
With many hydrolytic enzymes, including acetyl- 
cholinesterase, the reaction probably proceeds with 
the initial formation of an addition (Michaelis) 
complex. Afterwards, the alcohol moiety of the 
substrate is split off, and an acyl—enzyme compound 
is formed. The latter is hydrolysed in a final step to 
yield an acid and the free enzyme. The reaction 
may be written as follows: 


— ka ks 
E+S L ES —— EY’ — H+ P, 
k + 


P, 


where H, HS and HS’ are the free enzyme, the 
Michaelis complex and the acyl enzyme, and P, and 
P, are the alcohol and acid portiona of the sub- 
strate (S). In acyl-acetylcholmesterase the anionic 
site is free, for choline is removed during the formation 
of this intermediate. 
We tested the inhibition hypothesis by examining 
ets-2-dimethylaminocyclohexanol inhibition with two 
different substrates, acetylcholine (O-acetyl-N-tri- 
methylethanolamine) and its analogue, N-methyl- 
aminoethylacetate (O-acetyl-N-monomethylethanol- 
amine). Both substrates, being acetyl esters, will 
form an acetyl enzyme intermediate (HS), and k, 
will therefore be the same for both substrates. 
However, the experimental maximum velocity 
(Fmax) is much lower with N-methylaminoethyl- 
acetate than with acetylcholine, and this must be 
attributed to a difference in the k, values; the con- 
version of HS to HS’ (k,) must be a rate-limiting 
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step in the hydrolysis of N-methylaminoethylacetate. 
On the basis of the reaction behaviour with a number 
of acetylcholine analogues at different temperatures, 
Wilson and Cahib were able to show that the values of . 
k/k, for acetylcholine and N-methylaminoethyl- 
acetate hydrolysis are approximately 5-7 and 0-26 
respectively. In the steady-state, k a ES] = k [ES]. 
Hence, in acetylcholine hydrolysis HS’ is 5-7 times 
as abundant as HS; while in N-methylamincethyl- 
acetate hydrolysis, on the contrary, HS is four times 
as abundant as HS’. 

Since it is postulated that the inhibitor reacts 
not only with Æ but with HS’, it would be predicted 
that in acetylcholine hydrolysis, where ES is the 
predominant intermediate, the inhibition will be of 
the mixed competitive and non-competitive type, 
since the former addition is competitive with the 
substrate, while the latter addition is non-competi- 
tive. In N-methylaminocethylacetate hydrolysis, 
on the other hand, the concentration of HS’ is rela- 
tively low, and accordingly the non-competitive 
component of the inhibition may be greatly reduced, 
and the inhibition may appear to be purely com- 
petitive. Experimentally, this is Indeed the case. 
Fig. 1 shows e re-plot of our results, and it is seen 
that with acetylcholine the inhibition is intermediate 
between the competitive and non-competitive types, ` 
while with N-methylaminoethylacetate it ia indis- 

inguishable from pure competition. We thus con- 

clude that the inhibitor does combine with the 
acetyl-enzyme and does block deacetylation. On 
the other hand, we also conclude that the inhibitor 
does not combine with the Michaelis complex (£8) 
or block the acetylation reaction (ks), since purely 
competitive inhibition is observed with N-methyl- 
aminoethylacetate, where the Michaelis complex 
is the predominant intermediate. 

Previously, wo showed that the expression for the 
reaction velocity in the presence of an inhibitor may 
be written as: f 


1_ 1+ IS](1 + k/k) 1 
o” kyl], KIS] PRI — 
a + kalk 
+ kli 


where Ki, «K; and BK; are the association constants 
for the addition of the inhibitor to the free enzyme, 
the Michaels complex, and the acetyl enzyme respec- 
tively. Hence plots of 1/v against [I] for different 
fixed concentrations of the substrate should give & 
family of straight lines, and it can be seen that the 
smaller is the term (a + (k,/k,)B)/k,[Z], relative to 
1/k,[#],K[S] the more nearly are the slopes of the 
lines proportional to 1/[S], as in purely competitive 
inhibition. On the other hand, when the former term 
is large compared with the latter, the slopes are less 
affected by variations in the subgtrate concentration, 
as in non-competitive inhibition. If « is large, this 
term cannot reduce to a small value relative to 
1/k,[#],K[S], and the type of inhibition should not 
depend on the ratio of k, and k, However. if a is 
very small and 8 appreciable, {a + (ks/ks)B}/kaL2], 
reduces to 8/k,[#],, and the magnitude of this term 
relative to 1/k [E] K[S] now depends on k,/k;. 
Thus 6/k,[H#], is relatively large when k, > kp and 
relatively small when k, > ky 

It can be seen that when the slopes of the 1/v 
against [I] plots are plotted against 1/[S], a straight 
line should be obtained with an intercept on the slope 
axis equal to BK;./k,[H#],. The experimental results 
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are, in fact, entirely consistent with this prediction. 
With acetylcholine (k, > k,) the inhibition is partly 
non-competitive, and the intercept is appreciable. 
With N-methylaminoosthylacetate (k, > k,) the liue 
intersects at a point which is experimentally indis- 
tinguishable from the origin. Formerly, we actually 
considered the point to be zero. However, Dr. 
Hein’s criticisms have shown us that this cannot be 
exactly so, since 8K ,/k,[H#], is obviously the same for 
both substrates, given the same initial concentration 
of enzyme. In our experiments the enzyme concentra- 
tion used in the hydrolysis of N-methylamimoethyl- 
acetate, a relatively poor substrate, was 23-4 times 
that used with acetylcholine. When this fact, which 
we previously neglected, is taken into account, 
the predicted value of the intercept is found to agree, 
within experimental error, with the experimental 
result. Thus the behaviour here approaches pure 
competition, becoming experimentally indistinguish- 
able from it. Nevertheless, it must be regarded as a 
type of mixed competitive and non-competitive 
inhibition in which the non-competitive component 
has become too small to affect the behaviour to an 
extent observable with current experimental tech- 
niques. 

Dr. Hein also makes a number of minor criticisms, 
and these stem largely from his viewing the situation 
from the point of view of the classical theory of 
inhibitor action, a theory which our results showed to 
be inapplicable to the acetylcholinesterase system 
and to various other systems involving hydrolytic 
enzymes. With regard to his minor points we make 
the following specific comments: 

(1) In his sixth paragraph he asserts that according 
to our model all inhibitors of cholinesterase should 
show identical kinetic behaviour, since they all act 
on the same acetyl intermediate. This is not the 
case. Our treatment was concerned with showing how 
the kinetic behaviour varies according to the relative 
magnitudes of k, and k, and provides a complete 
interpretation of the facts to which Hein refers in 
this ph. 

(2) The point raised in paragraph 7, regarding 
—— was dealt with in the appendix to Part 

of our series of papers. Even if there is irreversi- 
bility the free mhibitor can still become bound to the 
anionic site in the acetyl enzyme and protect against 
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inhibition by excess substrate. The fact that this 
ocours to only a very small extent with eserine is 
discussed in the appendix to Part II: the inhibitor 
concentrations were very low and most of the inhibi- 
tor may form a complex with the free enzyme, little 
remaining to form a complex with the acetyl enzyme. 

(3) Paragraph 8 further suggests to us that there 
is a misunderstanding about our model. Inhibition 
results not from binding at the anionic site but from 
interaction with the acidic group. The constants for 
the pairs of inhibitors considered by Hein need 
therefore not be directly comparable. The third 
methyl group may result in an orientation of the 
bound substrate molecule which favours interaction 
with the acidic group, and this effect is distinct from 
its affect on binding to the anionic site. 

(4) In paragraphs 9 and 10 Hein argues that there 
are two classes of substrates for cholinesterase, rather 
than (as considered by us) two classes of inhibitors. 
There are certainly two classes of substrates, those 
for which k,/k, < 1, and those for whigh k,/k, > 1. 
It was because we realized this that we were led to 
conclude that there are also two classes of inhibitors— 
those that block deacetylation and those that do not. 

All kinetic information is capable of being inter> 
preted on the basis of a large number of mechanisms, 
and progress can only be made by choosing the least 
complicated mechanism that explains the facte avail- 
able. We maintain that we have done so in this 
instance; there are no logical inconsistencies in 
interpreting the results on the basis of our model, and 
all the facts fit neatly into place when considered 
in the light of the model. The same cannot be said of 
Hein’s alternative model, which is much too vague 
and gives, for example, no explanation of why 
different substrates and inhibitors exhibit the 
behaviour they do. Undoubtedly, further experi- 
mental work will require our mechanism to be modi- 
fied and perhaps abandoned altogether; at the 
moment, however, we believe it to be a useful working 
hypothesis, not subject to the errors alleged by Hein. 

R. M. KRuPKA 

Department of Agriculture, 

London, Ontario. 


Department of Chemistry, 
University of Ottawa. 


K. J. LAIDLER 


PREVENTION BY CYSTEAMINE OF THE INHIBITORY EFFECT OF 
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IN RAT LIVER 5 


By Dr. P. EMMELOT, Dr. I. J. MIZRAHI and Dr. E. KRIEK 


Department of Biochemistry, Antoni van Leeuwenhoek-Huls, The Netherlands Cancer Institute, Amsterdam 
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FEW hours after the injection of the carcino- 

genic! N-nitrosodialkylamines, dimethylnitros- 
amine (DMNA) and diethylnitrosamine (DENA), 
marked changes in the metabolism and structure of 
rat liver become apparent‘*. The endoplasmic 
reticulum of the liver cells seems to be the primary 
target. The inhibition of the in vitro incorporation of 
amino-acids into the proteins of the isolated micro- 
somal-soluble fraction is a prominent feature, DMNA 
being more active in this respect than DENA*‘®. 


The N-nitrosodialkylamines very probably act as 
alkylating agents after their in vivo conversion to, 
respectively, diazomethane and diazoethane by the 
liver microsomal enzymes of the ‘drug-metabolizing’ 
{that is, N-dealkylating) type. 

Subcutaneous administration of excess cysteine 
for two days has been found™® to counteract the 
toxic effects of DMNA: the percentage inhibition of 
incorporation of amino-acid was reduced, the glyoo- 
genolysis and lipid accumulatien in the liver were 
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prevented, and the mortality following injection of a 
lethal dose also markedly decreased. However, since 
cysteine has no such effecta in the case of DENAS, it 
followed that cysteine did not trap the diazoethane 
formed from DENA in situ. Moreover, the counter- 
acting effect of cysteine towards DMNA could be 
explained! by the finding that administration of 
cysteine led to an inhibition of the liver-microsomal 
N-demethylating enzyme, which initiates the con- 
version of DMNA. to diazomethane, but not to that 
of the N-de-ethylating enzyme. Hence, the experi- 
mental evidence did not favour the hypothesis that 
the diazoalkanes reacted with SH-groups in vivo. 
However, it was felt that the latter question could 
not be settled by the available data. It might well 
be that, following the subcutaneous administration of 
cysteine, either the SH-level in the liver was too low 
for extensive interaction with diazoethane to take 
place, or, if otherwise, that the newly formed S-ethy]l- 
o like S-ethylhomocysteine (ethionine), was 

xic 

Incorporation of amino-acid. In the experiments 
recorded here the effect of cysteamine (B-mercapto- 
ethylamine), administered just prior to and/or 
together with the N-ni lamines, on the 
inhibition of incorporation of amino-acid produced 
by the latter compounds, was investigated. 

(a) 12-5 mgm. cysteamine was administered intra- 
peritoneally to adult male rats of the inbred strain 
R-Amsterdam, fed ad libitum, followed after 1 hr. 
by another 10 mgm. cysteamine intravenously plus 
DMNA (100 mgm./kgm.) or DENA (200 mgm./kgm.). 
Appropriate controls were included. The animals 
were killed 4 hr. later. Table 1 shows that treatment 
with cysteamine prevented completely the inhibitory 
effects of the two N-nitrosodialkylamines on incor- 
poration of amino-acid into the proteins of the micro- 
somal-soluble fraction from liver. 

Table 1, OOUNTHRACTION BY CYSTBAMINE OF THR INHIBITORY HFFROT 
OF DMNA AND DENA ON THE in vitro INCORPORATION OF LEVON- 


1-40 INTO THE PROTEINS OF THE MIOROSOMAL-BOLUBLE FRACTION 
FROM RAT LIVRR 
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Protein radioactivity of Inhibition of 


Dialkyl- miorosomal-soluble smino-aci 
nitrosamine Oysteamine fraction (counta/min. inoorporation 
at anfinite thickness) (per cent) 
* — 1,052 + 50 
DMNA — 300 + 26 66 
— 4 a 1,015 + 12 
DMNA + (ë 1,169 + 18 0 
* — 1,088 + 14 
DENA — 704 + 48 35 
— * a) 1,845 + 45 
DENA + (a 1,818 + 18 2 
_ + D) 1,121 + 13 
DENA + (b 1,077 + 82 4 
DMNA — 472 + 8 56 
DMNA + (b) 786 + 16 34 


—— of the animals as desorfbed in the text under or (O an and 

The tnoorporation of leucine-1-"C into the proteins of 
microsoma!-soluble — pene supernatant) from fee Was 
examined as described . 7,8). The present — 

carried out in dup oe a 

(6) When the intraperitoneal injection of cysteam- 
ine was omitted and only 10 mgm. cysteamine was 
administered intravenously together with the N- 
nitrosodialkylamines, the inhibitory effect of DENA 
was still completely prevented; but that of DMNA 
was only partly reduced (Table 1). 

(e) Similar experiments were also carried out with 
cysteine. 76 mgm. cysteine was administered intra- 
peritoneally, followed after 1 hr. by 50 mgm. cysteine 
intravenously plus the N-nitroscdialkylamines. In 
other experiments 75 mgm. cysteme was administered 
intravenously twice. Cysteine was less active than 
cysteamine in counteracting the inhibition of the 
incorporation of amino-acid produced by DMNA 
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and DENA. In these testa ET reduced the 
inhibitory effects at most by about 40 per cent. The 
smaller measure of protection afforded by cysteine 
than by cysteamine might be due to either one or 
both of the following reasons. Cysteine might reach 
the liver cells less easily than cysteamine did. 5- 
alkylcysteine, and especially S-ethylcysteine, might be 
inhibitory to incorporation of amino-acid by being an 
amino-acid antagonist, in contrast to S-alkyleysteam- 
ine. Moreover, following the in vivo oxidation of 
cysteine and cysteamine, only cystamine, but not 
cystine, may appear to be easily reduced 

Since the N-dealkylation of DMNA and DENA by 
the liver microsomes was not inhibited as a result of 
the prior administration of cysteamine, the present 
results, mentioned under (a), can be taken to show that 
cysteamine SH-groups reacted with the diazoalkanes, 
formed from the N-nitrosodialkylamines in situ, 
under formation of harmless products. It is of inter- 
est that DENA has been found’ to be less toxic than 
DMNA, both as regards the LD,, and the inhibition 
of incorporation of amino-acid, and that the present 
experiments (b) have shown that apparently less 
cysteamine SH-groups are required for the elimina- 
tion of diazoethane than for that of diazomethane. 
Assay of the N-dealkylating enzymes, on the other 
hand, had shown’ that at least as much diazocethane 
may be formed from DENA as diazomethane from 
DMNA. The reason underlymg the difference in the 
biological end effects of the two compounds is at 
present being studied using the interaction between 
diazoalkanes and liver ribonucleic acids (microsomal 
and soluble) as model reactions; it may appear that 
diazoethane reacts differently from diazomethane. 

Glycogen. Some independent evidence for a mutual 
elimination of cysteamine and diazoalkanes in vivo 
was obtained from experiments in which the liver 
glycogen content was measured. Both cysteamine 
and the N-nitrosodialkylamines injected singly 
consistently produced a fall in liver glycogen (meas- 
ured 4 hr. after injection), the former compound 
being frequently more active in this respect than the 
latter. However, in U x rate treated with both 
cysteamine (b) and DMNA or DENA, the liver 
glycogen was much leas reduced than after the single 
administration of cyateamine (Table 2). In a number 
of other experiments this phenomenon was leas evident 
and sometimes even absent. These variations may 
be due to the different responses of the various 
batches of rats used in the experiments, as a result 
of their different ages and nutritional states at the 
start of the experiment. The liver glycogen content 
of normal rate appeared to differ throughout the 
24 hr. These problems are under further investiga- 
tion. 
Table 2. OOUNTMRACTION BY DMNA AND DENA OF THR QGLYOO- 

GENOLYSIS PRODUCED BY OYBTEAMINE IN RaT LIVER 


Liver gl cent 
Leannan of fresh Ke OF hivat) 
7-3 + 06 
Cysteamine 8'6 + O2 
Oysteamine + DANA 58 + 05 
Oysteamine + DENA 64 + 0-4 
Male U x R rate were treated as described in the text ander (b). 


Each valus Repepee niet the mean liver glycogen m oon ant (with SD.) of 


rate measured in dup 

Chemical reactions of diazoalkanes. Diazoalkanes 
react differently under non-aqueous than under 
aqueous conditions (cf. ref. 9). Since in vivo the 
diazoalkanes originate in an aqueous environment of 
about neutral pH, alkyldiazonium ions will be formed 
following proton capture from the medium or from 
suitable tissue components. The diazonium ions 


— 
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N, + RCH,X 


+e 
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DMNA -> 
diazomethane — 
RHO_N=N ——— RH,C_N A 
DENA -——-—> 
diazoethane 


N, + RHC? ———. RCH,X 


Scheme 1. Mechanism of reaction of diazoalkanes In aqueons medium 


R m —H or --OH,; X~ = -37 (cysteamine, ert —— gor 
guanine), 


pa (of nucleic acids and phospholipids), tert. nitrogen (such as the N, 
water), atc. 





NMU 

OH,R + {HO—OH] H + Eto 2 

— — H,0 it — H0 ® © 
O=N— +  O=N—N—OH,R > HO-N=N—CH,R -> N==N—CHR 
~~ — ROHO 

CH,R + H® 

N-nitrosodi- —H,0 +H® ° 
alkylumuneo 
@ 
N=N-—CH,R “ 


Scheme 2. Fosathlo intermediates in the conversion of N- nitroso iali ene and N-nitroso, N- al aca (NMU) in aqueous 


The conversion of the N-nit: 
N-alkylol (= 


about by ethylate ions, -——-8~ or tissue homogenate (ret. ae {compare text); 


rosodialkylamines is initiated by * — ‘hydroxylation’ (or Bb ental ot ) of one alkyl up to the 
N-hydroxyalkyl) derivative, followed by the release of an aldehyde. AD is $ 


The decomposition of 
only under strongly alkaline — ià diaroalkane ne 


sole reaction pro uct 


can either react immediately with nucleophilic 
compounds or decompose to nitrogen and electro- 
philic carbonium ions which then react with the 
nucleophilic compounds (X~, Scheme 1). 

The presence of V,-methylguanine in liver ribo- 
nucleic acid (RNA) after injection of DMNA 1° indi- 
cates that the mechanism of conversion as depicted 
in Scheme 1 is operative since diazomethane per se 
{reaction in non-aqueous medium) cannot methylate 
the N, of guanine. It should, however, be emphas- 
ized that it is not known whether di es are 
actually intermediates in the conversion of the 
N-nitrosodialkylamines to alkyldiazonium ions. The 
alkyldiazohydroxide, which is formed by the rear- 
rangement of the N-nitrosomonoalkylamine, follow- 
ing the enzymatic removal of one alkyl group from the 
corresponding N-nitrosodialkylamine (as formalde- 
hyde, acetaldehyde, etc.), may also react immediately 
with hydrogen ions to give the alkyldiazonium 
10ns instead of yielding a diazoalkane first (Scheme 
2). However, it will be clear that the exact course 
of the steps intermediate between the products of 
enzymatic N-dealkylation and the formation of the 
diazonium ions is immaterial to the end effect, since 
the latter compounds are formed in both cases. The 
use of the term diazoalkane in this and earlier papers 
should be considered in this light. 


Another point of interest is that the rate of the 
evolution of nitrogen (Scheme 1) is dependent on the 
concentration of X~ only if the diazonium ions react 
immediately with X-. This might be so in case 
X- = —S-, but so far as we are aware actual proof 
of such a reaction has never been presented. Schoen- 
tal! recently reported on the increase in evolution of 
nitrogen from N-nitroso-N-methylurethane (NMU), 
dissolved in aqueous ethanol and incubated in 


Serensen’s phosphate buffer of pH 7-2 at 37° C., after | 


addition of cysteine, glutathione or tissue homogen- 
ate. In the absence of sulphydryl compounds and 
tissue homogenate, NMU is very slowly decomposed 


by the traces of ethylate ions'*)* present to (diazo- 
methane) methyldiazonium and carbonium ions 
(Scheme 2) which then react rapidly with the HPO; 
and HPO, of the buffer and with water, according to 
Scheme 1. In this system the rate of formation of 
diazonium ions (diazomethane) but not that of their 
decomposition is the rate -limiting factor of the 
evolution of nitrogen. The increase in the latter 
observed by Schoental? on addition of sulphydryl 
compounds (or tissue homogenates} must therefore 
be primarily due to an increased production of 
diazonium ions (diazomethans), that is, to an increased 
decomposition of NMU. We suggest that the highly 
nucleophilic cysteine-S~ ions react with the carbonyl 
carbon of NMU in the same way as the ethylate ions 
do!%, Secondary to this effect may be a direct reaction 
between the methyldiazonium ions formed and the 
cysteine-S-; but in case this reaction proceeds via 
CH? the evolution of nitrogen would not depend in 
this stage on cysteine. Dr. Schoental has informed us 
that the rapid evolution of nitrogen obtained with the 
sulphydryl compounds was not dependent on the 
presence of phosphate 1ons (buffer). By contrast, a 
preliminary finding made in our laboratory showed 
that diazomethane did not alkylate either the bases or 
the phosphate groups of liver RNA when the reaction 
was carried out at 20° C. in the presence of 0-02 M 
phosphate buffer of pH 6-8, suggesting competitive 
interaction of the phosphate ions of the buffer with 
CH}. 

Finally, we are of the opinion that neither the 
results of Schoental’s nor those of our experiments 
necessarily imply that the toxic and carcinogenic 
effects of NMU, DMNA or DENA are due to the 
alkylation of tissue SH-groups. The inhibitory 
effect of the N-nitrosodialkylamines on amino-acid 
incorporation is very probably due to an alkylation 
of microsomal constituents other than SH®; the 
vacuolization of the rough endoplasmic reticulum 
produced by DMNA may be due to an alkylation of 
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membrane proteins and phospholipids’. The find- — F., and Hooh-Ligeti, O., J. Nat. Cancer Inst., 27,695 


ing*“ that the concentration of diphosphopyridine 
nucleotide in the liver drops after administration of 
DMNA, whereas the rate of ita formation is not 
affected**, may indicate that either the coenzyme 
was alkylated or that the DPN-splitting activity of 
the microsomal membranes was increased as a result 
of spatial dislocation®. Alkylation of the nucleo- 
philic centres of nucleic acids upsetting their ‘coding’ 
device, may, furthermore, be an important step in 
the carcinogenic process. 
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CHEMICAL INVESTIGATION OF HA:MOGLOBIN F FROM AN 
INDIVIDUAL WITH PERSISTENT FETAL HAEMOGLOBIN 


By Dr. W. A. SCHROEDER 
Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena 
AND 


Dr. PHILLIP STURGEON* and Dr. WILLIAM R. BERGREN 


Hematology Division and Biochemistry Division, Children’s Hospital, School of Medicine, 
University of Southern California, Los Angeles 


HE pertinent literature on the condition that 

results in the persistence of fostal hæmoglobin in 
adult life has been discussed in detail by MacIver, 
Went and Irvine! in connexion with their work on a 
large family in which the condition was prevalent. 
In reported instances of persistent foatal hæmoglobin, 
its identification has been based on resistance to 
alkali denaturation and on physical characteristics 
without chemical investigation. We wish to describe 
the results of a brief chemical investigation of the 
foetal hemoglobin component of an individual with 
persistent foetal hemoglobin. 

The individual, J. C., was detected in a random 
survey of Negro bloods by paper electrophoresis and 
alkali denaturation: J. C. was asymptomatic, and 
on examination no abnormalities were found. Except 
for the presence of increased foetal hæmoglobin, the 
hematological findings were entirely normal as 
follows: Hb, 15-1 gm. per cent; RBC, 5:42 million/ 
mm.?; PCV, 49 per cent; MOV, 9023; MCH, 28 
uugm.; MCHC, 31 per cent; serum iron, 116 ugm. 
per cent; iron binding capacity, 336 ugm. per cent, 
35 per cent saturated. The erythrocvte morphology 
was normal, there were 1-1 per cent reticulocytes, and 
a hemolysis in hypotonic saline did not show increased 
resistance. Hsmoglobin A, values, determined nine 
times by starch electrophoresis on two independently 
collected samples of blood, averaged 1-7 per cent 
(range, 1-3-2-2). In these two samples, the alkali- 
resistant hæmoglobin by the I-min. test was 23-5 
and 26-7 per cent respectively. 

In all respects, therefore, the hematological data 
about J. C. are in accord with those of an individual 
with high footal hæmoglobin who is otherwise normal. 
Because it has not been possible to obtain more than 
two blood samples nor to study the blood of relatives, 
these preliminary findings are presented. 

Haemoglobin solutions were prepared as previously 
described?. The hsmoglobin was then chromato- 


* Present addrees: National Researoh Laboratory, American Red 
Croas, Los Angeles. 


graphed on ‘Amberlite JRO-50’ according to the usual 
procedures? When developer No. 5 (ref. 2) was 
used, the pattern of components departed quanti- 
tatively from that of a normal individual’. The most 
significance may be attached to the two components 
that were present to the extent of 25 and 59 per cent. 
The latter, which was not investigated further, showed 
no evidence that it was other than the main com- 
ponent of normal adult hæmoglobin (hemoglobin A). 
The former behaved chromatographically like the 
minor adult component that is termed Ajo (ref. 3). 
However, we would expect to find fæœtal hemoglobin 
ab the position of Aye because Ar, and Fry (the mam 
component of cord blood hamoglobin*), though 
different, are chromatographically inseparable. The 
quantity (25 per cent) of this component which here- 
after will be referred to as J. C.’s Fu is m good agree- 
ment with that found by alkali denaturation (23-5 
and 26-7 per cent). 

A quantity of Fy; from J. C. was isolated by chroma. 
tography. One portion was hydrolysed completely 
in 6 N hydrochloric acid at 110° for 24 hr. in an 
evacuated sealed tube, and the amino-acid composition 
was determined with a Spinco automatice amino-acid 
analyser. A second portion, after heat denaturation, 
was hydrolysed with trypsin and investigated by the 
‘fingerprint’ technique or Ingram‘. 

The results of the amino-acid analysis are compared 
in Table 1 with the amino-acid composition of Fy 
from normal cord blood and that of normal adult 
hemoglobin. 

The data from J. C.’s Fyr are those of a single 
analysis. Because the sample was small with some 
error in the determination of the weight, the data are 
derived from the relative proportions of the amino- 
acids and are not an absolute value based on the 
weight of the sample. The amino-acid composition 
agrees with that of Fy from cord blood, within the 
limite that one would expect from a single analysis, 
rather than with the composition of hæmoglobin A. 
The feature of amino-acid composition that most 
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Table 1, COMPARISON OF THR AIONO-ACID Composrrions* oF J. 0.’8 
¥,, COMPONENT, Fo FROM CORD BLOOD, AND NORMAL HÆMOGLOBIN A 


Fao ” Fy A 
Amino-acsid fiom J.C. (ref, 5) (ref. 7) 

Als 867 64-2 72 
A E 
aw 4°65 3-9 6 
Gla ` B46 34.8 32 
Gly 89 8 38 8 40 
His 83°7 340 38 
Hou -8&7 7-8 0 
isu 72-5 89-8 72 
L 44:3 - 45°8 44 
ot T5 7'9 6 
Phe 80 2 29-6 80 
Pro 250 22-8 28 
Ser A 406-486 32 
Thr 85 8 85°6-89-6 32 
Try 27 8t 6 
Tyr Q-7 10-2 12 
Val 52-1 61:8 62 


+ The results are given in residues per 68,000 molecular weight. 
Uncorrected for destruction aa hydrolysis, 
Based on unpublished results 


distinguishes fostal from adult hæmoglobin is the 
presence of isoleucine in the former, This amino- 
acid is present in J. C.’s Fy in somewhat less than the 
expected amount; this may reflect the presence of 
component Aj, in J. C.’s Fr as isolated by chromato- 
graphy. Component Aro was originally reported? to 
contain isoleucine, but a more recent analysis* 
suggests that it is indeed free of isoleucine. Normal 
adult hæmoglobin contains about 5-5 per cent’ of 
Ajo. J. C.'s Fr constitutes about 25 per cent of the 
total hemoglobin. If this 26 per cent contained 
the normal amount of Ajo, the actual Fy would be 
only 19-5 per cent. Using this ratio of Fy to Are 
and the known contents of isoleucine in each, the 
number of residues of isoleucine in J. C.’s Fr (+ Aye) 
would be 6-1 instead of 67 as determined: the 
agreement is reasonable on the basis of the 
assumptions. 

When J. C.’s Fry was compared with Fir from cord 
blood by ‘fingerprinting’ of the soluble tryptic 
peptides, the two were indistinguishable in the 
number and movement of the peptides when examined 
after colour formation with ninhydrm and with 
— reagents for arginine, histidine and trypto- 


"Within the limits of the experimental data, the 
results indicate that foetal hæmoglobin from an 
individual with persistent fostal hæmoglobin and the 
fostal hæmoglobin of cord blood have the same 
structure. MacIver, Went and Irvine! have suggested 
that the gene responsible for persistent foetal hæmo- 
globin {F gene) is allelic with the genes for hemo- 
globins Sand C. If the term ‘allelic’ is used to denote 
the replacement of a single amino-acid residue by 
another (as in the relation of hemoglobins A, 8 and 
C), the term cannot be applied to hemoglobins A 
and F with the same meaning. Hemoglobins A 
and F have the sub-structure formule of84 and 
atyP respectively. Because all evidence*:® points 
to the identity of the a-chains of hsamoglobins A and 
F, the dissimilarity must be in the B- and +y-chains. 
When the sequence of the y-chain (ref. 5 and unpub- 
lished data) is compared with that of Braunitzer 
and collaborators for the §-chain’, more than 30 
differences in sequence are evident. From the far 
greater similarity of J. C.'s Fr with cord blood Fy 
rather than with hemoglobin A, the postulated 
‘allelism’ of the ‘F gene’ locus with the A-S—C locus 
cannot be that of a single substitution. Rather, 
ar Herman and Conley! and Bradley and Conley! 
have , the ‘F gene’ involves ‘very likely an 
abnormality of the B-chain locus” with the resultant 
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failure to produce functional 8-chains and conse- 
quently hemoglobin A. The present results lend 
credence to the view that hæmoglobin F in the 


VoL. 193 


- individuals with the persistent hæmoglobin F condi- 


tion is not the product of the ‘persistent F gene’. 

The production of alkali-resistant hæmoglobin 
beyond early infancy observed in association with 
the ‘persistent F gene’ corresponds qualitatively to 
one of the effecta of the thalassemia gene(s). It 
bears emphasis, however, not only that the thalas- 
seemia gene(s) is associated with numerous clinical 
and hematological disturbances but, above all, that 
quantitatively the two exert vastly different effects. 
The persistent F heterozygote, without the stimulus 
of even a slight anemia, not to mention the severe 
ansmia present in thalassemia, maintains a blood 
concentration of approximately 4 gm. per cent of 
footal hæmoglobin (25 per cent of 15 gm. Hb/100 ml. 
blood). In contrast, the thalassemia homozygote 
seldom, if ever, produces this concentration of featal 
hæmoglobin despite the strong stimulus of prolonged 
and severe anwmia. Thus, irrespective of the precise 
chemical composition of the alkali-resistant hæmo- 
globin in thalassemia (which remains to be determ- 
ined), it is evident from the above considerations that 
fostal hemoglobin in thalass#mia is the product of 
gene interaction(s) different from those resulting in 
‘persistent F’. 

This work was supported in part by grants H—2558, 
H-5917 and A-466 from the National Institutes of 
Health, U.S. Public Health Service. The technical 
assistance of Mr. William Fennings and Mr. George 
Jackson is appreciated. 
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Note added tn proof: Since this paper was submitted, 


two pertinent publications have appeared. Chemical 
data presented by R. B. seus Pay J. W. Mitchener 
and T. H. J. Huisman (Blood, 18, 267; 1961) support 
our conclusion that the fostal hemoglobin of an 
individual with persistent fotal hemoglobin is 
identical with the foetal hæmoglobin of cord blood. 
Their studies of the distribution of fæœtal hamo- 
globin in the cells, as well as the considerations 
in the paper by J. T. Wheeler and J. R. Krevans 
(Bull. Johns Hopkins Hosp., 109, 217; 1961) 
indicating that the ‘persistent F gene’ either directs 
or permits compensatory synthesis of y-chains, sup- 
port our conclusions that the ‘persistent F gene’ and 
the thalassemia gene(s) are different entities though 
qualitatively similar in some aspects. Evidence from 
several directions, therefore, leads to agreement that 
the ‘persistent F gene’ is an allele of the gene which 
controls synthesis of the B-chain; it is highly unlikely 
that the y-chain in the hæmoglobin F of an individual 
with persistent fostal hæmoglobin is a product of 
this mutated gene. 

' MacIver, J. ei , Went, L. N., and Irvine, R. A., Brit. J. Harnad, 7, 


873 (196 
aes oy M. D., and Schroeder, W. À., J. Amer. Chem. Soc., 81, 6065 
? Allen, D hroeder, W. A., and Balog, J., J. Amer. Cham. Soc.» 


80, ieee ipsa, 
‘Ingram, V. M., Biochim. ee Acta, 28, 539 ages 
* Sohroeder, W. A., Jones, R. T., Shelton, J Bhelton 


Cormick, J., and MoCalla, x” Proc. U8, meh ‘Acad, ‘beg ay 
811 (1981). 


* Jones, R, T., Ph. D. — California Institute of Technology (1061). 
—— G., = al. Zo payna. Chem., 320, 288; ar. 96 P (L060). 
, and HM, R. J 


Kongos dui uidotta, 
238, PC55 rH oi; and — — vs tiie Braunstzer 


4 Hunt, J., å., Nature, 188, 1378 (1959). 

— T., Schroeder, W. A., and Vinograd, J. R., J. Amer, Cham. 
Soe., 81, 4749 (1959). 

48 Herman, jun, E. C., and Donley, O. L , Amer. J, Med., 28, 9 (1960). 


11 Bradley, Imn T. B., a Conley, O. L., Trans. Assoc, Amer. PAys- 
sciane, 13, 72 (1960) 


No 4821 March 24, 1962 


NATURE 


TWO KINDS OF MYXOVIRUS —— 


By Dr. A. P. WATERSON 
Virus Laboratory, Department of Pathology, Cambridge 


HE term ‘myxovirus’ was suggested by 

Andrewes, Bang and Burnet! for a group of 
viruses with certain features in common, particularly 
an affinity for mucoproteing and the ability to attack 
them enzymatically. The group includes the viruses 
of influenza, fowl plague, Newcastle disease and 
mumps, all of which are known to contain ribonucleic 
acid, and also the para-influenza viruses*. The first 
four viruses have all been intensively studied, and 
that of fowl plague, which was shown to be filterable 
in 1901°, has been investigated for almost as long as 
tobacco mosaic virus. Andrewes and Worthington‘ 
suggested that there were several biological differences 
between, the influenzas (A, B and C) and the remain- 
der, comprising Newcastle disease virus, mumps and 
the para-influenzes. Franklin and Wecker® pointed 
out that influenza and fowl plague, on one hand, 
differed from Newcastle disease and mumps viruses, 
on the other, in that they (influenza and fowl plague) 
are sensitive to the inactivating effect of hydroxyl- 
amine. Since then the fine structure of the myxo- 
viruses has been elucidated in some detail, and mem- 
bers of the two groups shown to be structurally 
distinguishable from those of the other group*’. 
Further work on the kinetics of their growth®-'° has 
accentuated the difference, and it is now possible to 
compare viruses typical of each group in both 
structural and functional features (Table 1). 


Table 1. A COMPARISON OF THR Two TYPES OF MyxXovinvs 


Infinenza and Newcastle 
fowl plague disease virus 


Partiole size Small Large 
(800-1200 A.) (1500-2500 A. 
or greater) 


Disruption on spraying for electron 
crosco 


mi py Rare Common 
Approximate diameter of the internal 
nbonuocleoprotein (G or ‘soluble’ 
igen) 90 A 180 A. 


aD r 
Filamentous forms Common and Unusual and 


conspicuous inconspicuous 


(infitenza) 
Inactivation by hydroxylamine + — 
Bie oF pe f G antige Nucle @ytoplasm 
of appearanoc of G antigen ucleus p 
(fowl plague) (probably) 
Eosinophilic 
cytoplasmic Inclusions — 4 
Genetic recombination + — 
(infinenza) 
Formation of incomplete virus (von 
Magnus) + ~ 
Multipliaty reactivation + - 


Probably the most important structural divergence 
between the two is the difference in the form of the 
internal ribonucleoprotein. There is a striking 
diffarence between the influenza group, in which it 
is a slender structure of about 90 A. diameter, the sub- 
unit arrangement of which is not easy to resolve, and 
the Newcastle disease virus group, in which it is about 
twice the diameter (about 180 A.) and has on its length 
easily resolved and very characteristic pio 
serraątions!!. This difference is matched by the 
constancy of the dimensions of the structure among 
those members of each of the two groups in which it 
has been investigated (Table 2). Ita value as a means 
of assigning a myxovirus to its group is illustrated 
by the case of virus N (ref. 12), which has a somewhat 


larger and more pleomorphic particle than the 
influenzas, but the ribonucleoprotein of which is 
typically influenza-like"*. The ribonucleoprotein of 
influenza derived by ether treatment of the virus 
particle has been reported to occur in short lengths 
of 500-1000 A., but this is probably an artefact, as 
Frisch-Niggemeyer' has reported longer lengths 
when the ether treatment is done in a strongly 
hypertonic solution. 


Table 2, MYXOVIRUSES AND RELATED VIRUSES THE INTRRNAL RIBO- 
NUCLROPROTEIN (G-ANTIGEN) OF WHICH HAS BAEN EXAMINED 


Newcastle disease 


Influensa gro group 
(G-antigon 90 A. )  (G-antigen 180 A. diam.) 
Influenza 4 Newcastle disease virus 
Fowl plague Mumps 
Virus N Para-influansa 1 (Benda) 
Para-influenss 2 (CA) 
Para-influenza 8 HAI) 
Measles 
Rinderpest 
Distemper 


So far as the growth-cycle is concerned, the most 
important difference is that members of the influenza 
group exhibit three forms of co-operative activity in 
cells which have been multiply infected", whereas 
Newcastle disease virus apparently does not do 
go’15.16, These are genetic recombination, multi- 
plicity reactivation and the formation of incomplete 
virus. The occurrence of co-operation suggests that 
the multiplication of influenza virus depends at some 
stage on an event occurring at one single site in the 
cell. Studies with fluorescent antisera have shown 
that the internal ribonucleoprotein (G-antigen) of 
fowl plague (a variant of influenza virus) appears 
first in the nucleus, so that this critical site is pre- 
sumably within the nucleus!?. The presence of the 
replicating elements of more than one influenza virus 
particle at the same place at one time could account 
for the fact of co-operation in cells multiply infected 
with this virus. 

While such exact information is not yet available 
for Newcastle disease virus, it is likely that the newly 
synthesized components of this virus appear only in 
the cytoplasm'’. If the multiplication of Newcastle 
disease virus were to proceed at several independent 
sites in the cytoplasm (as opposed to one single 
site in the nucleus) the geographical separation of 
these sites could explain the lack of co-operative 
activity in multiply infected cells. 

Measles’, rinderpest?® and distemper"! viruses, 
which have hitherto been regarded as related to 
herpes virus, are virtually identical in structure with 
Newcastle disease virus, particularly in possessing an 
internal component which has been identified struc- 
turally, though not yet chemically, with that of these 
larger myxoviruses (Table 2). It seems likely that 
this identity of form may reflect a similarity in growth, 
and that much of the information gathered from the 
more easily studied representatives, such as Newcastle 
disease virus and Sendai, may be applicable to those 
of the measles—rinderpest-distemper group. In 
any event, it is clear that the two major groups of 
myxoviruses differ very considerably from each 
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Table 3. DISTRIBUTION OF MYXOVIRUSES AND RELATED VIRUSES 
AMONG VHRTEBRATR BPROIES 


Influenza group Nowoastle disease virus group 
Man Influenza 4 Para-inflnuenssa 1 (HA2)t 
Influenza Bt Para-influonsa 1 {Bengt 
Para-influenze 2 (OA)} 
ara-influenza 8 (HA) 
um 
Measles} 
Chicken Foni plague *4 Newoastle disease (fowl pest) 
rus 
Duck Duok influenza * Nowcastle disease 
Swine wino influenza * — 
Horse Eastern European 
horse influenza * 
Mouse Para-influenza 1 (Sendal!)t 
Cow mare Rinderpestt 
Para-influensa 3} 
Dog — Distempert 


* Serologically related to human influenza A. 
+ Structurally similar to human influenza A. 
t Structurally similar to Newcastle disease virus. 


other, while the affinities of the larger ones may 
extend more widely than was previously thought, 
particularly in view of the discovery of hemagglutin- 
ation by measles virus**. 

The distribution of natural infection by known 
myxoviruses and measles—rinderpest—distemper viruses 
among species shows that representatives of both 
kinds of myxoviruses are found in man and in several 
domesticated vertebrates (Table 3). Just as entero- 
viruses and adenoviruses have been found which are 
pathogens of domesticated vertebrates as well] as of 
man, 80 are these viruses. Fowl plague, for example, 
is only one of a number of viruses the ribonucleo- 
protein (soluble antigen) of which is serologically 
related to influenza A (refs. 23 and 24). The group 
includes swine influenza", two kinds of duck influenza‘ 
and eastern European horse influenza**. Burnet?’ has 
suggested that influenza and other respiratory infec- 
tions are consequences of modern urban civilization, 
and it may be that the maintenance of myxovirus 
infections of animals is an accompaniment of their 
domestication, although these infections can spread 
to wild species also (for example, rinderpest to the 
antelope and buffalo). Man and the fowl have repre- 
sentatives of both groups of myxoviruses as patho- 
gens. Some myxoviruses can infect more than one 
species, for example, Newcastle disease virus, which 
can cause conjunctivitis in man, and Sendai virus 
(para-influenza 1), common among laboratory mice in 
Asia, can apparently also cause disease in man. A hæm- 
agglutinating virus (S V5), regarded by Andrewes and 
Wo n as & Myxovirus, causes a cytopathic 
effect in tissue culture similar to that of measles and 
mumps?! and might be expected to have a structure 
similar to the larger myxoviruses also. No known 
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virus of swine has yet been shown to have the New- 
castle disease virus type of structure, but it will be 
interesting to discover whether the virus of African 
swine fever has such a structure. The growth of this 
virus in cultures of pig leucocytes has been reported 
by Malmquist and Hay”, and infected cells show ham- 
adsorption. They do not specifically report the 
presence of eosinophilic cytoplasmic inclusions. 
Brandt™ has shown that such inclusions, together 
with formation of syncytia, are characteristic of 
strains of mumps, para-influenza 2 and Newcastle 
disease virus growing in several types of mammalian 
cell, and serve to distinguish these viruses from 
influenza, which does not cause these changes. 

This work was supported by a grant from the 
Medical Research Council. 
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ISOLATION BY DISRUPTIVE SELECTION 


By J. M. THODAY and J. B. GIBSON 
Department of Genetics, University of Cambridge 


HOUGH speciation is one of the more striking 
features of evolution, direct experimental evi- 
dence concerning the origin of species is limited. 
Artificial species have been made by allopoly- 
ploidy, but this, like any other process that involves 
the establishment of a new species from the hybrids 
between two pre-existing species, can only be second- 
ary. The key process in speciation must involve 


the splitting of one population into two mutually 
isolated populations. 

Our present theories of such speciation, based on 
considerable taxonomic, biogeographical and ecologi- 
cal evidence, implicate divergence during a period of 
geographical isolation and selection against hybrid- 
ization after the geographical isolation has broken 
down. Supporting evidence is available’ demon- 
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Fig. 1. Top, distribution curves of sternopleural cheta number 


each generation of the selection ex ent. —— progeny 
of low females. Black: proge of high females; Bottom, distri- 
bution curves obtained in 


t assays of the rogeny of S86 
and S11 filles. White: p ine. Hatched: 
na or: x low and low X 


combined progenies matings 
(which do not differ). Black. progeny of high mating, 
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strating genetic variance affecting mating preference 
and showing that the frequency with which two 
genotypes form hybrids can be reduced by selection. 
However, the key demonstration that a single wild- 
type population can be converted by selection into two 
populations that are mutually isolated in the condi- 
tions in which they have to maintain themselves has 
not hitherto been made. 

Mather’ not only argued that disruptive selection 
should be able to establish two or more forms in one 
interbreeding population, but also suggested that in 
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appropriate circumstances it should be able to pro- 
mote isolating mechanisms. Thoday*’?, Thoday and 
Baam® and Millicent and Thoday’ have shown that 
polymorphisms are rather easily established and 
maintained by disruptive selection, but none of their 
experiments was of the kind in which isolation was 
to be expected. 

The purpose of this article is to present a prelimin- 
ary description of the results of an e iment in 
which a single wild-type population of Drosophila 
melanogaster has with g rapidity been 
split into two populations that produce few hybrids 
in what to them is nature. 

The experiment was started using the progenies of 
four wild females captured together in the same 
dustbin (garbage can) in an estate on the outskirts 
of Cambridge. The four progenies were combined 
as the ‘Southacre’ wild stock. Two generations 
later, 20 virgin females and 20 males from each of 
four cultures of this stock were assayed for sterno- 
pleural cheta number, and from each sex the 8 
flies with the highest and the 8 flies with the lowest 
chæta numbers were selected regardless of the culture 
from which they came. (When one or two of several 
flies with the same chæta number had to be selected, 
random numbers were used to ensure~against bias 
towards choosing flies from particular cultures.) 

These 32 selected flies were placed together in a 
single 3 in. x 1 in. vial and left there to mate for 
24 hr. They were then re-etherized, the males were 
discarded and the females separated once more into 
the 8 high and 8 low according to their cheta num- 
bers. The 8 high females were divided at random 
into two lota of four and placed in two culture bottlea. 
The 8 low females were likewise divided and placed 
in two other bottles. This process was repeated each 
generation thereafter. 

Response to selection. The results are illustrated in 
Fig. 1 (top), which shows the distribution curves of 
cheta number obtained in each generation, and 
distinguishes the progeny of the high females from 
the progeny of the low females. There was rapid 
divergence of the two halves of the population, as a 
result of which from generation 4 onward almost all 
the high flies selected came from the progeny of high 
fernales and almost all the low flies selected came 
from the progeny of low females. Apart from 
generation 10, in which circumstances were unusual, 
partly owing to electric power cuts which affected 
the culture room temperature and partly inasmuch as 
special arrangements, which involved a 24-hr. delay 
in mating, were made to accommodate the Christmas 
holiday, there was a steady and remarkably rapid 
approach to discontinuity of the distributions which 
in the latest generation do not overlap. 

The mating system permits random mating and 
ensures that unleas there are departures from random 
mating or unless ‘hybrids’ differ in viability from 
‘non-hybrids’, half the flies in each half of the popula- 
tion will be ‘hybrids’ produced by the mating of 
high females with low males or of low females with 
high males. The rapid decrease in the overlap be- 
tween the distribution curves and the discontinuity 
of the distribution curves in the latest generation 
clearly show that ‘hybrids’ must have ocourred with 
very much lower frequencies than this, unless the 
hybrids are for some reason indistinguishable from 
one of the non-hybrid classes of fly. 

Chata numbers of hybrids. In generations S6 
and §11 additional samples of flies were taken with 
the aim of obtaining information about the chæta 
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nuniber distribution of hybrids. These additional 
samples were assayed and selected exactly as for the 
continuance of the line, but set up under a different 
mating system. Four of the high females were 
placed in one mating tube with 4 of the high males; 
the other 4 high females were placed in another tube 
with 4 of the low males. Four of the low females 
were placed with the remaining 4 high males, and 
the remaining 4 low females were placed with the 
remaining 4 low males. After 24 hr. the males were 
destroyed and the four lots of four females were 
placed in 4 separate culture bottles to give progeny 
from the four classes of mating high x high, high x 
low, low x high and low x low that would occur 
with equal frequency in random mating. Twenty of 
each sex of each of these four progenies were assayed 
and provided the distribution curves given in Fig. I 
(bottom) which are to be compsred with those for 
generations 7 and 12 in Fig. 1 (top). 

It is immediately evident that the hybrid modes 
are intermediate between those of the non-hybrids 
and hence that’the discontinuity of the distributions 
for the last generation in Fig. 1 (top), and the decline 
of the overlap between the distributions in the later 
generations of the selection experiment were the 
result of a rapid decline in the frequency of ‘hybrids’ 
in thé selected line. Whether this arises from 
pronounced mating preferences or from inability of 
the hybrid flies to compete as larvæ in the same oul- 
ture with the non-hybrids is not yet certain, but that 
hybrids have become very rare in the selection line is 
clear. The high and the low flies show a strong degree 
of reproductive isolation in the sense of Dobzhansky”™. 

The condition under which Mather’ proposed 
disruptive selection should give rise to polymorphism 
was that the two or more classes selected should be 
interdependent. This condition held in the earlier 
disruptive selection experiments in which genetic 
polymorphisms were produced and maintained**, 
Mather further argued that if the two classes that were 
selected could be independent the expected result 
would be reproductive isolation, assuming, of course, 
that suitable genetic variance were available. 

The present experiment complements its predeces- 
sors, for by mating all the selected individuals 
together in the same vial the two selected classes 
have been given the opportunity to become inde- 
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pendent should they be able to do so. The result 
is as Mather predicted. The only surprise is the 
remarkable rapidity with which the result was pro- 
duced, despite the fact that 20 per cent of the flies 
assayed were selected, a rather low selection pressure 
for an artificial selection experiment. 

Thoday and Boam*® .and Millicent and Thoday’ 
have pointed out that their demonstrations that 
divergence is possible without isolation have a bearing 
on our assessment of the possibility of sympatric 
speciation. Streams and Pimentel! have since 
obtained consonant results. The present axperiment, 
in which divergence and reproductive isolation have 
originated without any geographic or analogous 
isolation when the flies were mating, can only add 
strength to this point of view. 

We do not, however, wish it to be thought that we 
regard this as a demonstration that sympatric 
speciation occurs in Nature, for such a conclusion 
cannot be drawn from the results of laboratory 
selection experiments. The evidence that most 
speciation in Nature is allopatric is véry strong’, 
and it is for the student of natural populations to 
determine whether and how often sympatric specia- 
tion occurs. However, sympatric speciation has 
frequently been supposed impossible on theoretical 
grounds, and these can no longer be regarded as 
sound. Though selection pressures as high as those 
used in the present experiment may be uncommon 
in Nature, the speed with which the present resulte 
were obtained clearly forces us to consider the 
possibility that natural selection pressures might 
readily induce divergence and complete isolation in 
an appropriately heterogeneous habitat. 
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AUTOMATIC SERIAL SECTIONING MACHINE FOR FOSSILS 


By R. P. S. JEFFERIES 
Department of Palæontology, British Museum (Natural History), London, S.W.7 
AND 9 
Bricapier J. B. ADAMS and R. C. MILLER 
iraq Petroleum Co., 214 Oxford Street, London, W.! 


ERIAL sectioning is a standard technique for the 

‘examination of many groups of fossils, including 
brachiopods (to which it was first applied intensively 
by Muir-Wood?), corals’, reptiles? and fish‘. By 
manual methods, however, it is exceedingly laborious, 
even using a measuring instrument such as the Croft 
grinder’, To overcome this we have developed a 
machine which has worked successfully in prototype 
and which is capable of grinding a fossil and taking a 
photograph every 100u. The section interval could 


probably be decreased to 502 without much modifica- 
tion. 

The prototype machine consists of two structures. 
One of these carries an electric motor while the other 
(Fig. 1) bears a grinding wheel, abrasive feed, micro- 
meter, water tap, camera and the control system. A 
long belt connects the output spindle of the motor 
structure to the spindle of the grinding wheel, which 
rotates at about 100 r.p.m. The motor is separated 
from the reat of the apparatus so as to reduce the 
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amount of vibration transmitted to the micrometer, 
specimen and wheel. 

The grinding wheel is of }-in. plate glass and is 
mounted horizontally. Beneath the wheel and 
pointing up through it is the camera, which is a 
35-mm. ciné camerd set to take single frames. The 
specimen, mounted in a plaster block, rests on top 
of the wheel in a specimen holder which is held in 
place by the micrometer housing. The specimen 
holder can move freely in a vertical direction but 
cannot move horizontally or rotate. The top surface 
of the wheel becomes frosted by the abrasive used in 
grinding, but, when there is a thin film of water 
between the specimen and the wheel it is possible to 
take very satisfactory photographs (Fig. 2). This is a 
development of a technique for grinding microfossils 
described by van Morkhoven*®. Photography through 
the wheel reduces the number of moving parts that 
is necessary—a considerable advantage in view of the 
very precise measurement involved. 

During each control cycle about 1-0 c.c. of abrasive 
powder (326 grade ‘Aloxite’) is dropped on to the top 
surface of the wheel to increase the rate of grinding. 
This powder is removed before photography by 
turning on a jet of water which cleans the leading 
edge of the plaster speaimen block and the top surface 
of the wheel. The cleaned surface of the wheel then 
wipes clean the bottom of the specimen. When the 
photograph is being taken the motor is stopped and 
the wheel stationary. 

Because the wheel is not precisely perpendicular 
to the spindle the specimen oscillates up and down 
through a constant distance with each rotation of 
the wheel. The amplitude of the oscillation is much 





Fig. 1. General view of the grinding-wheel structure. 1, camera; 


3, micrometer; 4, abrasive feed; 5, driving 
belt; 6, control system 


2, grinding wheel; 
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Fig. 2. Mucrospirifer mucronata (Conrad), Phot ph taken by 

the grinding machine through the glass wheel. The teeth of the 

pedicle valve can be seen gire into the sockets of the brachial 
valve 


greater than 100. and therefore has to be allowed for 
in the design of the micrometer. This is done by 
designing the micrometer so that the washing and 
photographing part of the control cycle starts: (a) 
when 100u has been removed from the specimen as 
compared with the previous cycle; (b) when the speci- 
men is at the lowest point in an oscillation. 

The control sequence is as follows: water jet starts 
(to wash wheel), motor stops, wheel stops, water 
stops, camera operates, motor starts and wheel 
rotates a few times (to remove surplus water), 
micrometer winds on, abrasive is added. The control 
sequence is initiated by the operation of a micro- 
switch on the micrometer and the timing of the 
subsequent operations is determined by the stepping 
of a solenoid-operated rotary wafer switch controlled 
by a series of relays. 

The tap, micrometer and abrasive feed movements 
are directly operated by the rotation of further 
solenoid-operated rotary switches, and the camera 
shutter is operated by a solenoid. An electro-mag- 
netic counter registers the number of photographs 
taken. 

A limit switch is adjusted to stop the grinding at a 
predetermined position. 

Rubber guides resting lightly on the wheel keep a 
small quantity of water and most of the abrasive on 
the wheel during grinding. Water is prevented from 
falling on the camera by a steel tank beneath the 
wheel with an outlet pipe leading the water to a sink. 
In the bottom of the tank there is a circular hole, 
surrounded by a coaming, through which the camera 
points. A sheet rubber skirt glued to the circumfer- 
ence of the wheel surrounds the top of the coaming and 
prevents occasional splashes from reaching the camera. 

We are at present evolving a method by which 
the photographs obtained from the serial-sectioning 
machine can be used to produce three-dimensional 
reconstructions. 

We wish to thank the Trustees of the British 
Museum for permission to publish. We owe a great 
debt of gratitude to Dr. D. V. Ager of Imperial 
College and to the authorities of that College for 
help, including financial, with the machining. We 
also thank Mr. C. P. Palmer for help with the photo- 
graphy. 
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COSMOLOGY 


~ Finite Rotating Universe 


1949, C. Gödel constructed the model of a 
1omogeneous rotating universe’. He gave 





ambda _term for incoherent matter of 
ensity. His- model was complete in the 
ifferential geometry, that is, free of singu- 


Jarities. He showed that in his model the matter 
is rotating rigidly with constant non-vanishing 
angular velocity with respect to the local inertial 
-o eompass of an observer moving with the matter. The 
light rays emitted by sources moving with the matter 
-in the neighbourhood of the observer exhibit at his 
-place the same angular velocity with respect to his 

» Inertial compass. 
66deł's solution gave, in our opinion, a simple 
. proof that at least one unambiguously defined state- 
ment often referred to as ‘Mach’s principle’ is not 
fulfilled in Einstein’s theory of gravitation. We call 








lution of Einstein’s field equations with 







pact smoothly embedded three-dimensional space-like 
hypersurface of class C! that cuts all world lines of | 
matter exactly once) to the conditions of Mach’s 
principle, we shall label it in the following by the- 
three letters (BFH), where H stands for Hénl. > 

Gédel’s model no longer contradicts the (BFH)- 
version of Mach’s principle because this model has. 
no finite space. ae 

Another point can be raised against Gédel’s solu- _ 
tion, This universe has a trait that seems to be 
quite disagreeable to the physicist: it- contains = 
closed time like world lines. Einstein himself was 
one of the first crities who asked whether models 
of such a kind “are not to be excluded,on physical 
grounda’’s, a 7 

In order to disprove Mach’s principle we con- 
structed, therefore, a complete homogeneous rotating 
universe with compact space sections filled with in- 
coherent matter of positive density that does not 
contain closed time like world lines as an exact 
solution of Einstein’s field equations. The metric 
is given in one co-ordinate chart by: ` 


ds? = dt? + hae ;daidt + evap daidad; a,bi,j7 = 1, 2,3 


2 
gt, za cos g? sina! sin g? Ó 
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.. the following statement ‘Mach’s principle (BF)?: For 
an. observer moving with the matter in a spatially 
homogeneous universe the local light compass as 

_ defined here and the local inertial compass must 

-= coincide necessarily. (We have adopted the restriction 

Of spatial homogeneity for the following reason: 
Even inan Einstein-Straus solution for a Friedmann 

universe with positive curvature of space! the 

-o cu prineiple would not hold for an observer located on 
>- @ test particle (Earth) moving on a circular orbit 
in the Schwarzschild field surrounding a star (Sun) 
in eonsequence of the Fokker-precessiont. We choose 
the local light compass instead of that defined by 
_ the sources at infinity because in many cases (for 
if space is closed) the latter is not well 
‘We have made both restrictions in order to 
iple a better chance in its desperate 
irvival and exactitude. For another 
ting Mach’s principle in Einstein’s 
tion, compare a contribution of 























‘arsaw, 1962). 

he publication of Gédel’s paper the 
18 validity of Mach’s principle has not 
‘here was an old belief among relativists 
rinciple might be connected in some 
ess obscure way with the finiteness of space. 
d has been stated anew by H. Hénl et al. 
rg during the past years®, If one adds the 
jace (we define the space of a non- 
to. be finite if there exists one com- 
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a indicates the rows. ‘The incoherent matter is at 
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The following relations hold for the constants R and k: 
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PHYSICS 


Dependence of the Intensity of the 
First-Order Diffraction on Sound 
Wave-length 


>. Er has been well established by several investi- 

gators! that, in the ease of diffraction of light by 

= ultrasonic waves, the first orders of diffraction on 

- either side of the central zero order appear at normal 

“4neidence position of the crystal holder at only low 

—— frequencies up to 80 Mc./s., and at still higher frequen- 

_ -cies the diffraction orders disappear from the field 

of view. The crystal holder is to be tilted gradually 

- towards one or the other side of the zero-order so that 

_ the appropriate first-order diffraction makes its 

_ appearance and increases in its intensity, attaining a 

-maximum at the corresponding Bragg? reflexion 

angle. The two diffraction orders are never present. 

- simultaneously at high frequencies beyond 80 Mc./s. 

_. Davidt, following Brillouin’s theory, gave the 

> following expression for intensity T4; of the first-order 

diffraction, assuming that higher orders are of 
“negligible intensity : 
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be simplified and written as L = n. y= 
ituting this value of L, the expression (1) 
— 2V, aay PS 

oins GS ar) ae = Kae (2) 


K is a constant; showing that Jm varies 
ectly as the square of the sound wave- length in the 
medium. 
| A plot of Im against sound frequency is shown in 
Fig. 1. The intensity of the first-order diffraction 
dually. decreases with increasing frequencies. This 
romes extremely poor at high frequencies, 
itive . device like the photo-tube for 
vs poor intensity is due to the 
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fact that the sound give length is very. stall at hig 
frequencies and becomes comparable with the wave- 
length of light used for diffraction. The nature of — . 
variation of Im with sound frequency is in conformity =- 
with the experimental observations made by the. 

photo-tube on high-frequency diffraction orders and = 
is in very good agreement with the earlier conclusion — 
reached from Raman’s theory’, : aie 
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Microwave Harmonic Generator. 
capable of Frequencies in Excess of 
600 Gc./s. : 


EARLY forms of the are harmonic generat: has 
already been described!-*. The basis of these we 
‘cold cathode’ arc running between am 
calcium) cathode and a tungsten wire anode in ¢ 
gas at high pressure. The arc was maintained 
combined action of a direct, current field an 



























spot’ producing harmonics of the microwa 

Fig. 1 illustrates the latest. form i 
The arc runs in a small tube situate 
Q-band (35 Ge./s.) input wave-guide. The 
platinum wire so adjusted that: the. tip 
under the action of the are, Providing the 
sure in the device 1s high enough the cath 
pure liquid platinum is very stable in position ar 


Table ł 
Wave-length of 
Harmonic Frequency harmonic 
No. (Ge, /8,) (mim. 
6 i 210 143 
9 315 0-05 
11 385 078 
14 490 0-61 
16 560 0-54 
1s 630. O48 











pointed anode wire. An adjust : 
n t 





_ short as. possible (less than 0-05 mm.) in order to 
- minimize losses arising from the plasma. Although the 
<- eathode temperature is high the electron current can- 
not be derived thermionically so the are is a ‘cold 





cathode’ one. 
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Fig. 1. Principle of high-pressure are harmonic generator 


Table 1 gives the approximate power (indicated by a 
Golay cell) distribution for various harmonics when 
the generator is running under the best attainable 
conditions. It is seen that the output in the ninth 
harmonic is about two hundred times greater than the 
best obtained with the calcium cathode at 20 atmo- 
spheres. This improvement is largely due to the 
- increased stability of the cathode spot brought about 
by the very high gas pressure and to the reduced 
plasma diameter arising from the same cause; it is 
not fundamental to the nature of the cathode. 
Nevertheless, the power in the higher harmonies is 


still less than 1 per cent of that theoretically obtain- , 


5 F ing of the plasma adjacent to the cathode spot giving 


able, and it seems that this is due to diffusive spread- 


-rise to a shunting effect here. If the plasma diameter 


— ean be further reduced then frequencies in excess of 









} Ge./s. should be obtained. Probably the highest 
cy detected so far is 735 Ge./s. 

mmmunication describes work forming part 
research programme of the National Physical 
ti ndis published by permission of the 
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several hundred 
several volts d 


in such a heat-to-elec- 
tricity converter remained ob- 
seure. 

The following mechanism is 
proposed: it is known that in 
flames the degree of ionization is 
in general far above that obtained 
from the Lindemann-Saha equa- 
tion of thermal ionization‘. This 
is not surprising ‘because the 
system is in a steady state, but 
not in thermodynamic equili- 
brium, energy being supplied by 
combustion and removed by ther- 
mal conduction and gas flow. 
As a result of the combustion 
reactions excited molecules are 
formed and electrons gain high 
energy by collisions of the second 
kind’. This for some reason has 
been called an anomaly. If the 
flame gas density were sufficiently 
low, the system would be analog- 
ous to the positive column of a glow discharge where 
the large random energy of electrons causes the wall 
to acquire a negative potential with respect to the 
axis. However, because of the high gas density in 
flames, the mean energy of the electrons is not 
uniform but decreases towards the wall because the 
electrons lose more energy by collisions in the denser 
regions near the wall. a 

A solution of the differential equation for the 
radial heat flow in that part of the boundary layer 
formed near a cool conducting wall, where the input 
energy by combustion is negligible (that is, no further 
electrons produced), gives an exponential temperature 
fall with a characteristic lengthr, = K/(cp pv), where cp, p 
and vare the average specific heat, the gas density and 
the gas-flow velocity respectively, and K the average 
thermal conductivity of the flame gas; r, is usually 
of the order 10-2--10-3 em. By estimating the number 


Srass block 


of electron collisions in this layer (where the gas — 


temperature falls from the value in the flame to that 
of the wall) and the average loss of energy per 
collision, the mean energy lost on the way to the 
wall is found. It should be noted that the collisional 
loss is inelastic and thus several orders of magnitude 
higher than the elastic loss per collision. The results 
show that as the wall temperature is reduced the 
electrons reaching the wall suffer an increasing num- 
ber of collisions and lose more energy. Thus the 
electrons will charge a cold wall to a smaller negative 
potential than a hot wall. The calorelectric effect is 
therefore a manifestation of the difference in wall 
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— potential between two walls of different ternperature 

- “whereby the cold wall should be at a positive potential 

with respect to the hot wall. This, in fact, has 

‘ always been observed. 

In order to find the wall potential, the electron 
energy distributiow at the wall must be known. 
Assuming this to be a near Maxwellian and that the 

ion temperature is approximately equal to the local 

< gas (wall) temperature T, the wall potential’ is 

.. given by: 


. = No. 4821 













l — Fy = (kT e/2e) In (Temni Twm) 

<= where kT'e is the mean electron energy at the wall 
~ and m;/me the ratio of ion to electron mass. Vy 
= is here usually of the order —10 V. 
cuoio Assume one wall to be at 300° and the other at 
— 600° K., mi/me = 2,000 and electrons of kT’. = 2 eV. 
at a point where combustion becomes negligible. 
Through losses the electrons are cooled down to 
kT. = 0-6 and 1 eV. at the respective walls and the 
potential difference between the walls A V. is about 

2 V. The gbservations in flames agree with this. 
Larger wall potentials can be obtained by using 
other ionized media, for example high-frequency 
discharges in mercury, and in fact potential differ- 
ences of more than 10 V. have been observed 

between electrodes kept at different temperatures. 

J. R. Cozens 


. Clarendon Laboratory, A. von ENGEL 
University of Oxford. 
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+ Klein, 8., C.R. Acad. Sei, Paris, 251, 2492 (1960). 

* Gaydon, A. G., and Wolfhard, H. G., Flames (London, 1960). 
-*von Engel, A., Jonized Gases (Oxford, 1955). 


METEOROLOGY 


Relationship between Density of Newly 
Fallen Snow and Form of Snow Crystals 


_ Iv has been suggested! that there should be a 
relationship between the density of a snowfall and 
the shape and size of the predominant snow crystal 
form which makes up the snowfall. 
> During the winter of 1960-61 concurrent measure- 
ments of density of newly fallen snow and snow 
crystal forms prevailing during the snowfall were 
taken at Montreal to test the assumption that the 
snowfall density is a function of crystal type. 
Depth of snow was measured on a standard snow 
board 4 ft. x 4 ft. The weight of the snow corre- 
| sponding to the measured depth was recorded in a 
dard Bendix—Freiz recording snow gauge. Snow 
during the storm were caught in a 
12 in. x 12 in. x 5 in. and the 
observed and photographed under a low- 
somicroscope. 
pears to be a general variation of density 
nt types of crystals. Needles show a low 
although one might expect that they would 
gether to give a relatively high density snow. 
ver, needles occur at relatively high ambient 
ernperatures.. They thus tend to form into snow- 
flakes rather than fall as single crystals, and this 
gives a more open structure to the snowfall. 
> Riming shifts the density for needles one class 
© higher (approximately 2-5 per cent), while 
fect on plates is a density increase of 5 per cent 
‘his points to a greater collection efficiency 
roplets in the case of plates (and probably 
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Summers for valuable discussions. 








Table i 
Snow 6-051- F 
density 0-005 0-075 0076-010 - 
Predom- Den- Needles Irregular assemblages of 
inant drites lates and columns, 
crystal Latet dendrites; 
types rimed needles (few 
rimed dendrites) 
Inches of 
snow 7-63 6-50 21:75 
Percent- 
age of 
total 
seasonal 
sample 
{52-38 
in.) 146 12-4 41-5 
NOG. O OS 
storms 5 4 ; 6 


irregular assemblages) than for ade this is v 
would be expected from the respective cross-secti 
areas. Thus the removal of liquid water fr 
cloud system by the accretion process is a function 
of the crystal type; the latter would, therefore, r 
appear to be an important parameter for considera- — 
tion in precipitation models which include the. ae o 
phase. Pee 
The main results are indicated in Table 1. — 
No snowfalls were recorded of density 10-12°5 per aes, 
cent. This gap appears to be a general characteristic _ 
of the area since the data for Burlington, Vermont? 
only 70 miles to the south-east, also show a marked > 
drop in frequency of snowfalls of density greater than 
9-5 per cent. In spite of the gap, the average snow 
density during the tests does not vary greatly from- 
10 per cent—the accepted average density figure. for 
Canada. Moraes 
The dependence of forms of snow crystal on > 
ambient temperature (and humidity) prevailing dur- = 
ing crystal growth has: been established for crystals —__ 
grown in the laboratory*. In the free atmosphere, 
confirmation of this relationship has also been ` 
made‘. Thus, it now appears possible to relate also 
the density of snowfall to the conditions prevailing in __ 
the atmosphere aloft during the storm, at least on = 
those occasions when one crystal type predominates. — 
The apparent dependence of snowfall density on 
crystal type may give an insight into the physical : 
basis for part of the areal variation in the water o 
equivalent of snow during storms. This variation is 
of importance in evaluation of cloud-seeding teste. - 
during winter months’. Observations on- snow — a 
crystal types and the necessary conditions for riming 
(presence of supercooled water cloud below the snow =< 
generating level, ete.) might thus assist in reducing ee 
the variance in the precipitation series during experi- < 
mental seeding tests; also anomalies of density or eee 
crystal types? may appear between seeded and ee 
unseeded areas. 
This work was sponsored by the N ational . Boience 
Foundation (C-181). I thank J. d’Av 
assistance in the instrumentation. an ti 10 
erystal observations, and P. J. ‘Denison. and P. : 


















BERNARD A. Powsr 
Weather Engineering Corporation of Canada, Ltd. 
2030 Crescent Street, Montreal, 25.0 


} Diamond, M., and Lowry, W. P., J. Meteor., Li, 512 a954). 
* Wilson, W, T., Weekly Weather and Crop. Bull., 42.7 (1955)... 
3 Nakaya, U., Compendium y Meteorology, 207. (Amer, Meteor, Soc 
— on 1951). Mason, B. J., Quart. J. Roy. Met. Bots," 7,1 a 
5 — 
i Gold, L. W., and Power, B. A., J. Meteor., 9, 447 (1952); 
eas oa H. K., Ber, deutsch. Wetterd +s ULB. 
4 Summers, P. W., and Power, B. A., Bull; Amer. Meteor, Soe. «+ S 
89 (1960). ; 
*Tsono, K., Intern. Conf. Cloud Physics, Canberra, Abst. Paper p 6 
(September 1961). 


one, . * No. 









pA mow to. “investigate: a pes by * B. Auster- 
man — a that there was a rever- 













* one "2,080 + 50°C. on hace which 
1 a the usual Gie ta beryllia structure 
ot In each case the 


nge took spacings of the new phase recorded 
Ov o angular range of 35°-140° 20, using copper Ka 
| _ radiation, are given i in Table 1. 


Table L INTERPLAN AR SPACINGS OF HIGH-TEMPERATURE BERO PHASE 


CELAJ > Intensity d(A.) — Intensity 
237010 1-152 <1 
2320 8 1-118 «i 
L676: 4 1-062 <j 
1:000 i 0-808 <i 
1370 ü 0-882 «i 
1316 <l 0868 <i} 
Vis? 3 0-840 <1 


This table includes all the reflexions obtained at 
the high temperature, with the exception of those 
attributed to a deposit from the tungsten element 
of the furnace, which were present at all tempera- 
tures and increased in intensity with time. The only 
reflexion. common to both the phases is the (101) 
reflexion of the original beryllia structure, which 
becomes the second recorded line of the new phase. 

The high-temperature phase seems to have pro- 
nounced cubic characteristics; further experimental 
results are being obtained in the higher d-value range 
to enable a full structural analysis to be made. 

T. W. Baker 
P. J. BaLDOOK 
Metallurgy Division, 
Atomic Energy Research Establishment, 
Harwell, Didcot, Berks, 


CRYSTALLOGRAPHY 


Fourier Projections of Twinned 
Crystals 


TWINNING of crystals often results in the super- 
position of reciprocal lattice points and the appear- 
-ance of a pseudo-lattice. In many cases this can be 

© -recognized from the diffraction data by the presence 
of systematic absences inconsistent with those 
— abse ces expected from space-group symmetry. 
-Because of the superposition of much of the diffrac- 
data, exact intensities for each reciprocal lattice 
cannot, be obtained. Tf it is assumed that the 
18 On & gross enough scale, then the intensi- 
e superimposed reflexions will be propor- 
he sum of the F? of the individual reciprocal 
ints: : comprising the reflexión, without 
their relative phases. Thus it is not possible 
r the accepted Fourier methods of crystal 
e- determination in the usual way. In the 
mtact twins a physical separation can be 
single-crystal data can be obtained; but 
of fine polysynthetic twinning or the 
main’ type of twinning usually resulting 
F rough a phase change, one is forced to 
: twinned material. 














“Patterson p pr 
dicular to the tw: or f the ple E 
pendicular to the iwin ean ean be constructet D a 











using the pseudo-cell and the observed compi 
intensities. The ‘Patterson map’ so produpes 
identical to that obtained by superimposing, in the 
correct twin orientation and with their origins eo 


incident, two ‘Patterson maps’ of the single crystal. Te eek, — 
is then possible to transform this map from vector ee 
‘minimum: 


space to real space by the Buerger 
method”. Ifthe mage-seeking vector chosen is one — 
joining two atoms related by a centre of symmetry, 
then the ‘minimum map’ produced will be equivalent 
to two superimposed electron-density maps of the 


crystal with their symmetry centres coincident. scot ate 
These relations have been successfully tested on = 
the known structure of orthorhombie CrB, and are at 


present being verified on monoclinic FeAsS. 


A. J. FRUER 


Crystallographic Laboratory, 
McGill University, 
Montreal. 

1 Buerger, M. J., Acta Cryst., 4, 531 (1951). 


X-Ray Analysis of Parallel Growth and 
Disorder in Silicon Carbide Crystals 


Ir is well known that silicon carbide forms a great 
variety of polytypes. The significance of these poly- 
types is so far not fully understood, although the 
known types appear to be consistent with the theory 
postulated by Ramsdell and Kohn! according to 
which : “Each polymer is characterised by a par- 
ticular temperature stability range. At a given 
characteristic temperature a single type of polymer 
would produce a ‘pure type’ . If stability ranges 
overlap two polymers might exist simultaneously 
resulting in a ‘mixed type’ ` 

In the course of our analysis of a number of silicon 
carbide single crystals by X-rays, some interesting ob- 
servations have been made in the case of two crystals 
which might throw more light ön the growth mech- 
anism in silicon carbide and perhaps provide some. 
further evidence on the formation of polyt The 


erystals, kindly lent to us by Prof. 8. Tolansky, had 


been obtained commercially, and no details of their 
production were known. 

One of the two erystals was of a light green colour 
and had grown with the (0001) face plane, roughly 
hexagonal in outline and about 10 mm. across. The 
erystal was wedge-shaped and tapered from 3 m. 
to a knife edge along one side of the hexagon. It 
had presumably grown by deposition on to a cooled 
flat surface. The plane (0001) face would then be 
next to the cooled surface. The top face was rounded. 
The second crystal was a thin (0-25 mm.), colourless, 
parallel-sided plate about 2 mm. square, the two 
sides of the plate being the (0001) pinacoid faces. 
There was no indication of the method of growth. 

The glancing angle, a-axis oscillation photographs 
from the flat face of the large light-green crystal 
showed horizontal streaks on the non-zero layers. 
These corresponded to weighted rods in reciprocal 
space passing through the lattice points, parallel to 
c*, Fig. 1 shows the horizontal streak on the first 
layer lines produced by such rods, which arise from 


random stacking of structural layers in the c direction. 
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Ka radiation. On the first layer lines the horizontal diso er 

streaks can be clearly seen, together with the mixture of 6H and 

15R 1011 reflexions lying on them. The / indices are marked, 
6H on top, 15R underneath 


_ The length of the a-axis was normal (3-08 A.) but the 
reflexions on the 10./ rowline could not be indexed 
on the basis of any reported c-spacing. However, the 
distances of reciprocal lattice points along the 
rowline from 10-0 fell into two sets, one of which 
(15 points) corresponds to a 6H cell (c=15-10 Å.) 
and the other (11 points) to a 15R cell (c= 37-80 A.). 
These values are equal within experimental error to 
those given in the literature (15-12 and 37-78 A.). 

On the basis of this interpretation the vertical 
rowlines in c-axis oscillation photographs of a small 
chip taken from the knife edge could be shown to 
consist of the same mixture, the 6H reflexions showing 
a horizontal plane of symmetry which was lacking for 
the 15R reflexions. 

c-Axis Laue photographs through the knife edge 
showed overall trigonal symmetry, but were similar 
to Laue photographs of a pure 6H specimen with addi- 
tional reflexions along 3 of the 6 axial directions. 

Survey oscillation photographs were then taken at a 
number of points on both faces. The photographs 
at all points on the flat face were similar, consisting 
of a mixture of 6H and 15R reflexions joined by 

aks. However, on the top face only 6H reflex- 
ions, without the disorder streaks, were obtained 
except for positions right on the knife edge of the 
erystal. 

It seems clear that on the flat face, where erystalliza- 
tion almost certainly started, the crystal is a parallel 
intergrowth of 6H and 15R with considerable regions 
of random stacking of layers, but that, as growth 
proceeded, the stacking settled down into the 6H 


type. 

In the case of the small, colourless crystal, glancing 
angle, a-axis oscillation photographs showed only 
ons corresponding to a 6H cell and back 
reflexion c-axis Laue photographs from both sides 
showed hexagonal symmetry. However, a trans- 
mission c-axis Laue photograph showed definite 
trigonal symmetry and a c-axis oscillation photo- 
graph (in which the plane of the plate was necessarily 
parallel to the X-ray beam) showed faint subsidiary 
reflexions between some of those corresponding to 
6H. These indicated a spacing a little more than 4 
əs that of 6H and were not symmetrical about the 

horizontal plane. 


| 
| 
The small size of the subsidiary reflexions supports 
the other evidence in suggesting that the rhombo- 
hedral region (probably 752!) in this crystal is a cen- | 
tral core surrounded by 6H in parallel orientation. 


The morphology of this erystal suggests that growth 
started from the centre. 


Birkbeck College, 
University of London. 


J. W. JEFFERY 


T. S. Murry 


Royal Holloway College, 
University of London. 


' Ramsdell, L. 8., and Kohn, J. A., Acta Cryst., 5, 215 (1952). 


CHEMISTRY | 
Effect of Electrolytes on the Catalytic 


Racemization of Tris(Ethylenediamine)- 
Cobait(Ill) lon 


ACTIVATED carbon has been used as a catalyst in a 
number of methods for the preparation of cobalt- 
(ITI) complexes. It has been shown that the race- 
mization of tris(ethylenediamine)cobalt(III) ion! and 
other cobalt(IIT) complexes? is accelerated in the 
presence of activated carbon. Since the rate of 
exchange in the system [Co(en),]**—*en in the 
presence of charcoal is slower than the rate of racem- 
ization of d-[Co(en),}*+, the racemization cannot be 


attributed solely to a ligand exchange prone! | 
ilinga 


Dwyer and Sargeson* have observed that on 


solution of d-tris(ethylenediamine)cobalt(II1) chloride — 


with activated carbon for 3 min., the optical activity 
was lost completely and about 4 per cent of the total 
cobalt was reduced to Co**. In the presence of 


sulphuric acid (0-1 N) and carbon, the complex was — 


reduced to about the same extent, but the optical 
rotation decreased only slightly (by 6 per cent). 
They interpreted these results to mean that the racem- 
ization occurs through an electron exchange process 
involving [Co(en),]**. Sulphuric acid would destroy 
the labile cobalt(II) complex and inhibit the racem- 
ization by this mechanism, 

The racemization of tris(ethylenediamine)cobalt- 
(HI) chloride using freshly activated (700° C. for 1 hr.) 
charcoal (Baker and Adamson decolorizing carbon) 
at 0-40° C. causes no significant alteration of the 
absorption spectrum of the complex. The extent of 


decomposition (or reduction) must be no greater than — 


about 1 per cent under these conditions. _Most of our 
results were obtained at 40° C. using 0-500 gm. of 
[Co(en),|Cl, and 0-500 gm. of carbon in 50-00 ml. of 
solution. The rate of racemization was found to be 


greatly decreased in the presence of sulphuric acid, as 


shown in Fig. 1. However, the racemization was also 
slowed down to almost as great an extent by Li,SO, 


and to a slight extent by Na,SO,. The presence of | 


NaCl had almost no effect on the rate of racemization 
of the complex. 

Surprisingly, the racemization of the complex by 
carbon is complete within 7 min. at 30° C. in the 
presence of NaClO, or Mg(ClO,),. Potassium nitrate 


and potassium nitrite accelerate the rate of racem- 


ization to almost as great an extent. 
Except for H+, the accelerating effect of the anions 


seems to be more important than the retarding effect 


of small cations. Thus, LiNO, accelerates the 
racemization to almost as great an extent as KNO,, 
but HClO, slows down the rate of racemization to 
about the same extent as does H,SO,. 










Cear) metal chelate n 
as C,H,N OH. (ref. E — 
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— 9 1 The: carbon- catalysed racemization of i-[Cofen),JCl, 
oe et curve) and the. effect of various electrolytes on the racem- 
. - > ization 
‘The fact that: Li,SO, and Na,SO, slow down the 
- = : — racemization: of [Co(en})]Cl, on activated carbon 
ee a that the effect of Li,SO, is almost as great as that 
= of H,SO, casts doubt on the electron exchange 
ee “mechanism 1 as the most important path for the racem- 
ization. It is likely that the conditions used by 
.. Dwyer gave more decomposition or reduction and 
oo perhaps, under these conditions, the exchange 
= mechanism is more important. We observed that 
-carbon activated at higher temperatures (800° C. for 
-L hr.) was much more active and that the absorption 
spectrum of the complex after 30 min. at 50° C. was 
~~ gitered to an extent which could be explained by 
about. 2-3 per cent decomposition or reduction of the 
complex. 

The effect of the cation seems to increase with 
decreasing ionic size. Basolo’ observed that the 
racemization. of tris(1,10-phenanthroline)- iron(1IT) ion 
was slowed down by cations in the order H*+> Lit 
> K+. Davies and Dwyer’ reported that the racem- 
ization of tria(1,10-phenanthroline)-nickel(I1) ion was 

retarded. by H50, but that this was not a specifie 

~ acid effect since (NH,),SO, had almost as great an 

< o effect as did H,SO,. The cause of the effect of the 

= cation on the racemization of d-Coſen) Pt might be 

similar to that for the homogeneous racemization of 

pee ` [Fe(phen),]**. It might also be significant that the 

_ effect is in the direction which would be expected if 

the racemization were retarded by increasing adsorp- 

_ tion on the carbon of cations with decreasing ionic 

size. o 

poe “The accelerating effect of ClO,-, NO,-, and NO,- 

jons is puzzli g. These ions would not be expected 

“to be involved in ion-pair association or bridging to 

as: great. an extent as either Cl- or 8O,=. Further 

: on the effects of electrolytes on the carbon- 

acemigation of  d-[Co(en),]Cl, and 
¿will be published soon. 
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ts vith 8-quinotinol — 
the formula, Ag(O,V. Oj- 
Two form’ of the Shela are 
known: (a) a yellow form, prepared at temperatures ` 
below 60° C.?; (6) a green form prepared at tempera- 
tures above 60° C.2. Nakatsuka? reported that the 
green form contained silver in the Ag (II) oxidation 
state, a deduction based on a bromometric. titration 
procedure. However, it was sho er by Block 
et al.® that the green form was dian tic and. con- 
tained silver in the Ag (I) oxidation state. Although 










































both the yellow. and green forms were prepared by the © 


latter investigators, the differences between these two ~ 
forms were not elucidated. i JARE 

On the assumption that the silver (I) 8- quinolinol ee 
complex was an addition: compound similar to those = 5 
obtained with thorium (IV), uranium (VI), and scan- 
dium (IIT) (ref. 4), Wendlandt and Van Tassel 
studied their thermal properties by thermogravi-  - 
metric analysis. Surprisingly, both forms exhibited. e 
similar thermal behaviour and did not lose the ‘extra’ 
molecule of 8-quinolinol to give the 1:1 complex. 
Since their thermal. properties were similar, it was 
decided to characterize these two forms by other 
physical property measurements such as ultra-violet, 
visible, and infra-red absorption spectroscopy, differ- 
ential thermal analysis, and X-ray diffraction. 

The yellow and green forms of the complex were 
prepared as previously described?*. 

The differential thermal analysis curves for both 
the yellow and green forms and also the white form, = 
[Ag(C,H,NOH),|NO,;,° were obtained on a Deltas = 
therm’ apparatus and are given in Fig. 1. Asean be 
seen, the yellow and green forms: gave practically ç 
identical curves. Both had an exothermic peak witha 
peak maximum temperature at 170° C. and an endo- 
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Fig. 1. Differential thermal analysis curves of silver Ate Fo 
Pan complexes. ee H,N LNO (yellow form); 
B, Ag(CeHsNO)C,H NOH — form); C, [Ag(C,H NOH} JNO, | 
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Table 1. X-Ray D-Spacines FOR YELLOW AND GREEN FORMS OF 
Ag(C,H,NO)}C,H, NOH 
Yellow form Green form 

d, A. Til, d, A. HI, 
8 05 65 @O5 55 
741 100 74i 100 
6 29 55 6-20 55 
5°67 5°67 85 
5 08 65 6 08 55 
4638 4°53 90 
4-08 50 4:08 50 
8°77 35 3°77 85 
8 69 25 8-59 

3°41 60 8 41 89 
816 8-15 40 
2°98 30 2°88 30 
2 87 30 2-87 

2°73 15 273 15 
219 2 36* 20 
2 02 26 2-19 20 

2 04* 6 
2 02 25 


* Silver lines, 


thermic peak at about 275° C. The white form curve 
hed endothermic peaks at 120° C. and 200° C., 
followed by a large exothermic peak at 230° C. It is 
evident that the white form decomposes very 
violently. 

The ultra-violet and visible absorption spectra, 
250-700 mu, was obtained on a Bausch and Lomb 
Spectronic 505. Both forms ‘gave identical spectra 
with absorption bands dt 265 and 405 my. The infra- 
red spectra, 2-l6p, was obtaumed on a Perkin- 
Elmer model 137 spectrometer. Again, no differences 
could be found between the curves for the yellow and 
green forms. 

The X-ray d-spacings were obtained on a Norelco 
high-low angle diffractometer. The d-spacings, as 
given. in Table 1, showed that the yellow and green 
forms gave identical lines except that the green form 
had several more lines. These extra lines were found 
to be due to free silver and corresponded to the 2-359 
and 2-044 A. d-spacing values’. No lines were found 
corresponding to free 8-quinolinol. Thus, it must be 
concluded that the yellow and the green forms are 
identical but that the green form contains a small 
amount of free silver. This free silver could easily be 
formed at elevated temperatures by a reduction 
reaction involving 8-quinolinol as the reducing agent. 
The yellow form, since it is prepared at lower tem- 
peratures, does not contain any free silver. 


Wrstny W. WENDLANDT 
JOHN HasouxH 


Department of Chemistry, 
Texas Technological College, 
Lubbock, Texas. 

1 Vis, G. N., J. prakt. Chem., 45, 580 (1892). 
1 Nakatsuka, Y., Bull. Chem. Soe. Jap., 11, 45 (1936). 
* Block, B. P., Bailar, J. C, and Pearce, D. W., J. Amer. Chem, 

Soc., 73, 4971 (1061). 
‘Wendlandt, W. W., Anal. Chem., 28, 499 (1956). 
* Wendlandt, W. W., and Van Tassel, J. H., Sctence, 127, 242 (1958). 
*Smith, J. V (ed.), 4 S.T.M. Tables, 571 (1960). 


Photochemical Reaction of High- 
Molecular Silver Compounds 


A WHITISH gelatinous precipitate is formed when a 
hydrophilic alkaline polyaikylecrylate solution of 
common formula: 


( ee 
COO Me/ n 
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where R = CH, C,H, etc., Me = sodium, potassium 
or other alkaline elements, is added to a silver nitrate 
solution. This precipitate is dissolved slowly in a 
polymer excess to a probably complex silver salt 
solution. A freshly prepared precipitate is white; in 
light, it quickly becomes lemon coloured and the 
complex solution which is formed becomes orange 
coloured. After a longer time in diffused daylight it 
turns into deep red and after some days ıt changes 
into dark violet. Various colours of the solution indi- 
cate that a photochemical decomposition occurs which 
is accompanied by the formation of colloidal silver at 
various degrees of dispersity. Direct sunlight and 
ultra-violet rays accelerate many times the photo- 
chemical decomposition of the high polymer silver 
compounds to silver sols, the most effective radiation 
being in the range of 450-300 my. 

If the complex silver salt solution mentioned hore 
is prepared in the absence of actinic light its decom- 
position and colour-change proceed very slowly. 
Oxidizing agents slow down or inhibit the photo- 
chemical reaction whenever reducing agents markedly 
accelerate it. 

The photochemical decomposition reaction of 
silver polyalkylacrylates is a useful method of 
preparation of colloidal solutions of silver, gold and 
platinum. 

Solutions of alkaline polyalkylacrylates yield also 
very well-defined compounds with salt solutions of 
other metals (copper, ferric and ferrous iron, lead, 
cadmium, strontium, magnesium, uranium, etc.) 
which are not sensitive to light. i 


J. KUBAL 


Department for Dosimetry, 
Nuclear Research Institute, 
Czechoslovak Academy of Sciences, 


Prague. 


Catalytic Decomposition of Hydrogen 
Peroxide Vapour by Equimolar Mixed 
Oxides 


Iw the course of a detailed study of the flow 


decomposition of hydrogen peroxide vapour on a 
wide range of metal and metallic oxide surfaces', an 
investigation has been made of decompositions on 
XO/Y,0, mixed metallic oxides. These experiments, 
while designed to link with the amgle oxide work, 
are of sufficient interest to require a separate 
communication. 

Oxides were prepared either from precipitated 
hydroxides or calcined nitrates using ‘Analar’ 
chemicals. Mixed oxides were ground together and 
then calcined at controlled temperatures for 6 hr. 
followed by re-grinding in an agate mortar and 
finally compressed into flat slips 2-5 x 1-0 x 0-lem. 
to fit the flow reactor’. Stabilizer-free H,O, at 
90 per cent w/w was re-distilled at 60° C. and 72 mm. 
until a 99-9 per cent fraction was obtained as shown 
by refractive index’. Vapour from this material in 
fixed concentrations up to 1 mm. was diluted with 
high-purity flowing nitrogen in the experiments. 

One oxide series was based on Mn,0, with PbO, 
ZnO or NiO as the equimolar addition; in another 
series CuO was used with additions of either Fe,0,. 
7-Al,O, or CoO, 

The Mn,0, mixed catalysts were all highly efficient 


and similar in activity. PbO.Mn,O, was, however, | 


slightly more active than the others when compared 
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at fixed annealing temperatures. All oxides gave 
steady activities, after 40-45 min. exposure to H,O, 
vapour, which were strikingly related to annealing 
temperature. Fig. 1 illustrates the results for the 
ZnO/Mn,O; series. Decomposition of H,O, steadily 
increases with reaction temperatures from 38° to 
100° and also increases with catalyst a a 
temperature up to an optimum lying around 600° C. 
Heat treatment above this temperature results in an 
effective loss in activity. This pattern was repeated 
clearly with all equimolar Mn,O, mixtures. The 
resulta are not simply explained in terms of surface 
aroa differences only: sinco measurements on & range 
of slips (Brunauer~Emmett—Teller; C,H,; — 183° C.)* 
gave values around 170 om.?/gm. with roughness 
factors all within 15 per cent. The constancy of 
surface areas is probably due to re-grinding specimens 
after sintering and the high compressive force (17-5 
tons/in.*) used in forming the slips. 

etic susceptibility measurements were made 
at 10,600 and 1,500 cersteds and 20°C. The values 
extrapolated to infinite field were distinotly dependent 
on annealing temperature, shown in Table 1. 

The marked tendency for } to decrease after ex- 
posure to H,O, vapour may be related to a change 
in oxidation state of the catalyst surface by a re- 
duction of H,Q,. 

It is well known that fused oxides of the type 
XMn,0O, may have a cubic spinel structure. These 
have many possibilities for lattice inversions, defects 


Table 1. MAGNRTIO SUSORPTIBILITIES OF YO/MN,O, MIXTURES 
(Extrapolated to infinite. fleld) 

Mixed oxide y x 10° 0.6.8, units 

g00° 0. 400°O. 600°C. 600° O. 760° C. 
PbO 503 73:8 722 10-5 18-8 — 
NiO 203 89:8 95-2 109-2 Ferro- Ferro- 

ay a —— 

ZnOf[Mn,O, 733 80-2 88-2 104-0 5-8 
ZnO/hMn,O, * 75-1 74:5 702 97 4 -> 


* After exposure to H,O, vapour for 2 hr, at 160°C. 
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and distortions which could accord pronounced 
catalytic activity to the mixtures and, since the spinel 
lattice is often associated with ferromagnetism‘, the 
NiO/Mn,0O, mixtures were further examined by X-ray 
powder photography. At less than 600° C. the mixed 
oxides were inhomogeneous and consisted of the two 
single oxides with traces of NiO in solid solution with 
Mn,O,. At 760° C. the structure had radically altered 
and was probably composed of e solid solution of 
NiO m Mn,O, or Mn,O,. No characteristic spinel 
lines were detected. 

In this series no striking effect on the catalytic 
activity of Mn,O, was detected by adding a second 
oxide. Mn,O; prepared at 600° C. gave 100 per cent 
decomposition at 80° C., and an activation energy of 
6-9 keal./mole for a first-order reaction in tempera- 
ture changes fast enough to preclude the effect of 
subsequent slow changes in the solid. The activation 
energies of the mixtures increased slightly with in- . 
creasing sintering temperature although these differ- 
ences were not significant; all values were between 
4-5 keal./mole. The most active equimolar mixture 
appeared to be that sintered around 600°C. At this 
point we may expect‘ migrations of manganese ions 
into neighbouring crystallites in the mixture while 
the number of lattice imperfections and metastable 
phases will be at their greatest, perhaps giving rise to 
active surface states where a catalytic cycle may be 
initiated. Even at 400° C. there will be some surface 
migration so that mixed samples behave almost as 
if they consisted entirely of Mn,Q,,. 

The CuO/Y,0, series were prepared only at 
600° C. in air. The steady temperature decomposition 
values and activation energies for fast temperature 
changes are given in Table 2. 
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Table 2. Streapy DECOMPOSITION VALUBKS AND EXPRRIMENTAL 
ACTIVATION ENBRGIES. CuO/Y,0, SERIES 
Decomposition Activation 
Oxide Tomperature change (per cent) energy 
change (° C.) (kcal/mole) 
CuO/Fe,0, 77 40 65 20 2-1 
CuO/¥e,0, 40 100 26 87 77 
0u0/Al,0, 140 179 50 95 4:3 
— 0, 179 140 93 48 5-1 
Cu0/Co.0 3 100 39 80 45 42 
Ou0/0o,0, 38 77 48 75 37 


The CuO/Fe,0O, mixtures were ferromagnetic and 
much more active than the separate oxides, which 
only gave measurable decompositions between 100° 
and 183°C. The offect was also to decrease the 
activation energy required by CuO (15 keal./mole) 
and Fe,O, (20 keal./mole). The most inactive mix- 
ture was CuQ/A1,0,, which gave similar decomposition 
and activation energy to CuO. All these oxide mix- 
tures form spinels’, while Forestier® has confirmed the 
ferrite structure of CuF’e,O,. At 600° C., this may 
form a complex matrix with some inversion of di- 
and tri-valent ion positions giving a highly defect 
structure much more effective in catalysis than the 
individual oxides. This is a clear, synergetic effect 
giving rise to surface states with lower activation 
energies than present in the individual oxides. 
«-Al,O, was inactive in H,O, decomposition and it 
probably functions in mixtures as a diluent and 
support, while in CuO/Co,O, any mixture effect is 
obscured by the presence of Co,0,, a highly active 
oxide which acts similarly to Mn,O;. 

It has been demonstrated how catalytic activity 
can be affected by the component oxides and by the 
annealing temperature. It may be that such effects 
act to alter surface electron sources, which can locate 
a dual site catalytic mochanism which is thought 
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to be applicable in H,O, decomposition. This feature 
will be discussed fully in a later communication. 
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End-Point Cryoscopy 


Many metifods in use for the eryoscopy of solutions 
suffer from the difficulty of equating an observed 
freezing point with a definite concentration. The 
procedure developed by us has avoided this difficulty 
by determining the temperature of a solution at 
which the last trace of frozen solvent melte; Thus 
the freezing point is measured at a concentration 
which has been established by direct weighing. This is 
particularly useful for organic solutions where 
accurate analysis {as for A ani cryoscopy) is 
often impractical. 


Table 1 

Molecular Slope of concentration Slope x mole- 

Bubstance weight v. melting point r weight 
Naphthalene 128 225 288 
Benzols acid 122 227 277 
Nitrobenzene 128 225 277 
Benxil 210 136 278 
Methyl aalicylate 162 187 284 


The constancy of the last column {fndicates the precision attainable. 


About 5 ml. of solution is shaken in @ small glass 
bulb after cooling sufficiently to produce a small 
amount of frozen solvent. The temperature, measured 
by a thermistor inside the bulb, is plotted against 
time; this is most conveniently achieved with a 
recording amplifier. The temperature remains steady 
for a while, then increases regularly and slowly while 
any frozen solvent remains, but the slope changes 
sharply as the last trace of solid melts. The inter- 
section of the two linear portions is a measure of the 





Fig.1. Temperature-thne curve for naphthalene in dioxane 
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required melting point. A typical curve is shown in 
Fig. 1. Each determination requires about 10 min. 
The resulta given in Table 1 were obtained for 
dioxane solutions, 4-5 measurements being made for 
each substance 
R. F. GREENWOOD 
C. HEITLER 
Department of Applied Chemistry, 
Northampton College of Advanced Technology, 
London, E.C.1. 


Adsorption of Long-Chain Aliphatic 
Amines on Glass Vessels 


Work involving the use of aliphatic amines in 
aqueous solutions is usually carried out in glass 
apparatus. We have found that in the case of 
n-dodecylamine a significant decrease in the concen- 
tration occurs at pH values greater than 7 due to 
adsorption of the amine at the glass-water mterface. 
A larger decrease occurs if a plastic, such as poly- 
ethylene, is in contact with the solution. 

Fig. 1 presents data obtained using 250 ml. of 
nm-dodecylamine solution in a spherical glass vessel. 
Concentration loss is plotted against the final solution — 
concentration after contact with the vessel for 15 
min. Results obtained using a polythene beaker and 
an oxide-coated nickel crucible are given for com- 
parison, the volume of amine solution used in the 
latter case being 50 ml. 
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Fig. 1. Loss of n-dodecylamine from aqueous solutions of differ- 


a nna co noentrations in: (1) glass at pH 9:5; (2) glass at pH 
“BO: (8) plaea at pH. 70; } polythene at pH 0-5: (B) oxide- 
COR okel at pH 9-5. otal initial amine concentration = 


concentration loss + final solution concentration) 


If the surface of the glass was smooth, the area in 
contact with the solution was 160 em.?. Assuming 
close king of the amme molecules and an ares of 
20:5 A.* per molecule, the quantity of amine required 
to give a complete monolayer was 2-4 x 10-5 gm. 
The loss to the vessel was very much larger than this, 
so multi-layers must have been formed. This is in 
agreement with results obtained for the adsorption of 
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n-dodecylamine on quartz}, the surfaces of glass and 
quartz probably being sufficiently similar to justify 
the comparison. 

The concentration of amine at which multi-layer 
formation began is too low to be determined from the 
curves. Thus the observation that adsorption of 
amine increases with increasing pH in the range 
studied refers only to the multi-layers, as does the 
conclusion that free amme molecules rather than 
alkylammonium ions are adsorbed. The demonstra- 
tion? * that adsorption of the ions occurs on quartz at 
pH 7-5 is, therefore, not contradicted as very low 
concentrations of dodecylamine were used in this 
work, such that the monolayer was incomplete 
according to the results of Gaudin and Bloecher'. 

As expected, it was found that glass electrodes used 
to measure the pH of a solution containing n-dodecyl- 
amine did not function properly under conditions 
which gave heavy adsorption of amine on the glass. 
This was found to be the case also in solutions con- 
taining tri-n-nonylamine used for experiments on the 
solvent extraction of metals. In each case the elec- 
trodes behaved normally after immersion in dilute 
hydrochloric acid. 

The n-dodecylamine used was labelled with 
carbon-14 and estimated by using a liquid scintillation 
counter. We thank the University of London Central 
Research Fund for this instrument and the Depart- 
ment of Scientific and Industrial Research for a 
maintenance grant to one of us (G. H.) 
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Diaboline from a Malayan Species of 
Strychnos and its Biogenetic Significance 


In a previous article’, it was pointed out, on the 
basis of the analysis of a great number of plants, 
that only in South American Strychnos quaternary 
curarizing alkaloids were present. No other alkaloid 
with strychnine-hke activity was found in those 
plants. African and Asian species of Strychnos so far 
oxamined yield only tertiary alkaloids, and some 
species strychnine and related alkaloids. 

Information about the properties of arrow poisons 
in Malaya investigated by Chu Yu Lin’ have led 
us to investigate Strychnos species from Malaya with 
the aim of establishing the presence of quaternary 
alkaloids. 

Particular attention was paid to an undetermined 
Strychnos species indicated as Strychnos KL 1929, 
which is very rich in alkaloid content. This plant 
grows in Selangor and is probably used for tho 
preparation of arrow poison. This species, according 
to Dr. P. W. Leenhouts (of Rijksherbarirum, Leyden), 
is closely related to S. ignatıı Berg (syn. S. treuté 
Lesch). 

Leaves, fruits, — bark and roots of Strychnos 
KL 1929 were percolated with diluted acetic acid. 
The percolates after concentration and basification 
were extracted with chloroform. 
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Stems contain no alkaloid; roots contain an 
orange alkaloid on which we shall report later. 
Another alkaloid was obtained from fruits and leaves 
(1-5 per cent). Its melting point and ultra-violet 
and infra-red spectra are identical with the one 
reported for diaboline. This was confirmed by direct 
comparison with the infra-red spectra, paper chrom- 
atography and melting point of an authentic 
specimen. 

In order to confirm this result the alkaloid was 
hydrolysed by the method of Bader, Schlittler and 
Schwarz?, and the product obtained was identical 
through ite melting point, picrate melting point and 
direct comparison of ultra-violet and infra-red spectra, 
with a desacetyl-diaboline sample. 

Diaboline was first reported by King* in a South 
American Strychnos (S. diaboli). This was confirmed 
by Schlittler and Bader? and by Marini-Bettolo and 
Iorios, who have also found desacetyl-diaboline in 
the plant. 

The structure of diaboline has rpcently been 
elucidated by Battersby and Hodson, who showed 
that this base is the N-acetyl—-Wieland--Gumlich 
aldehyde’. ‘This aldehyde is closely related to 
strychnine’ and may also give rise, as demonstrated 
by Schmid and Karrer et al* and by Battersby and 
Hodson’, to quaternary Sirychnos alkaloids. 

The occurrence of diaboline in Strychnos KDI 1929 
in fairly pure form and in large amounts in com- 
parison with the content of South American Strychnos 
species is further confirmation of the biogenesis of 
Strychnos alkaloids and may represent the necessary 
linkage between the South American and Asian 
species of this genus 

We are indebted to Profs. A. Schlittler and A. R. 
Battersby for the samples of diaboline and desacetyl- 
diaboline. 
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BIOCHEMISTRY 


L-Ascorbic-I-'4C Acid Catabolism in the Rhesus 
Monkey 


So far as we are able to ascertain, a study of the 
catabolism of ascorbic acid in the rhesus monkey 
(Macacca mulatta) has not been previously reported. 
We wish to make a preliminary report of the excretion 
of radioactivity in the expired air and the urine of a 
monkey following intramuscular injection of L- 
eascorbie-1-4C acid. 

A rhesus monkey, one year old, weighing 1,190 gm. 
was injected with 0:75 mgm. L-ascorbic-1-“C acid con- 
taining 116 pe. carbon-14 dissolved in 0-5 ml. water. 
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The monkey was on a uniform diet containing fruits 
and vegetables with a calculated vitamin © intake of 
25 mgm. daily. On this diet the blood-level was 0-52 
mgm./100 ml. Following the injection of radioactive 
ascorbic acid the animal was placed in a metabolic 
chamber consisting of an inverted desiccator 25 cm. 
in diameter. Expired carbon dioxide was collected 
in a 10 per cent sodium hydroxide solution origm- 
ally free of carbon dioxide for alternate 4-hr. periods 
for a total duration of 15 days. Urine specimens 
were simultaneously collected in a flask cooled with 
dry ice. . 

Radioactivity was determined in an ionization 
chamber after conversion to Ba'‘CO, as described 
elsewhere}. 

Excretion results are presented in Fig. 1. Approxim- 
ately one half the excreted activity appeared in the 
expired air; an equivalent amount was found in the 
urine. This distribution of activity between expired air 
and urine differs from our findings for the guinea pig, 
in which animal we! previously had noted that 
considerably more than half the excreted radio- 
activity appeared in the expired air. 
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Fig. 1. Hexeretion curves plotted from data obtained from 

monkey indicating total as well as divided catabolic pathways 

following mtramuscular eevee * 0-75 mgm. of L-ascorbic- 
40 acl 


Fractionation of carbon-14 activity in the urine 
revealed daily ranges of the following radioactive 
compounds: ascorbic acid, 18-45 per cent; dehydro- 
ascorbic plus diketogulomc acids 18-46 per cent; 
and oxalic acid, 20-38 per cent. 

We have taken the biological half-life of ascorbic 
acid and catabolic products for the monkey to be the 
time at which half the administered carbon-14 
bad been excreted. The value obtained was 4:8 days. 
This compares with a half-life of 3:2 days for the 
guinea pig on a 6 mgm. daily ascorbic acid intake 
reported previously by ust. 

Assuming the metabolism of ascorbic acid in the 
monkey to be in a steady state, namely intake equal 
to excretion, the total pool of ascorbic acid and 
degradation products can be calculated from the 
mtake and the half-life. The value obtained was 
149 mgm./kgm. The corresponding pool for the 
guinea pig on a 6-mgm. daily intake of ascorbic acid 
was 92 mgm./kgm. ` 

A longer biological half-life of administered 
carbon-14 was calculated as the time required for the 
excretion of one-half the radioactivity remaining 
in the animal at 60 hr. following injection. The value 
obtained was 8 days. The pool calculated from this 
half-life is the equivalent of 245 mgm./kgm. of ascor- 
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bic acid and represents carbon-14 frorn the originally 
injected radioactive ascorbic acid, the exact chemical 
configuration being unknown. 

Ascorbic acid requirements are probably best based 
on the latter half-life and pool. 


A. F. ABT 
S. von ScoaucHING 
T. Eas 


Radiowotope Service, 
Veterans Administration Centre, 
Martinsburg, West Virginia, 
and 


Department of Physiological Chemustry, 
The Johns Hopkins School of Medicine. 
Baltimore 5. Maryland. 


1 von Schuching, 8., Enns, T, and Abt, A. E , Amer. J. Physiol., 199, 
428 (1960). 


Guinea Pig Lung Diphosphopyridine 
Nucleotidase in Relation to Weight (Age) 


In the course of experiments on the possible 
participation of diphosphopyridine nucleotide (DPN) 
and diphosphopyridine nucleotidase (DPNase, hydro- 
lysing DPN at the nicotinamide—ribose link) in 
anaphylactic reactions in sensitized guinea pig lung, 
it was incidentally discovered that DPNase activity 
in lung varies with the weight of the animal. In 
early experiments it was noted that heavy guinea 
pigs (approximately 5600-800 gm.) sensitized with 
bovine serum albumin consistently had high levels 
of DPNase activity in their lungs, whereas smaller 
animals had lower levels. These coarse observations 
led us to investigate the relation of lung DPNase 
activity to weight of animal. Since the weight of a 
guinea pig is approximately linearly related to its 
age, at least during the first 12 weeks of life, the 
data can be considered also in relation to age. 

Finely chopped lung of mixed stock animals (both 
sexes), washed two or three times with Tyrode’s solu- 
tion, was blotted, weighed and homogenized in 
0-1 M iris buffer pH 7-8 to give a final concentration 
of 10 mgm. (wet weight) per ml. This homogenate 
(very coarse particles not included) was used as the 
source of enzyme. Enzyme activity was determined 
by measuring the hydrolysis of DPN in a reaction 
mixture consisting of 0:4 c.c. enzyme, 0:3 c.c. of 
1-651 x 10- M DPN (0-5 umole) and 0:6 c.c. tris buffer 
pH 17-8, after 15 min. incubation at 37° C. DPN was 
measured as the cyano-derivative according to Kap- 
lan’s method! with the aforementioned minor modifi- 
cations. Under these conditions the reaction was at 
least 90 per cent complete with homogenates from 
young or old animals. The protein content of lung 
was measured by determining protein precipitable 
nitrogen (perchloric acid) and multiplying by 6-5. 
DPNase activity was calculated as umoles of DPN 
hydrolysed per milligram of lung protein. 

Table 1 presents the results of the experiment. It 
is evident that with increasing weight (age) of animal 
the lung tissue displays increasing DPNase activity. 
Although there is about a 1-5-fold increase in protein 
content of lung in the heaviest as compared with the 
lightest animals, there is a 3- to 4-fold increase in 
DPNase activity. This finding is in keeping with the 
interpretation that there is an absolute increase in 
DPNase activity with the increasing weight (age), 
but does not give any information on enzyme con- 
centration or on the role of activators or inhibitors. 
Differences m lung DPNase activity bore no relation 
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Table 1 
“Moles Per cent 
Weight Protein of DPN —— ais u Voles 
o content hydrolysed of DPN DPN 
guinea of lung, in 1 hydrolysed 
pig ngm fgm. reaction reaotion per mgn 
tare mixture protein 
1165 120 0-09 18 0 008 
8 120 0-08 16 0-007 
217 140 Q 005 19 0-007 
7 140 “14 8 0 010 
255 150 0 13 20 0 009 
275 120 0 10 20 0 008 
297 180 0-12 24 © 009. 
- $06 170 0 11 22 0 007 
814 140 O-11 22 G 008 
820 150 0-25 0 017 
410 160 0-23 48 0-015 
465 140 0 25 50 0:018 
480 170 0 80 60 0 018 
558 180 0-805 61 0 017 
562 180 0-30 60 0 O17 
720 190 0-40 80 G O21 
750 170 9 315 68 G OLD 
780 180 0 305 61 0017 
780 170 0-40 80 0 024 
900 180 0:405 81 0 028 


to anaphylactic sensitization, normal and sensitized 
animals of the same weight showing similar values 
of DPNase activity. It is of interest that an abrupt 
increase in DPNase activity occurs between 300 
400 gm. animal weight. The significance of this 
change in lung DPNase activity remains to be 
elucidated. 
ELLIOTT MIDDLETON, JUN. 
Anma DEVI 
Department of Medicine, 
College of Physicians and Surgeons, 
Columbia University, 
New York. 


1 Zatman, L. J., Kaplan, N. O., and Olotti, M. M., J. Biol Chem., 101, 
478 ( (1988). 


Preparation of Substrates for Assay of 
Sulphotransferases 


Invustications have shown'-" that enzymatic 
synthesis of ‘active sulphate’ (PAPS*) requires two 
enzymes. Tho first enzyme ATP-sulphurylase cata- 
lyses the displacement of pyrophosphate from ATP 
with formation of APS. The second reaction cata- 
lysed by APS-kinase is the phosphorylation of the 
3’-hydroxyl group of APS by ATP to form PAPS. 


ATP + 80,% = APS + PP (1) 
APS + ATP = PAPS + ADP (2) 


PAPS occupies a central position in a number of 
reactions, its sulphate group being transferred to 
suitable acceptors under the influence of enzymes 
called sulphotransferases, or sometimes sulpho- 
kinases. 

PAPS + X = X-sulphate + PAP (3) 


Alternatively‘ it has been shown that phenol- 
stuphotransferase may be coupled with other sulpho- 
transferases so that it acts as a feeder system in 


conjunction with the co-enzyme, A3’ : 5’-DP (PAP). 
Phenol sulphotransferase 

p-NPS + PAP = PAPS + p-NP (4) 
X -sulphotransferase 

PAPS + X e X-sulphate + PAP (5) 


The formation of a sulphate ester in a system is there- 
fore dependent on the activity of a sequence of 


enzymes in that system. 
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In connexion with work on the enzymatic transfer 
of sulphate to various polysaccharides being carried. 
out in this laboratory’ it seemed desirable to have an 
adequate supply of PAP and PAPS. The first step 
in the chemical synthesis of PAPS is the phosphoryl- 
ation of adenosine to give the mixed isomeric diphos- 
phates (A2’ : 5’-DP and A3’ : 5’-DP) as described by 
Todd eż al. and Baddiley et al... The A3’ : 5’-DP is 
then separated from its isomer by ‘Dowex-1’ chroma- 
tography and reacted with pyridine-sulphur trioxide 
to form PAPS'*. We havo used PAPS prepared by 
this method m some of our work. However, the 
phosphorylating agent, 2-cyanoethylphoephate (CEP) - 
described by Tener!! seemed an ideal reagent and we 
investigated it as an alternative to dibenzylphos- 
phorochloridate in the synthesis of the mixed diphos- 
phates and find that consistently good yields are 
obtained. 
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Adenosine was dissolved in boiling pyridine and to 
the cooled solution excess CEP was added. The 
solution was then concentrated in vacuo, repeatedly, 
with further additions of pyridine, as described by 
Tener. Treatment of the resulting oil in pyridine 
with dicyclohexylearbodiimide for 26 hr. gave a 
diphosphate as a major product. In our experience 
with this particular compound, rather better yields 
were obtained by carrying out this step at a slightly 
higher temperature (37°) and for a shorter time than 
is used by Tener for other phosphorylated nucleo- 
sides. After removal of the cyanocethyl-protecting 
groups with aqueous ammonia the nucleotide mate- 
rial was applied to a column of ‘Dowex-2’( x 8) 
200-400 mesh, chloride form, resin. The column was 
washed with water and after removal of monophos- 
phates with 0-003 N hydrochloric acid, the diphosphate 
material was eluted with 0-03 N acid. The A3’: 5- 
DP was then separated from A2’ : 5’-DP as described 
earlier’ and reacted with pyridine-sulphur trioxide!’ 
to give PAPS, which was assayed by transfer of 
sulphate to p-nitrophenol (Fig. 1). 

The yield of mixed diphosphates, based on adeno- 
sine, was on average 42 per cent. The A3: 5’-DP 
and A?’ : &’-DP were characterized by their ultra- 
violet spectra, electrophoretic’ !* and paper chromato- 
graphio’ Rp values, by their activity as substrates for 
3’-nucleotidase (from rye grass'4) and adenosine- 
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5’-phosphatase (from potatol), inertness to perio- 
date!* and phosphate content}. 


Liam M. FOGARTY 
W. RONALD REES 


Agricultural Chemistry Section, 
Chemistry Department, 
The University, 
Glasgow, W.2. 
* The following — — are used: PATS, adenosine-3’- hoa - 
phate-b’-sulphatophosphate 
arr, E bp 
yro i 
8 -diphosp h —— NES. -nitro henyleul ea: 
Ppr pheno r- P- p p 
phosphate. 

An and Lipmann, F., Proc. U.S. Nat. Acad. Sci., 41, 880 
? Robbins, P. W , and T e F., J. Biol. Okem., 228, 887 (1957); 
233, 681 and 686 (1958). 

? Wilson, L. G., and Bandursaki, R Arch, Biochem. Biophys., 62, 

508 (1958); J. Biol. Chem., tia, "975 (1968). 
‘Gregory, D. J., and Lipmann, F., J. Biol. Chem., 229, 1081 (1957). 
‘ Suzuki, 8., Takahashi, N., and Egami, F., Biochim. Biophys. Acta, 
24, 444 (1957). 
t Wortman, B., J. Biol. Chem., 836, 974 (1961). 
—— L. M., and Rees, W. R., Fourth Intern Seaweed Symp., 
— (1961). 
, Kenner, G. W., Hughes, N. A., and Todd, A., J. Chem. 
— 987 (1967). 
* Badduley, , J., Buchanan, J, C, and Letters, B., J. Chem. Soo., 1000 
as Bacaro Buchanan, , Letters, R., and Sanderson, A. R., 
—* Soc., 1781 NA 


—— P. T., and Tener, Q. M., Ohem. and Indust , 542 (1959). 
Tener, G, M., J. Amor. Chem. Soe., 83, 159 (1981). 

13 Robbins, P. W., and Lipmann, F., J. Btol. Chem., 229, 837 (1957). 

18 Michelson, A. M., J. Ohem, Soc., 1957 (1958). 

4 Shuster, L, and Kaplan, N, QO., J. Biol. Chem., 201, 535 (1958). 

i Kornberg, A., and Pricer, W. R. J. Biol. Chem., 188, 557 (1950). 

1* King, E. J., Biochem. J., 28, 292 (1982) 


No, 4821 


Catecholamines of the Allantoic Fluid 
in the Developing Chick Embryo 


ADRENERGIO tissue appears at an early stage in the 
development of the embryo! and, m the adult animal, 
this tissue is the primary source of the catechol- 
amines’. It would be reasonable to inquire whether, 
during embryogenesis, the activities of developing 
organs might beinfluenced by the presence of catechol- 
amines. Finding catecholamines in the allantoic 
fluid would suggest their presence in the circulatory 
system and provide indirect evidence of the begin- 
nings of both synthetic and secretory activity of the 
adrenergic tissues. 

Blood-free allantoic fluid from 5- to 16-day-old 
chick embryos with intact amniotic sacs was examined 
for catecholamines. The aspirated allantoic fluid 
was collected in an iced 15-ml. centrifuge tube. The 
pH was determined with the Beckman pH meter and 
adjusted to 2:0 with hydrochloric acid. When large 
numbers of embryos were required, the allantoic 
solution was accumulated in a chilled centrifuge tube 
containing 0-1 ml. of 2 N hydrochloric acid. When 
possible, the assays were made immediately following 
collection; otherwise the samples were frozen and 
assayed within 48 hr. 

Direct assay of allantoic fluid was unsatisfactory 
owing to the presence of interfering substances. 
Accordingly, the procedure described by Kuntzman? 
for extraction of norepinephrine from the brain was 
adapted for the allantoic fluid. Readings on the 
Aminco-Bowman spectrophotofluocrometer were made 
at 400 my excitation wave-length and 510 my fluores- 
cence wave-length. The oxidized solution was treated 
with ascorbic acid-sodium hydroxide and then the pH 
adjusted to 5:3 by the addition of 5 N acetic acid 
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prior to the determination. The final pH adjustment 
increased. the linearity, stability, and intensity of 
fluorescence response. There was a linear relationship 
for fluorescence intensity and concentration of the 
extracted, oxidized solutions of norepinephrine 
standards of 0-05-0-5 ugm. An internal standard of 
0-5 ugm. norepinephrine and a fluid blank were 
extracted and determined with each series of un- 
knowns. Examinations of differential oxidations at 
pH 3-0 and pH 56-0 indicated the presence of both 
epinephrine and norepinephrine in allantoic fluid 
after the 7th day. 

Evidence that the. extraction procedure actually 
measured the catecholamme concentration was 
provided by studies of pooled specimens of allantoic 
fluid on alumina chromatograms‘. Standard solutions 
of epinephrine and norepinephrine were nearly 
quantitatively recovered after passage through 
alumina columns. On the other hand, assay of 
allantoic fluid, after passage through the column, 
showed approximately 60 per cent of the value 
obtained after the extraction procedure. This 
difference may be the result of the removal of inter- 
fering material in the water wash of the columh before 
elution with acetic acid, or may represent the propor- 
tionately greater destruction of catecholamines when 
small amounts are chromatographed. 

While the allantoic fluid could not be obtained at 
4 days, an extract of the homogenized embryo 
(including the allantoin) did reveal the presence of a 
catechol substance (0-004 ugm./gm.) at this stage. 
The trace amounts of catechol substance found at the 
5th day increased steadily during the next 6 days toa 
content of 0-249 ugm. (Fig. 1). For the 24-hr..period 
between the 11th and 12th days, the amount increased 
to 1:073 pam. After the 12th day, approximately 0-3 
ugm. of catecholamine accumulated daily. Although 
continued accumulation occurred after the 14th day. 
the decreasing volume of the allantoic fluid (Fig. 1) 
made further observations impractical. 

Finding catecholamines in the allantoic fluid of 
5-day chick embryos provides a qualitative estimate 
of the beginning of functional activity of the adrener- 
gic tissue. The excreted catecholamines must arise 
either from the chromaffin cells of the ganglia or the 
central nervous system. That the catecholamines 
are an excretory substance and are not to be found ata 
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Fig, 1. Gatecholamines of the allantole fluid of the chick embryo. 
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constant concentration throughout the body fluids is 
indicated by the presence of only trace amounts 
(0-004 pgm./ml.) of epinephrine-like material in the 
amniotic fluid at 12 days. At this time their concen- 
tration in the allantoic fluid was more than 40 times 
that found in the amnion. 

The rate of accumulation of the catecholamines in 
the allantoic fluid is different from that of any other 
substance previously determined’. Eakin and Fisher 
found that the ammonia concentration of the allantoic 
fluid was in proportion to its concentration in the 
entire egg*. They also found a gradual accumulation 
of urea and uric acid. 

Both vascular and glandular tissues have a 
avidity for the catecholamines in the adult animal?:*. 
The results of the assay of catecholamines of allan- 
toic fluid suggest the interesting possibility that these 
potent humoral substances circulate as early as the 
4th or 5th day with a great surge occurring in their 
production between the lith and 12th day of incuba- 
tion. Their early presence could influence the develop- 
ment of the circulatory system. Furthermore, the 
large amount appearing later could play an important 
part in the forming of glandular tissue. 

This work was supported in part by grant-in-aid 
H-3565 of the National Institutes of Health, U.S. 
Public Health Service. 


ROBERT J. BOUCEK 
BreeNapmrre BOCKLAGE BOURNE 


Howard Hughes Medical Institute and 
the University of Miami School of Medicine, 
Miami, Florida. 
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Nature of the Reactive Serine in 
Enzymes inhibited by Organo-phosphorus 
Compounds 


In an earlier communication, Porter, Rydon and 
Schofield! suggested that the single serne, in enzymes 
such as cholinesterase and chymotrypsin, which 
reacts with di-isopropyl phosphorofiuoridate (DFP) 
and other phosphorus-containing enzyme inhibitors, 
was, in fact, a A*-oxazoline (as I). They based this 
suggestion on the observed reactivity of 2-methyl- A*t- 
oxazoline towards DEP, but pointed out that an 
oxazoline residue in a peptide chain would be expected 
to be less basic than 2-methyl- A*-oxazoline and, there- 
fore, less reactive towards DEP. 

We have now synthesized the two oxazoline pep- 
tides 2-benzamidomethyl-A*-oxazoline (IL; R=H) 
and 2-benzamidomethyl-4-carbamoyl- A?-oxazoline 
(II; R = —CO-NH,), which are closer analogues of 
(I) than is 2-methyl- A*-oxazoline. As expected, both 
are weaker bases (pKa 4-3 and 2-5, respectively) than 
2-methyl- A*-oxazoline (pK, 5-5). Neither compound 
reacted with DFP in aqueous sodium bicarbonate 


NATURE 


VOL 193 


March 24, 62 


O——_CH, 


-waoore  baco... 
Nee 


(I) 
O——__-CH, 


Ph-CO-NH-CH, bur 
Sy 
N 
(I1) 


containing isopropanol; this result is not altogether 
unexpected in view of their weakness as bases. 

Although these findings do not disprove the 
oxazoline hypothesis", they certainly lend it no sup- 
port. ‘The oxazoline ring in (I) would be expected to be 
about as strong a base as (II), where R = —CO-NH,, 
and there 1s no reason for supposing that it would he, 
intrinsically, any more reactive towards DFP. If, 
therefore, the reactive serine in DFP-sensitive on- 
zymes is indeed an oxazoline ıt must be activated in 
some way; such activation might be brought about 
by a spatially adjacent histidine residue, in a manner 
similar to that which has been suggested by others? 
for the activation of an unmodified serine. On the 
grounds of economy of hypothesis it seems best, in 
the absence of further evidence, to regard the reactive 
serine in DF P-sensitive enzymes as unmodified, but 
activated, rather than as both modified and activated, 
as required by the oxazoline hypothesis. 

Bernhard‘, on the basis of kinetic and polarimetric 
studies, suggested that the abnormally rapid hydro- 
lysis of the 6-benzyl ester group in N-benzyloxy- 
carbonyl-B-benzylaspartyl-serine amide (III) was due 
to the formation of the bicyclic mtermediate (IV); 
he further suggested that the reactive serine in DFP. 
sensitive enzymes might participate in such a struc- 
ture (V), involving the adjoining aspartic acid residue. 
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We have confirmed Bernhard’s polarimetric find- 
ings with (III), the optical rotation of which, in 
aqueous pyridine, rises rapidly to a maximum, 
ascribed to maximal formation of (IV), and then falls 
again, much more slowly. Solutions of (OI) in 
aqueous pyridine and in aqueous bicarbonate, which 
should contain substantial amounts of the bicyclic 
intermediate (IV), were treated with an excess of 
DFP; no evidence of the formation of any phosphoryl- 
ated products could be obtained and it is clear that 
(IV) does not react with DFP under these conditions. 
Again, although these results do not disprove 
Bernhard’s hypothesis, they do not support ıt, and its 
acceptance should await positive experimental evi- 
dence in its favour. 
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R. W. Hanson 
H. N. RYDON 
Washington Singer Laboratories, 
University of Exeter. 
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Sialic Acid from Blood Cells of the 
Lamprey Eel 


Recent work!? on erythrocytes from several 
animal species have revealed that sialic acid is present, 
on the stroma surface, and makes a major contribu- 
tion to the negative surface charge. In order to 
evaluate the comparative significance of sialic acid on 
cell surfaces, the lamprey eel (Petromyzon marinus), 
which is one of the most primitive vertebrates, was 
chosen for investigation. A similar examination of 
Ehrlich ascites carcinoma cells has been reported’. 

Blood from several animals was collected into 
heparin from the caudal vein and pooled. The plasma 
was separated by centrifugation at 4°, the buffy coat 
removed, and the blood cells washed six times with 
20 volumes of isotonic saline. The erythrocytes were 
stored at 4° in isotonic saline. The white cells, 
which were collected by differential centrifugation and 
contained less than one erythrocyte per thousand 
white cells, were similarly stored. Aliquots were 
removed as desired for enzyme studies, hematocrits, 
and cell counts. The cells were studied within 48 hr. 
after collection. One ml. of packed erythrocytes 
contained 2:7 x 108 cells. 

When. 5 ml. of erythrocytes, hematocrit 0 4, was 
treated with 100 units of highly purified pneumo- 
coccal neuraminidase* at 37°, pH 6-4, 135 ugm./ml. 
packed erythrocytes of sialic acid was released in 
20 min. Further incubation for 1 hr. did not liberate 
more sialic acid as determined by the method of 
Warren’. Less than 1 per cent hemolysis occurred 
and did not interfere with the sialic acid determina- 
tion. When erythrocytes were hmemolysed and the 
stroma removed by centrifugation. sialic acid could 
not be detected in the supernatant fluid. 

For white cells under similar conditions, 65 pgm. 
sialic acid/m). packed cells was released by enzymatic 
action. The proportion of N-acetyl- to N-glycolyl- 
neuraminic acid was not determined quantitatively. 
By paper chromatography in butylacetate/acetic 
acid/water 3°: 2:1 it was estimated that N-acetyl- 
neuraminic acid represented 80-90 per cent of the 
total gialic acid from the erythrocytes. 
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Fig. 1. Relationship between the molecules of sialic acid/u? ane 

the mobllity in phosphate-sucrose buffer, pH 6 4, tonic stren 
2, of various species of erythrocytes. © areas and mobil! si 

for species other than the lamprey sel were taken from Eylar et al.‘ 


Electrophoretic measuremonts were carried out at 
25° in the micro-electrophoresis apparatus previously 
described‘, At pH 6-4, ionic strength 0-072, normal 
lamprey erythrocytes had a mobility of — 21:2 x 10-* 
em.*/V./sec. corrected to the viscosity of water at 25°. 
Human erythrocytes under identical conditions 
showed a mobility of —16-4 x 10- cm.3/V./sec. 
After treatment with neuraminidase, the mobility 
of the lamprey cells was reduced by 65 per cent to 
—6&7 x 10-5 cm.?/V./sec. In addition. the isoelectric 
point was raised from an immeasurably low value to 
pH 404-5. 

The charge density, o, was calculated from the 
mobility by the relationship which assumes a spherical 
shape and infinite radius of curvature: 

Un = a(1/x + a1) - (Q) 
where U is the electrophoretic mobility, 7 is the 
viscosity, x is 0-327 x 10° yp, where u 1s the ionic 
strength, and a; is the radius of the counterion 
(Nat), 2-67 A. 

For the normal lamprey erythrocyte o was calcu- 
lated to be 4,500 =.s.u./em.?, and for the neuramini- 
dase-treated cells 1,570 £.8.u./om.?. 

The results show that the lamprey red cells have a 
relatively high electrophoretic mobility and charge 
density which are compatible with their large content 
of sialic acid. The sialic acid content was calculated 
to be 90 x 10° molecules per cell whereas the charge 
was 46:8 x 10 anionic groups. For these caloula- 
tions, the area, 520p?, was computed assuming a 
spherical shape with a diameter of 13u. The molecu- 
lar weight of 310 of N-acetylneuraminic acid was 
used. It is evident that the number of sialic acid 
molecules is more than sufficient to account for the 
total surface charge. The behaviour of the lamprey 
cells is consistent with the other species shown in 
Fig. 1, where the sialic acid/u*? is found to be roughly 
proportional to the mobility. This relationship 
suggests that sialic acid plays a major part in determ- 
ining surface charge and that the role of phosphate 
groups‘, which heretofore have generally been con- 
sidered responsible for surface charge, is probably 
minor. 

The reduction in mobility produced by neuramini- 
dase action on lamprey erythrocytes parallels the 
response of erythrocytes‘ from other animals. Simi- 
larly, the sialic acid appears to be located on the 
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outer surface of the plasma membrane. The speci- 
ficity of neuraminidase in splitting a glycosidic 
linkage has been established’, and clearly suggests 
that the loss of anionic surface charge is not due to 
production of cationic charges. i 
The failure of the number of molecules of sialic 
acid released to coincide with the number of anionic 
charges lost may be explained in part by an unequal 
distribution of sialic acid molecules at the surface of 
the erythrocytes. Evidence presented elsowhere* for 
erythrocytes of other species suggests that certain 
sialic acid molecules, by virtue of a more external 
position, are more accessible to the neuraminidase and 
exert relatively more influence on the mobility. 
Another explanation may lie in an underestimation 
of charge density by equation (1) which assumes an 
infinite radius of curvature for the erythrocyte sur- 
face. It has been shown by Brinton and Lauffer’ for 
human erythrocytes that the surface charge is nearly 
doubled, and is invariant with changing ionic 
strength, when a radius of curvature of 20-40 A. is 
chosen. Assuming the ionic strength-surface charge 
data for human cells to be applicable to lamprey cells, 
it is evident that a radius of curvature of 20-40 A. or 
less would satisfactorily reconcile the charges lost with 
the quantity of sialic acid released. 
Epwi H. Eyiar* 
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PHYSIOLOGY 


Atheroma of the Aorta and the Possible 
Role of Unsaturated Fatty Acid Deficiency 
in its Formation 


Tam development of an atheroma is preceded by 
the development of a fatty streakt, 

Three ætiological factors concerned with the 
development of this fatty streak are: (1) The filtra- 
tion theory, which indicates that lipid deposition is 
due to excessive blood lipids (and/or oholesterol)?. 
The deposition of lipid in certain areas is related to 
mechanical and injury factors’. (2) Deposition of 
cholesterol in fibrin colotes derived from trapped red 
cells produces the lesions, which then become covered 
with endothelial cells‘. (83) The participation of the 
arterial wall itself in atheroma formation, which 
seems to us most likely. 

The normal lipids of the arterial wall do not differ 
from the lipid of atheromatous lesions, at least 
initially’. Arterial tissues can, however, synthesize 
all the constituents of the advanced lesions. The 
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Wig. 1. Heat-stable ATPase in normal rat aorta. Note intenso 
activity throughout the wal 


. 2 Heat-stable ATPase in the aorta of a rat fed an essential 
fatty acid-free diet for 4 weeks. Note the decrease in enzyme 
in the area in the centre 


Fig. 8. Heat-stable ATPase in aorta ofa rat on the diet for 6 weeks. 
Note the overall decrease in enzyme 
(All x 6. 125) 


origin of atheroma, therefore, might well be due to 
some metabolic derangement of the arterial wall. 

Histochemical studies of -nucleotidase and adeno- 
sine triphosphatase in the young human aortic wall 
by us! have shown a strong uniform reaction over the 
whole of the length of the aorta for both enzymes. In 
the older atheromatous aortas a greatly reduced 
ATPase and 5-nucleotidase activity was found in the 
atheroma. Also there was a reduction of both 
reactions in circumsoribed areas in the aortic wall 
which showed no histological evidence of athero- 
matous change. 

Young aortas free of obvious atheromas showed 
practically no TPNase activity, but intense diphospho- 
pyridine nuclease activity was distributed evenly 
through intima and media. TPNase activity in old 
atheromatous aortas spread over the aortic wall 
in both normal and atherosclerotic areas; the DPNase 
reaction was not affected. Glucose-6-phosphatase and 
B-glycero-phosphatase did not differ in normal and 
atheromatous aortas. 

Essential fatty acid-free diets produce aortio 
atheromas in rate’ and aortic adenosine triphosphatase 
activity was found decreased in spots in fatty aoid- 
deficient rats after four weeks on the diet®. These 
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spots increased in size, and eventually the whole of 
the length of the aorta became negative for this 

. No change in other phosphatases was seen. 
It was not until after 12 weeks of deficiency that 
sudan black positive lipoidal deposite appeared in the 
intima, thus the enzyme change precedes the deposi- 
tion of fatty material. It appears, therefore, that 
ATPase free spots on the human sorta may actually 
be pre-atheromatous areas. 

A. significant portion of the cholesterol present in 
the sorta has been shown biochemically to be syn- 
thesized there’ and in the biosynthesis of cholesterol, 
ATP is ired for the phosphorylation of mevalonic 
acid-5-phosphate and the decarboxylation and dehyd- 
ration of mevalonic avid-5-pyrophosphate. Also, 
Wright et al. io showed that in liver homogenates the 
site of inhibition of vanadyl in cholesterol biosyn- 
thesis is in the inhibition of regeneration of ATP. The 
body may control cholesterol synthesis by regulation 
of available ATP with the aid of a suitable ATPase: 
thus the decrpase of ATPase in atheroma and pre- 
atheromatous spots may lead to the accumulation of 
ATP and so pave the metabolic pathway for increased 
synthesis of cholesterol. The biochemical resultes of 
‘ Kirk" have shown a decrease of ATPase in athero- 
matous aortas. 

It is possible that deposition of cholesterol from the 
plasma is only one important factor when the wall has 
already been damaged by excessive accumulation of 
endogenous cholesterol. 

Essential fatty acid deficiency is said to alter the 
metabolism of an individual, causing an increase in 
atheroma formation!*. The mechanism of action 
might well be in a defect in the production of this 
very same ATPase we have been studying. 

Synthesis of fatty acids (also constituents of 
atheroma) via the formation of malonyl coenzyme A 
also requires ATP, which is a rate-limiting factor™. 
Thus if the availability of ATP is increased an over- 
abundance of long chain fatty acids will be formed 
and cause the typical picture of the early atheroma. 

Evidence from both animal experiments and human 
autopsy studies suggests that the arterial wall iteelf 
synthesizes a significant portion of the fat and 
cholesterol which accumulate in atheromas and that 
the factor which initiates this process might be a 
deficiency in polyunsaturated fatty acids. Elevated 
blood cholesterol probably represents only a con- 
tributing, not an initiating, factor In atheroma 
formation. 

This work was supported by grant H-4553 of the 
National Heart Institute. 
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Effect of Bilateral Ligat ure of Ureters 
on the Concentration of Sodium, 
Potassium, Urea and Total Solutes 
in the Plasma of Toads 


Tux biochemical abnormalities produced in the 
blood of mammals when renal function is suppreased 
are well known. A systematic study of the blood 
chemistry of renal failure in lower species is desirable, 
and should provide a useful procedure in the study of 
extrarenal regulatory organs. 

The animal selected for investigation was Bufo 
apinolosus, a native toad from Peru. Male animals 
(av. wt. 100 gm.) were kept in boxes containing a water 
reservoir which was replaced daily and into which they 
could enter freely. They were force fed with 0-5 gm. 
of meat daily. After 6 or 7 days, the following 
procedure was carried out under ether anmsthesia: 
the glotis orifice was opened, using a stylet in order to 
collapse the lungs, the abdominal cavity opened, 1 ml. 
of blood obtained in a inized syringe by heart 
puncture and both ureters ligated near their entrance 
to the cloaca. After closing the abdominal cavity, the 
animals were returned to their boxes and kept without 
food for a period of 5 days, at the end of which time a 
second sample of blood was obtained and the animals 
killed. A group of control animals was handled with 
aham operation; the abdominal cavity was opened, 
1 ml. of blood was removed from the heart, but the 
ureters were not ligated. The weights of the animals 
were recorded daily. Urea was determined in blood 
plasma by Conway’s method’, and sodium and potas- 
sium in blood plasma by flame photometry. Osmo- 
larity was approximated by the formula: 2(Na + K) 
+ urea in m/l. 

Fig. 1 shows a marked increase in body-weight after 
ligature of the ureters. This change is due to reten- 
tion of water as confirmed by the cedematous appear- 
ance at autopsy. The sudden drop in weight between 
the fourth and fifth day may be explained by wound 
opening and leakage of fluid observed during this 
period. The control animals showed no significant 
change in their average weight throughout the post- 
operative period and presented no opening of the 
wounds. Table 1 shows a marked drop in plasma 
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Table 1. PLASMA UONCENTRATION OF SopruM, Porassiom, TOPAL 
SOLUTES AND URBA In CONTROL TOADS AND TOADS WITH LIGATED 
URETERS 
Potassium Osmolarl 
— (m.equiv./1.) (nO (mM i.) 
PC 185 +2 (12) 22+ 0656 (12) $18 +6 (11) 8948 (12) 
g ~ 118 £3 (11) 24407 GI) 280 47 (11) 8824 (11 
PL 141 +2 (10) 27 +02 (18) 8864+ 6 (18) 47+ 2 (25 
L 108 + 3 (24) 87 +03 (20) 2764 6 (18) 58 +8 (20 


Means + standard Aon: g the mean, Tho numbers of animals 


sodium concentration and osmolarity of the control 
animals and no significant change in the potassium 
and urea concentrations. This low sodium concen- 
tration cannot be attributed fo water retention since 
= change in body-weight was observed in this group. 

In the ligated animals, an even larger drop in the 
sodium concentration and osmolarity may be ob- 
served; potassium concentration increases signifi- 
cantly ‘and urea, concentration shows an insignificant 
rise. 

Uranga* has recently confirmed earlier observations 
which showed tbat toads do not drink unless they are 
immersed in hypertonic solutions, so the water reten- 
tion in the ligated animals probably occurred only 
through the skin, which is known to have an active 
mechanism. for the reabsorption of sodium. In the 
control animals, the drop in osmolarity, although 
significant, was of lesser magnitude. The removal of 
1 ml. of blood may be responsible for this drop since 
later experiments showed that the anesthesia and the 
control operative procedure did not produce a drop in 
sodium concentration. From the increase in body- 
weight of the ligated animals and their average 
plasma urea concentration, an increase of roughly 
30 per cent in total body urea content can be caleu- 
lated. This increase in urea content could in itself 
explain the increase in body water by the increased 
osmotic pressure in body fluids. Fig. 2 shows that 
there is a negative straight line correlation between 
plasma osmolarity and body-weight expressed as 
percentage of the basal figure in the ligated animals. 
As the plasma osmolar concentration in the ligated 
animals is the result of obligatory accumulation of 
fluid through the skin and of solutes produced by 
catabolism, this correlation, although interesting, is 
difficult to interpret. 

This work shows that when both ureters are ligated, 
toads develop an increase in body-weight and blood 
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dilution which seems to be produced by water absorp- 
tion through the skin. As a consequence, plasma urea 
concentration increases insignificantly, sodium and 
total osmolar concentration drops, and plasma potas- 
sium concentration rises in spite of dilution. 

Carros MoncE C. 
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Influence of Electric Current on the Skin 


A KNOWLEDGE of the resistance of the skin is 
required for the purpose of studying both the skin 
itself and systems controlimg it. The functioning of 
the skin of the general body surface—not only the 
‘emotively’ responding areas, such as the palms and 
scoles—reflecte various physiological and pathological 
states of the nervous system!?*. 

In order to measure the akin resistance, it 18 
necessary to pass current. Both alternating and direct 
current have been used, but the frequency, current 
density and electrolyte media have not been standard- 
ized. We have studied the responses of the skin to 
applied direct current in order to establish the 
necessary conditions. Some of the electrical proper- 
ties of the skin have been examined?*’; but the 
nature of the response to constant direct currents is 
not available. 

The method we used was to study the voltage 
developed across an area of skin when anodic and 
cathodic rectangular pulses of current were passed 
through. The method was similar to that used for 
Carcinus nerve fibres by Hodgkin’. The electrodes 
for passing current and for voltage measurement were 
non-polarizable, of preformed silver-silver chloride, 
and were separated to avoid the possibility of polar- 
ization artefacts. The electrode on the area being 
examined consisted of a small chamber of constant 
volume filled with half-normal saline solution, the 
content and concentration of ions being similar to 
that of sweat. 

Current was passed through the skin from a circuit 
of high output impedance, and voltage measurements 
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were made with an amplifier of high input impedance. 
The indifferent electrodes for each circuit were large 
and were placed some distance away on scarified skin 
(where the skin resistance was abolished). 

We found the respopse of the skin of the forearm 
to be relatively simple when small current densities 
were used. The voltage-level attained was steady up 
to a value of 10-7? amp./om.? at a room temperature of 
22°-25° C. and relative humidity of 40-465 per cent, 
and appeared to follow the Ohmic law. Greater cur- 
rents evoked more complex responses, which varied 
with time and were not Ohmic. 

The skin of the palm was less sensitive to current, 
but was variable. Under certain conditions, for 
example, when dry, ite sensitivity was similar to that 
of the general body surface. 

The effect of greater d.o. currents on the skin of the 
forearm was examined by determining their after- 

-effects on the resistance. Fig. 1 illustrates such an 
experiment, when the after-effects of a current of 
1:16 x 10-* amp./om.* were determined. Three 
periods of current are shown of 1-0, 1-5, and 11:0 min. 
duration. The resistance before and after each such 
period was determined using a measuring current 
density of 2-3 x 10-8 amp./cm.*. The resistance fell 
after each period and showed a recovery which 
progressively decreased after each succeeding period 
of current flow. Finally, after 1-4 x 10-3 coulombs/ 
cm.? had been passed the rate of recovery was much 
reduced, and showed little increase in 16 min. 

Our observations show that significant changes in 
skin resistance may be missed when relatively larg 
currents are used for measurement. 
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PHARMACOLOGY 


Effect of Emotion on Blood 
Corticotrophin and Cortisol Concentrations 
in Man 


Ir is well known that the subjection of a normal 
animal to stress causes increased pituitary-adreno- 
cortical activity. However, in man, the changes in 
blood corticotrophin (ACTH) and in blood and 
urinary corticosteroids which are indicative of 
hyperactivity of the pituitary-adrenal system occur 
only when the subject is exposed to severe physical 
stress. Thus, increased pituitary-adrenocortical acti- 
vity occurs in response to surgical trauma? but not to 
extremes of environment (heat, high altitude)*. On 
the other hand, investigation of corticoid excretion, 
in man, appears to indicate that emotional stress may 
be a more powerful activator of the pituitary-adrenal 
system’. The present work was performed in an 
attempt to demonstrate changes in blood cortico- 
trophin and cortisol in response to emotion. 
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Blood corticotrophin- and cortisol-levels were 
determined in students sitting the second M.B. 
(London) oral examination in pharmacology. 
Students from the same year, who were not taking the 
examination on this occasion but who were engaged 
in active clinical studies, were used as controls. 
Blood was removed from the volunteers immediately 
after the examination, and all the test and control 
samples were collected between 2 and 3.30 p.m. on the 
same day. Corticotrophin estimates were made by 
the method described by Hodges and Vernikos*. 
Cortisol concentrations were determined by a slight 
modification of the technique of Zenker and 
Bernstein®. The results are shown in Fig. 1. 
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Fig. 1 Blood corticotrophin- and coitisol-levels m student 
examinees and controls. (Corticotrophin was not determuned in 
No. 5.) Black, controls, white, tests 
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It may be seen that there existed markedly elevated 
blood-levels of both corticotrophin aad cortisol in the 
student examinees. The fact that corticotrophin was 
not detectable in the blood of the control subjects was 
not surprising since it has been calculated that normal 
blood contains approximately 0-1 mu, ACTH/100 mi. 
(ref. 6). No assay technique has yet been developed 
which is sufficiently sensitive for the routine determin- 
ation of ACTH in the blood of normal subjects. How- 
ever, the students exposed to the emotional stress of 
the oral examination exhibited levels of ACTH in the 
blood which had risen to easily detectable concentra- 
tions corresponding to 6~9 mu./100 ml. Few reliable 
estimates of circulating ACTH in patients are avail- 
able; but it appears that the values found in the 
present emotionally stressed individuals are as high 
as those which Davies et al.” demonstrated in patients 
with Cushing’s disease. The blood cortisol-levels 
in the control subjects are similar to those found in 
normal individuals by De Moor et al.!. In the examina- 
tion candidates’ blood cortisol was raised to about 
twice the normal concentration and was even higher 
than the values found in patients with Cushing’s 
disease®™ 1°, 

These results support the suggestion that, in man, 
emotional stress is a much more powerful stimulus to 
pituitary adrenocorticotrophic activity than physical 
stress. The effect of emotion has, so far, been’ 
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examined in only a few subjects; but work is now 

in progress to confirm and extend the observations. 
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M. T. JONES 
M. A. BTOCEHAM 

Departments of Pharmacology, 
Royal Free Hospital School of Medicine 
and School of Pharmacy, 
University of igen 


? Sandberg, A. A., Eik-Nes , Samuels, L. T., and Tyler, F. H., 
J. Chn. Invest, a3, bo (1964). 

* Hale, H. B., ayer G., Sydnor, K. L., Sweat, M. L., and Van 
Fosan, D. —— Chin. Invest. , 88, 1642 (1957). 

ar , E. Dyro nfurth, I., and Beok, J. C., J. Olin. Endocrinol, 

17, 1008 (1987). 

. — J. R., and Vernkos, J., Aga Bndoerwnol., 30, 188 (1950). 

+ Zenker, N., and Bernstein, D. B., J. Biol. Chem , 231, 695 (1968), 

*Fuyta, T., J. Olin. Endocrinol. Metabol., 17, 512 (1957). 

1 Davies, B. M. A., Currie, A. B., and Symington, T., Nature, 188, 
1203 (1960). 

t Do Moor, P., — as, B., Hinnekens, M., Grevendonck, W., and 
Hendrikx, A. Ada Endocrinol., 88. 268 (1961). 

* Bongiovanni, A. a J. Olin. Endocrinol. eee 14, 341 (1054). 


me — E. I., Campbell, E., and Grauer, R. C., 
. Clin. Endocrinol. — ETH ies 1089), 


Effects of Vitamin By, Bg and Procaine on 
the Conditioned Escape Response 


RECENTLY we reported!* an anticonvulsive effect 
of vitamin B,, and vitamin B,, and also the diminu- 
tion of the aggressive behaviour induced by isolation 
by treatment with vitamin B ,,*. Other authors have 
noted an influence on the excitability of the central 
nervous system during measurements of chronaxie by 
vitamin B,,*. Furthermore, we know that vitamin 
B, has a protective function against the neurotoxic 
effects of B-iminodiproprionitrile (IDPN)5, and that 
B,-avitaminosis oauses inhibition of a conditioned 
response‘. 

Numerous investigators have dealt with the action 
of procaine on the conditioned response. Small doses 
of procaine cause a reinforcement of the conditioned 
response to all stimuli, while larger doses overcome 
the capacity of the cortex, and a protective inhibition 
arises’. Similar results were found following intra- 
venous application of procaine in which the condi- 
tioned salivary response disappears and the uncon- 
ditioned reaction decreased’. It is also known that 
procaine has an anticonvulsive effect against electric 
shock and seizures induced by strychnine®”®. 

We used a conditioning technique which has often 
been desoribed?!:1? and in which a rat must climb a 
staff to avoid an electric shock. The stimulus 
schedule was that of Knoll and Knoll. 

In the first period four reinforced con- 
ditioned stimuli are applied, followed by one non- 
reinforced stimulus and finally a reinforced stimulus 
applied once again. In the second training period 
four non-reinforced stimuli were applied only. Rate 
from the Wistar strain were given one trial daily. The 
dosage of the proofed compounds was as follows: 
vitamin B,,, 100 ugm /kgm. intraperitoneally; vita- 
min B, 50 mgm./kgm. intraperitoneally; procaine, 
25 mgm./kgm. subcutaneously; saline-solution for 
control, 0-5 ml. intraperitoneally. ‘The substances 
were applied half an hour before the commencement 
of the trials. 

In the first training period with reinforcement of 
the conditioned response procaine has no effect. 
However, in the case of the controls, vitamin B,, and 
B, cause a decrease in the latency period. The 
number of the negative responses are amaller after 
vitamin B,, than after the other drugs. In the 
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second training-period when there is no reinforce- 
ment of the conditioned stimuli, there is an imcrease 
in the latency period after vitamin B,,. The number 
of the negative responses is significantly increased. 
Vitamin B, and procaine do not show any deviation 
from the controls. In addition thero is an mcrease in 
body-weight after the vitamins and procaine (nutri- 
tive effect). 

Conditioned responses of the type described here 
are temporary junctions, and as the cortex plays a 
leading part in the formation of temporary Junctions 
vitamin B,, must have some effect on the cortex. In 
the first training period, which can be considered as 
the learning period, vitamin B,, tends to encourage 
the development of conditioned responses recognizable 
by the shortening of the latency period and the small 
number of negative responses. In the second period 
without reinforcement a faster adaptation in the new 
situation occurs; as there is a certain indifference of 
the animals after treatment with vitamin B,,, it 
results in an increase of latency peried and of the 
number of negative responses. 

The results are in agreement with our earlier 
findings and those of other authors: vitamin B,, 
causes an improvement in performance on one hand 
and a suppression on the éther. The absence of a 
distinct effect in the case of vitamin B, and procaine 
is possibly a question of the dosage used. 
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HA:MATOLOGY 


Inhibition of Autoprothrombin C Activity 
with Plasma 


Tue traditional enzyme considered in the literature 
on blood coagulation is thrombin. It has its origin in 
prothrombin, which 1s a plasma protein isolated from 
bovine plasma and characterized in terms of physical 
chemical properties'. When prothrombin activates, a 
stepwise degradation of the molecule occurs, and at 
least two of the intermediates, called autoprothrombin 
T and autoprothrombin IT, can be involved in pro- 
thrombin activation’. When the prothrombin is fully 
activated the activation mixture contains another 
accelerator which is different from autoprothrombin ] 
or autoprothrombin IT. This accelerator was only 
recently discovered and called autoprothrombin C 
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because there was prothrombin consumption when it 
was added to hemophilic plasma’. Autoprothrombin 
C has been separated from thrombin and is an 
enzyme‘. A single molecule, prothrombin, is thus the 
source of two enzymes. 

Many papers have been written on the subject of 
the inactivation of thrombin by plasma or serum, and 
it has also been reported that autoprothrombin C 
activity does not occur in normal serum’. This com- 
munication is concerned with the observation that 
plasma and serum contain a substance that inactivates 
autoprothrombin O, and that this substance is most 
likely antithrombin IH. In other words the same 
substance that neutralizes thrombin activity also 
neutralizes another activity derived from prothrom- 
bin. 

Our experiments involved quantitative work in 
which plasma was first mixed with purified thrombin. 
In such a reaction antithrombin HI and thrombin 
are neutralized simultaneously*. When autopro- 
thrombin C was then added to the thrombin-treated 
plasma the amount of autoprothrombin C destroyed 
by the plasma was much less than for an equivalent 
amount of plasma that had not inactivated thrombin. 
We think this was due to the fact that antithrombin 
UI, which neutralized thrombin by combining with it 
in an enzyme-substrate complex, could then not also 
neutralize autoprothrombin 0. 

Autoprothrombin O activity is recognized in this 
laboratory by its capacity to function as a procoagu- 
Jant in the conversion of purified prothrombin to 
thrombin‘. It functions with calcium ions, platelets, 
and Ac-globulin and this can be represented by the 
following equation: 

Catt 

Ac-globulin 
platelet factor 3 
autoprothrombin Q 
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‘prothrombin thrombin 


We used methods previously described to obtain 
purifted bovine prothrombin, purified thrombin’, plate- 
let extracts and purified platelet factor 3 (ref. 8), and to 
separate autoprothrombin O from thrombm‘. Ana- 
lytical methods for thrombin’, prothrombin’, and 
esterase activity with p-toluenesulphonyl-L-arginine 
methy] ester as substrate were also according to 
previous descriptions'. As a source of Ac-globulin 
bovine plasma was adsorbed with barium carbonate 
and diluted 1 to 75 before use. Defibrinated plasma 
was obtained by heating to 56° C. for 3 min. This 
does not destroy activity of antithrombin IT‘. 

The first experiment was merely a demonstration 
to support the accuracy of the equation outlined 
above. The autoprothrombin C (20,000 units) was 
mixed with 1 ml. defibrinated plasma and imme- 
diately after diluted 1 : 10 to be used in the following 
reaction mixture: 


Purified J——— (3,000 V. /mI.) 1:0 ml, 
Ac-globulin source 0-5 ml. 
Caleinm chlonde (0162 M) in imidazole buffer (pH 7-2) 0-5 ml. 
‘Platelet factor 8 0-5 ml. 
Antoprothrombin O with defibrinated plasma O05 mil. 


Samples were taken from the activation mixture 
and analysed for thrombin activity. During the 
period of 1 hr. thrombin activity generated until the 
prothrombin substrate was exhausted (Fig. 1, top 
curve). The autoprothrombin C functioned as a 
procoagulant in the prothrombin activation even 
though it was mixed with plasma just before it was 
tested for activity. This plasma contains the inhibitor 
for autoprothrombin Q, but it takes appreciable time 
for interaction. 
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Fig. 1. Thrombin generation from purified prothrombin in 

resence of Ao-globubn, platelet extract, and caloram tons (contro}). 

Bontrol mate with autoprothrombin O and defibrinated 

plasma (top curve). Control materials with autoprothrombin C 

after standing with plasma 80 min. (lower curve): Control mater- 

iala with autoprothrombm O after standing with thrombin-treated 
plasma for 30 min. (middle curve) 


In the second experiment the autoprothrombin C 
(20,000 unite) was mixed with 1 ml. defibrinated 
plasma and left at 28° Ç. for 30 min. During that 
time the autoprothrombin O activity gradually 
disappeared, and when this was diluted 1: 10 and 
tested in the prothrombin activation mixture no 
procoagulant activity was found (Fig. 1, lower curve). 
The quantity of thrombin generated was no more than 
with platelets alone. 

In the third experiment the purpose was to let 
plasma antithrombin neutralize thrombin, and then 
see whether this reduced the capacity to neutralize 
autoprothrombin O. Nine hundred units of purified 
resin thrombin, which were free of autoprothrombin 
C, were mixed with 1 ml. of defibrinated plasma. 
After 2 hr. virtually all the thrombin activity was 
neutralized by antithrombin III, and antithrombin IH 
was also largely neutralized. Then in a manner com- 
parable to experiments 1 and 2 autoprothrombin C 
was added and 30 min. were allowed for neutralization 
of its activity. This time, however, thrombin genera- 
tion in the activation mixture was far greater than 
with platelets alone and less than with the autopro- 
thrombin C that had not been neutralized with plasma 
(Fig. 1, middle curve). In other words autoprothrom- 
bin O was only partially neutralized. 

We also performed an experiment to see whether 
autoprothrombin CG would reduce the capacity of 
plasma to inactivate thrombin. Autoprothrombin C 
was mixed with plasma. When all the autopro- 
thrombin O activity was gone thrombin was added, 
and this mixture did not destroy as much thrombin 
as the plasma that had not neutralized autopro- 
thrombin Q. 

The facts of our experiments are that autopro- 
thrombin Q is a procoagulant that functions. with 
platelet factor 3, Ac-globulin and calcium ions. Its 
activity was neutralized by plasma, and when plasma 
was first treated with purified thrombin, the subse- 
quent capacity for inactivation of autoprothrombin O 
was greatly reduced. As a corollary, autoprothrom- 
bin O reduced the capacity of plasma to destroy 
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thrombin activity. Our interpretation is that anti- 
thrombin III is involved. It can combine with 
thrombin and 1s then no longer available for neutral- 
izing autoprothrombin C. The two enzymes from 
prothrombin both have an affinity for the same 
inhibitor. 

This investigation was supported by a grant from 
the Michigan Heart Association. 
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An Antigenic Difference between ‘A’ 
Antigens in Human Epithelial and 
Endothelial Tissue 


THE distribution of the blood group A antigen in 
human tissues as shown by fluorescent rabbit anti- 
body against human ovarian cyst A substance has 
been previously described?*. It was found that the 
A antigen in epithelial tissues was not soluble in 
ethanol and thus differed from the A antigen found 
in the vascular endothelium, which was removed by 
ethanol treatment. 

Antigenic subdivisions of the human A antigen are 
already known. Thus Winstanley et al.? and Konugres 
and Coombs‘ found that a component (A?) of the 
human A antigen is present on pig A red cells, and 
there is reason to believe that other subdivisions of 
the human A antigen exist in dog A and sheep A 
(ref. 5). We therefore examined the effect on epithelial 
and endothelial bleod group staining in human tissues 
of absorbing the rabbit anti-human A fluorescent 
conjugate with pig A cells. 

The A grouping of the pigs was determined by a 
capillary precipitation test using pig saliva and 
rabbit anti-human A serum prepared as described 
by Glynn, Holborow and Johnson’! and the group 
was confirmed by agglutination of the pig red blood 
cells by human immune and rabbit anti-A sera, 
previously absorbed with pig non-A red cells. The 
human immune anti-A (batch 3413/79) was kindly 
given by Dr. R. R. A. Coombs. 

The fluorescein conjugate was absorbed with twice 
its volume of packed pig A red cells for 2 hr. at 
room temperature. As control, a further conjugate 
was similarly treated with non-A pig red cells and 
some also was absorbed with human group A red 
cells. 

Sections of group A human submaxillary gland, 
thymus gland, stomach and appendix from a secretor 
were stained with fluorescent anti-A conjugate, and 
the conjugate absorbed as above. The results are 
shown in Table 1. 
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Table 1. STAINING OF HUMAN TISSUE WITH FLUORESCENT ANTI-A 
CoxsJUGATR AND CONJUGATE ABSORBED WITH PIG A, Pig NON-A AND 
HuMAN RED BLOOD CELLS 

— — 8 
con eoni conju 
i i anae absqy yi sbsotbed a h baotbed 
Human tissus grou conjuga non- uman 
jj —— a pet blood red blood red blood 
cee ooalls 
Thymus capillaries + + + 0 
Submaxilia nd 
mucous ce + 9 0 
Stomach mucosa + ND 0 ND 
Appendix mucosa + ND 0 ND 
Appendix capillaries + ND + ND 


+, Specific staining, 0, no stainmg, ND, not dono 


It is seen that absorption by pig A cells removes 
the staining of the water-soluble A substance in the 
epithelial tissues whereas the alcohol-soluble A sub- 
stance in the endothelium of the capillaries remains 
unaffected. Absorption with human A red cells 
removes all staining. 

These results indicate that the A antigen of human 
vascular endothelium possesses determigants different 
from (but presumably in addition to) those present 
in mucosal water-soluble antigen. They also show 
that the antigen originally used to stimulate the 
production of anti-A in the rabbit—-human group A 
substance from human ovartan cyst fluid—itself con- 
tains both antigenic variants. 

P. C. Brown 
E. J. Horporow 
Rheumatism Research Unit 
(Medical Research Council), 
Canadian Red Cross Memorial Hospital, 
Taplow, Maidenhead. 
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2 Holborow, E. J., Brown, P. C. Glynn, a E. , Hawes, M. D., Gresham, 
G. A., O’Brien, T. O., and Coombs, R. È. A., Brit. J. Ezp. Path., 
49, 450 (1960). 


3 Winstanley, D. P., Konugres, A., and Coombs, R R. A., Brit. J. 
Hæmat., 3, 341 *(1957). 


4 Konugres, A and Coombs, R. R. A., Bru. J. Harmat., 4, 261 (1968). 


*Ueno, S., Matansawa, D., Kitamura, 8., and Mishima, H., 


J. Immunol., 88, 885 (1959). 


* Glynn, — E., Holborow, E. J., and Johnson, G. D., Lancet, i, 1083 
(1057). 


PATHOLOGY 


Zine Content of Hair from the Head 
of Carcinoma Patients 


DuRING an investigation, preceding our work on 
the decreased zinc-level of whole blood of carcinoma 
patients in connexion with the progress of the 
disease!-*, we found that other tissues also (heart, 
spleen, liver, kidney, etc.) show a decrease of zinc 
content in carcinoma cases. This is comprehensible 
because blood flows through all these tissues. It 
therefore seemed to us to be of interest to analyse 
blood-free tissues, and hair from the head was chosen. 
for this purpose. 

Hair is formed in the hair follicle out of relatively 
small protein molecules present in the serum of the 
blood. During growth, keratinization takes place: 
the molecules become larger and —-Zn——-S— bridges 
are formed, which give the hair its stiffness. 

In an autoradiographic investigation, Mawson et al.‘ 
showed that, after treatment of rats with zinc-65, this 
isotope was found only near the hair follicle. This 
indicates that at those spots exchange of non-active 
zine with zine-65 is possible, whereas farther away 
from. the follicle, after complete keratinization, zinc 
is firmly bound to sulphydril groups in such a way 
that a turn-over cannot occur. For the determination 


March 24, 1962 


of zine- — in human hair of the head of car- 
-cinoma patients it was necessary to know the zine 
-eontent: of ‘healthy’ hair. Monier-Williams', citing 
— Eggleton, mentions a mean value of 0-02 per cent of 
hairs and nails. We have found the same mean, but 
| the zine-level varied with age and colour (Table 1). 














“Table 1. Zinc CONTENT OF HUMAN HAIR FROM THE HEAD OF HEALTHY 


~PROPLE GIVEN IN PERCENTAGE BY WEIGHT (COLOUR OF HAIR, Farr*) 
No. Age (yr.) Zine content (per cent) 
5 23 06155 
4 40 i 0-015 
4 57 0-016 
2t 71 GO-O18* 
3t 81 0-021 


us * Flaxen hair contains about 0-004 per cent less zinc, and black 
as well as red hair — fair. hair — the same amount, 
— au Some of them grizzled. a 


u Table 2. ZINC-LEVEL OF WHOLE BLOOD AND HAIR OF CARCINOMA 


: ATIENTS 
(A indicates the deviations from the normal levels} 
Patient No. A. 
7.200/60 e blood 6°0 p.p.m ~ 0-5 ppm, 
hair 0-018 per cent O per cent 
4,918/57 blood $0 p.p.m ~ 05 ppm, 
air 0-023 per ‘cent +0003 per cent 
6,708/59 blood 7:0 ppm. +G p.p.m. 
. hair Fens — cent +0002 per cent 
4293/56 blood ~ OG p.p.m, 
hair BA per $ — 0 001* per cent 
125/61 blood $F 2 peor ~ 0-6 ppm.. 
hair 0 015° per cent 0 ‘per cent 
hair 0-021 per cent +e O01 per cent 
6,607/58 blood 4.8 ppm ~ 17 ppi 
hair 3 o per ‘cent +0-001* per cent 
7,265/60 blood ppm ~O8 p.p.m, 
ir 0. ‘og 1 per ‘cent +0005 per cent 


_ Note: the complete case-history of the patients can be obtained 
ſfrom us, | 


Analyses were carried out by means of X-ray 
‘fluorescence. De-greased hair was completely decom- 
posed by fuming with sulphuric and nitric acid 
-> followed by evaporation to dryness; the residue was 
dissolved in water. Standard solutions of zinc were 
sed as comparison; accuracy of the method of 
> measurement 2o = 7 per cent rel. Table 2 shows the 
`<- decrease of the zinc concentration in whole blood of 
-carcinoma patients observed, whenever possible, 
— during the year before the hair was cut off in com- 

_ parison with the change of the zinc-level of hair from 
<: the same patients. It can be concluded that hair 
= from the head of carcinoma patients does not show 

any decrease in zinc-level when compared with 
_. ‘healthy’ hair, and further that any deviation does 
mot run. parallel with deviations found in blood 
‘investigations. This might be explained by ascribing 
_ the decreased zinc-level of whole blood to a reduction 
< of the zine content of erythrocytes, that is, of their 
vonie anhydrase content. | 
Mr. J. Knaape and Mrs. A. van den 

a their ‘assistance in preparing the 

H. van ‘den Berg for his careful 
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been grown, with varying. — 










from Anant Mouse —— 


SEVERAL attempts have been made to } 
ae agents in — culture. 





“Graft 
failed to — Saan results; ; 80. fara as. 


taneous — — — in tissue culture and Neha 
found to induce leukemia in mice. — n 
Since good results were obtained by Manaker aabo o oo 
with Moloney’s virus, it was thought. advisable to use. 
their methods to carry out tissue -culturest and — 
Moloney’s methods .to prepare the agent being | — 
examined®. This agent was derived from 3 Akmice — < = 
of our inbred sub-line. which were in a moderately _ 5 
advanced state of spontaneous lymphoid leukemia. = 
It was extracted essentially in accordance with | 
Moloney’s “procedure. B”: a cell-free concentrate was 
obtained by successive filtrations and contrifugations; ay 
it was then inoculated into the cultures. _ 5 
Spleens of C3Hf mice from our inbred sub-line were 
cultured in stationary tubes. After a week, the cul = 
tures were inoculated with the concentrate. Uninocu- | 
lated cultures served as controls, Fourteen days later, os 
supernatant fluids were collected and. pooled; a@ 
part was added to fresh cultures for passage, another ae 
part was injected into mice, the remainder was kept 
at — 60° C. After a further 14 days, supernatants —— 
were again collected and used as above. ] 
Culture fluids were injected subcutancously into 
C3Hf mice less than 24 hr. old, 30 animals receiving 
the first passage and 32 the second. Control mice- 
were given supernatants from uninoculated cultures, 
14 animals receiving the first passage, ae the 
second. — 
The results for the first two passages are summar- es 
ized in Table 1. The 56 experimental mice and 23- 
controls that survived longer than one- month | ar 
considered in the experiment. Among the animals. 
injected with infected cultures, 8 have died to ‘date, a 
7 with typical mouse lymphomatosis, 1 with a 
lymphosarcoma localized beneath the skin at the | 
level of lumbar vertebrae (perhaps associated with the _ 
site of subcutaneous — Six other animals ar are: 

















incidence, of aphanta ‘use £ 
Other cases are expected to. emerge soon 
from the death curve. Six cases of the leu 
disease appeared in mice that were injecte 


Table 1, LEUKAIMTIA IN MICE INJECTED WITH TISSUS Currune Fivins z 









No. of mice 












— ——— —— —— — eo — — 

Fluids injected Surviving | Developing | death witht. 
from + Injected | more than | leukemia | leukemia poi 
1 month days) {o 





to date 





Inoculated 
enltures 62 56 


Uninoculated l 
cultures i 24 23 Í 
controls ices 


— — — — — — — — 


14=-25% 





112-186 | 
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fluids from the first passage and 8 in the group that 
received supernatants from the second passage. 
Death from these leukemic conditions occurred at 
112-186 days of age (average 150 days). (This figure 
will increase, of course, as the mice currently sick 
succumb.) 

Among the controls, no leukemia and no mortality 
has occurred. 

_No evidence of cytopathic effects was seen in either 
the infected or uninfected cultures. 

The incidence of spontaneous leukwmia in our 
inbred-subline of C3Hf mice is 1-8 per cent and the 
resulting mean age at death is 530 days. In this 
experiment, the incidence of leukemia is already 25 
per cent, and the mean age at death is 150 days at 
present. It is concluded that the leukwmia process 
here is not spontaneous, but induced by an agent viral 
in nature and carried in the tissue cultures. The 
observed cases occurred with fluids from both 
passages under study, in animals from 6 different 
litters. Hence, they do not appear to be due to the 
emergence of spontaneous leukemia, or to higher 
sensitivity for an oncogenic factor, in a particular 
family, or to other such causes. 

In the experiments of Manaker et al., leukemia 
occurred earlier; but these workers were concerned 
with Moloney’s leukemia, which is quite active, 
whereas spontaneous leukemia is known not to be 
consistently very active. This is why we do not expect 
the incidence of leukemia to be as high in this 
experiment as in theirs, in which it often reached 100 
per cent. 

The cultures inoculated with the concentrate did 
not show cytopathic changes. The concentrate itself 
was injected into 11 new-born C3Hf mice; it induced 
leukzemia, but no other neoplasms. Fluids from the 
inoculated spleen cultures did not provoke cytopathic 
effects when introduced into mouse embryo cultures 
and did not cause agglutination of red blood cells of 
guinea pigs. No tumour other than lymphoma was 
found so far in the mice that received infected, or 
uninfected, cultures, All these facts suggest that 
polyoma was absent from the cultures. However, our 
mouse colonies are infected to a certain extent with 
polyoma. Sera of the Ak mice from which the 
concentrate was prepared inhibited the hæmag- 
glutination produced by polyoma virus. Other Ak 
mice, used at the same period in other experiments’, 
earried both the polyoma virus and antibodies 
against it. There is, then, a possibility that the Ak- 
mice extracts in this experiment also contained this 
virus. If this is so, it seems that the virus was 
eliminated at some phase of the procedures. 

This work was supported by a grant from the 
National Cancer Institute of Canada. 
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HISTOLOGY 


Cholinesterase Activity of Intercalated 
Disks (Eberth’s Lines) in Mammalian 
Heart Musele 


As revealed by manometrical determinations 
intensive acetylcholinesterase activity occurs in 
heart muscle’. Histochemical investigations carried 
out with the naphthyl acetate and the indoxylacetate — 
methods rendered visible enzymatic activity of the 
myocardium in a diffuse or granular form, without 
any cytological localization*. On the other hand, 
investigations performed with the thiocholine method? 
demonstrated enzymatic activity of the conductive 
tissue only, but no activity in the working muscle. 
The object of the present investigations was to 
settle tnis problem. 

Our first experiments wefe carried out using 
Holt’s indoxylacetate technique, but modified. Small 
pieces of the right ventricle of rat heart were fixed in 
4 per cent chilled formalin for 30 min., cut with the 
freezing microtome and incubated for 10 min. at 
56° C. Interealated disks and borders of muscle cells 
exhibited an intensive reaction, thus producing a 
mosaic-like pattern with «a diffuse background 
activity (Fig. 1). The reaction was completely inhibi- 
ted by a pre-incubation in 10-* M eserine. Unfor- 
tunately, indigo crystals produced by the reaction 
were too rough for a more precise cytological localiza- 
tion. (5-Bromoindoxylacetate, which results in a 
better localization, was not available to us.) On the 
other hand, the possibility could not be excluded that 
the localization of indoxyl-esterase was an artefact, 
considering that oxidation (that is, rendering visible) 
of enzymatically liberated indoxyl to indigo-blue 
might be the result of the activity of dehydrogenases, 
concentrated in Eberth’s lines*. In order to rule out 
this possibility and to obtain more detailed patterns, 
further experiments were performed by means of 
Crevier-Bélanger thiolacetic acid method, following 
our modifications already published earlier. It was 
found, however, that neither formalin-fixed material 
nor fresh-frozen sections exhibited any reaction. The 
failure of activity seemed to be due to some intra- 
cellular penetration barrier. 

According to Goldstein®, Eberth’s lines show a well- 
defined periodic acid—Schiff positivity, indicating the 
presence of mucopolysaccharides. Attempts were 
therefore made to facilitate the penetration of the 
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Fig. 1. Esteratic — Bim rat heart muscle. Indoxylacetate 


technique. (x 200) 
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Fig. 2. Acetylcholinesterase activity of rat. Eberth’s lines 
(arrows), Thiolacetic acid reg, pretreated with hyason. 
x 


chromogenic substrate by means of an enzymatic 
depolymerization of mucopolysaccharides. Rats were 
killed by decapitation or by producing a diastolic 
block by injecting intravténously 5 per cent potassium 
chloride solution. Small pieces of the right ventricle 
were incubated at room temperature in a 10 per cent 
hyaluronidase solution (‘Hyason’, Organon) for 10 
min. After this treatment frozen sections were cut 
without fixation and ‘stained’ for cholinesterase in a 
buffered solution of thiolacetic acid and lead nitrate. 
Five-minutes incubation resulted in the characteristic 
pattern of intercalated disks, especially in the animals 
killed with potassium chloride (Fig. 2). The reaction 
was confined to small granular or vesicular units 
(0-2-0-5u), arranged in two parallel lines with a light 
interzone among them. The overall thickness of the 
complex measured 0-7—1-2u, that is, less than the 
period of cross-striation in rat heart. The enzymatic 
activity could be inhibited by pretreating the sections 
with 10-* M eserine. Di-isopropylfluorophosphonate 
(5 x 10-* M) had no effect. 

It is a well-known fact that tissue elements exerting 
cholinesterase activity are often found strongly 
positive to janus green. Supra-vital staining of small 
pieces of fresh rat heart muscle resulted in a homo- 
geneous blue colour without any microstructural 
localization. Staining with janus green carried out 
after a pre-incubation in hyaluronidase, however, 





3. Eberth's lines stained with janus green (arrows); 
~~ pretreated with hyason, (x 680) 
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rendered visible the characteristic. pattern of Eberth’s 
lines (Fig. 3). 

According to these investigations, intercalated 
disks seem to contain a specific enzyme, the activity 
of which, however, is masked in some way (‘crypto- 
enzyme’). It is an open question whether the muco- 
polysaccharide present in these structures inhibits 
the activity of the esterase or protects the enzyme 
from the penetration of chromogenic molecules. 
Considering the indoxylacetate-positivity of Eberth’s 
lines, this latter possibility seems more probable. 

Concerning the possible role of the enzyme present. 
in Eberth’s lines one might speculate about con- 
duction of impulses in heart muscle. Recent electron 
microscopical investigations revealed that Eberth’s 
lines completely isolate cellular units of heart muscle. 
Electrophysiological investigations, as reported by 
Sperelakis et al., also lead to the conclusion that the 
narrow gaps isolating neighbouring heart-muscle 
cells behave similarly to extracellular space*. It may 
be assumed, therefore, that impulses in the myocard- 
jum are transferred from cell to cell by some mechan- 
ism. Cholinesterase present in the surface connecting 
neighbouring cells might play a similar part in this 
case as in myoneural junctions. In this respect, 
periodic acid-Schiff-positive material of Eberth’s lines 
is also of great interest, since polysaccharide gels are 
known to participate in ion-transfer mechanisms. 
The fact that injection of potassium chloride resulted 
in more characteristic patterns of enzymatic activity 
of Eberth’s lines, supports this assumption. Whether 
or not the special masking of this ‘erypto-enzyme’ is 
related to functional alterations of the heart muscle 
is being further investigated. F. Joó 
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IMMUNOLOGY 


Lethal Biosynthesis of a New 
Antibacterial Principle : Vibriocin 


INVESTIGATIONS were carried out with a strepto- 
mycin-sensitive strain of V. comma A.T.C.C. 9168, 
believed to be lysogenic. It was found that under 
specific environmental conditions such as reduced 
redox potential, brought about by thioglycollate, the 
bacteria lyse. In lysing they liberate a substance 
lethal to part of the homologous population. Strepto- 
mycin-resistant mutants, derived from the strain, 
were sensitive to the inhibitor but only when tested 
aerobically. Thus, under the latter conditions 
streptomycin-resistant mutants served as an indicator 
strain for the presence of inhibitor. 

The conditions for inhibitor production were found 
to be closely related to those for induction of bacterio- 
phage in lysogenic bacteria. Thus, thioglycollate’? or 
ultra-violet irradiation? or chilling’ caused increased 
lysis of V. comma with the simultaneous production of 
inhibitor. The above inducers were effective only on 
bacteria growing logarithmically at a number of not 
less than 7 x 107/ml. 
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Fig. 1. Bacterial numbers of streptomycin-sensitive (SMa) V. 
comma: during ‘vibriacin’ production, when grown ab reduced 
redox-potential (anaerobie conditions) 


‘The production of inhibitor is not a mere secretion 
` but a lethal biosynthesis, since an increase for about 
1-2 hr. in bacterial numbers precedes the stage of 
-release of inhibitor with a concurrent bacterial lysis 
(Fig. 1). 
In — of the similarity with phage induction in 
lysogenic bacteria, the inhibitor is classed among the 
-< bacterioeins and the name ‘vibriocin’ is herewith 
proposed. It was found that even after inhibition and 
_. killing of the indicator strain (streptomycin-resistant), 
< no increase in titre could be obtained. A constant 
relation between dilution and inhibitive power was 
found, suggesting that no phage production occurred. 
The titre of inhibitor as an arbitrary unit per ml. 
was determined by measuring the maximal dilution, 
- whieh still had an inhibitory effect, and found never 
| to exceed 1,000 units/ml. 

oes The filtrates containing vibriocin lost their activity 
ie when paned. through Seitz filters. However, they 
emained active when ‘Gradocol’ membranes with 
y were used. No inactivation occurred 

66°. C. for 30 min. 
character of vibriocin lies in its specific 
eptomycin-resistant V. comma under 
— anaerobic conditions. This 
, oe oe the hitherto unresolved 






















streptomyein-resistant mutans r in 

en grown together with streptomycin- 
organisms. Such results, it was 
‘more. consistent when the reaction 
cubated anaerobically. Hewitt? shows 
ing logarithmic growth of a culture 
otentials are decreased transiently and 
sed after further incubation. Thus, in 
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A furthor — when l ` — 
reases again, bacteriocin exerts 
tre eptomyein-resistant bacteria. - 







< Further, the inso 
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immunization against Intracerebral 
Transplantation of a Glioma in Mice 


Tms investigation was concerned with the effects: 7 
produced by immunization with glioma and adjuvant”. 


on the growth of glioma transplanted intracerebrally 
into mice in an isologous system. The original glioma 
from which this transplantable glioma was derived 
was induced by implanting methylcholanthrene into 
the brain of a mouse of the same strain. The present 
tumour can be inhibited by immunization with glioma - 
and adjuvant when. tr 
but similar inhibition of growth of the tumour trans- 
planted intracerebrally was uncertain since the 


‘agent’ causing tumour inhibition or rejection systems: ; 


ically might not penetrate the blood brain barrier in. 
adequate concentrations. 

The tumour used in the present experiments was. 
induced in the brain of C57 Black mice with methyl- 
cholanthrene and was transferred afterwards as a — 
subcutaneous tumour’. Histologically. it is classified 


as an ependymoblastoma, and it has retained. its. : : 
morphological characteristics through repeated trang- 


fer generations. The tumour pellet was inserted into- 


the right cerebrum of an anzxsthetized C57 Plack 
mouse with a brain trocar. The operative mortality 2 
in any series of experiments was less than 15 per cent... 

The immunized animals were treated with ahomo- 


genate of glioma, physiological saline, and Freund's 
complete adjuvant (Difco). 


sites weekly for three weeks prior to implanting 
tumour tissue. In the control study normal C57 _ 
Black brain tissue was substituted for glioma tissue 


in equal amounts and the animal immunized in the — 


same manner; In one experimental run the mice. ~ 


were immunized. once and tumour tissue implanted ons 


the same day. ce 
The neuralagioal: manifestations of the glioma’ Boo. 
growth were weakness, ‘humping up’ in the corer of — 


the cage, circling, twisting over on moving, tail oe 
paralysis, and occasionally tumour mass fungating ae 


through the burr hole in the skull. When the mice 
appeared to be seriously impaired, they were killed 
and the brains were removed for gross and microscopic 
examination. =~ 

The results of these experiments are shown in 
Table 1. In. ‘unimmunized mice the tumour will 


| ivity of streptomycin-resistant 
bacteria to bacteriocins under anaerobic conditions — 
may partially explain their increase in numbers, as 





lanted subecutaneously!; | 


The homogenate was — 
given by intradermal injection, 0-2 ml. in multiple 
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Fable 1. EFFECT OF JMMUNIZATION ON INTRACEREBRAL GROWTH OF 
ot ee A TRANSPLANTABLE GLIOMA 
.. No.of Normal Delayed No Per cent Per 
‘Immunization inocu- No.of growth growth growth inhib- cent 
O lations mice* of of of ited Te- 
— l tumour tumour t tumourt jected 


ô 30° 28 1 1 3 2§ 
3 $2 32 0 0 0 0 
3 30 6 8 18 20 80 








































peration. . — 
k t Delayed growth ; tumour become apparent 4 weeks after implant- 
eA the owth; tumour not apparent 8 weeks after implanting. 

-2R Died 86 days after mphntkon with tumour — 
Immunization 8, 2 and 1 week prior to implanting. 

<: f{ Traumunization at same time as implanting. l 


-produce neurological signs within 15-20 days after 
=- implantation. It can be seen in the unimmunized 
group that 95 per cent of the hosts are dead as a 
result of tumpur growth within 28 days and 98 per 
_eent within 56 days. The survivor in this group died 
after 86 days with a tumour in the brain. Based on 
these experiences in the rate of tumour growth, any 
mouse surviving more than 28 days is said to have 
inhibited tumour growth, and any mouse surviving 

more than 56 days is said to have ‘rejected’ the 
tumour. In the control experiment, the mice 
immunized with normal brain tissue and adjuvant 


were not protected and similarly all died within 28 
. days after implanting. In the group of mice immun- 
. ized weekly for three weeks with glioma and adjuvant, 
there was 60 per cent tumour ‘rejection’ and 20 per 
bent tumour inhibition. A single immunization with 
glioma and adjuvant carried out simultaneously with 
implantation gave 30 per cent ‘rejection’ and 60 per 
cent inhibition. 
= The results of this work show that it is possible to 
obtain inhibition and rejection of a transplantable 
= glioma implanted intracerebrally into the brains of 
mice which are the same as the strains of origin 
of the tumour. 
In the past two decades there have been several 
~~ reports of immunization of mice of an inbred strain 
against a tumour which arose in that strain?~?. The 
- guecessful immunizations were primarily in isologous 
systems with induced tumours after many transfer 
generations. The problem that is frequently encoun- 
¿> tered in experiments to induce immunity to tumour 
< isotransplants is that the resistance may often be the 
-result of genetic differences between the tumour and 
<- host which do not occur in autotransplants. Both 
_. the inbred strain and the transplantable tumour are 
probably continuing to undergo variation, and there 
ei renetic differences present after many transfer 
ons not present when the tumour originated. 
to overcome this problem of possible 
ences, Lewis*, Foley®, and later Prehn?! 
que experiments for destroying the in- 
ur by ‘strangulation’ or excision and then 
ging the induced-tumour immunity by im- 
oa tumour simultaneously induced in an 
genie animal, | 
Since it is possible to have successful homotrans- 
station and even heterotransplantation of tumours 
es such as the brain or the anterior 
eye, it would seem that genetic 
s-important part in induced 
en these sites are used. There 
ports of attempted tumour 
zation and transplanting tumour 
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‘same time, the cells elici 


may be operating in the present oxy 















to the anterior chamber of the eye; but th 
were conflictingY:14, o wees, 
Medawar? has been able to demonstrat 


homografts to the brain do not. respond, 
there is a simultaneous homograft to the brai 7 
skin from the same donor both are rejected. H 
concluded that homografts to the brain could no 
provoke homograft immunity because of absence c 
lymphatic drainage from the brain. How 
homograft immunity wa 











were able to reach the hor 
cause rejection. It is felt th 
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RADIOBIOLOGY 


Influence of Chelating Agents on the č 
Distribution of Cobalt-60 in Albino Rats tw 
CHELATING agents have been known to alter con- —— 

siderably the biological distribution and excretion of — 
radioisotopes, as shown with rare earths’, manganese? | 
and plutonium”. We have investigated the effects of 
chelating agents on the distribution of cobalt-60 in 
albino rats. — roe ee 
Sixteen chelating agents have been tried, of which 
five form insoluble complexes (1-nitroso 2-naphthol, 
sodium diethyldithiocarbamate, oxine, rubeanic acid) = 
and salicylaldehyde). Male albino rats, weighing = ` 
200-300 gm., divided into groups of five, were used, pa 
Each rat received intravenously 0-5 ml. of carrier- ` 
free cobalt-60 solution (about 16 ue.) and either 0-5 ml. Sia 
of isotonic saline (the controls) or 0-5 ml. 5 mM. = 
solution of one of the chelating agents, pH about 7-0. — 
After 24 hr., the rats were killed, and the radioactivity __ 
in the various organs, in a weighed specimen of blood __ 
and in the urine and fæces collected separately, was — 
determined by conventional procedures, after nitric 
acid digestion. The activity in blood is computed on — 
the basis that the total weight of blood is one-seventh | 
of the body-weight. The activity in any tissue is 
expressed as the percentage of the activity injected. 
Recoveries varied from 90 to 110 per cent. 






















C Tablet, EFFEOTS or CHELATING AGENTS ON THE 24-18, DISTRIB 
(cs o PRUS 0-5 ME, OF SALINE (CONTROL) OR A CHELATING 










Foetal ar tr ee — eet = 
oo. Chelating agent Urine Feces excretion Blood Liver  Spleén Carcass Intestines Lungs Kidneys... 
None (control) 71T 5-0. 76-7 2-4 5-7 0-09 77 869 BSB 045 c pR 
-o Rübeanie acid ` 370 5-5 42-5 3-5 39-3 3842. 80 AQ OB E: 
Niroso 2-naphthol 10-8 6-4 17-2 2-1 20-7 100° 38-4 105 085 OB 
-. . Sodium diethyldithiocarbamate 27-9 37 °5 65-4 10 12-1 0-15 12-1 11- 0 19 64 
oo gaine o l 378 ağ 40-9 2-0 8-0 0+52 8-0 3°83 IPI 14 
vateine: 83-4 Aq 88-1 0-7 3-0 0-02 3-7 3-7 0-07 OS 
23 9 10-3 B4-7 1-21 45-4 2:13 9-0 4-2 0) -28 - 19 
877 86 9638 0-04 QO-17 0-0 1:3 2T 0-02 O11 
52-9 47 57-8 10-6 8°3 0-43 22-3 aL O88 2 | 


0 ‘the chelating agents tested cause profound 
the distribution of the isotope, the changes 








‘being so varied and so diverse that few generalizations 
are possible (Table 1). In the control rats about 75 


paor cent of the injected cobalt is excreted within 24 hr., 
-0 as observed by Greenberg et al.4; but many of the 
-= ehelating agents used cause decreased excretion (for 
-o example, only 17 per cent with l-nitroso 2-naphthol) 
and preferential localization in various organs. 
Among the prominent changes are a localization of 
the isotope in the reticuloendothelial system (for 
example, liver and spleen) by rubeanic acid and BAL, 
‘in the lungs by oxine, in the carcass (namely, muscles, 
bones and skin) by 1-nitroso 2-naphthol, and slightly 
in the intestines (namely, intestinal contents) by 
sodium diethyldithiocarbamate, which largely in- 
creases the fæcal excretion from 5 to 35 per cent. 
Obviously, these differences cannot be accounted for 
on the basis of insolubility of the complex or its 
particle size, but must take into consideration the 
biological properties of the chelating agent as well as 
of the chelate formed. It is also interesting to note 
the widely differing effects of the three sulphydryl 
compounds BAL, thioglycollic acid and cysteine. The 
ethylenediaminetetraacetic acid (EDTA) chelate is 
almost entirely excreted with negligibly low deposition 
in such important tissues as the liver, kidneys, etc. 
The other chelating agents tried, sodium hexameta- 
phosphate, folic acid, riboflavin, histidine, isoniazid, 
nitrilotriacetic. acid and salicylaldehyde, do not 
significantly alter the pattern of distribution. In all 
cases, the stomach, heart, brain and thyroid contained 
negligible activities. 

In an attempt to explain these varied effects, the 
exact state in which the cobalt-chelate exists in the 
blood has been examined’. The results suggest that 
about 60 per cent of the tracer-cobalt, injected alone, 
is bound to serum proteins (mostly to the albumin and 
the a-globulin) and the rest is free. The EDTA- 
complex occurs as a separate soluble entity, being 

free and completely dialysable. Presumably, it does 
not react with any organ of the body and is directly 
.--exereted from the blood stream. The 1-nitroso 
2naphthol complex, on the other hand, is completely 
“-non-dialysable, probably colloidal, but not bound to 
“protein. All the other chelates studied (cysteine, 
>- sodium. diethyldithiocarbamate, oxine, thioglycollic 
- acid; rubeanic acid and BAL) occur in the blood, 
partly free and partly bound. In the case of at least 
two chelating agents, rubeanic acid and thioglycollic 
acid, the chelate as a whole is bound to the protein, 
possibly through a metal bridge. Time-distribution 
ations (to be published) suggest a central 
logical role for the liver in cobalt metabolism. 
eliminary account of the work was presented by 
“us (V. M.S.) in Proc. 47th Indian Sei. Congr. 
cts (1960), p. 212. 
thank the director, Dr. 8. Krishnamurthi, for 
erest and encouragement and the Department 
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Effect of Plasma from Anæmic Rabbits 
on the Post-irradiation Anæmia of 
Mice 

JACOBSON eż al.' have reported that the hyperplastic 
erythroid tissue of anemic rabbits was more resistant 
to the effects of ionizing radiation than was that of 
normal animals. Similar results were obtained by 
Valentine et al.* using dogs and rats, and by Stohlman 
et al. Schack and MacDuffee* showed that mice 
developed an increased resistance to radiation follow- 
ing a period of hypoxia sufficient to increase the 
erythroid elements in the bone marrow. Mathe and 
Bernard’ found that bleeding rats before irradiation, 
followed by post-irradiation transfusion of the same: 
blood, seemed to offer some protection to the hæmo- 
poietic system as judged by comparing their hemato- 
crits and circulating reticulocyte numbers with those — 
of control animals. Other experiments in this report _ 
indicated that injections of plasma of anwmic rats to. 
irradiated litter mates within 1 hr. of exposure offered 
some protection to these animals on the 6th day after 
irradiation. Stohlman and Brecher? using anemic 
donor rats reported similar findings. 

A common factor in all the foregoing experiments 
is the possible presence of a raised level of endogenous 
or exogenous hemopoietine (Gordon*) in the plasma. 
The increased resistance to radiation shown by these 
animals could have been due to a high circulating level 
of this material. If this were so then injections of 
small quantities of ansemic plasma, containing a high 
concentration of hemopoietine, to standard irradiated 
mice might favourably influence the hematological 
recovery from the effects of radiation. It was thought 
that it would be of interest if such an effect could be 
achieved using the plasma from anaemic animals of a 
different species. 

The mouse was chosen as the experimental animal 
and the rabbit as the donor. The experiment was 
earried out over a period of several months. Healthy 
adult male mice of the Parkes strain, of approximately 
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16 Ban e ago and weighing 25-30 gm., were used. 
“The animals were obtained from the laboratory 
animals’ ‘division of the British Medical Research 
Council. They were delivered to the laboratory in 


— aaa 












































house for at least a week before use. During this time 
they were accustomed to handling, were marked by 
ear punch, and divided into four equal groups 
(A,B, 0, D) in such a way that the mean weight of 
: each group was similar. Care was taken to maintain 
the same environmental and dietary conditions 
hroughout, 

Mice were irradiated (550 r.) at 140 kV. and 7 
m.amp. using a 0 2-mm. copper and 1-0-mm. alumin- 

um sereen. The focal distance was 25 cm. and the 
diameter of the cone used was 10 cm. This delivered 
E total body dose of 50 r./min. Each animal was held 
-in a flat cylindrical ‘Perspex’ chamber measuring 
= 10. x 1:8 em. Adequate ventilation was provided 

through holes in the lid of the chamber. 


ensure that each experimental group was equally at 
tisk, mice were kept in small sub-groups of not more 
than 4 animals. Each animal in a sub-group repre- 
sented a different experimental group. 
© Injections were made*subcutaneously using clean, 
but not sterile, syringes and needles. Animals in group 
A were uninjected. Those in group B received 
z injections of 0-9 per cent w/v solution of sodium 
_ chloride in distilled water. Those in group C received 
injections of normal rabbits’ plasma. Those in 
< group D received injections of anæmic rabbits’ 
plasma. "The volume of each injection was 2-0 ml. 
and injections were given within 1 hr. of irradiation 
and again 24 hr. later. 
Fresh pooled heparinized rabbits’ plasma was used. 
ie ‘This was collected on the day of the first injection of 
the mice and stored at. —10° C. for 24 hr. until the 
next injection was due. 
- Normal plasma was obtained from healthy adult 
: stock rabbits with hematocrits greater than 35 per 
- cent. No rabbit was bled of more than 20 ml. and 
. having been bled was not used again to provide 
normal plasma. 
-oo Aneemic plasma was obtained by bleeding to death 
“rabbits which had been rendered anzemic over a period 
of 7 days or so. This was done in one of two ways. 
... Either the animals received daily subcutaneous 
< injections of a 2-5 per cent w/v solution of phenyl- 
hydrazine hydrochloride, dose 12-5 mgm./kgm., or 
-they were bled of 20-30 ml. daily. Those made 


hema n bed b was 15 per cent or less and those rabbits 


_of ‘weight and mortalities were 
Is were then killed by decapita- 
lood samples were allowed to run 
d: tubes. Hematocrit determinations 
> mut: using the Meyerstein microhemato- 
Reticulocytes were stained supra- 
— blue, and two smears were prepared 
sample of blood and counterstained with 
yer stain. Between 1,000 and 1,500 red 
counted on each of the two slides and the 
sticulocyte percentage was recorded. 
and eighty-seven mice were used in 
ts.) 
) d picture of the strain of mice was 
ri al individuals, kept under the 
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atehes of 20 every 2, weeks and kept in the animal. 


- In order to reduce the risk of infection, and to try to 


anemic. with phenylhydrazine were used when the - 


Hematocrit (per cent) 









Table 1, Results of four groups of experimental animal 
values, together with standard errors of the mean, fo 
percentage Basic as circulating in peripheral. ‘bk 

loss (gm.) 14 days after irradiatio: 





Group No.of Mean percentage | ~ Mean ©... 
mice reticulocytes hematocrits 

A 40 4:2 + 0-7 234 + 164 
52 &2 + 0-5 G4 t PI 

C 43 62 + OD 264 + 15 
D 58 7-6 + 1-0 27-3 + 1-2 


A, Uninjected mice; B, galine-injected mice; C, norinal 3 pla: 
injected mice; D, anemic plasma-injected: tice... 


Table 2. Comparison of results 
atocrit, percentage reticulocytes 


ber 

Groups Hematocrit” 
Av. B Ns. 

Aw. O N.S. 

Av. BD = OOS 
By. N.S... : 
By. D N.S. 

Gy. D N.S, 


Comparison. has been carried. out statistically — the — 
and the table gives values of probability: — Where th 
differences are regarded as not significant 


same conditions as the a al mice, were aie. 
killed. These gave a mean hematocrit of 41-5 per 
cent + 0:95 (S.#. of mean) and had a mean: reticulo- : 
cyte count of 1-2 per cent + 0-3 (SLE. of mean). OBES tiy 
The principal findings are summarized in Tables —— 
l and 2 and Fig. 1. Table 1 gives the mean values in 
each group together with the S.E. of mean for hema- 
tocrit, per cent reticulocytes in peripheral blood,and 
loss of weight. Table 2 summarizes the statistical 
comparison of the different values in. each group by A 
means of the paired t test. Es 
Fig. 1 compares the hematocrit values: with the o 
per cent reticulocytes ciroulating in the peripher 
blood of each animal. : 
The overall mortality was 33 per cent and seemed | fos 
to be unaffected by the experimental procedures. < 
Most deaths occurred between 10 and 12 days after — 
irradiation. oe 
The results of the retieuloexis counts. from the 
ea samples have a skewed distribution 
(Fig This makes a direct analysis of variance. 
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tigated (Table 1) prove to be of statistical significan 

when the uninjected group of animals (A) is compared 
with those receiving anemic plasma (D) (Table 2, 
Av. D). The animals in the latter group also have a 
_ significantly higher reticulocyte count than those in 


ae, 


— > -the group: receiving saline injections (Table 2, B v. D). 


ems very likely that the course of the post- 











` the injection. of anemic plasma. It is possible that 
7 this: benefit. is due to the high level of circulating 
— in. the anemic plasma stimulating 
hropoietic elements. The absence of 





; — any. 'atotistically significant difference between the 
= groups of animals receiving normal and anemic 


. plasma renders this procedure unsuitable for assaying 
hemopoietine, in the whole plasma. 

In Fig. 1 the results of the individual reticulocyte 
estimations have been plotted against the corre- 
sponding hematocrit values. It is not possible to 
predict the hematocrit value by inspection of the 
circulating reticulocyte percentage except where the 
latter exceeds 8 per cent, when the majority of mice 
have a hematocrit greater than 25 per cent. A y' 
test confirms that this association is statistically 
highly significant (P< 0-001). Indeed, 92 per cent of 
mice having a reticulocyte count > 8 per cent have a 
hematocrit > 25 per cent. These findings confirm the 
danger of regarding reticulocyte percentage alone as 
an adequate index of erythropoietic recovery except 
where such counts are high (that is, > 8 per cent). 

Mice receiving normal and anzmic plasma lost far 
less weight during the experiment than those unin- 
jected or receiving saline injections (Tables 1 and 2). 
The- reason for this is not known. 

We thank the British Council for a scholarship 
granted to one of us (M. A. K.) enabling him to 
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BIOLOGY 


— A Skin Reaction in Guinea Pig Homo- 
ubstance 
from Recipient Lymph Nodes 


= In recent years a material called ‘transfer factor’ 
been described which is able to effect the passive 
wnsfer of certain delayed hypersensitivities from 
uman being to another’. This substance is 
ed: from. sensitive human leucocytes and can 
tom sensitize passively human beings to skin 





iently os ee a ee compatible 3 
" Differences i in the —— parameters $ inves- F 


m anæmias has been altered beneficially by — 





sensitivity. = La 


presented an argur ent in favgur of this interpreta- 
tion by showing that a delayed type of skin reaction — 


ean be elicited in a guinea pig skin graft donor by | 


injection of lymph node tissue taken from the 
immune recipient. We have used this adaptation of 
the transfer reaction as an assay method in the isola- | 
tion of the responsible substances. While this work — 
was in progress, Turk* reported the partial purifies- 
tion of a substance apparently very similar to ours, 
using guinea pigs which had been sensitized to picryl - 
chloride. | 
ours may serve to clarify the relationship of the 
homograft reaction to delayed hypersensitivity. — 
Albino guinea pigs served as skin donors for pig- 


mented recipients with no other distinctions being 


made in the selection of animals. Grafts were placed _ 
on four loci of the back, rejection usually occurring in 
9-12 days. Controls are very important owing to the 
frequent occurrence of non-specific reactions. Thus, |. 
in each experiment one guinea pig received four dog- 
skin heterografts. It was felt that accidental antigenic 
similarities would be unlikely while the metabolic and — 
morphological states of the lymph nodes should be 
comparable. After rejection, the axillary and inguinal 
lymph nodes were excised, and the cells were teased 
into cold buffered saline to yield between 100 million 
and 300 million cells. They were then taken through. 
10 cycles of freezing and thawing, after which they 
were fractionated by centrifuging at 1,000, 24,000 and 
105,000 RCF respectively in a Spinco model L ultra- 
centrifuge. The supernate obtained after centrifuging 
at 105,000 RCF for 2 hr. was dialysed in the cold. 
against distilled water to precipitate the fraction 
which was most consistently able to give a transfer - 
reaction. 3 
For the transfer reaction test, material was injected __ 
intradermally into the guinea pig originally supplying - 
the skin for grafting. The criterion for a positive. 
reaction was the development of induration exceed- 
ing 50 mm.* with erythema, the latter being insuffi- 
cient when occurring alone. A reaction of at least this 
dimension oecurring within 4 hr. of the injection is 
regarded as an immediate reaction. Such reactions 
usually developed maximum induration at about. 
15 hr. after the injection. Delayed reactions are those 


developing later than 4 hr. These usually reached : : 
maximum intensity at about 22 hr. The outstanding 


features of this skin reaction are a rather firm indura- 
tion with little edema. Erythema is usually present 
and tends to cover an area roughly proportional to 
that of the induration, although usually a little 
greater. Erythema without induration can be easily 
induced in guinea pig skin by non-specific means, 
therefore this type of reaction was disregarded. 

It must be said that the transfer reaction test is far 
from being ideal. It is not quantitative in any useful 
sense and is limited by its subjective nature. This is- 
why the control must be selected critically and be 
treated identically with the experimental samples. 
The results shown in Table 1 are encouraging, how- 
ever, since they allow one to distinguish easily 
between the two. 

It may be noted that: (1) the transfer reaction | 
occurs frequently, but by no means inevitably, with 
washed nodal cells; (2) the transfer reaction can be 
induced in the absence of intact cells; (3) it occurs 
most dependably when using the water-insoluble 


neo's experiences would seem to a c 
‘this view. Brent et al.t have - 
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“| @ Immediate reactions. 
eee § * Difco’, 1 : 250, 0-05 mgm. 


| „PH 7-4, 37°, 3 br. 


_ fraction; (4). this fraction displays the ‘greatest 
specificity and (5) transfer reaction usually becomes 
immediate when induced by the water-insoluble 
material. ; 


-The results in Table 2 seem to us to indicate that the 


< active substance is unreactive to deoxyribonuclease 
_ and can be destroyed by trypsin. Its activity seems 
-to be enhanced by the action of ribonuclease. Other 
_ experiments show it to be inactivated at 60° C. for 
30min. It is likely, therefore, that the active fraction 
- is a protein, perhaps in combination with ribonucleic 
acid’ (RNA). E * 
‘The times of development of these reactions, except 
_ for the RNase-treated material, was unpredictable, 
s possible that the distinction between delayed and 
eactions, long a classic of immunology, 
to be discarded in the study of transfer 
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uameters: Figu 1 parentheses are of doubtful signifeanco, 
A conditions used. None interfered with the transfer reaction. — 
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This structure of rhinoceros horn has already èe 
_ briefly recognized by Boas’, whose term for the tubi 


rhinoceros horn is unique: in this respect is n 
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t1 x crystallized, 0-1 mgm./ml., 0-025 M Mg*t, 87°, 15 hr. 


Lilet | 
— 








Structure of Rhinoceros Horn __ ae 
Tuts investigation was designed to clarify some con. 
fusing statements concerning rhinoceros horn which 
appear in the literature: for example, that it appears 
to be composed of matted hairt:?;. that it is formed 


_ wholly of keratin produced by stratum corneum?; that 


it. is composed of coarse keratin fibres cemented — = 
together*t, The present investigation has confirmed 
that rhinoceros hori: has a tubular (filamentous) 
structure comparable with that described in other | 
horn by Trautmann and Fiebiger® quoting ‘Nickel’ 














was canals, by Makinson*, who deseribed the structure 
as cylindrical, and by Le Gros Clark”. But, as horn 
tubules (filaments) in general form over dermal $ 
papillæ, the implication of Le Gros: Clark that 








wt 
correct, Dove’? said that rhinoceros horn w nilar 
to that in cattle. During the present work it has not 
been possible to demonstrate -horn tubules in either 
sheep or cattle horns, in which, according to Traut- 
mann and Fiebiger, the tubular structure is not 
marked; in addition to those in rhinoceros ‘horn, 
tubules have been observed in the hoof. In the present, 
work the term filament is preferred to the term tubule = 
(which suggests a hollow structure) and to the term © 










fibre (which suggests equivalence to hair). — oe age 
Rhinoceros horn seems to be unique in the way that Ss 
it frays into the tubules (filaments), in contrast to 
cattle and sheep horn, which, if it breaks up at all, 
does so into sheets. Such fraying seems to take place 
more readily at the base of horns removed from the Bo, 
animal. Rhinoceros horns which I examined were — 
polished at the tip like cattle and sheep horns, and 
had frayed only at the hase. This fraying is clearly 
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the source of the much-repeated statement that the 
horn is composed of matted hair, and was so marked in 
the piece of horn used in the present investigation that 
filaments could be readily split away. This horn was 
from the Indian rhinoceros (kindly supplied by Dr. 
A. 8. Clarke of the Royal Scottish Museum, Edin- 
burgh, which probably acquired the horn about a 
hundred years ago). 

Microscopical examination of whole mounts in 
glycerine of individual filaments showed a central 
structure like the medulla of a hair. On leaving a 
filament overnight in 17 per cent sodium hydroxide 
the ‘medulla’ became more obvious, and vertical 
streaks became visible in the filament, particularly 
close to the ‘medulla’. These gave the appearance of 
the cortical cells of a hair, but the lack of a surround- 
ing cuticle indicated no further resemblance to hair. 
There were irregular oblong gas spaces across the 
‘medulla’, which gave a superficial resemblance to the 
ladder-type medulla found in hairs from furred 
mammals. 

Transverse sections of individual filaments showed 
a laminated structure, which confirmed that the 
filaments were not hairs. There were some 40 laminæ 
arranged concentrically around the ‘medulla’, which 
appeared as a clearly demarcated solid structure that 
had either several small gas spaces, or one large 
irregular one occupying almost the whole width of 
the ‘medulla’. Boas’ regarded the filaments as 
canals; but it is unlikely that they are filled, as he 
stated, with a horny substance from their inner walls 
towards their axes. The resulting thin, solid, column 
of horn he deseribes as filling the canals corresponds 
with the medulla-like structure described in the 
present study. 

Transverse sections of the horn showed that the 
filaments were packed closely together (Fig. 1) and 
were some 300-5006u in diameter, as indicated by 
Makinson’. The close packing resulted in many of the 
filaments being triangular in transverse section; 
others had 4-6 sides, Intertubular (interfilamentous) 
horn was concentrated mainly, if not only, in the 
corner interstices, rather than between the flat inter- 
faces between filaments. This is a major difference 
from the hoof of the horse, which had filaments only 
25-50u wide, separated by 50-100u of interfilamen- 
tous horn in which the individual, pigmented cells 
were visible. The filaments in the hoof were oval in 
section, the long axis across the oval being 80-120u 
in length. This appearance may have been accentua- 
ted by oblique sectioning. The ‘medulla’, too, was 
oval in section, as often seen in rhinoceros horn, and 
was of similar size, despite the much smaller size of 
the hoof filaments. The ‘medulle’ in both were 
commonly about 20u wide; some in the hoof were as 
narrow as 10 wide, but the long axis of the oval in 
rhinoceros horn was often greater, for example, 
20 x 60u compared with 20 x 40u in the hoof. 

The lack of interfilamentous substance in the 
rhinoceros horn is apparently the reason why it frays 
so readily into the filaments. This seems to be 
primarily a mechanical effect, that is, it is not a 
question of chemical susceptibility; for example, 
caustic soda swells, and softens, the whole structure, 
and does not appear to attack the interfacial regions 
preferentially. The horn had often split along the 
interface between filaments before sectioning, and the 
cracks formed allowed entry of stain (Fig. 1). When a 
piece of horn was left overnight in picro-indigo- 
carmine (green) the cracks were stained green, 
presumably by deposition, whereas picric acid from 
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Fig. 1. Transverse section of rhinoceros horn showing horn 
filaments closely packed together. The dark areas indicate stain 
that entered a crack prior to sectioning. (x e. 220) 





. Transverse section of horn filament showing laminated 
structure in which the individual cell outlines have been revealed 


with e-chlorophenol, (x ¢, 800) 


the mixture had diffused varying distances into the 
filaments staining them yellow. When mercury 
orange was used to detect thiol (SH) groups only the 
‘medulla’ gave reaction, as in hair, indicating a 
further resemblance to the medulla of hair. 

When sections of rhinoceros horn were mounted in 
o-chlorophenol", the structure swelled, and the cell 
outlines became visible (Fig. 2). The cells were more 
obvious in the outer part of the filaments, and it 
appeared that the laminæ were only one cell thick. 
The cells appeared flattened, and were arranged 
transversely around the filament. No evidence was 
seen of the alternate horizontal and transverse 
spiralling strata of cells depicted by Trautmann and 
Fiebiger® in the hoof. This structure is, however, 
claimed to be a specialization in the hoof to provide 
elasticity. An individual filament mounted in 
o-chlorophenol showed vertical cell outlines. The 
cells therefore appeared elongated in both planes, and 
were thus plate-like and roughly rectangular in shape. 

In the present work both eattle and sheep horns 
showed a dense laminated structure when cut either 
transversely or longitudinally. The laminations were 
wavy, and were more dense in cow horn. Sheep horn 
(Merino ram) differed from cow horn in having ellip- 
tical holes orientated parallel with the laminae. 
Their hollow nature, and the lack of any concentric 
laminz around them, showed that they were not the 
centres of filaments. The development of filaments in 
hooves and in rhinoceros horn, and the lack of, or at 












j dated with: the 3 — to. — rigidity 
eng h in hooves and the rhinoceros horn. The 

ntrasts with other horns in being composed 
-horn®, and having only a very short and 
adimentary bone support. 
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ments | are homologous to hairs, one cannot escape 
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A Possible Role of the Boundary Layer 
— in Insect Flight 


3 i han been recently proposed by Greenewalt! that 
the observed wing-beat frequency of insects and birds 
_is equivalent to the characteristic frequency of the 
flight system as a mechanical oscillator. Evidence for 
this has come primarily from work on those higher 
orders of insects in which direct neural control of 
i frequency i is absent ( asynchronous’ type of Roeder’). 
From this point of view the inverse variation of wing- 
beat frequency with air density reported in some 
“species by Chadwick and Williams? and Sotavalta‘ 
appears anomalous. Evidence is given here which 
aho iat such an anomaly may ‘be due to a factor 
iot considered in investigations of the flight 
ects: a variation of effective wing inertia 
ensity due to a functionally significant 
35 corresponding tò a volume of air 








aluated as follows: For an 
n which the total stiffness of 

mstant. variations of the reciprocal 
quared should be direct ly proportional 
the moment of inertia. Considering the 
nt of inertia of the flight system as three 
z: the internal thoracic inertia, Jj, the 
it of inertia of the wing proper, Iw, and that of 
‘apparent additional mass, Ja: 


* 





Lf? KUt + Iw + Ia) 
AL ft= KAT 
requency. 


a virilis (1) Zw was estimated as 0-015 
umming the weights of transversely 
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(1-66 x 10-5 sec.2, (3) L/f? when I, 


; of 0: O15: 


1 of the apparent additional | 

















cut wing segments minltiplied by the 

approximate radii of gyration, © (2 
was estimated by extrapolati mo 
Chadwick and Williams? to an a: 


insignificance averages 0-625 x 10 
ments of Lea — of the. 


removed. ‘Thus Al} 7 
„mm:? — 
mm.2, 1 ip? under 1 no 
is about 225 x 


where 8 is boundary layer thioknies;. < 2 in: distance — 


from leading edge, «. is free stream velocity, pis ~ 
density of medium, u is viscosity of medium. With 
data from sequential flight photographs of D.melano-- >o 
gaster for total angular. distance per stroke and ano Sale 
average over the stroke for velocity, integration of 
this equation gives a value for the moment of inertia  — 
of the boundary layer, J, of 0-0080 memmme o oe 
using the wing dimensions of D. virilis. Thus the 
effective additional inertia, Ia; needed to explain the — < 
observed effects is similar to the inertia, Jy, of the — 
boundary layer as the latter. is conventionally. PE ES 
described. The boundary layer, representing a 
velocity profile, should not be entirely inertial in 
effect. so the closeness of the two figures is somewhat 
surprising; moreover, inertial contributions: of the 

wake have been neglected; and Prandtl’s formula may 
* hold strictly for this dimensional range (Reynolds: = 
number about 102). 

Further evidence that the occurrence of inverse 
frequency changes with air density may be considered 
a boundary layer effect comes from the work of o 
Chadwick and Williams? and Chadwick®.. These o 
workers give extensive data on the wing-beat frequency E 
and amplitude of D. replèta and D. virilis in media 
varying from 0-07 to 5 times normal atmospheric a — 
-o Their experimental runs give linear plots ea a 

1/f? versus I» if, from Prandtl’s formula: ving 
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where B is the amplitude ; 


and thus: 
Ty ŒX gi /2g-1lep-1/2 


In addition, while the work of Sotavalta! shows that 
insects which show an appreciable shift in frequency 
with density are not distinguished on simple dimen- 
sional considerations from forms in which the effect is 
absent, consideration of the relative magnitude of 
wing Inertia and inertia of the boundary layer leads 
to a clear separation of the two groups. Again using 
Prandtl’s formula, at constant pressure and tempera- 
ture, and assuming constancy of all flight parameters 
besides frequency along with dimensional similarity 
of the various species: 
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species of Diptera and Hymenoptera 

i hich sufficient data are available, the six 

which show the shift in frequency give values for the 

. Index above. between 40 and 190; the others fall 
between 8 and 20.0 |. | 

_ Thus: (1) virtual and actual wing inertia differ by 

factor which is a function of air density; and (2) this 
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A Method for Examining the Entire 
Contents of a Cell Suspension 
(RECENTLY, considerable interest has been shown 

in the isolation of tumour cells from the circulating 
blood of a proportion of patients with malignant 

_ disease. Numerous techniques have been described. 

most of these a final white-cell concentrate, which 

tains any malignant cells, has been prepared for 
oscopy. by simple smears'!-5 or embedding in 
afin and serially sectioning*~* or filtration through 
re’ membrane”, In such preparations one 

ving preservation of morphology and 
antitation. The latter is clearly not 

t the smear technique: the large number 

er specimen, the indefinite edges of the 
the distortion of cells in the tails of the 
are additional unsatisfactory features. The 
ation of serial sections of the embedded 
ite is satisfactory but quite impracticable 

Ə use. Filtration through a ‘Millipore’ 

does allow quantitation, but in my ex- 

ice. the limited staining procedures and dis- 

n of the cells makes accurate identification of the 

pe difficult. Furthermore, the membranes. are 


































avoid hese difficulties the following simple and 
ensive method has been developed using 
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Fig. 1. Wax-lined tube with coverslip in place to receive cells 
sedimented by centrifugation, 2 
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Fig. 2. Preparation of the tube. Molten paratlin-wax belng poured -> 

into the interval between the cork borer and glass tube. (The. =- 

*Sellotape’ collar enables — to allow for contraction on™. 
cooling 


standard laboratory equipment. The white cell cons 
centrate from 10.ml. of blood derived by silicone 
flotation (or by any other technique) is fixed mo — 
20 ral. of 50 per cent ethanol and a quarter of this _ 
volume (5 ml.) of the suspension of cells is added to | - 
each of four specially constructed tubes. which con- — 
tain a coverslip at their base (Fig..1). These tubes 
can be easily made from a standard centrifuge tube ._ 
detailed in Fig. 2. The tubes containing the cell _ 
suspension are centrifuged for 15 min. at 1,000 r.pm. 
The supernatant is poured or sucked off and the > 
tubes inverted and allowed to drain until the cover. 
slips at their bases are dry. (For the usual concen- 
trate from 10 ml. of blood (using Seal’s silicone < 
flotation as a means of isolation) four }-in. glass 
coverslips suffice.) The deposit thus produced can. 
be stained by any of the usual methods and specific. 
histochemical stains can be used if desired. In 
my experience of more than 200 specimens examined | — 
in this way, identification of the cell type has been: 
greatly simplified by increased clarity over membrane = 
preparations and the use of special stains. The _. 
whole contents are sedimented on the coverslip 
in a confined and defined area, thus facilitating total 
examination of the concentrate. 

Preparation of the tubes. (1) Cut the bottom from 
an ordinary centrifuge tube of internal diameter 
slightly larger than the coverslip ({ in.). (2) Line 
the glass cylinder so produced with paraffin wax by ` 
pouring molten wax into the interval between the > 
tube walls and a ł-in. cork borer inserted into the 












à ider nin ‘hot. water-and filling the borer 





x, First immers the cylinder in cold water 
n e ‘When cork borer. has refill it with cold 


















3 u C eal activity this do iot exceed t of 
— — te - of indole-3-acetic acid. It is si iggest at ; 
I thank Sir Charles “Mingworth, i in | whose depar * ‘apparent activity of caffeic acid in the reported Avena 
test is due to synergism with traces of indole-3-acetie 
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a Growth prorioting Activity of Caffeic 
Acid oe Ae 


trans-caffeic acid “may be a very important natural 
growth regulator, not less important than indole-3- 

acetic acid”. This conclusion was based on. the 
identification of caffeic acid as one of the active 


eoleoptiles. | 


88°-190°, was used. 
eaffeic acid were a true auxin it 
rd curvatures i in the slit pea stem 


Activity IN PEA CURVATURE TEST IN DEGREES * 
„Concentration — moies T 


> 407 10 105 3x10® 10- 0 
 =$4 =108 -170 — 149 


‘shown as minus, inward as plus. Angle of 
een tangent to: the tip of the slit section and 

tion of test, 24 hr. at 25°, 
er- test following 4 hr. in 


brought to pH 5-5 with 


ight-angles to its surface. By stand- 


; 3): sibetitution of cold for hot water. sets. 


Solution 
Water | ; 
Catfeic acid 3x 160-* M 
Caffeic acid 6x 10-* M 
. Caffeic acid 1x10-°* M 


— H — 
J acetic 





ment this work is being undertaken, and Mr. A. P.M. 
Forrest. and. Dr. A. T. Sandison and staff of the 
Surgery: Department: for their helpful advice, critic. 
ist coura I am grateful: too to the 
British Empire Cancer Campaign, whose generous 
iis investigation, and to the Medical 


Vendrig and Buffel have recently stated! that 


growth substances in an ether extract of leaves, and 
owth ests with commercial caffeic acid on 2-mm. 
We believe that.the 
of these observations is quite. 
» good crystalline sample 







Table 2, GROWTH OF Avena — ! joins 1 m son 
CAFFEIC ACID AND OTHER — ‘a l 





Chlorogenic acid : x10° Me 
Catechol . 1x X10- M 








Gxoꝛ n= B percen 
Jong; © — — pe - 


acid. — 
One of us has shown? that cattel acid and other — 


diphenolie substances’ produce marked synergistic ae — 
„effects with indole-3-acetic acid. A test carried out in — 
-the exact: manner described by Vendrig and Buffel! is 


shown in Table 2. Avena coleoptile sections 3 mun. : 


long were floated for 6 hr. on water, then on the test —__ oe 


solutions and measured after 24 hr., using a photo- _ 
graphic enlarger. 
growth increments were smaller than usually reported 


from this laboratory. It will be seen, however, that S ; 


caffeic acid alone, at the same concentrations as those 
reported, shows little real growth activity under these. 
conditions. However, in presence of a level of indole- 
3-acetie acid which by itself has no effect, caffeic acid 
produces a small but significant growth increment, 
about 10-25 per cent beyond that of the indole-3- 
acetic acid control. Chlorogenic acid‘, catechol and 
hydroquinone have similar effects. These actions 
probably rest on the inhibition of the indole-3-acetie . 
acid oxidizing system. | 
Aqueous solutions of caffeic acid contain an equilib- 
rium mixture of the cis- and trans-forms®, of which the 
cis-form could perhaps comprise as much as 10 per 
cent. It is thus not excluded that the very low level. . 
of true auxin activity shown by caffeic acid may be 


due to the cis-component. An activity comparable to ae 


that of cis-cinnamic acid, which averages 2 per cent of- 
that of indole-3-acetic acid, could be compatible with 
the present data. What is known of the effect of OH 
groups on the relation between structure and auxin. 
activity? would make. any higher value: ‘most 
improbable. 

Our results, therstixe lend no support. to the 


suggestion that caffeic acid has any important level of 
true auxin activity, and ‘ind p 
effects are due to synergism’ with ‘endogenous indole-3- 








acetic acid. | 
K. V. TEMANN 
M. TOMASZEWSKI 
W.L. PORTER, 
Harvard Biological Laboratories, 
Cambridge 38, Mass. 
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Since no sucrose was added, the = — 


; the observed 















“activity — of little. impor: 
nade numerous experiments during 
and seldom did we not find a sig 

stimulation; also when glucose or 
ded to. the test solutions.. From the 
yüblished — it ap pi ears that A 


























id, 1 ae different cohobptiations i in —— repeats. 
It is interesting that Gantzer? too, working with cis- 
cinnamic acid, found no auxin activity when the acid 
was applied at the same time. 
E According to Prof. Thimann et al. as much as 10 per 
= `o eent of an aqueous solution of caffeic acid consists of 
-> the cis isomer.. To check this in our sample we have 
—— _ chromatographed it with 2 per cent acetic acid (see 
= Smith’), in.such a manner that the starting points 
-. contained respectively 10, 1, 0-1 and. 0-01 ugm. of the 
<o> commercial caffeic acid. After developing, the chrom- 
 gtogram was examined in ultra-violet light and it 
- appeared that there is indeed some cis-caffeic acid 
- present. The spot of the czs-isomer was well visible 
o owhen 10 poem. caffeic acid was applied, and only just 
= visible with 1 ugm. at the starting point. The other 
two concentrations gave only one visible spot, that 
of the trans isomer. The fluorescence intensity of the 
trang spot obtained with 0-1 ugm. caffeic acid was 
-> much higher than that of the cis spot obtained by 
= > ehromatographing 10 ugm. caffeic acid. From this 
=o itean be econeluded that much less than 1 per cent of 
— our commercial caffeic acid sample is in the cis form. 
2°. When the trans form was eluted from the chromato- 
NEE 1 gram and rechromatographed, we could not detect any 
trace of a cis spot. This agrees with the two-dimen- 
i mal chromatogram of caffeic acid made by Butler 
md Siegelman‘, but not with the results of Williams’, 
fö und. some trans caffeic acid converted to the cis 
— ‘Our eluted trans caffeic acid has also been tested on 
mactivity in the Avena section test. From Table 1 
pears that there was a significant stimulation of 
ation. growth. 




























7 OWTH-RATE OF Avena COLKOPTILE SECTIONS (3 MM.) IN 
ON ds 0:5 GA PER CENT GLUCOSE AND PURIFIED trans-CAPFEIc 


l ros of Grans-caffeic acid (gm. ml. 
L$) + #5 + 005 + 0005 
th atë iper- 
Ai Anitial 
wath) 26-5 82-4 81-2 


39-6 ITÄ 


A] ihoagh we cannot say anything at the moment 
i- regard to the mechanism by which growth is 
sted by caffeic acid, it seems very questionable 
B: at inhibition of the indole-3-acetic acid oxidizing 

ystem is taking place. There is a comprehensive 
re about ne action of tiia —— in vitro, but 





| maotive as me xin. 
' direeted to the fact that the tc 
concentrations tested in earlier expe 

fairly high with- -respect to: the con 


as true auxins there ; seems to be, therefore, no reaso 


i at caffeic acid Tea. a syner- 
in > oen auxin is. not —— 





— “However, “atbenti € 















caffeic acid used in our experiments. ] 
carried out some Avena section tests: (to: 
with trans-cinnamie: acid and found 
growth stimulations at concentrations between. 5 
and 5 x 10-3 g pem./mol. l l 

If cis-cinnamic acid derivatives can be conside: 


















for not accepting the trans isomers as such, also as 
true auxins. — 
When it is said that the activity: ofo cis- 
amounts to only + 2 per cent of that 
acetic acid, this is only valid if difi 
tions are compared. Generally, the growth activity — 
of indole-3-acetic acid is very high at- concentrations — 
at which cinnamic acids are already supra-optimal oro 
definitely inhibitory. On the other hand, if we com- 
pare very low concentrations, it appears. that cin- | 
namic acid derivatives are much more active. Inour 
opinion, therefore, it is desirable to compare equal — 
concentrations when one wishes to know the relative’. 
elongation growth activity of different auxins. 
J. C. Venpric ` 
K. BUFFEL 
Laboratorium voor Plantenphysiologie, 
Carnoy Instituut, 
Louvain, 
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Effects of Certain Anti-Tumour Chemicals 
on a Tumorous Nicotiana Hybrid — 
Tur F, hybrid of N. glauca Grah. and N. fii 
Weinm. is well known for its spontaneous tumour- a 
producing ability. Certain potential animal-tumour 
inhibitors appeared to stimulate the growth of this 
plant tumour when applied in an amount below the- 
level of inhibiting dosage. Results from chemical 
investigations on several classes of organie con- 
stituents in newly formed tumours from control and 
treated plants also showed effects of such positiv 
stimulation. se 
It was suggested that uracil is best for nucleic acid -> 
biosynthesis in some tumours!?. Reports indicated `. 
that 5-fluerouracil® and 5-mercaptouracil’ may cause 
inhibition of animal tumour development through- 
interference with the synthesis of DNA and RNA, - 
which are essential for cell division and growth. To ` 
observe their possible effectiveness on tumour- © 
producing plants of the Nicotiana hybrid, N. glauca x 
N. langsdorfii, five chemicals which are potential | 
inhibitors of animal tumours were tested. They — 
were: (I) 5-fluorouracil; (HI) 5-mercaptouracil; 
(HII) ethyl-N-[bis (ethylenimido) phosphoro] carb- 
amate ; (I Vv) —— ſbis(ethylenimido) phosphoro] ` 
carbamate ; ; (V) 2,4-diamino-7,8-dimethyl-2,4-deoxy- 





















- March 24, 1962 


in ; Bao for I, ee by Hoffmann- 















7 No, 4821. 


ach chemical was applied at four lovek Experi- 
al plants, in duplicate, were grown in an aerated 
ent solution. Chemicals were supplied when 
plants. had 10-12 leaves and were well established in 
nutrient solution. The plants were collected 4 weeks 
later. Each chemical was supplied separately, four 





centration of 0, 2, 10 and 20 p.p.m. in nutrient solu- 
ion. Results in Table 1 show that chemicals I, TI, III, 
cand IV had little effect on plant weight; but did indi- 
¿cate some positive. stimulating effect on tumour 
-growth until it reached a higher level of concentration 
X Shen an inhibiting effect was observed. The inhibit- 
cing activity of I, II, and TIT started at 20 p.p.m. in 
~nutrient solution, but IV did not show an inhibiting 
activity even at this level. Chemical V was effective 
<in inhibiting tumour growth starting at the 2 p.p.m. 
level. The concentration for effective inhibition 
reported here appeared to. be much lower than that 
previously reported on tobacco mosaic virus produe- 
_ tion in tobacco-leaf disks treated with chemical I+, 
_. In the present experiment, some leaf burn was 
observed when plants were growing in nutrient solu- 
Hona. containing 10 or 20 p.p.m. of chemical T. 

_ This work was repeated in soil culture. Plants were 
grown in 7-in. pots and chemicals were dissolved in 
water and applied respectively at 0, 2, 4 and 10 mgm. 

per pot. I, H, and III showed results similar to those 
‘observed in solution culture. However, IV showed 
3 inhibiting activity starting at 2 mgm. per pot and V 
_ at 10 mgm. per pot. These variations might be con- 
_ tributed by the microbial activities, which would 
likely decompose some of the chemicals in either 
nutrient solution or in soil where the experimental 
plants grew. > 
_.. ‘The stimulating effect of these anti-tumour chemi- 
_ when applied in an amount below the level of 
inhibiting dosage, agrees with the findings of Sormova 
et al.® with some uracil analogues. In order to investi- 
gate possible differences in the organic composition, 
chemical analysis was made in the tumorous tissues 
_. developed from control plants and of those from plants 
apparently stimulated by anti-tumour chemicals. 
_. Newly formed tumours were obtained from plants 
__. grown in nutrient solution without and with 10 p.p.m. 
-< of chemicals I and IT, respectively, and were extrac- 
_ > ted with 70 per cent ‘ethanol for chemical analysis. 
‘Res ulta shown in Table 2 appeared to indicate that 


















WEIGHT. OF PLANTS AND TUMOURS GROWN IN 
ON: CONTAINING ANTLTUMOUR CHEMICALS 


` Dosage- Plant tissue 
- fevel 


0 526 ras) 

2 406 10-0 

10 511 101-0 

20 446 66-0 

0 577 22-0 

2 59 500 

10 590 100-0 

20 478 2:0. 

-{bis(ethylenimido) 0 537 -80-0 

— phosphoro] carbamate 2 455 13-0 
l 10 556 117-0 
20 477 13-0 

Y- Benzyl-N-(his(ethylenimido) - 6 470 3-0 
hosphoro) carb te 2 460 2-0 

19 516 6-0 

nee 20 420. 32-0 

S-dimethyl- 497 40-0 

wine 465 -100 

395 -180 

885 -10 
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-pimes at weekly intervals until it reached a total con-. 


(excluding Tumour 3 
(p.p.m.) tumour) (gm.) (gm.) 


Table 2, ALKALOID, SUGAR. ORGANO: ACID AND Ava 
TENTS IN NEWLY FORMED TUMOURS FROM CONTRO 
PLANTS (FRESH WEIGHT Basis) 


o Saar: ö— — — s Se 


Control 
No.1 No, 2 
Alkaloids (per cent) 0- 9007 0-0004 5 0-00 OC 
Sugars (per cent) 1 1-48 Oe OOO 
Organic acids (per cent) 0.038 0089 


6-049. we 085 
Amino-acids (p.p.m.) 
a-Alanine ot J 
-Alanine —— 
a-Amino-butyric acid = 1B 
y-Amino-butyric acid ' ee 
Arginine . me on 
Asparagine : 
Aspartic acid 
Glutamie acid 
Glutamine t 
Glyeine 
Isoleucine 
Leucine 
Ornithine 
Phenylalanine 
Proline 
Serine 
Threonine 
Tryptophan 
Tyrosine 
Valine 
Total 





* ree 
E 


* Not detectable, 
+ Possibly mixed with citrulline. 


tumours from treated planis contained less alkaloid 
and sugar, but more amino-acids. .The increase in 
amounts of free amino-acids in tumours from the 
plant treated with chemical I was much higher than 
of that treated with chemical III. Tumours from 
treated plants contained more. aspartic acid, glutamic 
acid and their respective amines, and. of ornithine, 
phenylalanine, and particularly proline and serine. 
These increases in free amino-acids might be a result 


_ of the direct stimulating effect of the chemical applied, 


or of the rapid growth of tumours at a stage when the 
dosage required for the inhibiting effect had not been 


reached. 
T. C. Tso 
. L. G. BURK 
Crops Research Division, — 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Beltsville, Maryland. 
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Maintenance of the Prothoracic Gland 
by the Juvenile Hormone in Insects- = 


THE corpora allata, two small glands conne 








the insect’s brain, secrete the juvenile hormone hich — 


is responsible for larval syntheses and is thus a 
deterrent to adult differentiation. 
moults occur in the presence of a high titre of juvenile 


hormone, the larval—pupal moult in the presence of a ae £ 
decreased titro of juvenile hormone, and tho moult 


from pupa to adult in the absence of juvenile hormone. 
Other physiological processes in some insects which 
appear to be governed by a ‘secretion(s), from the 


corpora allata which may or may not be identical 






Larva inal > 
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with the juvenile hormone are egg maturation and the 
secretory function of accessory sex glands', main- 
tenance of pupal diapause*, maintenance of larval 
diapause*-*, mating*, and perhaps the overall meta- 
bolism of the insect". Whether the corpora allata 
secrete one, two or several hormones is still an open 
question which will not be definitely answered until 
chemical purification of all these principles is 
completed. 

It was recently shown that both crude and highly 
purified juvenile hormone extracts prepared from the 
abdomens of adult male moths (Hyalophora cecropia) 
were capable of stimulating the prothoracie glands 
(source of the moulting hormone) of saturniid pupe 
(H. ceeropia, S. cynthia, A. polyphemus)*+*. That is, 
these extracts caused development in diapausing or 
debrained pupz but not in isolated abdomens that 
were devoid of prothoracic glands. In 1959, it was 
noted that ‘second pup’ resulting from injections of 
juvenile hormone into normal Antheraea polyphemus 
pup# would, in rare cases, undergo a supernumerary 
moult to ‘third pupe’*. The present communication 
shows that supernumerary moults in these animals 
are due to maintenance of the prothoracic gland by 
the juvenile hormone, adding still another role to 
these listed above for the corpora allata. 

The primary reason that adult insects do not moult 
is that their prothoracic glands degenerate early in 
adult life. Using surgical procedures involving the 
corpora allata, Wigglesworth’® showed that the 
absence of juvenile hormone during the moult from 
nymph to adult in Rhodnius prolixus was a prime 
contributor to the degeneration of the prothoracic 
glands, and although this finding may apply to most 
insects that undergo metamorphosis, other factors 
may also play a part"!. The results noted here are the 
first direct evidence that the juvenile hormone plays 
an important part in maintenance of the prothoracic 

lands 


Since pupæ of Antheraea polyphemus initiate adult 
development almost immediately after being removed 
from low temperature and placed at 25° C., they have 
been used for the assay of juvenile hormone extracts". 
Among the many thousands of pup injected with 
extract a large number have moulted into almost 
perfect ‘second pup’, and under proper environ- 
mental conditions some of these animals have under- 
gone a supernumerary moult (Table 1, Fig. 1). In 
all cases the resulting animal is a pupal—adult inter- 
mediate with morphological characteristics that are 
more adult than the ‘second pupa’. This is presum- 


Table 1. INDUCTION OF SUPERNUMERARY MOULTS IN Antheraea 
polyphemus 
m Charac- Daysfrom Charact- 
Weight RL alr ne injection r 7 bree first moult = eristics 
* pu extract of ‘second tosecond of ‘third 
on)” injected ** pupa’ moult pupa’ 
5 87 Adult male 
H. cecropia 17 +++ 24 + 
(10 mm.") 
3-70 Adult male 
H. cecropia 11 ++++ 21 ++ 
(50 mm.,*) 
4:52 Adult male 
H. cecr 12 +++ 21 ++ 
(50 mm,"*) 
420 Adult male 
H. 17 44444 8 ++ e+ 
(150 mm,*) 
3:73 Adult male 
S 13 +++ 25 ++ 
150 mm.*) 
3:46 ighly ered ii —— A R 
preparation + + + ++ 
(less than 
1 mm., *) 
+, Adult with few pupal characteristics. ++ +++, almost 
perfect pupa, 


NATURE 


March 24, T962 


VoL. 193 





Fig. 1 hly magnified view of two dorsal abdominal segments 
ofa ot pupa A, — er mi et has undergone a 8 


upernumerary 

Areas of cuticle have dissected away to show three 

as ers of cuticle. Solid white line delimits of original 

pups and -_ of ‘second pupa’, White dotted line aaa cuticle 
second pupa’ and that of ‘third pupa 


ably due to the inactivation of some of the juvenile 
hormone that was originally injected'*. We can now 
obtain a higher percentage of supernumerary moults 
from ‘second pupx’ by keeping these animals at a 
high relative humidity (70 per cent and 25° C.) and 
taking care not to rupture the original pupal cuticle. 
When a normal pupa moults into a ‘second pupa’ it 
secretes an extraordinarily large quantity of moulting 
fluid which rapidly digests much of the old cuticle. 

If care is not exercised the cuticle at the thoracic 
ecdysial suture or at the tip of the abdomen splits, 
resulting not only in loss of moulting fluid but in 
desiccation due to the absence of a normal waxy layer 
at the surface of the cuticle of the ‘second pupa’. 
This usually leads to death of the animal before a 
supernumerary moult can be initiated. With care, 
the ‘second pupa’ will resorb most of this moulting 
fluid and moult again. 

The extracts are routinely injected into the dorsum 
of the thorax of the assay pupa and this initially led 
us to believe that local concentrations of the oily 
extract in this region may have a physical effect on 
the prothoracic glands, and that this may be the 
reason for their maintenance. However, injections 
of peanut oil alone did not prevent the breakdown of 
the prothoracic glands, while extracts injected into 
the tip of the abdomen were just as efficient in induc- 
ing these moults as were injections into the thoracic 
region. 

By careful dissection and the study of Feulgen 
stained whole mounts and hematoxylin stained 
sections, it has been possible to verify the existence of 
healthy prothoracic glands in ‘second pup’ and in 
‘third pup’ as well. These extremely large cells with 
their polymorphonuclei appear to be identical in all 
respects to those present in the normal pupa. Thus, 
the reason for the supernumerary moult is most likely 
renewed secretion of the moulting hormone by the 
prothoracic glands. From experiments on Rhodnius, 
Wigglesworth’® concluded that two factors were 
involved in the breakdown of the thoracic gland after 
the moult to the adult. At the time of the adult 
moult the gland receives some unknown humoral 
stimulus which causes it to degenerate, and that once 
exposed to this stimulus it degenerates in any environ- 
ment. Secondly, this stimulus is effective only if the 
animal has moulted in the absence of juvenile hor- 
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from this unknown factor. The present communication 
supports the latter statement. Because the pupa 
moulted in the presence of juvenile hormone it 
moulted into another pupa, and among the pupal 
characteristics retained was the integrity of the pro- 
thoracic glands. Degeneration of the prothoracic 
glands is then a characteristic of adult development. 
If Wigglesworth’s complete hypothesis is correct, it 
should be impossible to prevent degeneration of the 
prothoracio glands in a normal developing silkmoth 
once degeneration has started. Experiments in which 
juvenile hormone extracts are injected into developing 
moths at the onset of prothoracic gland degeneration 
are in progress to test this hypothesis. 

- The fact that highly purified concentrates of 
juvenile hormone can maintain and stimulate the 
prothoracic glands indicates that the active principle 
in both cases is probably the juvenile hormone itself 
or & compound very closely related to the juvenile 
hormone. It iœ interesting to note that these glands 
were maintained by juvenile hormone extracts and 
stimulated to secrete by the same material. This is a 
good example of a gland the integrity and function of 
which in this case are completely dependent on 4 
hormone from another gland. One may argue that 
perhaps the brain stimulates the prothoracic glands to 
secrete in the examples presented above. However, 
ali these experiments have been repeated on animals 
in permanent diapause (that is, the brain has been 
surgically removed). 

Since the prothoracic glands appear to be normal 
for as long as one week past the supernumerary moult 
(we have not examined them past this period), it is 
possible that frequent injections of juvenile hormone 
into these animals may lead to repeated supernumer- 
ary moults which may continue as long as substrates 
remain for the synthesis of new cuticle and other body 
parts. 

This work was supported by grant A—2818 from the 
National Institute of Arthritis and Metabolic Diseases 
of the Public Health Service. 
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Intracellular Freezing in Insects 


Ix two recent papers’ *, I presented evidence 
that intracellular freezing occurs in insects when 
freezing follows supercooling of at least several degrees. 
Visual and mechanical detection of crystallization 
or solidity within the large fat body and labial 
gland cells of two species of larval insects formed 
the core of this evidence. From this and ancillary 
evidence based on differences in light transmission 
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mone. Thus, the juvenile hormone protects the gland 


1207 


and crystal size, it was concluded that other body 
tissues were also frozen intracellularly. 

Afterwards, sections of larve of Oephus cinctus 
Nort. and urosta solidagints (Fitch), prepared by a 
method of freeze-substitution, have shown clearly t hat 
cells of the fat body and labial glands freeze intern- 
ally, whereas the remaining tissues, having much 
smaller cells, show no sign of this. Sections of sub- 
cellular thickness or electron microscope examina- 
tion would be required to determine with certainty 
whether smali cella are frozen internally. Examination 
of my öu sections suggests that extracellular ice 
separates groups of cells rather than individual cells. 
Morphological subdivisions of the gonads and nerve 
cord, for example, were separated by ice. Some 
bundles of nerve fibres were separated by ice action 
but no interfibrilar separation could be detected. 
Similar action was reflected on a sub-cellular scale 
within the fat cells, where units of protoplasm of 
approximately equal size were isolated by ice. The 
nuclei remained intact and did not appear to have 
been frozen internally: Some fragments of fat cell 
contents were severely compressed and distorted by 
ice, but in general the compression appeared to be 
moderate. The numerous small spheres of oil in the 
fat cells of these species tend to compartment and 
perhaps cushion the ice. Within the labial gland 
cells, large crystals of ice formed in the reservoir; 
the protoplasm of these cells, already crowded into 
the cell periphery, was further compressed but not 
divided by the ice. Compression was noticeably 
severe in membranous tissues such as the hypo- 
dermis and the pericardial cells. If mechanical injury 
occurs, it is doubtless dependent on where the ice 
is formed, but whether it is intracellular or not does 
not seem to be critical. A concept of freezing injury 
based on the interaction of a number of factors is 
surely more realistic. 

A distinction, of course, exists between the freezing 
of Metazoa, wherein the cells and tissues are inter- 
dependent, and that of liquid media containing blood 
cells, spermatozoa, eggs, or unicellular organisms 
that survive or perish regardless of the fate of their 
neighbours. Only under extreme conditions of cold 
are small isolated cells themselves frozen; otherwise 
they are trapped between ice masses and subjected 
to mechanical pressure as well as dehydration. 

The incidence of freezing within cells does not 
offer any basis for disti freezing injury in 
Hurosia and Cephus larve, for the pattern of freezing 
in so far as it is related to cell boundaries is the same 
in both species. The survival of Hurosta is likely due 
to the presence of protective polyhydric alcohols, | 
and the mortality of Cephus to their lack*?. Moreover, 
the pattern of mortality shows no abrupt change, 
as would be expected if the occurrence of intra- 
cellular freezing were the decisive factor. Freezing 
injury in Cephus larve is proportional to treatment 
in terms of temperature and duration, and the same 
is true of Hurosta larve if the treatment is made 
severe enough to overcome the protection of the 
polyhydric alcohols. 

A consequence of my former conclusion that intra- 
cellular freezing was general throughout the insect 
was the denial of the theory that pore penetration 
by an advancing ice front is simply dependent on 
pore size and temperature. The type of freezing just 
referred to was observed at temperatures above 
—10° C. when freezing was rapid or if it followed 
supercocling of several degrees, whereas only extra- 
‘cellular freezing was produced by slow cooling after 
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little or no supercooling. That fast freezing should 
allow the penetration of pores by ice at the same 
temperatures at which slow freezing prevented pene- 
tration is incompatible with the pore penetration 
concept. Since it now appears that small tissue 
cels do not freeze internally in either set of 
circumstances, nor under usual conditions of insect 
supercooling and freezing, the theory is not opposed. 
R. W. Sauer 
Canada Agriculture Research Station, 
Lethbridge, Alberta. 
1 Balt, R. W., Nature, 184, 1426 (1957). 


! Salt, R. W., Canad. J. Zool., 89, 349 (1961). 
2 galt, R. W., Qanad. Entomol., 89, 491 (1967). 


CYTOLOGY 


Start and Progress of Increase of Nuclear 
Deoxyribonucleic Acid Content after 
timulation of Cell Activity 


VARIATIONS in the mean content of deoxyribo- 
nucleic acid (DNA) in the nuclei correlated with cell- 
activity has been observed in several organs: 
thyroid gland’, interstitial cells of the testis*, medulla‘ 
and cortex’ of the adrenal gland. Stimulation of 
cell activity appeared to be accompanied by an 
increase, an. inhibition of cell activity by a decrease, 
of the nuclear DNA. ‘These results were obtained 
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20 c.o. neutral formalin and 5 c.c. glacial acetic acid 
and further treated by a standard method. Paraffin 
slices of the adrenals of one experimental series were 
placed on the same slide in order to achieve an 
identical treatment with Feulgen staming. The 
quantity of Feulgen-positive substance in 50 inter- 
phase nuclei of each adrenal medulla was measured 
by Lison’s histophotometric method; in order to 
reduce the effect of individual variation the measure- 
ments in 5 identically treated rats were pooled!. 

The results are summarized in Table 1. The mean 
DNA content is given in arbitrary units, while the 
statistical calculations are applied to the logarithms 
of those values, as tho latter have a normal distri- 
bution (Roels, quoted in ref. 1). For comparison of 
the results of the three series of tests the averages 
of the various pools are recalculated in the last 
column, in parts per thousand of the associated 
control pools. 

From the results, it may be concluded that the 
increase of nuclear DNA continues for ¢he first hours 
within the region of the error of measurement (+5 
per cent). An early and progressive rise during the 
first day is, however, probable, as an increase of 9 
per cent was observed after 24 hr. After 48 hr. the 
increase amounts to 13 per cent. After this no impor- 
tant further change was found, so that the influence 
of the stress condition on the quantity of nuclear 
DNA in the adrenal medulla has practically mani- 
fested itself to a maximum within 48 hr. 


= Table 1 F 
ww (average of a ag. expressed in 
pool of 5 identi- parts per 1,000 
cally treated ws ae of the associated 
Series 4° ©, for animals) Log 8 — n control-pool 
days 1220 808621 0-0877 0:0024 250 114 
I 4 days 1212 8-08833 0:9879 0:0028 250 1185 
- control 1067 8-02824 0:0526 0-0038 250 1000 
2 days 1802 311466 0:0308 0-0017 250 1120 
II 1 day 1268 0-0847 0-0022 250 1090 
‘ control 1158 3:06184 0-0404 0-0026 250 1000 
6 hours ~ 1224 8-08784 0 0357 0 0023 250 1048 
gag 8 hours 1241 3-093865 0-0858 0-0022 245 1057 
1 hour 1195 3-07780 0-0845 09-0022 250 1018 
control 1174 2-06966 00404 6-0026 250 1000 


by comparing control animals with test animals, 
which had previously been subjected to 14 days of 
experimental conditions. Also for a shorter period, 
considerable changes of the DNA content can occur, 
such as has been demonstrated, in relation to the 
sex cycle (5 days) of the female rat, in vaginal 
epithelium’, granulosa cells in the ovary’, and adrenal 
cortex’. 

Since the commencement and progress of quantita- 
tive changes of DNA under the influence of stimula- 
tion or inhibition of the cell-activity has not yet 
been demonstrated, we have investigated the increase 
of DNA, mentioned by Leeman‘ in nuclei of the 
adrenal medulla of rats, which were exposed to a 
temperature of 4° C. This increase can be correlated 
with greater secretory activity of the adrenal cells, 
when the rat is exposed to circumstances of stress. 

Three series of experiments were performed with 
adult male rats weighing approximately 200 gm. 
each. In the first series, 2 groups of 5 rats were 
exposed for 4 days and 7 days to a temperature of 
4° C. and both groups were compared with a control 
group of equal size. In series IT and ILI, control rats 
were compared with rats which had been kept ast 
4° C. for 1 day, 2 days (series II), and for 6 hr., 
3 hr. and 1 br. (series ITT), respectively. All animals 
of each series were killed by a blow on the head at 
almost the same time, after which their adrenal 
glands were fixed in 765 c.c. alcohol (96 per cent), 


This investigation was aided by a grant from the 
Netherlands Organization for the Advancement of 
Pure Research (Z.W.O.). 

H. L. VernworrD-VERHOEE * 
C. D. A. VERWOERD * 
Laboratory of Human and Comparative Anatomy, 
University of Ghent. 


* Present address: Laboratory of Anatomy and Embryology, 
Untversity of Amsterdam, 


2? Fautres, J., Blochem. Pharm., 4, 169 (1960). 
? Roels, H., Areh. Fiol., 87, 211 (1956). 

* Liu, 8. L, Nature, 188, 475 (1980). 
‘Leeman, L., —— 183, 1188 (1959). 


5 Boels, nri a Onderzoek ds bijntercortex 
(with an Bnglish —— (Arsola, Broseels, 1960), 
$ Thiery, M., Arck. Biol., 71, 809 (1960). 
1 Vandekerokhove, D., Ann, d'Endocrin., S1, 778 (1960). 
t Brafies, B., and Roals, H., Naturas, 198, 1048 (1961). 


GENETICS 


A New Type of Hybrid Sterility in 
Drosophila paulistorum 


Ir has been shown?! that Drosophila paultstorum is a 
group of at least six sub-spescies or incipient species, 
and that, at our time-level, reproductive isolation is 
in the process of formation between these incipient 
species. Crosses between three (Centro-American, 
Amazonian, Andean-South Brazilian) of the six 
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sub-species result in the production of fertile female 
and sterile male hybrids. The male sterility? has been 
found to depend on the genotype of the male’s mother. 
‘Any female which carries any mixture of the chromo- 
somes of different sub-gpecies deposits eggs giving rise 
to sterile male zygotes and to fertile female ones. The 
male sterility is independent of the genotype of the 
male parent and the genotype of the sons themselves. 
What happens is evidently that the presence of a 
foreign chromosome in the female so alters the struo- 
ture of her eggs, presumably by some modification of 
the egg sytoplasm, that male individuals developmg 
from these eggs are sterile, and this regardless of the 
chromosome complement which they come to possess 
after fertilization. Furthermore, any one foreign 
chromosome (the species has three pairs of chromo- 
somes) suffices to induce this male sterility’. 

A reproductive isolating mechanism such as this 
seems to be unprecedented in genetic literature; but 
the same complex of sub-species or incipient species 
evinces still another isolating device, and this one is 
probably the primary barrier to gene flow between 
sub-species in Nature—sexual isolation. The genetic 
basis of this icular mechanism has been shown‘ 
to be factors distributed all over the chromosomes. 
The polygenes controlmg the mating preferences 
seem to act additively, a sufficient number of them 
making the bar to crossing complete or nearly 
complete between the sub-species. Thus, the sterility 
of the male hybrids and the sexual isolation are due to 
quite different genetic mechanisms. 

It might be of some interest to note that rare 
hybrids were obtained between certain strains of two 
sub-species of D. patiistorum which have genetic 
constitutions discordant enough so that the hybrid 
females repel the courtship of all males, and mate with 
none. The hybrid males court and are rejected by 
almost all females, including their own siblings. The 
hybrid females, though potentially fertile in the sense 
that their ovaries are full of normal eggs, never permit 
the fertilization of these eggs, and the hybrid males 
are always sterile. Thus, normally, there is no 
possibility of back-cross progenies in this case’. 

Logically the next step is to attempt to ‘cure’ the 
hybrid male sterility. The key proved to be the 
Transitional race. Strains of the Transitional race are 
fertile inter ee, and also yield fertile hybrids of both 
sexes with at least one strain ofsome other race. And, 
at least one strain of every race (except the Guianan) 
gives fertile hybrids with a strain of the Transitional 
race. Therefore, all the races of Drosophila paulis- 
torum are genetically open systems, since they are 
potentially capable of exchanging genes with all other 
races, albeit sometimes only via a bridging strain of 
the Transitional race’. It has been shown! that, 
among the hybrids of a strain of the Transitional race 
and one of the Centro-American race, the presence of 
a race-foreign third chromosome sometimes failed to 
cause sterility. 

I have made new crosses to find out what degree or 
type of sterility may exist between D. paulistorum 
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subspecies heretofore unanalysed. The following 
crosses gave the results indicated: 
Cross F males Baock-oross males 
(1) Guiana BY x — BF Fertile Sterile (to Gulana B 
tianan x O artile (to Panama B 
(2) F anama —* Guiana Ba Fertile Fertile (to Panama B 
Bterfle (to Guiana B 





{8) Conta Bica 
ps eset pee Sterile Sterile (to both) 
x — onal) 
(4) A aE nga GP x 
Rica gå (Tra — hm Fertile Sterile (to both) 


Centro-American) 
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Certain tentative conclusions may be drawn from 
these results. They are tentative because:a moro 
thorough analysis requires the marking and mapping 
of the chromosomes in the races involved (this work 
is now being done with S. Kessler’). However, 
the results here reported show that the sterility of 
the backcross males is not produced in the same way as 
the sterility of the F, males. The back-cross males are 
the sons of hybrid females, and their sterility is due 
to this fact. Sterility of the F, males conforms to 
Haldane’s rule, which states that “when in the F; 
offspring of two different animal races one sex is 
absent, rare, or sterile, that sex is the heterozygous 
sex®’. Indeed, the reproductive organs of the F, 
and of the back-cross males look different when 
dissected out in physiological saline. F, males have 
bilaterally symmetrical, normally shaped testes, and 
spermatogonial cells may be seen within the testicular 
sheath. The associated ducts and the paragonia are 
normal, but no more than one meiotic division -ever 
takes place. The disturbances in the back-cross males 
are even more profound. Both testes may be absent, 
a male may have only one testis, the testes may be 
cedematous or ligatured, the testicular sheath is often 
abnormally pigmented and thickened, and, most 
important, no spermatogonial cells are contained 
therein. 

This investigation was supported by a postdoctoral 
fellowship, GF-9033, from the Division of General 
Medical Sciences, U.S. Publio Health Service. 

Leu ERMAN 
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Columbia University, 
New York City. 
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Nuclear Segmentation of the Neutrophils 
in Heterozygous Carriers of Gargoylism 


THE syndrome of gargoylism is made up of a large 
number of abnormalities; but, until now, no method 
for identifying’ the heterozygous carrier has been 
developed', The specific inclusions in the lympho- 
cytes which have been demonstrated in patients with 
gargoylism*? have not been seen in the parents of 
patients. Although the blood films from parents 
showed no striking abnormality, they gave the 
impression, that the nuclei of the polymorphonuclear 
neutrophil leucocytes had, on the average, an 
unusually high number of segments. In order to test 
the validity of this impression, a comparison was 
made between the blood films of eight parents of 
patients and twelve control adults. The former group 
consisted of five mothers and three fathers of gargoyle 
patients, while the control group was composed of 
ten women, each of whom had given birth to at least 
one child, and two men. For each person, the number 
of lobes in the nuclei of 300 neutrophils, from which 
the means were calculated, were counted without 
knowledge of the origin of the slide. The distributions, 
means and standard deviations are given in Table 1, 
columns (a) and (b). Although the two distributions 
overlap, the means of the parents of patients with 
gargoylism are higher than those of the control adults. 
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Table 1. 
OF PATIENTS WITH GARGOYII8M: (b) CONTROL ADULTS; 
GARGOYLISM: (d) CONTROL CHILDREN 


DISTRIBUTION OF Maan LOBH COUNTS IS: (a) PARENTS 
o 


PATIERTS 


Mean lobe counts 
Ranges 
$:21-8-40 
8-01-8208 


201-2 20 


Total nomber of individuals 
Mean lobe counts 

g 

t 

P 





The probability that this difference is due to chance is 
less than 1 in 100. 

Since it appeared that the gene for gargoylism 
caused an increase in the segmentation of the neutro- 
phil nuclei in heterozygous dose, an attempt was 
made to determine whether a similar effect could be 
observed in the homozygous condition. A comparison 
was, therefore, made between the mean lobe counts of 
11 patients with gargoylism and 13 mentally defective 
children, who were patients in two different hospitals. 
In Table 1, columns (c) and (d), the distributions, 
means and standard deviations thus obtained are 
given and it will be seen that, compared with the 
distributions obtained for the adults, the mean lobe 
counts of both the gargoyle and control children are 
lower. The simplest explanation would seem to be 
that the poor physical condition of many of these 
children has resulted in a lowering of the lobe counts 
in both groups. The fact that the standard deviations 
are higher than those in the adulte although the means 
are lower is in agreement with this view, if one 
assumes that, while some of the children showed the 
genetically true count, in a substantial proportion of 
them this was depressed, since the neutrophil cells 
were unable to develop normally. The distributions 
indicate that the mean lobe counts of the patients witb 
gargoyliam are higher than those of the controls and 
the probability of this being due to chance is between 
1 and 2 per cent. 

It is evident that more extensive data will be 

ired before one can determine the significance, 
if any, of these observations for the purpose of detect- 
ing the heterozygous carriers of gargoylism. If, 
based on the present evidence, one would arbitrarily 
designate a mean lobe count of above 2:8 as indicative 
for the gene for gargoylism, two out of eight parents of 
patients and one out of twelve control adulta would 
have been classified wrongly. It is likely that one 
would improve the discrimination by obtaining blood 
films from the same person on more than one occasion, 
thus diminishing any day-to-day variation. 

An increase in the nuclear segmentation of the 
neutrophils occurs as an acquired change in per- 
nicious anamia and chronic iron deficiency ansemia*. 
A genetically determined hypersegmentation has 
also been described*. This seems to be transmitted by 
a dominant gene without adverse effect. Although the 
phenomenon is, therefore, not specific for gargoylism, 
it might nevertheless prove of value in detecting the 
heterozygous carriers in the families of patients. This 
would be of particular importance in gargoylism, 
because the genetic evidence suggests that the con- 
dition may be caused by two different genes, one of 
which is an autosomal, and the other a sex-linked, 
recessive’. At present, there is often insufficient 
evidence to indicate which of the two is involved. If 
jt were possible to establish whether or not the father 
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of a patient is a carrier, the two genetic types might 
be differentiated with certainty. 

I thank Prof. L. 8. Penrose for advice and Dr. 
V. A. Cowie, Dr. B. H. Kirman and Dr. H. H. Thomas 
for their co-operation. Š 
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Tempero-Spatial Sequentiality of 
Chromosomal Polymorphism in 
Chilocorus stigma Say (Colďoptera : 
Coccinellidae) 


Ir is axiomatic that the chromosome complements 
of the different individuals comprising a species are 
identical in number and morphology. The North 
American ladybird beetle, C. stigma Say (= bivulnerus 
Muls.), constitutes one of the more striking exceptions 
in that different males may possess any number of 
chromosomes from 25 down to 19 (females, 26-20): 
it is a chromosomally polymorphic species!. The 
polymorphism here finds its basis in the centric fusion 
of non-homologous chromosomes, whereby an ‘A’ 
and a ‘B’ chromosome may be supplanted by an 
‘A + B’ fusion chromosome. At meiosis two rod- 
shaped pairs may thus be replaced by one ring-shaped 
pair or, in the heterozygote, by a V-shaped configura- 
tion of three chromosomes. 

To date, three different purely autosomal fusion 
chromosomes have been discovered in O. stigma and 
named the Kentville (K), the Vineland (V), and the 
Morden (M) fusions’, after localities in the provinces 
of Nova Scotia, Ontario, and Manitoba, respectively, 
the most easterly points at which they had been 
collected by 1958. K heterozygotes were found also 
farther south, near Augusta, Maine, and later an M 
heterozygote occurred as far east as Gros Cap, near 
Sault Ste. Marie, in central Ontario. The three ring- 
forming homozygotes corresponding to the K, V, and 
M heterozygotes first appeared in Canada, going west 
from the Atlantic seaboard, at Vineland, in southern 
Ontario; near the Agawe River, in central Ontario; 
and at Waldhof, east of the Manitoba border, 
respectively. (The sex-determining mechanism is 
also a fusion complex, X,X%,X4,X,(9) : X,X,Y(3), 
having been derived from a secondary, neo-xXY, 
system by the incorporation of a second pair of 
autosomes.) 

Unfortunately, it is not possible to discriminate 
between the three ring bivalents under the micro- 
scope, nor to distinguish the K from the M trivalent 
with absolute certainty. Nevertheless, because about 
two-thirds of the Manitoba males, all but one from 
Saskatchewan, and all from Alberta, the western 
limit of the species, carried at least one ring bivalent, 
it may be safely inferred that the K fusion is 
approaching, or has achieved, complete fixation in 
these western provinces: examination of F, hybrids 
gives validity to this inference. 

The polymorphic constitutions of the populations 
sampled are listed in Table 1 by locality and grouped 
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Table 1. POLYMORPHIC CONSTITUTION OF C. sigma POPULATIONS 
Mono- Fusion chromosomes 
Region Locality No. morphs Homo. Total Per cent 
Moss Bluff 42 42 0 0 000 a. 
Flonds — srinneola 04 A 0 6 ooo 9°00 
Augusta, Me. 24° 21 0 8 208 
Atlantio Kove, 45 389 0 e 222 224 
Seaboard Fredericton, 
B. 13 11 0 2 256 
ineland 45 80 1 16 698 
Southern torkey Point 26 21 0 5 881 4-40 
River 20 17 0 8 2-50 
Peahu Lake 8 0 0 5 27°78 
Central 
— River 10 1 1 14 2833 27:87 
Ontario Gros Cap 48 8 12 83 28-82 
pelaa Waldhof 26 0 20 72 4615 46-16 
Hadashville 4 0 4 12 5000 R 
Manitoba Worden 37 0 24 104 46-85 4715 
Oreelman 0 8 -23 64-78 
Saskat- — 0 4 10 66:56 
chewan Conques 16 0 18 52 6778 
ous * 4 0 7 17 70°88 
Andrew 8 0 6 15 88-38 
Alberta Warspite 2 0 8 75-00 80-00 
Weighted mean 415 38 · 29 


* Single dg from Grenfell (50 Q per cont), Tnd Maian d aaa (88 per cent), 
Willowbrook (67 per cent) and 


by regions in geographical sequence. This tabulation 
gives, reading from left to right, the number of 
individuals studied, the number that were mono- 
morphic, the total number of K, V, and M fusions 
that were homozygous, and the total number of 
fused chromosomes in each locality; from these 
the percentages of the maximum of six fusions 
(2 K +2 V + 2 M) realized in each locality have 
been calculated, together with the regional means. 
What is particularly significant, then, is that, 
within the limits set by this survey, the different, 
polymorphs do not occur scattered fortuitously 
throughout the geographical range of the species: 
they show a well-defined trend across the sector so 
far sampled (Fig. 1). This holds not merely for geo- 
graphical regions, where the frequencies stay rə- 
markably constant between the component local- 
ities, but also, if relative frequency can be so inter- 
preted, for their order of origin. Whether by limit- 
ing recombination, or by the induction of subtle 
position effects, or by correlated reductions in the 
amount of heterochromatin, or by some other means, 
it is evident that these re-patternings of the cyto- 
genetic fabric of the species foster it in its coloniza- 
tion of new habitats, each chromosomal polymorph- 
ism supplementing an earlier adaptive deficiency. 





de te —— of the maximum of slx fusion chromosomes 


each of — geographical rodona, (Florida, with 


zero per cent, is omitted 
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By comparison with the chromosomally fixed ən- 
tities in the western ‘cyclus’ ‘complex’, the floating 
polymorphisms in stigma provide decisive evidence 
that such structural rearrangement is a causative 
factor in evolution. 
BTANLEY Q. SMITH 
Forest Insect Laboratory, 
Sault Ste. Mario, 

Ontario. 
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SOIL SCIENCE 


Solubility of Calcium Phosphate in 
Calcareous Soils 


Tue solubility of and chemical changes undergone 
by phosphates added to calcareous soils still present 
many unsolved problems, in spite of extensive research 
in this field. The influence of large amounts of 
calcium carbonate in soils, as found widely under 
semi-arid conditions, on phosphate composition and 
its changes with time has been given little attention. 

A series of soil mixtures varying in their calcium 
carbonate content was prepared by mixing two soils, 
one low in calcium carbonate and the second, highly 
caloareous. Other measured properties of the two soils 
used in the mixtures were similar (Table 1). 


Tabis 1. BOME OF THE PROPERTIES OF THE Two SOILS UBED FOR 
MIXTURES 


PREPARATION OF SOUL 
Moisture Calolum 


Soil equivalent carbonate pH (sq. capac! 
(per cent) (per cent) m./gm.) — 

No, 1 27-8 76°5 7-65 180 20-0 

No. 2 27-5 10 7 70 165 21-5 


The phosphate applied to the soil mixtures was in 
the form of monocalcium phosphate monohydrate. 
The experimental treatments were arranged in a 
factorial design with three replicates. The factors and 
their levels are given in Table 2. 


sees EXPHRIMENTAL TREATMENTS, FACTORS AND THHIR LEVELS 
Factora Levels 
1, Soll mixture (percentage of calolum 4.9.3.9, 9-9 15-8; 76 5 


a PIPN AB 0; 60; 100; 200; 400 
8. Time of contact in days between phos- 1:8: 7:14 
phate and soil mixtures EEA 

The various amounts of phosphate were added to 
the soil mixtures in a dry state, thoroughly mixed and 
water was added to wet the soil to the moisture 
equivalent. The mixtures were then placed in closed 
glass containers. By the end of the pre-determined 
contact period, the phosphate was extracted inal: 1 
water extract, and determined colorimetrically by 
the molybdio blue method}. 

A decrease of phosphate solubility with time was 
found at all levels of applied phosphate and in all soil 
mixtures. The resulta for the medium calcareous soil 
(6-9 per cent calcium carbonate) are presented in 
Fig. 1. Increasing amounts of calcium carbonate 
induced a gradual decrease in phosphate solubility. A 
functional description of the influenee of calcium 
carbonate content on the solubility of phosphate was 
attempted. Accordingly, linear regressions were 
calculated. A very good fit of the experimental data 
to regression equations was found when the calcium 
oarbonate content of the soil mixtures was represented 
by its logarithm. In Table 3 the equations calculated 
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Fig. 1. Water-soluble phosphate as a fonotion of time of mouba- 
tion at differant levels of Want dates Dhosphate, for the medium 


calcareous aoul mixture per cent calcium carbonate) 


from results obtained after 3 days contaot time are 
presented. Similar equations and correlation coeff- 
cients were found for other periods of incubation. 

Tn the calculated equations the slope is about half 
the value of the intercept, indicating that the solu- 
bility of added phosphates tends to zero at 100 per 
cent calcium carbonate. 


Table 8. REGRESSION EQUATIONS AND CORRELATION COMPFICIENTS 
OF SOLUBLE PaROSPHATH ON OALOIUM CARBONATH OONTHNT In Bor, 
MIXTURES AFTER TARHE DAY8 oF INCUBATION 

Amount of 
monocalctum 
phosphate Raegreasion Correlation 
monohydrate equations coofiicients 
(p.p.m (r) 
phosphate) 
400 P = —8-88 log L + 17-42 0°99 
200 P = —6'05 log L +10 62 0-96 
100 P = —1'87 log L+ 8°64 0'99 
50 P = —0 -82 log L -+ 1-22 0 93 
0 P= —0‘lb log £ + 0 80 0-84 


P, D.p m. of water-soluble phosphate (in dry soll). 
percentage of calclum carbonate in soll mixture, 
i r values are signtficant at 0 01 leveL 


Phosphoric acid potential (pH + pH,PO,) and 
calcium hydroxide (lime) potential (pH-}p0a) were 
calculated from pH, calcium and phosphate measure- 
‘ments in the water extracts of the soil phosphate 
mixtures after the various contact periods**. The 
solubility curves and the dissociation constants have 
been taken from works by Moreno et al. and Lindsay 
et alts, 

The results for the medium calcareous soil are 
-plotted in Fig. 2. It may be seen that the points 
representing the control mixtures (without addition of 
-phosphates) are the nearest to the line of octocalcium 
phosphate, indicating that the dominant form of 
native phosphate has a composition similar to that of 
the octocalcium salt. Increased amounts of added 
-phosphate gradually shift the phosphate composition 
to that of dicalcium phosphate dihydrate, and at the 
highest phosphate applications the points are above 
the latter line. 

Larsen and Court® obtained by similar measure- 
menta a scatter of points around the theoretical lines. 
‘They concluded that the scatter is due mainly to the 
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TIME OF CONTACT 


THREE DAYS-...--._. + 
e SEVEN DAYS______.° 


12 


pH+pH,Po, 
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čo 


8&0 8&5 
pH — ipa 


, 2 Solubility dlagrams of dicalcium phosphate dihydrate 
ig, 2. and octocalohim m phosphate. ocr and the cela tion of 


.phosphoric acid potential ydroxide potential in the 

medium calcareous soll-mixture. Amonnte of phosphate added 

to the soil mixtures are designated by numbers. Points for the 
zero phosphate level are unnumbered 


differential influence of soil pH and calcium carbonate 
on the solubility of phosphate compounds. In our 
case, with constant calcium carbonate content, the 
main scatter of pointe is’ perpendicular to the lime- 
potential line, indicating a small influence of soil pH. 

For the highly calcareous soil mixture the general 
trend is similar to that of the medium calcareous 
mixture. The results for the control soil are near the 
line for the octocalcium salt and with increasing 
additions of phosphate there is a shift towards the 
dicaloium phosphate dihydrate line. However, even 
at the highest levels of application, it does not pass 
that line. 

These results indicate that ‘either no calcium 
phosphate compounds having a well-defined structure 
are formed on contact of monocalcium phosphate 
monohydrate with soils, or more probably that an 
equilibrium between the solid phase and solution was 
not reached. It seems, therefore, that this method of 
approach to definitions of the phosphate status in the 
soil may indicate only ‘equivalent compositions’. 

J. HAGN 
A. Hapas 

Division of Soil Chemistry and Fertilization, 

National and University Institute of Agriculture, 
Rehovot, Israel. 


pionen, tyes pr and Bray, R. H., Indust. Eng. Chem. Anal. Ed., 18, 
* Hildebrand, G. P., and Reilly, 0. N., Anal. Chem., 29, 259 (1957). 

® Aglyng, H. O., Roy. Vet, Agr. Coll, Yearbook, Copenhagen, 1 (1954), 
‘Moreno, R. O., et al, Sol Sci., 90, 58 (1960). 

‘Lindsay, W. L., ef al, Soil Sci. Soe, Amer. Pros., 24, 177 (1960). 


* Larsen, 8., and Court, M N., Nature, 189, 164 (1961). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, March 26 


ROYAL GEOGRAPHIOAL — (at 1 Kens n Gore, London 

aW. 7), at 5 p.m.—Mr. @. R. Crone, Miss E. M. J, Campbell and 

— Bkelton: — in the History of British Carto- 
grap 


BRITISH SOCIETY FOR THE HISTORY OF SOJHNOE (at the Science 
Museum, Exhibition Road, London, 8.W. 7), at 5.80 p.m.—Mr. Thomas 
Martin: “Origins of the Royal Institution’’. 


INSTITUTION OF ELEOTRIOAL ENGINEERS (Joint meeting with the 
LONDON GRADUATE AND STUDENT SECTION, at Savoy Place, London, 
W.C.2), at 6 p.m.—Discusslon on “Electronics or Power as a Future 
Career” opened by Prof. M. G. Say. 


Monday, March 26—Tuesday, March 27 


IS8TITUTE OF PHYBIOS AND PHYSICAL Soorery (in the Physios 
pe t, Imperial Oollege of Scionce and an London, 
-7}Symposium on “High Energy Nuclear Physics 


ee OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at the 
Medical School, London, W.1)}—Symposium on 
‘Drug Action’ 


” Tuesday, March 27 


ROYAL ig ee OF MEDICINE, LIBRARY Sera irri RESEARCH) 
— BR at 1 poe Street, London, W.1), at 5.30 pm.—Mr. P 
J pe ade: tory ani A Mevaiocuent of the Library of the Royal —— 


OF OCHENICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
an ve Square, London, 5. W.1), at 6.30 p.m.— Prof. Charles 
on: “Organized Polymers’. 


Socraty OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
land Place Tonon Pa at 7 p.m.—Air. G. Wilhams: “‘Organiza- 
tion of an {instrument Maintenance Department”, 


Tuesday, March 27—-Thursday, March 29 


ROYAL INSTITUTION OF NAVAL ARCHITECTS A the Welr Lecture 
Hall, 10 Upper Belgrave Street, London, 8.W.1), at 10.15 a.m. daily 
—S8pring Moeting. 


Tuesday, March 27—Friday, March 30 


UNITED NATIONS EDUCATIONAL, SCIENTIVIC AND CULTURAL ORGAN- 
IZATION, and the INTERNATIONAL ATOMIO ENERGY — at the 
Chester Beatty Research Institute, Fulham Road, London, 8.W.3}— 

— on “Cellolar Basis and Actiology of Late Somatic Effects 

Ionizing Radiations’’. 


Wednesday, March 28 


SoOorkry OF CHEMICAL INDUSTRY, Foon GROUP (at the Royal 
Society of Medicine, 1 Wimpole Street, London, W.1), at 10.30 a.m. 
—Meetilng on “Radioactive Fall-out and Food Supplies”, 


POLAROGRAPHIO SOGIBTY (in the Physics Department, Imperial 
Colleges of Science and Technology, Prince Consort Road, London, 
8.W.7), at 2.30 p.m.—Annual General Meeting. 


CoLoug Group (GREAT BRITAIN) {in the Lecture Theatre of the 
Institution ae Electrical Engineers, Savov Place, London, W.C.2), at 
8 p.m—Mr. P. 8. Carnt and Mr. G. B, Townsend: “Colorimetry in 
SECAM and x *. 8.0. Colour Television Systema’. 


RoyabL STATISTICAL Socrury (at the London School of — 
and Tropical Mediome, ©, Keppel Street, London, W.O. 1), at 5.15 

Prof. Q. A. Barnard, „Jenkins and Mr. 6. B. : ‘Like 
Nhood, Inference sh Time Sertes’’. 


INSTITUTE OF FUEL (at the Institution of Civil Engineers, Great 
George o Pieder, bo — 8.W.1), at 5.80 p.m.— Discussion on Réauat- 
ance ta 


INSTITUTION OF TROON ENGINEERS Coint meet 
INSTITUTIONS OF CIVIL and of MEOHANIOAL ENGINEERS, at 
tion of Blochanical 


with the 
o Institu- 
sars, 1 Pirdougo Vak, To Nh RET, London, 
8.W.1)}, at — e Rt. Hon. Sir Lionel H “The "Engineer 
and ¢ (Eighth Graham Clark Lecture}. 


ROYAL SOCIETY OF ARTS S John Adam Street, Adelphi, London, 
W.C.2}, at 6 p.m—Dr. V. Cosalett: “The Electron Microscope: 
Past, nt and Future” (Trueman Wood Lecture). 


SocteTy FOR ANALYTICAL OCHHMISTRY, MICROOHEHISTRY GROUP 
at “The Feathers’, Todor Stree6, London, È. TA at 6.30 p.m— 

iscussion Meeting on “Do-it-Yourself Tdeas Microchemical 
Apparatus” introdnoed by Mr. M, A. Fill 


BRITISH PSYCHOLOGIOAL SOCIETY, MEDIOAL SECTION Kae Da Royal 
Society of Medicine, 1 Wim ape Stret, London, W.1) .m,—- 
Discussion on “Tho Teaohin ng of Payohology to Medloal Sto lania" 
opened by Prof, Denis Hill, Josek and Prof. E. Stengel. 


Wednesday, March 28—Thursday, March 29 


SOCIETY OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Bel- 
grave Square, London, S.W.1), at 10 a.m, — —Meeting on ‘‘Uses 
and Limitations of Potential — larization Measure- 
ments in Corrosion Science’. (J cine Cues with CEBELCOR.) 
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Wednesday, March 28—~Saturday, March 31 


INSTITUTE OF PETROLWUM, HYDROCARBON RESEAROH GROUP (in 
the William Beveridge Hall of the Universi ty of London, London, 
W.0.1}--Third Symposium on “Spectroscopy”. 


Friday, March 30 


ASSOCIATION OF OCLINTIOAL BIOCHEMISTS, SOUTHERN RNGLAND AND 
SOUTH WALES REGION (at the Wolfson Institute, Postgraduate 
Medical School of rondon, Ducane R W.12), at 10.80 s,m. 
Symposium on “Tho ion of Hospital abon ina. with spectal 
reference to Bloo 


* 


APPOINTMENTS VACANT 


APPLICATIONS are mvited for the following appointments on or 
before the dates mentioned: 

HEAD (with an honours degree and several yoars teaching and 
administration experience in a Food Teohnology Department, and 
——— industrial experiance and a knowledge of bic) OF THH 

BPARTMRNT OF FOOD TECHNOLOGY, Libyan ag of Advanced 
— Tripoli, Libya—-Counoi for asad legers, 12 Lin- 


aa elds, London, W, 0.2 (March 29) 
ANT LIBRARIAN N (man or woman graduate}—The Registrar, 
The ——— Leicester (March $1). 
LECTURER IN THR DEPARTMENT OF BIOCHEMISTRY -The Registrar, 
The University, — quonne Ref. RV/27/N (March Be: 
SOrexTIFIC OFFIOER (male, with a good krer degree), for breed- 


ing research with co lant Breeding Institute, 
Trumpington, Cambridge (larch $1). 

POSTDOCTORAL RESEARCH FELLOW (auai qualified organic chemist or 
biochemist), for work on biosyntheals The , The 
University, Liverpool 8, quot Ref, RV 30/N 

REGIUS Cuamm or Boraxy in the U 
Private Secretary, 


THE DEPARTMENT OF eee? to operate, maintain and j i pea 
an electron beam micro-pro ° analyser Tho B egistrar, Tho Univer- 
— —— 18 (ApH re! 

BRIAL OHBMIOAL INDUSTRIES RESHAROH FELLOWS IN BI0-~- 
CHEMISTRY, CHEMISTRY, OHEMOTHERAPY, ENGINKERING, METALLURGY 
PHARMACOLOGY or PHYgIGg—The Academic Registrar, University of 
London, Senate House, London, W.C.J (April 14). 

LECTURER IN ZOOLOGY at Victoria University of Wellington, New 
Zealand—The Scoretary, Assoolation of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Nall, 
aren S.W.1 (New Zealand and London, April 14). 

LECTURER or SENIOR LECTURER IN THRORETIOCAL Puysics-—The 
Registrar — Secretary, King’s College (University of Durham), 
— n-Tyne 1 (April rij 14), 

IOLOGY in’ the University of Khartoum-—The R 
— University of Kuarto; ojo Inter-University Counci for H ar 
Education Overseas, 29 Woburn Square, London, W.C.1 (April i 

SENIOR LECTURER or LECTURER IN ANIMAL HUSBANDRY: and a 
SRxIOR LECTURER or i Venera ae ANATOMY at the 
— or Khartoum—The Rop trar, University of Khartoum, 

S Tater University Counoll for er Education Overseas, 29 

Woburn Squares, London, W.C.1 (Apri 18). 

SENIOR LECTURER or LROTURER IN BIGOHBMISTRY: and a Senror 
LECTURER or LECTURER IN — —— CHEMISTRY af the University 
of — a University of Khartoum, s/o Inter- 
Pnlvermity i Counoll for — ——— verseas, 29 Woburn Square, 
London, W .C.1 (April 1 

SENIOR IN BIOCHEMISTRY IN THE DEPARTMENT OF 
PHYSIOLOGY, Faculty of Vetemnary Selence, The Royal College, 
Nairobi—The Becretary, Inter-University Council for Higher Bduca- 
tion Overseas, 29 Woburn Square, London, W.0.1 (April 28). 

UNIVERSITY STUDENTS and FELLOWS, for ental or 
ical research in naalear and mene particle physica-—-The 
fessor of Natural Philosophy, The University, Glasgow, W.2 (April 28). 

BENIOR LEOTURER IN IOPHYsIcs at Victoria University of 

Wellington, New Zealand—The Secretary, Assocation of Universities 
of the British Commonwealth (Branch ch Gites) Marlborough House, 
Pall Mall, London, 8.W.1 (Now Zealand and — May 1). 

LEOTURER IN PHILOSOPHY at the Univers! unedin, 
New Zealand—The Secretary, Assooation o anlon of the 
British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, 8.W.1 (New Zealand and London, May 15). 

HEAD (h in mathematics with experience in the 
terpretation of bio- 

arising 


eoret- 


agri 
Sxom10x-—The Secretary, PNational yng 
{University of Heading), 9 hmfeld, oe Berks, quoting Ref, = 
an ASSISTANT LECTURER IN 


OREMISTRY; and an ASSISTANT LECTURER LS 

Ropu, Hatteld. College of Technology, Hatfield, Herts. 
TER TO TEACH BIOLOGY in VI form to “‘A”’ level; also GENERAL 

SOLHRCR endor MATHENATIOS in Middle School—The Headmaster, 

King’s School, Rochester. 


RESEARCH ASSISTANT, for work on sterolds—The Beoretary, North 
Middlesex T ital, Edmonton, London, N.18. 
RESEAROH RTANT (Biochemist) IN EMBRYOLOGY IN THR 


ANATOMY DEPARTMENT (Prof. J. Z. Young)}—The Secretary, 
University College, Gower Street, London, W.0.1. 

RESRAROH ASSISTANT (with & good honoura degree in a — 
science) IN — tee ade hes BIOLOGIOAL — to work on 
active tra miero- The Registrar, Bradford 
Institute of Pooh olas, Bradford 7. 
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SENIOR Puysics Master—The Headmaster, Apsley Grammar 
School, Bennetts End, Homel! Hempstead. 

BEXIOR TKOHNICIAN, to be technically ble for the new 
Blectron Microscope and Histology — nit, still in the phase 
of active development—Sir Francis — The Medical School, 
University of Blrmingham, Birmingham 1 

THCHNICIAN or STUDENT TECHNICIAN, a assist with histological, 
electron mioroscopio and 1 photographic work--The Secretary, St, 
Mary’s Hospital Medical ool dington, London, W.2. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and ireland 


British Hat and Allied Feltmakers Research Assosiation, Fourteenth 
Annual Report of the inbred of Research for the year ended A t 
lesden, Manchester: British Hat and wed 

Research Aoanplatlons 1861.) {1212 
Federation of British Industries. Industrial Research In Manufae- 


faring Ind 1969-60: Results of — Survey including Commens 
faries and a Statistical Report. Pp. 120. (London: Federation 
— telah Industry, 1961.) 404. [1212 
f Agriculture, Fisheries ane Food. Toxic ——— 

ofa Research Atudy Gro 


in Agriculture and Food Storage : Repo 
ayo — — H.M, Stationery € Ormas, 1961.) 4%. 6d. net. [12 

h No. 2: The Pole-Zero Approach to Systems 
kane By. p . F. Blackman, (Based on a Series of artielea in 


) Control Industry Guide and Digest, 1962. Pp. 214, 
(London: e Muir Publications, Lid., 1961.) {1218 
Fores Commission, Booklet No. 6: National Forest Parks, 


Pp. 40. n: EM: Stationery Office, 1961.) 2s. Gd. nst. dee 

Department of Sclentiflo and Indus and Fire O y 
Committees Joint Fire Organization. Fire Note No. 2: 
Protection of Structural Steel Against Fire. Pp. IH-+12, as ers A 
H.M. Stationery Otice, age) 2s, net, 412 

Ministry of Agriculture, Fisherles ‘and Food. Bulletin No. ists : 

ons Under Cua YD. oe pilates. (London: HM, 

Stationery Ofhce, 1961.) 49, 6d. 

Oatalin Limited. Catalin : Catalvat to Industry. (AD pees os ee 
examples of the contribntions that have been made 
éfiiclency by Catalin Limited.) Pp. 16. (Waltham abbeys nauen 
Limited, ei 141 

Philosoph Transactions of the Royal Soolety of London, rieg 
A: Mathematical and Phvsical Sclonces. No. 1089, Vol. 264 (14 
December 1961): Classes of Extensions and Resuitions. By M. C. R 
roots gad G. Horrocks. Pp. 155-222, (London: The Royal Sooty, 

8 

The eee Development Association, Ltd. Research Report 
: The Analysis of Of Hyperbolic Paraboluld Shells. 1 : Membrane 
pesket leas Condition. By H. Tottenham. Pp. 17. Research Report 
: Identification of Wood Glues. By Dr. 

— Report B/RR/11: The Sustained fond Strength 
ela Tone oT Pp. 8. (London: aa 
— ent Associa 1958 and 19641.) 1518 

The Training of Blochemlsts. Edited for the Blochemiea? ste 
by See ae Dodgson, Pp. 43. (London: The Blochemical Society, ek 2 


(181 

natn British Counci. Annual Report, 1960-1061. Haaa 
pistes. London: The British Council, 1961.) 2a., 67. net. (1812 
om of Univeraltles of the British Commonwealth, 

pn A oe qc heen 

on for the year lat Augus 8 v 

eu Association of Giatvenities of the British Gomminvweth, 
BxPool of Theoretical Physics, Dublin Institute for Advanoed Studies, 
Fifteen Year Report, 29 October 1940 to 31 March 1955, Pp. x+844+1 
plate. (Dublin: Dublin Institute for Advanoed Studies, 1941.) [1812 
Nattonal Development Corporation. Report and Satement 
of Accounts for the year ist July, 1960 to 2a June, 1961. Pp. — 


(London: H.M. Stationsry Offica, 1961.) Be net. {18 
netrument ‘Research Asso Assoolation. R.S. T.RAM. 
Mechaniam of Glass Polishing—a 


British Scientific I 
Report R.2867: The 


Research 
History — tbl! phy. By Dr, D. C. Cornish. Pp. tv+70. (Chisle- 
hurst : — ike tifo Instrument Research Assocta 


ti 
961.) 1812 
Confessions of a Pharmacol t: an Inaugural Leoture. By £ 
Derek R. Wood. Pp. i+20. { : Lexis University Press, paar 


S Bulletin of the British Museum (Natural History}. Zoology. Vol. 
, No. 3: Observations on the Heart in the Pamilv Trionvchidae. 
Dr. Sabet Sa Pp. 71-107. (London: British Museum (Natural 
tory), 1961.) 12s. {2012 


Other Countrles 


Transactions of the Amerlean Phil hical Soctsty. New Series, 

VoL 51, Part 7: Canal or Railrond?—-Imitation and Innovation In the 

to the Brie Canal in Philadelphia, Baltimore, and Roaton. 

. Julius Rabm. Pp. 108, (Philadelphia: American Philoso- 

—* Boclety, 1961.) 2.50 dolara, io 

Food and culture Organixation of the United Nationa, 
AS Fisheries Counoll Drema 9th Sessi 

— 1961. Section 1: Pp. u -+-300. s —— 

ÅO „FAO Regional Office for Asia and the Far Bast, 1961.) [1212 

A Commonwealth Sofentific and Indus- 

at ee — ization. Irrigation Research Stations, Merbein- 

hin Annual Report for the year ending Juns 30th, 1961. Pp. 

ill + (Merbein, Victoria: Commonwealth Research Station, 

—— 1061.) [1212 
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State of California: Department of Fish and Gam 


Fish Bulletin 

No. 115: The Migration, Age, and Growth of nery Albacore — 
— 1951-1058. BY Harold B. Clemens. Pp. 128. (Sacramento 

epartment of Fish A Game, 1961.) ‘fiat 

Canada: riment of Mines and Technical Surveys. Mineral 
Resources Division and Geological Survey of Cannda. Q00.A 
Canada—Prinol Mineral Areas. a Bleventh edition. Ottawa: 
Department of Mines and Technical Surveys, 1961.) {1212 

Deutsches ee ee, Institut, Hamburg. Jahreshericht 
Nr. 15 fur das Jahr 1960, 108, (Hamburg: Deutsche H ia 


—— State Institut, 1961.) 

Department of the Interlor: Geological 

la eit ag tio Bot 1475-0: Geol in Relation to Avaliability ot 

Water alo uth Rim, Grand Canyon National Park, — 
By D. G. (Washi 


D. C. Gellatly. 
Northern 
of Northern ay for the year 1058-59. Pp. M448. 
Government Printer: London: Ag 
mona and Administrations, H .) 3e, net. 
The University Teaching of Soolal Sciences: Industrial 
T J. H. Smith. Pp. 126. (Paris : UNESCO ; 
tlonery Office, 1961.) 5.25 NFL: 71. 6d4.; 
Ministerio de Agricultura de Colombia. — de Investigas 
Especiudes: Division de Investigaciones Agropecuarias, Boletin 
Tacntco No. 9 (Agosto, 1961): Razas de Male en Bolivia. Por Ricardo 
Ramires E., Davi vid H. Timo v, Efrain Dias B. y U. J. Grant, con la 
colaboracion de G, Edward Nicholson Calle, Edgar Andorson y William 
. vil+157, (Bogota: Ministerio de Agrioulinra, 
The National Museum of Canada, 1910 to aN By I. 8. Ratasell. 
Pp. v-+37. (Ottawa: Queen’s Printer, 1961.) 50 cents. {1812 
Annals of the New York Academy of Sclences. Vol. 95, Article 2: 
The Use of Animal Cell, Tlasue Organ Cultures in Radiobiology. 
By Charlies 3L Pomerat, David O. White and $4 other authors, Pp. 
741-1020. (New York: New York Academy of Sclences, 1961.) [1812 
World Meteorologica! Organization. Technical Note No. 48 
Moteorological Factors Influencing the Transport and Removal of 
Radioactive Debris: Papers presented by W.\.0. experts du the 
7th Session of the Un! Nations — Committees on the EiTects 
of Atomic Radiation, Edited by Dr. Bleeker. Pp. xii +171. 
— > World Meteorological AER R a 1981.) 8 wia 
Food and Agriculture Organization aA the United Nations. FAO 
Nutrition Mee Report Berles, No. Report of the Technical 
Meeting on Nutrition on Food Poll aA “Pianning in Asta and the 
Far Eas kok, Thailand, 6-13 June, 1960, mbes (Rome: 
Food culture Organization of the United 
HLM. Stationery Office, 1961.) 24. 6d. 


, 1861.) [12 


una; 
Govern- 
— {1418 
London : oer 
1412 


Réunions, Vol. 150: ICHS/IONAF Redfish Sead aes 311. 
Oopenhague : pane ee gat & Fils, 1961.) 78.00 kr. {1812 
nited States Department of the Interlor: Geological Survey. 


Bulletin 1107-C: The Uranium-Vanadium Ore Deposit at the Monu- 
ment No. 1-Mitten No. 2 Mine, Monument Valley, Navajo Coun 
Arizona. By Irving J. Witkind, Pp. t1+219-242+plate 1. Bullet n 
111-F: Geology of the Bonner 6, Montana. By Willis H. 
Nelson and Joseph P. Doball HL 1180-2361 plates $5 and 38. 
Werter- — Paper 1523 : Quality of Surface Waters of the United 
States, Parts 9-14: Colorado River Basin to Pacific Slope 
Basins in O regon and Lower Columbia River Basin. Prepared under 
the dtrection of of 8. K. Love. . xiv +497. Mator au ply Paper a 
Surface Water — ly of the Jaited States, 1 n Part s 2-A : 
Atlantic Slope Bas tver and Sa — 
under the direction of E LH TE AR Pp. vi eo “Water-8a ply 
Paper 1714: Surface Water Supply of the United States, 1980, 
10: The Great Basin, Prepared under tha direction of E. L. Hend- 
ricks, vill-+ 270, — Faper 1718: Surface Water 
Supp of the United States rt Pacific ope nanni n 
ngton and Upper AEAN “River Basin. Prepared 
Kirra] of B. L. Hendricks, .x-384. ——— — ar : 
nited States, 1960 art 1 


Surface Water Supply of the 
River Bas Prepared under the direction of K. L. Hendricks. Pp. 
IDB} (Washington, D.O.: Government Printing reer 
Canada: Department of Northern Affairs and National Resources, 
National Museum of Canada, Natural History Papers, VoL 13, No. 10: 
Toxotherlum hunteri, a Peculiar New O ne Mammal from 
katchewan. By Horace H, Wood, 2nd. . 4, (Ottawa: Queen's 
Printer, 1961.) {1812 





Editorial and Publishing Offices of NATURE" 
MACMILLAN & CO., LTD. 


ST. MARTIN’S STREET, LONDON, W.C.2 
Telephone Number: Whitehall 8831. Telegrams: Phusis Lesquare London 


Annual subscription £10, payable In advance, 
postage paid to any part of the world 


Advertirements only should be addressed to j 
T. G., Scott & Son, Ltd.. I Clement's Inn, London, W.C.2 
Telephone Number: Holborn 4743 





All rights reserved. Registered as a newspaper at the General Poet Office 


+ 

? 

~ 

, * 
a 

w= 

ve, ™ 


š J s S “r ;: 
N-XX- HK XN, 
— € i . 2 Z 





DEOXYRIBOBE 


NATURE 








| 

i 

l 
J— 


Y m 8 RATAAN h i ae f Be Prat Oia a A * 
— 






a) cance z a * 
“AACE eee Bere 
R eee? ST Tae ey are ae Re n 


Molecular Problem? 


SOLVE IT WITH CATALIN MOLECULAR MODELS 


Catalin Covalent Models and the recently in- 
troduced Ionic Models (on adjustable bases) 
provide you with the means of demonstrating 
molecular structures ranging through simple 
salts, metals, sllicates and organic compounds. 


For brochure giving full information on sets 
and separate units write to: 
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characd for the re-direction of replies to 
adverinements with a box number, 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO: T. G Scott and Son, 
Limited, 1 Clement’s Inn, Strand, London, 
W.C.2. Telephone: HOLborn 4743. Teie- 
grams. Textual, Estrand, London. 





APPOINTMENTS VACANT 


THE WAR OFFICE 
CLOTHING AND EQUIPMENT 
PHYSIOLOGICAL RESEARCH 

ESTABLISHMENT, FARNBOROUGH, HANTS 
requires a 

PRINCIPAL SCIENTIFIC OFFICER (Physicis:), 
preferably aged about 35 to 40, to take charge of 
Scaenufic Facilities Section covering elds of bio- 
physics, statistics and matcnalsy technology; to 
advise on applied physics and to stimulate re- 
search into methods used by the Applied Phynio- 
logy and Experimental Sections 
Should have first- or good second-class honours 
degree in phytics, and experience of applied and 
fundamental research. Knowledge of mathematics, 
and interest in statistics, electronics or textile 
phymcs desirable. Salary, accordmg to qualifica- 
tons and experience, the acale of £1,716 
to £2,418, 

Application forms obtainable from the War 
Office, C.IXAXD, Room 733, Northumberand 
House, London, W.C.2. 


UNIVERSITY OF MANCHESTER 


Appheations are invited for appointment as Ex- 
perimental Officer or Semor Experumental Officer 
in the Department of Metallurgy. The successful 
candidate will be required to operate, maintain 
and develop an electron beam micro-probe 
analyser m the Departmént of Metallurgy. His 
responmbilides wil include necessary adjustments 
to the machine In conjunction with the suppliers, 
the preparation of specimens and some experi 
mental work in conjunction with use of the 
machine in the investigation of the structure of 
metallic meteorites and work on diffusion, Salary 
range’ £800 by £30 to £890 by £40 to £1,050 
per annum (Experimental Officer) ; and £1,150 by 
£50 to £1,350 (ment bar-line) by £50 to £1,650 
(Senior Expermunenta! Officer). The Iniual salary 
wil) be according to qualifications and expenence 
Contributory superannuation scheme. 

Appheations should be sent not later than 
Apri 14, 1962, to the Registrar, the Univernty, 
Manchester, 13, from whom further paruculars 
and forms of application may be obtained, 


UNIVERSITY OF MANCHESTER 
CENTRE FOR BUSINESS RESEARCH 


Applications rare invited for a post of Senor 
Research Officer or Research Officer to work on 
problems in Applied Decision Theory Applicants 
should have a good background in mathematics, 

atical statistics and economucs, together 
with some industmal experience and an interest jn 
the practical application of mathematical and 
statistical models to the solution of decision prob- 
lems. Salary will be mm the range £1,250 to 
£3,000, tnclusive of any proriuon for penson. 

Applications shouid be sent by April 9, 1962, to 
Professor J Johnston, Department of Econontucs, 
Universtty of Manchester, from whom further 
particulars may be obtained. 


POSTDOCTORATE FELLOWSHIP 


IN CHEMISTRY 


The Research Counc!!! of Alberta with labora- 
tones adjacent to the Univermty of Alberta wil 
award a fellowship for fundamental research in 
either of the following fields: (a) Chemical 
kinetics in the gas phase; (b) Adsorption and 
catalysis. Applicants should have, or expect to 
have, a Ph.D., or equivalent degree before taking 
up the award. The fellowship will be awarded 
on a ont-year bams with a maximum tenure of 
two years. The stpend of $4,000 (single) or 
$5,000 (married) ts income tax free and a liberal 
travel allowance will also be provided 

Further information and application forms may 
be obtained from: Director of Research, Re- 
search Council of Alberta, 87th Avenue and 114 
Street, Edmonton, Alberta, Canada. 
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PEX: 


Applications are invited for the post of 


TRAINING OFFICER 


to be responsible for the organization of the Training Department, 


The successful applicant will be required to conduct vanous regular training courses 
im the theory, operation and maintenance of precesron magnetic-tape systems ulilizing 


electronic and electro-mechanical technxjues, 


These courses are conducted at the 


Reading headquarters of the Company, but may occasionally be held at customers’ 


premuses in the U.K. and in Europe, 


He should be experienced in instructing, lecturing and teaching at gdvanced levels 
and should hold a degree, H.N.C. or cqurvaient standard qualifications, In addition it 
18 proposed that he should recerve three months’ training in Britain followed by a 


simudar period of training in the U.S.A, 


Contributory Pension and Life Assurance Scheme. 


Free Sickness Insurance. 


r 


Please write for appiication form >’ 


THE PERSONNEL MANAGER, 
AMPEX GREAT BRITAIN LIMITED, 


72 BERKELEY AVENUE, 
READING, BERKS. 


Telephone: Reading 55341. 





invite applications for interesting and progres- 


ALLEN 


sive posts in their Analytical Control and 
Analytical Research Departments. The Com- 


pany’s activities involve a wide range of 


& 
HANBURYS 


materials and products in the pharmaceutical 
and allied field which makes the work of the 
two departments extensive and varied. Appli- 
cants should have a degree or ‘equivalent 


qualification in chemistry or pharmacy and 


LTD 


WARE, HERTFORDSHIRE 


preferably have had some ex 
modern methods of analysis.-Please apply, 
in writing, to the Personnel Manager, giving 
full details of age, qualifications, etc., 


rience of 


and 


quoting reference No. A.R.10. 





AUSTRALIA 

UNIVERSITY OF NEW SOUTH WALES 

Applications are invited from physicists, 
chemists, or chemical engineers for appointment 
to the posrtion of Senior Project Officer or Pro- 
ject Officer, Insinute of Highway and Traffic 
Research. Salary : Senior Project Officer, Grade 
I, £4.2,594 range £A4.2,784 , Grade IT, £4.2.879 
range £A.3,044 per annum. Project Officer, Grade 
I, £A.1,774 range £A.2,089 : Grade II, £A 2,194 
range £A 2,479 per annum. Commencing salary 
according to experience and = qualifications. 
Applicants should have a degree of high stand- 
ing, with wade research experrence m bitumen 
and bituminous road construction or another 
aspect of highway engineering. The successful 
applicant will work m new research laboratories 
invesugating the uses and rheology, of bitumen 
and bituminous road construction. Research 
work in other branches of highway engineermeg 
would be encouraged 

Four copies of applicauons, together with the 
names of two referees, should be lodged with 
the Agent-General for New South Wales, 56-57 
Strand, London, W.C 2, and a copy forwarded 
to the Apportments Section, The Unrversity of 
New South Wales, Box 1, Post Office, Kensing- 
ton, N S.W., by airmail, to reach there before 
April 30, 1962 


UNIVERSITY OF DURHAM 
KING’S COLLEGE 
NEWCASTLE UPON TYNE, 1 
DEPARTMENT OF PHYSICS 


The Council! of King’s College invite applica- 
trons for the post of Lecturer or Senior Lecturer 
m Theoreucal Physics. The salary will be on 
one of the following scales. Lecturer, £1,050 by 
£50 to £1,400 by £75 to £1,550 (bar) by £74 to 
£1,850 ; Semor Lecturer, £1,975 by £75 to £2,350 
by £25 to £2,375, the mmal! salary being deter- 
mied by qualification and experience. Dutes to 
commence on October I, 1962. FSS.U, and 
child allowance. 

Further particulars may be 
Registrar and Secretary of King’s College, to 
whom applications (two comer), together with the 
names and addresses of three persons to whom 
reference may be made, should be addressed so 
as to reach him not later than Apni 14, 1962. 


LABORATORY ASSISTANT (FEMALE) FOR 
mucrochemical and physical analysis in research 
laboratory situated near Tadworth, Surrey. 
Part of work will be developmental in mature, 
Some background of science subjects m neces- 
ee dee oe a ee 
Interesting post -~~Apply Personne! 
Manager, Vitamins Limited, I Upper Mall, W6 
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ROLE OF THE UNIVERSITY IN ADULT 
EDUCATION 


T a Fabian Society Conference at Brighton at 

the end of October it was strongly urged that 
the need for adult education had never been greater 
and that every new university should, as soon as 
possible, establish its own extra-mural department. 
Jt was argued, for example, by Dr. H. Collins, staff 
tutor in East Sussex for the extra-mural delegacy 
of Oxford, that the experience of submitting his 
teaching to the mature minds of people in varied 
occupations was of great value to the university 
lecturer himsetf aa giving a wider encounter with 
reality than he could otherwise get. That may not 
be a sufficiently strong reason by itself for the 
development of extra-mural work in the absence of 
convincing evidence that the need for adult education 
has not been decreased by the expansion of university 
and all types of further education; but there is 
substance in Dr. Collins’s contention that adult 
education can possess real value for those who them- 
selves have already been through a university. 
Admittedly, not all university teachers are likely 
to be effective in extra-mural work; but even they 
may have an indirect contribution to make in 
supporting their colleagues, and those who are 
engaged in extra-mural work unquestionably receive 
as well as give. The effectiveness of extra-mural 
work may well depend largely on the extent to which 
a community of students is created. 

‘Apart, however, from this general point as to the 
extent of the need for adult education at the present 
time in Britain, other speakers at Brighton, including 
Mr. W. G. Stone. director of education in Brighton, 
Mr. M. G. Hutt of Oxford and Mr. H. D. Hughes 
of Ruskin College, saw unique opportunities in extra- 
mural work for the new universities, alike in experi- 
menting with new methods or with new relations of 
subjects, and in reaching urban and industrial centres 
previously remote from such influence. In particular, 
the expansion of the universities was unlikely to 
meet the needs of many intelligent school-leavers 
except as mature students in extra-mural classes, 
and Mr. Hughes hoped that the recommendations 
of the Robbins Committee would include provisions 
for an extended chain of adult colleges as well as 
for training teachers and social workers in new and 
broader institutions. There is at least some evidence 
for suggesting that, in spite of the unquestioned need 
to expand academic and technological education, the 
existing provision is already taking in some who are 
not qualified, at least on such grounds as character, 
to profit by it, or who may be unsuited to education 
of that type. It is too readily assumed sometimes 
that further education is necessarily given in a 
university or college of technology, and it is not on 
grounds of cost alone that the Robbins Committee 


should be considering other means of providing 
further education. 

From that point of view alone, the report of the 
working party of the Universities Council for Adult 
Education *, which sets forth the view of the Council 
on the part which the universities should play in 
serving an expanding adult education, is of wide 
interest. The Council believes that the existing 
provision is totally inadequate to the needs of society 
and that experience is urgently needed at the formal 
and at the less-formal levels. Advance of knowledge 
in the modern world is so rapid and the pace of 
political, social and economic change so great that the 
education given in childhood can no longer be expected 
to equip the citizen adequately for adult life. In- 
creasing specialization of education causes narrower 
sympathies and a fragmentation of the field of 
knowledge just when co-operation and a wide measure 
of tolerance and understanding are essential to 
political and scientific progress, alike in the national 
and international sphere. Again, the increase of 
leisure threatens to create a vacuum in the hves of 
many people and urgently calls for the practice of 
constructive and enjoyable leisure-time activities, 
while the dangers inherent in the use of mass-media 
of communications for disseminating information 
and opinion can only be counteracted by the develop- 
ment of an alert, critical and informed public opinion. 

In the nearly ninety years of active participation 
by the universities in adult education the relation 
between extra-mural and intra-mural work has funda- 
mentally changed, and the report begins by emphasiz-. 
ing the nature and value of extra-mural teaching. 
University adult education does not normally imply. 
on the part of the students, any fixed standard of 
attainment which can be measured by examination 
and compared with internal degree work; it does 
imply that the teacher is either a member of a 
university staff or a person of comparable academic 
standing and that the course is conducted in the spirit 
of university teaching. The value of extra-mural 
teaching lies precisely in ita scientific, detached and 
impartial character; in the way in which it spreads 
the oritical study of leading authorities, implante a 
standard of thoroughness and conveys a sense of the 
difficulty as well as the value of truth; in the extent 
to which mature and experienced men and women. 
in the midst of their daily avocations, are afforded 
the opportunity of acquiring a better understanding 
of themselves, and of their rights and duties as indi- 
viduals, workers and citizens, of extending their 


* Universities Pinal OR Adult Education. The Untiverstiies and 
Adult Education: a Tepered by a P orong LGA fi of the 
Universities Council Pisi an ucation, A (B 1: Mr. 
W. E. Salt, Hon. —— ———— Council for 2 adi Education, 
The University, 1961.) Qe 
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acquaintance with the history and organization of 
the society in which they live and of other societies 
also, of receiving some insight into the great creative 
adventures of the mind in literature, science and art, 
and in its attempts to penetrate the mysteries of the 
physical universe, of bringing them face to face with 
the fundamental moral, social and political problems 
of the present time and encouraging them to think 
about such problems clearly and dispassionately. 

Quantitatively, the contribution of the universities 
to adult education has never been great, but the 
100,000 adult students enrolled each year receive 
education of a distinctive quality, and to-day a 
notable contribution to academic scholarship is 
being made in world history, archeology and other 
field studies by teams of adult students working 
under university guidance. This is apart from the 
beneficial impact of extra-mural teaching on the 
university lecturers concerned, which was stressed 
at Brighton, and it should be unnecessary to stress the 
importance of a healthy relation between the univer- 
sities and the society in which they operate, both in 
ita bearing on university expansion and on the 
increasing dependence of the universities on State 
support. To that relation and understanding, 
extra-mural teaching, by facilitating a genuine 
exchange of views between university scholars and the 
lay public, can contribute decisively. 

Here, the working party arrives at the functions 
of extra-mural departments, which, it believes, can 
be much more effectively served in this way than by 
the local education authorities in collaboration with 
university departments. The director of an extra- 
mural department, for example, is in close touch 
through his staff with the needs of potential students 
and is in a much better position than an officer of an 
outside organization is to assess the teaching reserves 
of the university and the special abilities of individual 
univeraity teachers. He and his staff are also better 
placed to enlist the interest of their internal col- 
leagues, to encourage them to think about their 
subjects from the extra-mural point of view, and to 
provide needed advice and guidance for those inex- 
perienced in extra-mural teaching. The experience 
of Continental countries clearly demonstrates that 
the potentialities of the universities as instruments 
of adult education can never be fully realized without 
strong and active extra-mural departments, while 
those departments have also cause to develop the 
further useful function of centres for the collection 
and dissemination of information about adult educa- 
tion. 

The report gives due weight to the far-reaching 
social and educational changes in the past generation 
and their impact on adult education. However, the 
primary function of extra-mural departments—the 
extension of liberal studies as widely as possible-— 
remains unchanged, and has indeed become the more 
essential with the growing specialization of education 
and the developing emphasis on technical education, 
particularly in that, for the generation that has already 
reached maturity, adult education offers the only 
remedy. Extra-mural studies have always emphas- 
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ized the unity as well as the diversity of knowledge, 
and many such departments have had considerable 
success in interesting non-scientific audiences in the 
basio principles of science, while others have found 
in the study of philosophy or religion a common 
meeting-ground for scientists and non-scientists. 
More time, energy and teaching reserves still need 
to be directed to this problem of bridging relations 
between the arts and science and technology. While 
the working party recognizes that to-day adult 
education for the educated must be accepted as a 
major extra-mural responsibility, and stresses the 
importance of the universities insisting, in dealing 
with this group, on the established virtues of solid and 
serious study, it does not fail to recognize also that 
the promotion of liberal studies can sometimes best 
be achieved through the medium of the students’ 
professional interests. 

This ıs particularly important in déaling with the 
demands now made in extra-mural departments by 
various groups of social workers and others involved 
in the administration of the Welfare State. All 
requests for courses of thid type should, in the view 
of the working party, be scrutinized with the utmost 
care to ensure that extra-mural departments are not 
being drawn into the provision of purely professional 
courses which can more appropriately be provided 
by other institutions. This may be a further reason 
why the Government should reconsider its parsimony 
towards the Younghusband Report, particularly as 
it finds expression in the financial provisions of the 
Health Visitors and Social Workers Training Bill, 
but more generally it suggests that professional 
institutions should reconsider the needs of, and 
provisions for, further education for their members 
in the light of the social and educational changes of 
the past thirty years. 

The report, in spite of its perceptive analysis of 
the whole position of the universities in relation to 
adult education, offers comparatively little in the 
way of positive proposals. If extra-mural work is 
to compete successfully with the many rival claims 
for people’s leisure time it must, the working party 
insists, be made more attractive; and here four 
points are stressed. First, extra-mural departments 
must be prepared to experiment boldly with new 
approaches and new techniques; secondly, their 
publicity, without being garish, must be bright, 
attractive and adventurous; thirdly, there must be a 
sufficient supply of up-to-date and efficient teaching 
aids, such as projectors, record-players, tape- 
recorders; and, finally, the accommodation offered 
to studenta should at least be ready and comfortable. 
In this last condition it is suggested that nothing 
could do more for the healthy growth of adult educa- 
tion than the establishment in every sizable town 
of a fully equipped centre for non-residential adult 
education, as was contemplated in the White Paper 
of 1943. 

Apart from this aspect of accommodation, which 
offers incidental advantages in administration, 
equipment and supplemontary activities, the report 
touches on the different problem of residential 
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accommodation with the suggestion that, in face of 
the growing demand, the universities may find it 
worth while to establish more such centres under 
their own control for their own special purposes. To 
television, little more than passing reference is made, 
in view of suggestions made in a memorandum already 
submitted by the Council to the Pilkington Com- 
mittee. Although the working party clearly looks 
for developments in adult education by means of 
television, as regards the relations of extra-mural 
education with other bodies, it looks on the primary 
need. as the establishment of closer relations between 
the extra-mural departments and the local education 
authorities. It agrees with the conclusion of the 
Ashby Committee in 1954 that it would be premature 
to suggest terminating the long-established partner- 
ship of the extra-mural departments with the Ministry 
of Education; but the working party comments on 
the inadequacy of the formal relations so far developed 
either with the public library system or with museums 
and art galleries. 

As regards the immediate practical needs of the 
universities, there is probably not an extra-mural 
department in the United Kingdom which could not 
immediately expand its teaching programme without 
in any way lowering its standards if additional 
teaching and organizing staffs were available; many 
departments suffer from shortages of books and other 
teaching equipment; and all have difficulties m 
accommodation. As a modest and immediate objec- 
tive the report suggests that public expenditure on 
extra-mural teaching should be doubled over the 
next ten years, independently of any purely inflation- 
ary increases. The Ministry of Education’s grant 
would then only reach £1 million and this the working 
party sees as an essential part of the total educational 
provision of the country, and the contmbution which 
adult students may reasonably be expected to make 
should not be fixed at such a level as to discourage or 
exclude large numbers from attending. The report 
stresses also the need for more staff; in the session 
1959-60 only some 244 full-time tutors were employed, 
who were responsible for between 25 and 30 per 
cent of the teaching, and the proportion of part-time 
tutors is regarded as too high. The value of the 
services of part-time tutors is fully recognized; but 
nevertheless the working party suggests an increase 
of something lke 50 per cent in the number of full- 
time tutors. 

The Universities Council for Adult Education has 
done well to write this reasoned appraisal of the 
functions of adult education in the context of the 
social and educational changes of the past thirty 
years and of the part which the universities can and 
should play. The new opportunities sre lucidly but 
incisively indicated, and once again the main empha- 
sis is on the educational system as a whole and the 
importance of seeing that the system is in balance 
at all levels. It is from this point of view that the 
final emphasis is on the maintenance of quality if 
the extra-mural departments receive the facilities 
they need for expansion. Desirable as it is that the 
Council should take an interest in the wider field 
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of adult education and become more clearly involved 
with other organizations for adult education, its first 
care must be to ensure that its own teaching is of 
distinctly university quality, nor should either the 
Minister for Science or the Minister of Education 
wait for the appearance of the Robbins Report 
before considering the Implications of this cogent 
but timely report. 


NUCLEAR MAGNETISM 


The Principles of Nuclear Magnetism 

By Prof. A. Abragam. (International Series of Mono- 
graphs on Physics.) Pp. xvi+600+22 plates. 
(Oxford: Clarendon Prees; London: Oxford Univer- 
sity Press, 1961.) 84s. net. 


HE magnetic moments of nuclei, known since 
1924, are so weak compared with their electronic 


brethren that their detection and measurement were ' 


a matter of difficulty until the advent of resonance 
techniques in 1945. The experimental breakthrough 
which occurred then transformed a rather academic 
topic into s flourishing experimental field having its 
impact throughout the physical sciences. The 
magnetic moments of all accessible nuclei have been 
measured with a precision far beyond the nuclear 
theorist’s ability to account for them; the accurate 
measurement of magnetic field has been revolution- 
ized; the sharpness of the resonances, their shifts 
and finer structures, and their relaxation, have 
yielded detailed evidence of nuclear environment, 
and so have provided a sensitive and versatile instru- 
ment for the investigation of all forms ’of matter. 
Everything the new tool has touched it has illumin- 
ated, whether the structure of molecules or crystals, 
the electronic structure of metals, semiconductors 
or superconductors, or the motions of molecules in 
liquids, solids and gases, or the study of temperatures 
positive or negative, or a host of other problems pure 
and applied. As the author mdicates, the field is 
especially attractive in that most experiments are 
amenable to theoretical treatment, and most hypo- 
theses are capable of experimental test. This is 
nuclear physics for everyman, using nuclei as they 
are found in Nature, in atoms and molecules of ordin- 
ary solids, liquids and gases. 

Although several books of an introductory nature 
have been written on the subject of nuclear magnetic 
resonance, and others on specialized aspects, there 
has been no suthoritative treatise on the theory. 
Prof. Abragam’s outstanding book meets this need 
and meeta it with such excellence that nobody else 
is likely to attempt a similar work. For many years 
the book is likely to be the consolidated reference 
book on basic principles; already one hears in discus- 
sion “What does Abragam say about that?” The 
author’s expressed hope is that the work may achieve 
at least half the success of Van Vleak’s classic work; 
this hope must surely be realized. One can but 
admire the clarity of exposition, the elegant mathe- 
matical development of each topic, the attention to 
assumptions made or implied, the excellent ilustra- 
tions, the illuminating remarks, the amusing quota- 
tions. 

All this is not to say that the book will meet the 
needs of all readers, nor that it will displace all other 
books on the subject. It is scarcely an introductory 
book for the undergraduate, for the general reader, 
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or for the experimental worker newly entering the 
field. It provides a rigorous quantum-mechanical 
treatment throughout, and although physical argu- 
ments are introduced where they are relevant, the 
treatment is everywhere quantitative, using the most 
appropriate mathematical methods. To read the 
book properly the reader must be prepared for 
strenuous work. 

While summarizing the main experimental tech- 
niques the author does not pretend to treat them 
thoroughly. Nor will the chemist find that the book 
abounds with examples of high-resolution spectra 
and their detailed interpretation. ‘The emphasis at 
all times is, as the title implies, on the theoretical 
principles, their develobment and their relevance to 
typical experimental situations. While some readers 
might like to see more space in such a book devoted 
to this subject and less to that, a matter on which 
agreement is not to be expected, it can certainly be 
said that no important topic is omitted. After a 
general introduction, successive chapters deal with 
the motion of free spins, macroscopic aspecte and 
experimental methods, dipolar broadening, spin 
temperature, electron-nucleus interactions, quadru- 
pole interactions, thermal relaxation, dynamic polar- 
ization, motional effecta, high-resolution spectra and 
the effects of strong radio-frequency fields. There are 
few tables of experimental data and no exhaustive 
lista of references. 

Summarizing, this is an excellent and important 
book which no worker in the feld and no lbrary can 
afford not to have. E. R. ANDREW 


SWITCHING TECHNIQUES 


Static Relays for Electronic Circuits 

Edited by Richard F. Blake. (Based on the Static 
Relays Symposium sponsored by Electronics Com- 
ponents Research Department, U.8. Army Signal 
Research and Development Laboratory.) Pp. viii+ 
198. (Elizabeth, N.J.: Engineering Publishers. 
Distributed by Reinhold Publishing Corporation, 
New York; and Chapman and Hall, Ltd., London.) 
638. net. 


HIS book is basically a collection of eighteen 

articles on switching techniques which are being 
used, or which with development may be capable of 
being used, to approximate the function of the electro- 
mechanical relay. Contributions have been made by 
specialists from thirteen American firms and research 
organizations. 

The ‘static relay concept’ is introduced by the 
editor in the first chapter. Briefly, this concept is 
that of a device which has no moving parts, provides 
electrical isolation between control and contact 
circuits, and also discrete ‘on’ and ‘off’ states in the 
contact circuite. The suggestion made is not that the 
electromechanical relay is likely to become obsolescent, 
but that the possible speed of operation, reliability, rug- 
gedness, long lifeand freedom from ‘bounce’ of the static 
device will have great advantages in certain applica- 
tions. A comprehensive list of further specifications 
and standards, which have been found useful in the 
development stage, is elaborated in Chapter 3. The 
next two chapters describe in detail the realization of 
two types of static relay. In the first type the input 
signal controls a transistor oscillator, the output of 
which is taken through a transformer (to provide 
electrical isolation) and rectified to switch a further 
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transistor used as the ‘contact’. This principle is 
capable of many variations and the author describes 
further possibilities. The second type achieves 
electrical separation by an optical link, using a small 
lamp operated by the input signal and a photovoltaic 
cell to switch the contact transistor(s). 

From this point onward only two of the chapters 
deal strictly with the realization of the static relay 
concept as stated, but with various switching circuits 
which have relay-like behaviour and with devices 
which may be used in such circuits. The exceptions 
are Chapter 8, in which the oscillator-controlled 
switch again receives attention, and Chapter 17. 
in which a transistor sampling relay is described. 
Other chapters deal with the use of magnetic ampli- 
fiers, transistors, diodes, p-n-p-n devices, tunnel 
diodes and photosensitive devices in switching cir- 
cuits. 

The book suffers from a certain amount of repeti- 
tion and lack of co-ordination, this being particularly 
noticeable in the treatment of four-myer devices. 
This, however, is to be expected in a composite work 
such as this, and workers in this increasingly impor- 
tant aspect of switching will be grateful to the editor 
for collecting the existing relevant material together 
in one volume. E. M. DEELEY 


VIBRATIONS IN TWO- 
DIMENSIONAL SYSTEMS 


Chladni Figures 

A. Study in Symmetry. By Mary Désirée Waller. 
Pp. xxii+ 163 (47 plates). (London: G. Bell and 
Sons, Ltd., 1961.) 42s. net. 


R. MARY D. WALLER devoted a large pert of 

her scientific life to the study of the vibrations 
of two-dimensional systems—a subject usually 
associated with the name of Chladni, whose work dates 
back to tbe eighteenth century. It is sad to reflect 
that she died at the end of 1959 when she had com- 
pleted the writing of this book and had already made 
arrangements for its publication. As one who knew 
her personally and was familiar with much of her 
work, I find it a pleasure and indeed a privilege to 
review such an exceptional book now that it has been 
published. The final publication was greatly facilit- 
ated by the assistance of her intimate friends and co- 
workers, Miss Bertha Turner and Miss Winifred A. 
Leyshon. 

The beautiful experiments described in the book 
are the outcome of years of patient and fascinating 
work in which Chladni’s early observations on vibrat- 
ing plates have been systematically repeated and 
much extended. As an example of Mary Waller’s 
great integrity, charm and kindliness, to which Prof. 
Andrade refers in his foreword to the book, it may be 
not inappropriate to quote from her ‘acknowledg- 
ments’: “I am indebted in a unique way to the 
unknown vendor of ice-creams who set me on my 
way in the laboratory, while he, refusing to give me 
hia name, wandered away into the London streets to 
pursue his way, in what was in 1932 a precarious way 
of earning a livelihood”. It was to this chance meeting 
that she was led to the discovery of the solid carbon 
dioxide method of producing Chladui figures—the ice- 
cream vendor had asked her why his bicycle bell 
gave out a clattering ring when he touched it with 
‘dry-ice’. He provided her with a piece of the solid 
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carbon dioxide, which was the immediate inspiration 
for her subsequent investigations. 

The introductory part of the volume gives a brief 
history of Chladni’s life, publications and work, 
a summary of subseqtent theoretical developments, 
concluding by a description of the author’s metbod of 
using carbon dioxide as a means of exciting vibrations. 
The main section of the book consiste of 47 full-page 
plates with their accompanying texts. These plates 
reveal the wonderful variety of complex but sym- 
metrical patterns which can be generated by vibrating 
plates. Part 1 of this section is headed “Symmetry”, 
Part 2 “Repeating Nodal Figures: Designs”, and 
Part 3 “Powders and Vibrating Plates”. The beauti- 
ful and often decorative designs which are produced 
by Dr. Waller’s techniques must be seen to be 
believed, and her descriptions of methods of producing 
them and her explanations are equally fascinating. 

The book is profusely ilustrated—in fact, she herself 
refers to it as ‘a picture book’—and contains a large 
number of r8ferences to original publications and 
books covering the period from Chiadni’s day to the 
present time. 

I have referred to this work of Mary Waller’s as 
exceptional, as indeed if is. As a purely scientific 
book it indicates in many ways how she has advanced 
our knowledge of the vibrations of plates From an 
engineering aspect such work in its application has 
great importance. Designers cannot fail to be im- 
pressed by the numerous fascinating and unusual 
patterns illustrated. Such beautiful patterns and 
the techniques which produce them so easily have 
been admired by all who have been privileged to 
see them. 

Perhaps the book should be primarily regarded as a 
scientific book (free from mathematics), of interest to 
physicists and engineers alike, but it must also inter- 
est a much wider field of readers, designers, and also 
those who like a good book of pictures. 

The publishers also deserve praise for the excellent 
quality of the reproductions of the vibration patterns, 
which adds in no small measure to the value of the 
book. A. B. Woop 


BASIC CHEMISTRY ? 


Advances in Chemical Physics 


Vol. 3. Edited by I. Prigogine. Pp. ix + 372. 
(New York: Interscience Publishers, Inc.; London: 
Interscience Publishers, Ltd., 1961.) 87s. 


T could be argued that physical chemistry as a 

separate intellectual discipline has a completed 
history. It began in 1887 with the foundation of 
the Zeitschrift für physikalische Chemie and ended 
in 1927 with the publication of Heitler and London’s 
paper on the hydrogen molecule in the Zettsohrift 
fir Physik. Physical chemistry had become chemical 
physics. By chemical physics we now generally 
understand the attempt to deal with problems of 
chemical interest in terms of the relevant basic 
physics, usually quantum mechanics, thermodynamics 
or statistical mechanics. Such problems include 
chemical kinetics, molecular structure and transport 
processes. This does not mean, however, that 
chemistry has been handed over to the physicists. 
On the contrary, almost all the contributors to the 
present volume write from laboratories of physical 
chemistry, theoretical chemistry, or just plain chemis- 
try. 
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The rengo of subject-matter and of difficulty here 
is wide. For example, the article on electron diffrac- 
tion and molecular structure, by Bastiansen and 
Skancke, is a very clear general account of the 
position which could usefully be read by a final- 
year chemistry student. So is that on the mechan- 
isms of organic electrode reactions by Elving and 
Pullman. Some of the articles, on the other hand, 
are much more difficult. 

The important account of the theory of propaga- 
tion of flames and detonations by Hirschfelder and 
Curtiss, for example, would be heavy going for, and 
might even mislead, a reader not acquainted with 
the field. The habit of grouping factora together as 
dimensionless parameters, witheut much discussion 
of their physical meaning, and referring to the para- 
meter only by its symbol thereafter, makes for con- 
ciseness but is daunting to the less assiduous seeker 
after information. Again, the remark at the end of 
the article: “f ... there is no case where the experi- 
mental detonation velocity corresponds to a detona- 
tion ending precisely at the Chapman—Jouguet point”, 
though strictly true, takes on a different shade of 
meaning if one knows that the discrepancy is about 
$ per cent. For those prepared to study it, however, 
this 70-page review of the important recent theoretical 
work of Hirschfelder’s group is the highlight of the 
volume. 

Another contribution requiring, and worthy of, 
careful study is Johnston’s article on quantum 
mechanical tunnelling and chemical reaction-rates. 
The remaining articles are on powder electrodes 
(Tomassi), diamagnetism (Pacault, Hoarau, and 
Marchand), and two contributions to the thermo- 
dynamics of irreversible processes. One of these, 
by Bak, considers non-linear problems, including 
the possibility of oscillating reactions, and the 
other, by Ono, deals with variational principles. 

This is clearly a volume with something to interest 
most physical chemists, and even some physicists. 

T. L. COTTRELL 


SEPARATING ISOTOPES 


Separation of Isotopes 
Edited by Dr. H. London. Pp. xvi+488+16 plates. 
(London: George Newnes, Ltd., 1961.) 80s. net. 


HIS volume, which ıs one of Newnes’s Nuclear 

Books, has been prepared by sixteen contributors 
writing from Great Britain (9), Germany (3), France 
(2), the United States (1) and Australia (1). The 
book treats the subject at a highly technical level 
and has obviously been written for the use of a post- 
graduate worker with considerable knowledge of the 
subject. For example, no table of naturally occurring 
wotopes with their abundances is given although most 
of the book is concerned with the separation of indivi- 
dual isotopes from naturally occurring mixtures. The 
approach is mainly physico-chemical and the treat- 
ment is theoretical, although some chemical engineer- 
ing details are provided, including flow-sheets and 
costs. Separation processes discussed range from 
those used on a large scale (for example, diffusion 
and distillation) to those used for preparing small 
quantities (such as electromagnetic separation), from 
those conceived and tried (biological methods, ete.) to 
those conceived and untried (for example, use of 
hyperfine splitting of electronic states). 
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The book is divided into four sections—-separation 
theory, reversible processes, irreversible processes 
and specific methods; each section is divided into 
chapters and most of these are subdivided into contri- 
butions from single authors. References are listed at 
the end of each individual contribution. 

The editor has provided a chapter entitled “‘Intro- 
duction and Correlation of Symbols’? with a four- 
page table headed “List of Symbols and Their 
Relation to Symbols used by Other Authors’? in 
which references are made to Chapters 2, 3, 7, 8 and 
11. However, the reader will soon discover that 
there are other lists of symbols (for example, Chapter 
5, p. 169, p. 207 and p. 246; Chapter 8, p. 357) which 
differ from each other and do not appear in the four- 
page summarizing table. Symbols sometimes have 
different meanings in different parts of the same 
chapter written, of course, by different authors, as, 
for example, the use of K, m, p, z, y and « m Chapter 6 
on pages 169-170 and on pages 246-247. 

The volume is well produced and the line diagrams 
are clear, but the book is not to be regarded as a 
practical manual because rarely is the information 
provided sufficiently detailed to enable a reader to 
fabricate and run the equipment mentioned. Some 
isotopic separations, for example, uranium and 
deuterium, are so important in the modern world that 
the greatest ingenuity has been applied for develop- 
ing cheap, robust procedures; this book provides a 
convenient survey of extant methods. Any would-be 
inventor of a new isotope separation process ought 
to consult this volume at an early stage. In so doing 
he will probably find his idea has already been 
examined or considered. E. F. G. HERINGTON 


RADIATION CHEMISTRY AND 
BIOLOGY 


The Chemical! and Blological Action of Radlatlons 
Vol. 5. Edited by M. Haissinsky. 1: Mechanism of 
the Radiolysis of Water by Gamma Rays or Elec- 
trons. By A. O. Allen. 2: Action des Rayons Alpha 
sur les Solutions Aqueuses. Par J. Pucheault. 3: 
Diffusion Kinetics in Radiation Chemistry. By A. 
Kuppermann. 4: Mass Spectrometry and Radiation 
Chemistry. By D. P. Stevenson and D. O. Schissler. 
Pp. xi+ 278. (London: Academic Press, Inc. (Lon- 
don), Ltd.; New York: Academic Press, Inc.; Paris: 
Masson et Cie, 1961.) 63s. 


MMEDIATELY in the wake of a fast charged 

particle passing through any system there exist 
molecular ions and their associated electrons in 
spatial distributions determined by the linear transfer 
of energy. These entities are the ultimate origin of 
any chemical or biological changes which ensue, and 
in many cases there is a causal relationship, dimly or 
clearly perceived, between the chemical reactions 
and the observed biological effect. In the justifiable 
belief that progress in radiation chemistry and radio- 
biology must be closely linked, Prof. M. Haissinsky 
of the Institut du Radium, in 1955, launched the 
series of volumes of which that under review is the 
fifth. The aim of the editor has evidently been, not 
to produce a comprehensive treatise, but rather to 
have accounta, written by recognized experts, of 
various aspects of the subject considered to be of high 
intrinsic Importance. 

This volume contains an introduction by the editor 
and the four articles listed in the title. The type of 
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treatment adopted by each author is very different. 
The first article is concerned with the radiation 
chemistry of pure water and of aqueous solutions 
containing one or more of the three possible products 
of water radiolysis, namely, hydrogen, oxygen and 
hydrogen peroxide. The complex and surprising 
kinetics of these systems have only recently become 
understood in terms of a simple mechanism of which 
an essential feature is that two forms of a ‘hydrogen 
atom’ are formed which are related as an acid and ite 
conjugate base and which have grossly different 
reactivities. To one familiar with the field, the first 
article appears as a masterly essay on this subject 
in characteristically lucid prose by an author who has 
contributed more than most to our knowledge. To 
the reader unversed in the intricacies of this field 
it may seem too pithy, and one cannot avoid the 
feeling that the impact on such readers would have 
been increased if some illustrative experimental 
results, preferably in graphical form, had been 
included. Occasionally the compression and over- 
simplification caused by the author’s quest for brevity 
lead to surprising statements, as, for example, the 
remark on p. 17 that free radicals are not formed 
when water, in the vitreous state at low temperature, 

is irradiated. One wonders if this is a conscious 
eea oD of the electron spin resonance data on this 
system, and, if so, why. One is similarly tantalized 
by other remarks pregnant with meaning for the 
author and the educated reader, but probably devoid 
of it for others. Fortunately, for amplification of 
his views, one can always refer to Allen’s recently 
published book, of parts of which this section is clearly 
a distillate. 

When the linear energy transfer 1s very high the 
wake of the particle about 10-° sec. after it has passed 
has a high density of ‘molecular products’ (H, and 
H,O,) and free radicals H- and -OH. Interactions 
of these in the expanding track are of great impor- 
tance and the French school have stressed the desir- 
ability of specifying a ‘zone d’hétérogendéitie’ in 
which these interactions principally occur and which 
can be penetrated by solutes capable of interfering 
with these interactions. It is certainly true that the 
radical and molecular yields for «-particle irradiated 
systems are much more sensitive to the nature and 
concentration of any solute than are their y-ray 
counterparts. In Part 2 Dr. Pucheault has given a 
most valuable and welcome exposition of results and 
hypotheses in this area of the radiation chemistry of 
aqueous solutions. Though I nally share the 
author’s view that G(Fe**) for a-particles of energy 
greater than about 4 MeV. is close to 6, the reader will 
unfortunately not discover from this section that this 
opinion. is not universally accepted or learn of any 
evidence to the contrary. 

Part 3 is a remarkably fine account of the diffusion 
theory, and indicates that digital computer calcula- 
tions are now practicable for systems of mechanistic 
complexity as great as any yet proposed on chemical 
grounds. Dr. Kuppermann deals faithfully with 
unresolved problems es well as with the conspicuous 
successes of this model, and one cannot be too grateful 
for this timely and exhaustive mémotre. 

Part 4 deals with the theory and practice of mass- 
spectrometry as applied to the elucidation of the 
kinetics and mechanisms of metastable ion break- 
down, ion-molecule reactions and other processes of 
cardinal importance to radiation chemists. It is 
written by two masters of the art whose notable 
contributions fully entitle them to be granted their 
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expressed wish (p. 169) to be regarded as applied 
radiation chemists. This section is packed with 
useful information and could be read with profit by 
any physical chemist. 

The future historian “of this branch of science will 
be fascinated by the historical digreasion in Chapter 1 
and by the remarkable prescionce of André Debierne 
(1874-1949), to whose memory this volume is dedi- 
cated and which has been brought to light by the 
assiduous reading of the editor. The same historian 
will be saddened by some misspelt proper names, and 
in particular by repeated reference to J. J. Thompson, 
but this is a small blemish on an otherwise stimulating 
and most useful book. F. 8. DANTON 
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DEVELOPMENTS IN DOCIMOLOGY* 


Views and Prospects from Curzon Street 
Seven Essays gnd Addresses on the Future of Educa- 


tion. By Perey Wilson. Pp. v+113. (Oxford: 
Basil Blackwell, 1961.) 12s. 6d. net. 
Examinations and English Education 
Edited by Dr. Stephen, Wiseman. Pp. xx+188. 


(Manchester: The University Press, 1961.) 21s. net. 


NSPECTION is usually thought of, especially by 

those inspected, as & form of examination, and of 
course it is. Nevertheless, in the early days of the 
Inspectorate Dr. Kay—later Sir James Kay-Shuttle- 
worth—said, “‘this inspection is not intended as a 
means of exercising control, but of affording assist- 
ance”. This tradition, steadily maintained from 
Matthew Arnold to Mr. Wilson (who quotes this 
directive), has made the Inspectorate a highly civilized 
institution: examining has been a servant of broader 
educational purposes. 

Dr. Wiseman, in the volume he has edited, comes to 
examinations more as a technician; but his position 
is essentially the same. “I believe,” he says, “‘that 
good examinations are useful and desirable: without 
them education would be poorer and much less 
effective.” The question is, how to make them ‘good’. 
But good for what—as a test of past attainment, as a 
means of selection, as a predictor of future academic 
or practical success, as stimulating or frustrating 
good teaching and education itself ? To the answers 
to these questions the technicians of examinations 
have an immense amount to contribute, for it is true 
to say that very often when we examine we are not 
clear in our minds as to what we are to do, 
and therefore we are all the less clear about the 
effects of our exa ing. But on the other hand, it is 
the subtle and silent temptation of testers and 
examiners to forget the larger purposes that they 
must subsegve: ten ‘good’ examinations that weigh 
too heavily and in the wrong way on a few brief 
years of school and university may in their total 
effect be not good, but bad. Dr. Wiseman believes 
that it is time for a thaw in what he calls the cold war 
between the statistically minded psychologists and 
the traditionally minded teachers, and, especially 
with his chief collaborator Prof. R. A. C. Oliver, he 
tries to clarify the issues so that this may begin. 
He speaks not only with a great deal of evidence 
behind what he says but also with the voice of forceful 
good sense. 

There are places, of course, where Dr. Wiseman 
could be challenged. In Britain (whatever may have 


* Docinology the selence of examining (term due to Prof. Laugier 
of the University of Paris). 
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been the case in the United States) opposition to 
selection of able children for specialized education 
and the preference of some for the comprehensive 
principle has not been based on dislike of an intel- 
lectual élite so much as of a social élite. Again, 
although Dr. Wiseman promises a consideration of the 
‘backwash’ effect of school examinations on education, 
and although he does say some useful things under 
this heading, not a single contributor to his book is a 
schoolteacher, and one nowhere gets the feeling of 
what it is like to teach, what difference it makes to 
one’s daily work with border-line Tom or boy-minded 
Joan to be under the pressure of highly systematized 
and prestige-conferring examinations (a comparable 
series of lectures at King’s College, Newcasile, held 
in the same academic year did try to do this, and it is 
highly important). But the basic position of Dr. 
Wiseman and Prof. Oliver commands respect and 
sympathy. They are not merely on the defensive. 
They are actively looking for means of improvement 
in educational terms. Not the least interesting part 
of the book is Prof. Oliver’s tentative evaluation of 
the general examination papers set by the Northern 
Universities Joint Matriculation Board; it should be 
read especially by those university people who 
‘know’ that such papers cannot be satisfactory. 

One is not so happy with all the contributors to 
this volume. Dr. Petch certainly gives thei Impression 
of being on the defensive. He dismisses questions 
that he ought to have gone into with a merely 
shoulder-shrugging phrase. It is just a ‘simple faot 
that there is little correlation between results in 
English literature and results in English language; 
we cannot really discuss whether we specialize too 
young because we cannot be precise as to what 
‘too young’ means; ‘any’ subject can be used to 
liberalize the mind of the specialist pupil. As to the 
first, one might retort that it is at least so odd a fact 
that it morite investigation; as to the second, there 
might at least be a little comparison with what 
happens in other countries; as to the third, one 
might ask whether all subjects, from history to 
shorthand and typewriting, are on the same level. 

Mr. Wilson would probably dislike very much 
thinking of himself as a technician. He is a profes- 
sional, but the profession is incontestably liberal. 
His book is a printing of papers delivered to teachers 
and others on subjects ranging from the history of 
the Inspectorate to the teaching of various subjecta, 
Especially interesting is his account of those very 
different but both great men, Matthew Arnold and 
Robert Morant. Morant undoubtedly did major 
work in giving us & proper system of public secondary 
education; but one would have liked Mr. Wilson’s 
cornmente on the charge that by cutting off academic 
secondary education from technical he set us back 
for decades in comparison with some of the countries 
of continental Europe. Perhaps most significant of 
all in Mr. Wilson’s book is his warning that the 
frontier area now, in which we simply must organize 
in a rational but civilized way, is not any part of 
school education, but higher education. 

Finally, one small point. Mr. Wilson, a distin- 
guished civil servant, refers to an old rhyme about a 
man who dreamt that Shakespeare did badly in 
the English Tripos because ‘he had not read his 
Bradley’. The correct (that is, Cambridge) version of 
this rhyme begins: 

‘I dreamt the other night that Shakespeare’s ghost 

Was sitting for a Civi Service post.’ 

(my italics). H. L. Evin 
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GENE REPLICATION, ULTRA-VIOLET SENSITIVITY AND THE 
CELL CYCLE . 


By Pror. M. M. SWANN, F.R.S. 
Department of Zoology, University of Edinburgh 


introduction 


HE tıme at which deoxyribonucleic acid (DNA) 

doubles during the cell cycle has been determined 
for a number of different organisms and cell types!. 
No corresponding attempt seems to have been made 
to determine the time of gene replication. Lethal 
mutations, howover. offer a possible approach to this 
problem. 

If a single lethal mutation is induced in a haploid 
cell the genes of which have not yet replicated, then, 
on the simplest of assumptions, the cell will die 
before division; or, if there is a delay in expression 
(phenotypic lag), the mutation will be transmitted to 
both daughter cells and in due course they, or their 
progeny, will all die. If, on the other hand, the 
genes have already replicated, the mutation will be 
transmitted only to one daughter. In due course this 
cell, or its progeny, will die, while the other daughter 
will survive and multiply. In other words, cells the 
genes of whioh have not yet replicated might be 
expected to give rise to symmetrical pedigrees, while 
cells the genes of which have replicated should give 
rise to asymmetrical pedigrees, with the two daughter 
lines behaving in different ways. 

This idea, of course, is a considerable over-simplifi- 
cation, and a number of factors, which need not 
concern us at this point, are likely to complicate the 
resulta. Nevertheless, we might still expect to find 
some differences in the pattern of deaths between 
cells that have and have not replicated their genes. 


Material and Methods 


The experiments involve irradiating cells with low 
doses of ultra-violet and following their subsequent 
fate by means of time-lapse photography. The 
fission yeast, Schizosaccharomyces pombe, is admirably 
suited for this purpose. It is large enough (3:5 x 
6-17.) to photograph and measure with ease; it has 
a reasonably short generation time (2-8 hr. at 32° C. 
in a defined medium); it grows as a cylinder of con- 
stant diameter, so that its length is a measure of its 
age’; it is unicellular, and for all but a little of the 
cell cycle, uninucleate ; and in its vegetative phase, 
which is maintained indefinitely under conditions of 
growth, it is haploid’. 

Schizosaccharomyces pombe (strain NOYC 132) was 
grown in a slightly modified version of Leupold’s 
Minimal medium‘ with ammonium chloride as the 
sole source of nitrogen, and with 0-01 N acetate buffer 
at pH 6-0. In the latter half of the exponential phase 
(2-4 x 10* cells/ml.) cells were spread on a pad of 
agar made up in minimal medium, and compressed 
beneath a quartz coverslip. The whole mount was 
ringed with wax and at the same time a fine capillary 
tube was sealed in to allow equalization of pressure 
inside and out. The cells were exposed at a distance 
of 13 em. from a Philips TU V 6-W. mercury resonance 
lamp giving its main output at 2537 A. The intensity 
of irradiation, determined by the uranyl oxalate 


method’, was 350 ergs/mm.?/min. Immediately after 
radiation the cells were put under the microscope 
in a warm chamber at 32° C. and photographed at 
intervals of 1 hr. using dark ground illumination and 
a Zeiss x10 Planapochromat objective. To avoid 
any possibility of photoreactivation, an Ilford spec- 
trum orange filter was used in front of the light. 
The negatives were finally enlarged to a magnification 
of x 500, and lengths of the cells were measured to 
the nearest 0:5 mm., giving absolute cell sizes to the 
nearest u. Between 50 and 150 cells and their progeny 
were included in the field of view for each experiment. 
Altogether, some 1,800 cell pedigrees have been con- 
structed. 


Age-Length Relationship 


The growth of this yeast during the cell cycle has 
been investigated in detail by Mitchison?. Growth 
in dry maas is linear, but growth in length follows a 
gently upward sloping curve for about the first three- 
quarters of the cycle. For the remainder of the 
cycle there is no increase in length. At the beginning 
of this plateau phase, the nucleus divides in two; 
this can be seen in vivo by phase contrast, or in fixed 
cells using various staining methods’. About half- 
way through the plateau stage, the cell plate appears; 
and at the end, the two daughter cells separate quite 
suddenly from each other and growth in length 
resumes. 

Rather than using Mitchison’s convention, I have 
taken the cycle to start from the moment when the 
two daughter cells become physiologically separate, 
that is, the time of appearance of the cell plate. The 
growth curve thus shows a short plateau at the 
beginning, with a sharp jump as the new ends of the 
daughter cells round up. This is followed by a slightly 
upward sloping curve, with a further short plateau 
at the end of the cycle. The age—length relationship 
for a group of 20 cells has been worked out from time 
lapse measurements and is shown in Fig. 1. 


Cell length (u) 
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Fig. 1. Relationship between onoi and age in oe cell oyole. 
n modified 


Based on time-lapse measurements of 20 ocells, grown 
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It‘should be pointed out that the average cell size 
is not necessarily constant. It varies with tempera- 
ture, and, more troublesome, with position in the 
exponential phase and time since sub-culturing. 
Carefully controlled cdhditions are therefore required 
to get reproducible resulta, 


Behaviour of Cells after. Irradiation 


At doses of 87-5—1,225 ergs/mm.’*, all cells grow 
initially. Some of them, however, cease to grow 
after anything up to 20 br., and never divide. In 
consequence they may become very long, sometimes 
as much as 40 or even 502. Other cells grow, and 
after the usual delay induced -by radiations, divide. 
They may or may not then form viable clones, depend- 
ing on whether some, all or none of their progeny 
die. The pedigrees produced may be complicated, 
and deaths are not confined to the first generation. 
They occur also, though in decreasing numbers, in 
the second, third and fourth generations, sometimes 
singly and sometimes in groups. Deaths are to be 
found occasionally in later generations still, but 
because of increasing cell numbers, it is difficult to be 
certain of detecting them. They are rare, however, 
and probably not to be distinguished from the 
spontaneous deaths discussed at the end of this 
section. 

Cells vary in their sensitivity to ultra-violet light. 
It is particularly noticeable that young cells, m the 
6-10u range, show much more killing than middie- 
aged cells, of 11~-13y. Older cells still (14-17), show 
& sensitivity somewhere between these two extremes. 
The presence of a resistant fraction of cells is also 
evident from the complex nature of the survival 
curve. This curve, based on all the experimente 
carried out, is shown m Fig. 2. 

Strictly speaking, the ceasation of growth, which is 
all that can be observed in these experiments, should 
not be called death, since there is often no certainty 
that the cells have in fact died. From the point of 
view of the present experiments, however, the ques- 
tion is not important, and for convenience, the 
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Fig. 2. Peroen of cells fo viable clones after irradiation 
ig e a doses of $537 . ultra-violet 


NATURE 


AY) 


1223 
eae a 


phenomenon will be referred to as death. Sometimes 
there is no doubt that it is death. Cells may disinte- 
grate completely, or their entire cytoplasm mäy 
become highly refractile. At the other end of the 
scale, cells may look completely normal, but suuply 
cease to grow. In between these extremes are a great 
variety of effects. The cytoplasm or the cell walls, or 
both, may become refractile in varying degrees. 
Frequently the cells become fatter than usual; 
alternatively they may become irregular in shape, 
or acquire a bubble at one end. Occasionally, cells 
become almost spherical like budding yeast. Quanti- 
tative differences are also apparent. Growth may 
cease very soon after a division, or after longer periods. 
It may slow down gradually or, more commonly, 
come to a halt abruptly. 

The delayed nature of the deaths of these cells, 
and their extreme diversity, are what would be 
expected of lethal mutations. Both pointe argue in 
favour of the usually accepted view of lethality 
induced by ultra-violet light, namely, that it has a 
genetic basis’. At doses of 1,750 ergs/mm.*, however, 
there are signs of a new phenomenon. The general 
behaviour of irradiated cells remains essentially 
unchanged, but the proportion surviving to form 
viable clones drops rather more sharply than might 
be expected (Fig. 2). This increased lethality 1s 
mainly made up of cells that die without dividing, 
and it is noticeable that they tend to die sooner than 
at lower doses. They often increase in length by 
only a few microns, and a few do not grow at all. 
Very long cells become rarer. At 2,280 ergs/mm.? 
this effect is much more marked. Only about 15 
per cent of cells increase in length by more than 
2u, and only 10 per cent ever divide. Clone forma- 
tion drops to a level well below 1 per cent. At 
2,800 ergs/mm.* the same trend is still further 
accentuated. 

This sudden and very large increase in killing at 
doses between 1,750 and 2,280 ergs/mm.?/min. 
represents a marked deviation from any form of 
exponential survival curve. It seems more likely 
to be due to the existence of a fairly clearly defined 
threshold for damage of a physiological sort. ` In 
spite of this, the actual types of death at doses of 
2,280 ergs/mm.* are still diverse. Though there is 
not much growth, cells nevertheless become irregular 
in shape, and refractile in varying d A pro- 
portion of cells also disintegrate. It may be permis- 
sible to conclude that non-genetic damage is simply 
being superimposed on genetic d . This is 
perhaps borne out by the fact that at- higher doses 
still (6,000 ergs/mm.*) there is no detectable growth, 
and the cells present a much more uniform appear- 
ance. It may be presumed that non-genetic death 
now overrides effects due to mutation. 

The experiments to be described were carried out 
with doses ranging from 87-5 to 1,750 ergs/mm.?. 
It seems likely, therefore, that the effectes of the 
second, presumed non-genetic type of damage should 
not be serious. : 

Another possible complication is the occurrence of | 
deaths in unirradiated cells. In most cultures of 
micro-organisms the viable count is not 100 per 
cent, and it was feared that spontaneous deaths, due 
to factors other than irradiation, might cause difficul- 
ties. This, however, is not the case. In three un- 
irradiated control runs, the proportion of cells forming 
clones was greater than 98 per cent. A few deaths 
occurred in later generations, but the total amount of 
killing was nevertheless only about 1/15th of that 
in the experiments using the lowest dose of ultra- 
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violet (87-5 ergs/mm.*). This phenomenon of spon- 
taneous death has not been investigated in detail, 
but it appears that the deaths become markedly 
less common with successive generations, perhaps as 
cells adapt to the fresh medium. 


Variation in Ultra-violet Sensitivity during the Cell 
Cycle 


It has already been pointed out that there are 
marked variations in sensitivity to killing during the 
cell cycle. The exact form of this variation is shown 
in Fig. 6, where the dose for 50 per cent killing 
(LD,,) is plotted as a function of stage in the cell 
cycle. The points on this curve were determined 
from a series of graphs in which survival was plotted 
as a function of dose for different groups of cell 
sizes (7 and 8u, 8 and 9p, oto.). 

The method of scoring deaths of cells and hence of 
determining survival presents certain problems. 
‘The most usual criterion of survival is the formation of 
a viable clone. But it is evident from a study of 
Pp that this is unsatisfactory. At one extreme 
a viable clone may show no deaths at all. At the 
other extreme, it may show a first-, a second-, a third- 
and a fourth-generation death. To score two such 
parent cells equally, utilizes only a small part of the 
available data. Intuitively, also, one may feel that 
it is a misleading way of quantifying the lethal 
mechanism. The alternative method, of counting 
every death equally, is no more satisfactory, since it 
may often lead to scoring more deaths than there 
were parent cells. 

Since cell numbers increase by a factor of two with 
each division, the solution adopted throughout the 
present work has been to decrease the weight given 
to a cell death by a factor of two with each successive 
generation. A parental generation death is, therefore, 
scored as 1, a first-generation death as 4, and so on. 
Survival is then defined as the total number of parent 
cells, minus the deaths scored as described above, 
divided by the total number of parent cells. 

The survival curves for different size groups show 
an approximately exponential decline with dose, 
though the groups corresponding to regions of rapid 
change of sensitivity show clear indications of a 
resistant ‘tail’, indicating a mixed population. The 
size groups where ultra-violet resistance is greatest 
also show the beginnings of a sharp drop in survival 
at doses of 1,750 ergs/mm.*. Reasons have been 
put forward earlier for thinking that this is a physio- 
logical phenomenon. While this may well operate on 
all cells, paradoxically it only affects the level of 
survival of resistant cells, since sensitive cells are, of 
course, killed at considerably lower doses by mechan- 
isms presumed to be genetic. 

Examining Fig. 6, it will be seen that cells in the 
early part of the cycle are very sensitive. Between 
about 0-3-0-5, there is a sharp increase in resistance, 
followed by a fairly steep fall. Cells at the very end 
of the cycle, however, are still rather more resistant 
than cells at the begmning. Presumably, therefore, 
resistance is still falling at the time of cell plate 
formation. 

- Variation in sensitivity during the cell cycle is 
evidently about ten-fold, but since the curve is based 
on a large number of cells, and since there is a certain 
scatter in cell size for a given age, it seems likely that 
the variation is really greater than ten-fold. Examina- 
tion of individual experiments suggests that it might 
well be at least twenty-fold. 
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Problem of Phenotypic Lag and Physlological 
- Effects 


It is known that mutations may take more than a 
cell cycle to express themselves. An examination 
of the pedigrees of irradiated cefls shows clear evidence 
of this phenomenon. It is common to find pairs of 
sister cells dying in ways that are both qualitatively 
and quantitatively identical. Occasionally a quartet 
dies identically, and in one or two cases, even an 
octet. Such situations are presumably due to a 
single original mutation, and are therefore equivalent 
to a single death in an earlier generation. Such 
pedigrees, in other words, should be simplified 
down. 

It is also common, however, to find pairs of sister 
cells where the deaths are clearly dissimilar. In 
these cases it must be presumed that two different 
lethal mutations are involved, and the pedigrees 
must not be simplified. Occasionally there is an 
element of doubt as to whether deaths are similar or 
dissimilar. In such cases they have, b} convention, 
been. assumed to be similar, and the pedigrees simpli- 
fied. 

Equating 2, 4 and 8 identical deaths with a single 
death in an earlier generation is only valid if we are 
dealing with a genetic mechanism. But in the case of 
parental generation deaths at least, it is quite possible 
that this is not the case. Any physiological effect of 
ultra-violet might be expected to produce more or 
less immediate death, even though the cell, had it 
divided, might have shown differential behaviour. 

There is one simple test that can be made to see 
whether this is the cage, namely to compare, for 
different cell sizes, the fractions of deaths in any given 
generation, with the fractions of paired identical 
deaths in the subsequent generation. If we are 
dealing solely with phenotypic lag, we might expect 
both fractions to show similar behaviour throughout 
the cell cycle, and preserve a more or less constant 
ratio to each other. At this e we need not con- 
cern ourselves with the method of obtaining the 
fractions of deaths of any particular type. The 
figures are averages, taken over a wide range of 
levels of killing, and the way in which they are 
calculated is explained in the next section. 

First-generation deaths and identical second- 
generation deaths do, in fact, show similar behaviour 
during the cell cycle, and preserve an approximately 
constant ratio, first-generation deaths being about 
twice as common as identical second-generation 
deaths. The numbers of identical pairs of deaths in 
later generations are scarcely sufficient for a valid 
comparison, but again it appears that the ratios do 
not vary markedly. 

On the other hand, the situation with parental 
generation deaths and identical pairs of first-genera- 
tion deaths is very different. Deaths in these two 
categories, expressed as fractions of all deaths, are 
plotted against cell size in Fig. 3. It is evident that 
both categories are roughly equal for young and old 
cells, whereas in the middle range the curves deviate 
widely and parental deaths outnumber identical pairs 
of first-generation deaths by as much as ten- or 
twenty-fold. Clearly, over this middle range, parental 
generation deaths and identical pairs of first-gonere.- 
tion deaths are not equivalent. 

In view of what has been said in earlier sections, 
this is not surprising. In the middle of the cell cycle, 
cells are at their most resistant, and high levels of 
killing can only be achieved by doses of ultra-violet 
of 1,750 erga/mm.* or more. But it is at these doses 
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that the overall survival curve begins to show a sharp 
drop (Fig. 2), indicating some threshold physiological 
phenomenon It is at this dose, too, that the type 
of killing starts to change, with an increasing number 
of cells showing httle or no growth, and failing to 
divide. Figures for the fraction of deaths in the 
parental generation, if calculated over a wide range 
of levels of killing, will inevitably, therefore, be 
‘contaminated’ with this physiological effect in the 
case of the most resistant cells. Younger or older 
cells, on the other hand, reach a high level of killing 
at considerably lower doses of ultra-violet ight, where 
this effect is not operative. 

It follows that parental generation deaths must be 
excluded from any consideration of symmetrical or 
asymmetrical pedigrees. In later generations, on 
the other hand, cases of phenotypic lag, leading to 
2, 4 or even 8 identical deaths, can provisionally at 
least be regarded as single deaths in the appropriate 
earlier generation. 


Analysts of Results 


The different pedigrees given by irradiated cells 
are possibly of some value in understanding the 
process of mutation, and they will be considered in 
detail elsewhere. The information contained in the 
pedigrees, however, can be expressed in another way, 
as distributions of deaths in different generations for 
various parent cell sizes. An analysis on these lines 
leads to conclusions about the time of gene replica- 
tion, regardless of the exact mechanisms involved, and 
it is this problem that we can now consider. 

A direct comparison of absolute numbers of deaths 
in different generations is of little value, since the 
actual numbers of parent cells, as well as resistance 
to killing, both vary throughout the cell cycle. These 
difficulties can be overcome by plotting the relative 
proportions of deaths in different generations as a 
function of cell size, and if this is done, differences 
are at once apparent. Even this sort of analysis, 
however, is open to a serious objection. Cells of all 
agea are being compared at similar doses, but because 
of the marked vanations in resistance to ultra-violet 
light, they are not being compared at similar levels 
of killing; and ıt is clear from a detailed examination 
of individual experiments that the distribution of 
deaths in different generations, in fact, varies with the 
level of killing. In general, as the level of killing rises, 
deaths in later generations become less, and deaths in 
earher generations more common. 

Rather than makmg comparisons at a number of 
different levels of killing, which would necessarily 
utilize only a part of the available information, it was 
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decided to determine the proportions of deaths in 
different generations for different sizes of parent cell, 
averaged over as wide a range of levels of killing as 
possible. To do this, a series of graphs were con- 
structed, in which the proportions of deaths in differ- 
ent generations were plotted for different groups of 
cell sizes (7 and 8u, 8 and 9u, ete.) as a function of 
level of killing. 

The level of killing was calculated, using the 
convention described earlier, namely, by scoring 1 
for each parental generation death, 4 for each first- 
generation death, ete., and dividing this sum by the 
total number of cells in the size group. The distribu- 
tion of deaths was calculated by scoring deaths in 
the different generations in the same way, and dividing 
the sum for each generation by the total amount of 
death scored in the same way. For example, 100 
cells, showing 50 parental generation deaths and 
50 first-generation deaths, would give a level of killing 


50 x 1 + 50 
of 075 CAS RSE and proportions of 


100 
parental and first-generation deaths of 0-87 
50 x 1l a 0-33 50 x 4 
(50x 1 + 80x $) SI V32 (Ox 1+ 60 x $r 
respectively. 


Having constructed this series of curves, it only 
remains to produce average figures for the proportions 
of deaths. This was done by measuring the areas 
under the curves, within the range of 10-90 per cent 
level of killing. These limits were chosen rather than 
0-100 per cent, since many of the points at the 
extreme levels of killing are based on small numbers 
of deaths and are consequently not very reliable. 

It is now possible to make various valid compari- 
sons. Perhaps the most useful one is to consider 
simply those cella actually dying in the first genera- 
tion (together with identical groups of cells dying in 
later generations, which because of phenotypic lag 
are equivalent to first-generation deaths). 

These deaths fall into two categories, the sym- 
metrical and the asymmetrical. The former consists 
of identical paired deaths; the latter consiste either 
of two dissimilar deaths, or one single death, the 
sister cell having survived. The proportions of 
deaths in these two categories are plotted against 
cell size in Fig. 4. 

It is evident that young cells show roughly equal 
proportions of both types of behaviour. Old cells 
show a marked preponderance of asymmetrical, 
differential behaviour. There is quite a clear inflexion 
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in both curves, between about 9u and 11-5u, with a 
mid-point at 10-25. This mid-point corresponds to 
about 0-4 of the way through the cell cycle. 

The same point of inflexion also emerges in later 
generation deaths. In Fig. 6, second-, third- and 
fourth-generation deaths have been plotted against 
cell size as proportions of all deaths except parental 
ones. The two categories of first-generation deaths 
already described have also been included, and 
allowance has been made throughout for phenotypic 
lag, for example, a pair of identical deaths in the 
third generation has been scored as one second- 
generation death, ete. 

Jt is evident that the curves for second-, third- and 
fourth-generation deaths resemble quite closely the 
curve for differential behaviour in the first generation. 
In each case the proportion of deaths in old cells is 
about twice that in young cells. It is also apparent 
that the proportions decrease by a factor of about 4 
ın successive generations. 


Discussion 


The results described in the previous section are 
more complicated than the simple considerations 
set out in the introduction would have predicted. 
Nevertheless, the clear-cut increase in differential 
behaviour shown in Fig. 4, and the similar increases 
in the proportions of second-, third- and fourth- 
generation deaths shown in Fig. 5, are difficult to 
explain, except on the basis that the functional units 
involved in ultra-violet killing double between 
about 4 and 4 of the way through the cell cycle. 
We moy, therefore, consider briefly the reasons for 
supposing that tnese units are in fact the genes. 

Four well-known lines of evidence suggest that 
ultra-violet killing is genetic in origin, at least at low 
doses?: (a) The action spectrum resembles the 
absorption spectrum of nucleic acids. (b) Killing 
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extends over the same very wide range of doses at 
which identifiable mutations are produced. (e) 
Survival curves are characteristically exponential, 
and extrapolate back to one, or at tho most only a 
few, ‘targets’. (d) Killing is delayed and follows a 
considerable period of more or less normal growth. 
The last two points are confirmed by the present 
work, and a fifth point can be added: that the deaths 
are individually very varied in character. 

The last three points are difficult to reconcile with 
‘physiological’ damage. On the other hand, none of 
them excludes the possibility of damage to nucleic 
acid containing cytoplasmic particles or organelles 
present in very small numbers. It would be necessary 
to suppose, however, that there were large numbers of 
different types of particle in order to account for the 
very varied types of death. But while an explanation 
on these lines is conceivable, it becomes rather con- 
trived. By contrast, the various observations are 
just what would be expected if ultra-violet light were 
kilmg by means of lethal mutations.* It may be 

ermissible to conclude provisionally that we are 
dealing with a genetic phenomenon, and that the 
effect observed in the earlier part of the cell cycle is, 
in fact, a doubling of the genes. 

A number of the findings in the present experiments 
cannot, however, be explained in classical terms of 
mutation as an immediate and lasting effect operating 
on a single set of genes in young cells, or a double set 
in old cells. In particular, although old cells show a 
marked predominance of differential deaths in the 
first generation, young cells alao show a proportion 
of such deaths. Moreover, second-, tbird- and fourth- 
generation deaths occur in both young and old cells 

There seem to be two possible types of explanation 
for these phenomena, though they are not necessarily 
mutually exclusive. We can suppose, in line with 
recent work’, that radiation acting directly or in- 
directly on the genes induces some form of instability 
and only at a later stage are mutations finally estab- 
lished. The decreasing number of deaths in successive 
generations would then be a measure of the probability 
of a mutation being established in a given time. But 
there is further evidence that mutations are either 
‘fixed’ or eliminated by some event that occurs 
within the span of a single cell cycle, probakly gene 
replication itself’, and this would seem to preclude 
the possibility of deaths in the later generations. 

Alternatively, we can suppose that the gene, or the 
chromosome, coosists of more than one strand. It 
is possible that the normal concept of the gene as a 
double-stranded DNA helix is a sufficient explanation. 
If damage could affect one strand at a time, it would 
account for the existence of differential behaviour 
in young cells: and it is possible that continuing errors 
in replication could account for deaths ip the later 
generations. 

It may, however, be necessary to conceive of the 
chromosome a8 multi-stranded, with a copy of the 
gene on each strand. The types of pedigree which 
are found and the fact that deaths decrease rapidly 
with successive generations probably rule out random 
segregation of the strands at division, and demand 
instead an orderly hierarchical form of mother 
and daughter strand segregation. It would also be 
necessary to suppose that several strands could be 
affected simultaneously and at the same level. 
Unlikely as this may seem, it must be remembered 
that a growing body of electron microscope evidence 
suggests that chromosomes, at least of higher organ- 
isms, do, in fact, contain many strands, possibly 
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arranged hierarchically*. There is also evidence, from 
an examination of pedigrees following incorporation 
of phosphorus-32, that the same may be true of 
Amoeba’. 

The sharp increase in resistance to radiation during 
the cell cycle has previously been found in Para- 
mecum by Kimball", and ‘radioresistant tails’ in the 
survival curves for growing populations are well 
known. Kimball has suggested that the effect is 
due to a process of gene repair which can occur up to, 
but not after, a certain point in the cell cycle, pro- 
bably gene replication. Cells which have just doubled 
their genes have a complete cell cycle available for 
ropair, and are therefore resistant. whereas cells 
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that are shortly about to replicate their genes have 
little time for repair and are sensitive. 

The evidence from the present experiments in- 
dicates that gene replication and the rise in resistance 
aro indeed simultaneous, both having a mid-point 
at about 0-4 of the way through the cell cycle. On 
the other hand, the shape of the ultra-violet resistance 
curve is not readily reconciled with Kimball’s 
explanation, which demands that it should fall at an 
increasing rate until just before the sharp rise. In 
fact, there is a sharp fall in the latter part of the cell 
cycle, with a horizontal plateau for the first third or 
so of the new cycle. It seems likely, nevertheless. 
that gene replication and the rise in ultra-violet 
resistance are in some way linked. It remains to 
correlate these events with the time of synthesis of 
DNA. Work is in progress on this problem; but it 
has proved to be technically troublesome. 

Jn summary, the sequence of events in the cell cycle 
is as follows: 0-0-3, sensitive to ultra-violet light; 
0-3-0-5, ten-fold rise in resistance to ultra-violet; 
0-4, probable mid-point of gene replication; 0-5-0-7, 
resistant to ultra-violet; 0-7~1-0, decreasing resistance 
to ultra-violet; 0-9, nuclear division. Theee events 
are shown. graphically in Fig. 6. 

I am much indebted to Mr. D. F. Cremer for making 
nearly 1,000 photographic enlargements, and to 
Dr. C, Auerbach and Dr. J. M. Mitchison for criticism 
and advice. 
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CLASSIFICATION AND NOMENCLATURE OF ENZYMES AND 
COENZYMES 


By Pror. R. H. S. THOMPSON 


Secretary-General of the International Union of Biochemistry, 
Guy’s Hospital Medical School, London, S.E. I 


NE of the problems which biologists and chemists 
O alike are faced with is that of the nomenclature 
of the vast array of complex substances of which 
living tissues are composed, and in no field have 
these difficulties been greater than in relation to the 
enzymes and coenzymes which bring about the 
chemical changes on which life depends. Enzymo- 
logy, although a relatively new science, is a rapidly 
growing one, and in recent years there has been a 

t increase in the number of enzymes newly 
described, the total number now known amounting 
to more thanseven hundred. In the past, the naming 
of new enzymes had been largely left to the individual 
workers responsible for their discovery, and, since on 


Pd 


occasions work had been proceeding simultaneously 
in different centres, it was not unknown for the same 
enzyme to have been allotted different names by the 
different groups of workers, while, on the other hand, 
there were also cases in which the same name had 
been chosen for different enzymes. These same 
difficulties applied also to the nomenclature. of the 
small-molecular coonzymes. 

The units of enzyme activity and the, conditions 
under which activity was measured for purposes of 
their standardization, together even with the mathe- 
matical symbols used in the investigation of enzyme 
kinetics, differed in different laboratories, so that 
comparison of results on a quantitative basis was 
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difficult, and in some cases presented a real problem, 
as in the field of clinical biochemistry where com- 
parison of enzyme-levels in body fluids is used 
extensively to assist in diagnosis and in the assess- 
ment of the effects of treatment. 

Because of this chaos, the General Assembly of the 
International Union of Biochemistry decided in 
August 1955, seven months after its establishment, 
that the first and most outstanding task which 
required investigation et the international level was 
the whole problem of the proper classification and 
nomenclature of enzymes and coenzymes, and it was 
unanimously agreed that an International Commission 
on Enzymes should be set up. 

The Section of Biological Chemistry of the Inter- 
national Union of Pure and Applied Chemistry was 
informed of this decision, and agreement was reached 
between the two Unions that the International Union 
of Biochemistry should proceed immediately with the 
setting up of this Commission, which was to have 
joint consultations with the existing International 
Union of Pure and Applied Chemistry Commission 
on Biochemical Nomenclature. After circularizing 
the various national committees adhering to the 
International Union of Biochemistry for their advice 
as to the membership of the Commission, Prof. M. 
Florkin, who was at that time president of the Union, 
called a meeting in Paris in July 1956 of an ad hoc 
Committee for the purpose of establishing the Com- 
mission. It was decided at this meeting that the 
Commission should consist of ten full members with 
up to four corresponding members, and that it should 
be empowered to set up and obtain advice from special 
sub-commissions chosen to deal with special topics. 

The members of the Commission were chosen at 
this meeting on the advice of the ad hoc Committee, 
and were appointed by the Bureau of the Union. It 
was agreed that the terms of reference of the Com- 
mission should be: 

“To consider the classification and nomenclature 
of enzymes and coenzymes, their unite of activity 
and standard methods of assay, together with the 
symbols used in the description of enzyme kinetics.” 

Finally, it was agreed that the decisions reached 
by the Commission were to be submitted to the 
Council of the International Union of Biochemistry 
for approval. 

The Commission as set up was composed of: M. 
Dixon (United Kingdom, president), O. Hoffmann- 
Ostenhof (Austria, secretary), A. E. Braunstein 
(U.8.8.R.), 8. P. Colowick (United States), P. A. E. 
Desnuelle (France), V. A. Engelhardt (U.8.8.R.), E. F. 
Gale (Onited Kingdom), A. L. Lehninger (United 
States), K. Linderstrom-Lang (Denmark), F. Lynen 
(Germany), with F. Egami (Japan) and L. F. Leloir 
(Argentina) serving as corresponding members. The 
desirability of having available a philologist to advise 
on questions of terminology was early appreciated, 
and in 1957 H. Sykes Davies (United Kingdom) was 
appointed to the Commission to assist in these 
matters. The only other change in membership was 
the appointment in 1959 of E. C. Webb (United 
Kingdom) to fill the vacancy caused by the death of 
K. Linderstrem-Lang. 

In addition to members of the Commission the 
following kindly agreed to serve on the various sub- 
commissions: G. B. Brown, P. P. Cohen, J. E. Falk, 
R. Hall, M. Kamen, D. Keilin, R. Lemberg, A. Meister, 
M. Morrison, R. K. Morton, H. Neurath, 8. Paleus, 
G. Schmidt, E. L, Smith, E. H. Stotz, H. Theorell 
and W. W. Wainio. 
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The Commission met each year during 1956-61-——a 
total of thirty-two sessions, two of which were joint 
meetings with the Biological Chemistry Nomenclature 
Commission of the International Union of Pure and 
Applied Chemistry, and one a ‘joint meeting with a 
Committee of Editors of Biochemical Journals set up 
by the International Union of Biochemistry. In 
addition, six meetings of various sub-commissions 
were held, amounting in all to thirty sessions. 

The Commission finished its work in the spring of 
1961, and its report was presented to the Council of 
the International Union of Biochemistry at its 
meeting in Moscow during the Fifth International 
Congress of Biochemistry in August 1961. The 
Council of the Union formally accepted the report, 
which has now been published as Volume 20 of the 
International Union of Biochemistry Symposium 
Series (Pergamon Press, Oxford, 1961). 

The report begins with a number of chapters 
setting out the various problems and explaining the 
basis on which the final recommendatiofis are made. 
It ends with a classified list of more than seven 
hundred enzymes. They are divided, on the basis of 
the nature of the overall reaction catalysed, into six 
main classes: oxidoreductases, transferases, hydro- 
lases, lyases, isomerases and ligases. Each of these 
classes is further divided into a number of sub-classes 
and sub-sub-classes. 

In its proposals for nomenclature the Commission 
had to equate the need for a logical system, which 
would reduce some of the present confusion and which 
would identify the enzyme and indicate its action as 
exactly as possible, with the desirability of retaining 
wherever possible long-established and widely recog- 
nized names, particularly when no good reason would 
be served by making a change. With this end in 
view, the Commission has proposed that each enzyme 
shall be given two names, a systematic name and a 
trivial or ‘working’ name. The systematic name is 
based on & set of rules which can serve as a guide for 
the naming of new enzymes in the future. Since, in 
order to indicate the type of enzyme action, the 
systematic name must include the name of the sub- 
strate, and since many of the substrates have them- 
selves long chemical names, it is inevitable that many 
of the systematic names will be too long and unwieldy 
for ordinary use. The trivial name, on the other 
hand, is short and suitable for general use, and is 
in & great many cases the name already in current use. 

The Commission has devised a four-figure system 
of numbering of the classified enzymes, based on the 
nature of the reaction, which will precisely identify 
each enzyme as well as allow for the insertion of new 
enzymes into their appropriate class. It should have 
the additional advantage of serving as a coding 
system for mechanical or electronic indexing devices. 

Nearly the whole of one chapter is given to a dis- 
cussion of the nomenclature of the nicotinamide 
nucleotide coenzymes. At the present time, four 
different systems are in use for naming these sub- 
stances. Some of the names used, such as cozymase, 
coenzyme I or codehydrogenase I, are unsatisfactory 
because they are uninformative, while the names di- 
and tri-phosphopyridine nucleotide are frankly in- 
correct and have rightly been criticized on the 
grounds that they give no true indication of the 
structure of these coenzymes, but would be expected 
to refer rather to nucleotides of ‘diphosphopyridine’ 
or ‘triphosphopyridine’. It is proposed instead to 
make yet a further change and to call these com- 
pounds nicotinamide-adenine dinucleotide (NAD) 
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and nicotinamide-adenine dinucleotide phosphate 
(NADP). 

The various recommendations of the Commission 
are summarized in Chapter 9 of the report, the 
substance of which is as follows 


SUMMARY OF RECOMMENDATIONS 


Enzyme Units 


(1) One unit (U) of any enzyme should be defined 
as that amount which will catalyse the transforma- 
tion of 1 umole of substrate per min., or, where more 
than one bond of each substrate molecule is attacked, 
1 zpmole-equivalent of the group concerned per min. 
under defined conditions. Where two identical mole- 
cules react together, the unit will be the amount 
which catalyses the transformation of 2 moles per 
min. The temperature should be stated, and where 
practicable should be 25° C. The other conditions, 
including pHeand substrate concentration, should be 
optimal. In order to avoid inconvenient numbers, 
terms such as milli-unit (mU), kilo-unit (kU), ete., 
may be used. 

(2) Enzyme assays should be based wherever 
possible on measurements of initial rates of reaction 
in order to avoid complications, and the substrate 
concentration should be sufficient for saturation of 
the enzyme, so that the kinetics approach zero order. 
Where a sub-optimal concentration of the substrate 
must be used, the Michaelis constant should be 
determined so that the observed rate may be con- 
verted into that which would be obtained on satura- 
tion with substrate. 

(3) Specific activity should be expressed as units 
of enzyme/mgm. protein. 

(4) Molecular activity should be defined as units 
per umole of enzyme at optimal substrate concen- 
tration, that is, as the number of molecules of sub- 
strate transformed per min. per molecule of enzyme. 

(5) When the enzyme has a prosthetic group or 
catalytic centre the concentration of which can be 
measured, the catalytic power can be expressed as 
catalytic centre activity, that is, the number of 
molecules of substrate transformed per min. per 
catalytic centre. The term ‘turnover number’, which 
has been used with various meanings, should no 
longer be used. 

(6) Concentration of an enzyme in solution should 
be expressed as units/ml. 


Symbols of Enzyme Kinetics 


(7) In mathematical equations for enzyme kinetics, 
the symbols given in Appendix B of the report* 
should be used for velocity, saturation velocity, 
Michaelis @onstant, substrate and inhibitor constants, 
and velocity constants. 

(8) All equilibria involving combinations of enzymes 
with substrates, inhibitors or products should be 
expressed in terms of dissociation constants rather 
than association constants. 

(9) The term ‘Michaelis constant’ and the symbol 
Km should be used only to denote the substrate con- 


* Recommended symbols for ensyme kinetics: v, veloalty of reaction 
catalysed by an enzyme; F, value of p when the enzyme ia saturated 
with substrate, as given by the Michaels equation; Kw, ‘Michaelis 
constant’, concentration of substrate at which o = V/2; Ka ‘sub- 
strate constant’, equilibrinm (dissociation) constant of the reaction 
E + S ES; K, ‘inhibitor constant’, equillbrium (diasocation) 
constant of the reaction E + Ià EI. Kin, K-«, velocity constants 
of we forward and backward reactions in the nth step of an enzyme 
reaction. 
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centration at which the velocity is equal to half the 
saturation velocity. 

(10) The terms ‘substrate constant’ (K+) and 
‘inhibitor constant’ (K;) should be used to denote 
the equilibrium (dissociation) constants of the re- 
actions E + S = HS and E 4+ J = HI, respectively. 

(11) The velocity constants of the individual steps 
involved in an enzyme reaction should be numbered 
as in the folowing example : 


Ey Bis Eis 
E + 8 — EIS == FP = E +P 
Ry hs EE, 
Thus Kn will denote the velocity constant of the 
nth step in the forward direction, that is, proceeding 
from substrate to product, while &., will denote that 
of the reverse reaction of the same step. '’ 

(12) The velocity of an enzyme reaction should be 
denoted by v, and the value of v corresponding to 
saturation of the enzyme with substrate should be 
denoted by V. 


Nomenclature of Coenzymes 


(13) The nicotinamide nucleotide coenzymes should 
in future be known by their chemical names, ‘nicotin- 
amide-adenine dinucleotide’ (NAD) and ‘nicotin- 
amide-adenine dinucleotide phosphate’ (NADP), 
The names ‘cozymase’, ‘phospho- 
cozymase’, ‘coenzyme I’ (Col), ‘coenzyme IP’ (Coll), 
‘diphosphopyridine nucleotide’ (DPN), ‘triphospho- 
pyridine nucleotide’ (TPN), ‘codehydrogensse I’, 
‘sohydrogenase IT’ should no longer be used. The 
mononucleotide should continue to be known as 
‘nicotinamide mononucleotide’ (NMN). 

(14) The names ‘lavin-adenine dinucleotide’ (FAD) 
and ‘flavin mononucleotide’ (FMN) should be retained. 

(15) For the reduced form of NAD, two alternative 
abbreviations should be permitted, namely, NADH, 
(corresponding to FADH,) or, where it is desired to 
show the release of a H+ ion in the reduction, 
NADH + H+. However, when the latter form is 
used, the oxidized form should always be written as 
NAD+; in no circumstances should the reduction be 
shown as & change from NAD to NADH. Snmilar 
forms should be permitted for NADP. 

(16) The name ‘coenzyme Q’ should no longer be 
used and the name ‘ubiquinone’ used instead. This 
may be abbreviated as ‘UQ’, and when it is desired 
to indicate the number of isoprene units in the side- 
chain a numerical suffix may be added thus, ‘UQ,,’. 

(17) Although names of the form ‘coenzyme XK’ 
are not recommended, the name ‘coenzyme A’ should 
be retained, in the absence of any practicable alterna- 
tive. Two alternative abbreviations should be per- 
missible, namely, CoA for normal use or, where it is 
desired to indicate the thiol group, CoASH. 


Classification and Nomenclature 
of Cytochromes 


(18) Cytochromes should be defined as haxmopro- 
teins the principal biological function of which is 
electron and/or hydrogen transport by virtue of a 
reversible valency change of their ham iron. 

(19) The name ‘cytochrome’ implies a single hamo- 
protein entity; the term ‘cytochrome system’ should 
be used to denote any wider system in which one or 
more cytochromes, apart from cytochrome oxidase, 
are involved. 

(20) Cytochromes should be classified at present in 
four groups, according to the nature of their pros- 
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thetic ham groups, namely, cytochromes A, B, C and 
D, containing formylporphyrin-iron, protoporphyrin- 
iron, a substituted mesoporphyrin-iron with covalent 
porphyrin-protein linkages, and dihydroporphyrin- 
iron, respectively. The criteria for assignment to 
groups should be those given in Chapter 5 of the 
report. 

(21) When a cytochrome contains ham groups of 
two different kinds attached to one specific protein, 
both groups should be shown in the name, for 
example, ‘cytochrome CD’. 

(22) Hzamoproteins closely related to cytochromes, 
but with a hæmoglobin-like spectrum and a reactivity 
with ligands which do not react with cytochrome c, 
should be called ‘cytochromoids’. 

(23) There should be no sub-classification of groups 
A-D at present. 

(24) A newly discovered hmmoprotein should not 
be classed as a cytochrome until it has been shown 
to come within the definition given in (18) above. It 
may temporarily be named on the pattern ‘heemo- 
protein 560 (Bacterium X)’, where 560 is the wave- 
length in my of the «-band of its spectrum. 

(25) When a hemoprotein is first established as a 
cytochrome, it should receive a provisional name of 
the type ‘cytochrome 560 (Bacterium X). Efforte 
should then be made to establish its group; when 
this has been done provisionally, an interim name of 
the form ‘cytochrome B (560, Bactertwm X)' should 
be given, in which the group is indicated by a capital 
letter. Finally, when the allocation has been clearly 
determined and its individuality properly established, 
it should be allocated an official final name, based on 
an italic small letter and a subscript number, for 
example, ‘cytochrome b,’, and be included in the list 
of cytochromes (see Appendix C of the report). 

(26) The names of the majority of already well- 
established cytochromes, including those used in the 
names of enzymes, should remam unchanged, since 
they will rank as final names. 

(27) Final names should only be allotted by 
authority, preferably by a standing committee, and 
not by individual workers. 

(28) It is recommended that the International 
Union of Pure and Apphed Chemistry should. be con- 
sulted about setting up a standing committee on 
cytochromes, to decide on the inclusion of cyto- 
chromes within the different groups, to allot final 
names to cytochromes when necessary, to consider 
the establishment of new groups if needed, and to 
keep the list of cytochromes up to date. 


Classification and Nomenclature of Enzymes 


(29) Names purporting to be names of enzymes, 
especially those ending in ‘-ase’, should only be used 
for single enzymes. When it is desired to name a 

containing more than one enzyme on the 
basis of the overall reaction catalysed by it, the word 
‘system’ should be included in the name, for example, 
‘the succinate oxidase system’. 

(30) The basis for classification and naming should 
be the overall reaction catalysed, as expressed by the 
formal equation; this means that the intimate 
mechanism of the reaction, and the formation of 
intermediate complexes with the enzyme, will not be 
taken into account. 

(31) Systematic names cannot be given to enzymes 
until it is known what reactions they catalyse. This 
applies, for example, to any enzyme that is only 
known to catalyse an isotopic exchange. 
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(32) The Commission recommends that the system 
of classification shown in Appendix D of the report 
be approved; this divides enzymes into six main 
classes, each of which is divided into a number of 
sub-classes and sub-sub-classes, according to the 
nature of the reaction catalysed. 

(33) It also recommends that the enzymes should 
be coded on a four-member system intimately con- 
nected with the system of classification, as shown in 
Appendix D and Appendix # of the report. On this 
system the first number indicates the main class, the 
second and third show the sub-class and sub-sub- 
class, respectively, thus defining the type of reaction, 
and the fourth is the number of the enzyme within 
ita sub-sub-class. ; 

(34) Once given, the number of an enzyme should 
remain attached to it as a permanent means of 
identification (unless it has been wrongly classified 
and has to be moved to another group). New enzymes 
should be placed at the end of the appropriate sub- 
sub-class, so that the numbering of e¢the existing 
enzymes therein wul not be disturbed. 

(35) New enzyme numbers should be allotted only 
by authority (for example, by future enzyme com- 
missions or by a standing committee) and not by 
individual workers. 

(36) It is recommended that there shall be both 
systematic and trivial nomenclatures for enzymes; 
the systematic name will be formed in accordance 
with definite rules, and will identafy the enzyme and 
indicate its action as precisely 4s possible; the trivial 
name will be sufficiently short for general use, and in 
& great many cases will be the name already in 
current use. 

(37) The systematic and trivial nomenclatures 
should be in accordance with the Rules (1)-(31) set 
out in Chapter 6 of the report. 

(38) The systematic and trivial enzyme names 
given in the list in Appendix # of the report should 
be used henceforth. 

(39) Where an enzyme is the main subject of a 
paper or abstract, it is recommended that its code 
number, systematic name (where a satisfactory one 
exists) and source should be given at its first mention 
in the text; thereafter the trivial name may be used. 

(40) Enzymes which are not the main subject 
should be identified at their first mention by their 
code numbers. 

(41) When the paper deals with an enzyme which 
is not yet in the Commiuassion’s list, the author may 
introduce a new systematic name and/or a new trivial 
name, both formed only according to the recom- 
mended rules. : 

(42) A standing committee should be set up with 
power to approve the names of new enzymes, to allot 
enzyme numbers, to alter or delete existing names or 
numbers, and generally to keep the list of enzymes 
up to date. 


Terminology of Enzyme Formation 


(43) In discussing enzyme formation evoked by the 
presence of chemical substances, the term ‘induction’ 
should be used, rather than ‘adaptation’, the enzyme- 
forming system should be described as ‘inducible’ 
and the enzyme formed as ‘induced’. ‘Sequential 
induction’ should be used instead of ‘simultaneous 
adaptation’ or ‘successive adaptation’. 

(44) The names of enzyme precursors should no 
longer be formed by the use of the suffix ‘-ogen’; the 
prefix ‘pre-’ should be used instead. 
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It will be apparent on reading the report that some 
of the recommendations made by the Commission are 
far- and fundamental. It will also be clear 
that they have been made only after lengthy con- 
sideration and debat& by an internationally picked 
group of enzymologists, themselves active workers in 
this branch of biochemistry. Despite this, however, 
the Council of the International Union of Bio- 
chemistry, and also the members of the Commission, 
fully realize that balanced and reasonable objections 
are likely to be raised to some, perhaps to many, of 
these recommendations. With this in mind, the 
Council of the Union, having accepted the report, 
decided to dissolve the existing Commission, and to 
get up as an interim measure a Standing Committee on 
Enzymes, composed of 8. P. Colowick, A. L. Leh- 
ninger, O. Hoffmann-Ostenhof and E. O. Webb. The 
purpose of this Standing Committee is to receive 
criticisms, suggestions and comments on the report, 
to list any newly discovered enzymes with a view 
to allotting them a provisional name and place in the 
classified Table of Enzymes, and, in addition, to take 
up any new problem that may arise in this field. As 
an example, the Standing Committee is already at 
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work on the problem of naming and numbering of 
iso-enzymes, a topic that is becoming. of increasing 
interest to clinical biochemista. The report has also 
been passed to the International Commission of 
Editors of Biochemical Journals, which was set up by 
the International Union of Biochemistry in 1961 
under the presidency of Dr. J. T. Edsall (Journal of 
Biological Chemistry). It is hoped that comments 
from national committees for biochemistry and from 
editorial committees and other interested organiza- 
tions or persons will be sent, if possible before January 
1, 1963, to Dr. E. C. Webb*, who has agreed to act 
as secretary of the Standing Committee. When these 
have been received, it is the intention of the Inter- 
national Union of Biochemistry to set up a second 
commission on enzymes in order to consider these 
comments and to incorporate changes where desirable 
in a second edition of the report, which, it is hoped, 
may then serve as a generally acceptable, definitive 
document covering the nomenclature of enzymes and 
coenzymes. 

* Address until July 1962, Department of Blochemis 


and after that date, Department of Biochemustry, 
Queensland, Brisbane. 
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Dr. A. F. Bruun 


Dra. ANTON FREDERICK BRUUN, the Danish marine 
zoologist and oceanographer, died suddenly on 
December 13, 1961, while speaking at a scientific 
meeting in Copenhagen. He would have been sixty 
on the following day, having been born on December 
14, 1901, at Jelling, Jutland, where his people were 
farmers. While stil a boy, Bruun contracted polio- 
myelitis, which left him partially paralysed on the 
left side of his body, but far from using this disability 
as a pretext for a sedentary career he seems to have 
regarded it as a challenge to be accepted and as a 
spur to the vigorous mental and physical activity 
which impressed everyone who came in contact with 
him. So, instead of preparing to become a farmer 
like his father, Bruun went first to Soro, one of 
Denmark’s foremost schools, and thence to the 
University of Copenhagen. He graduated in 1926, 
and then became successively assistant in the Danish 
Commission of Fisheries and Marine Research 
1927-33, in the Marine Biological Laboratory 1983-38, 
and in the Zoological Museum, Copenhagen, 1938-44 
where he continued as a curator until 1958, when he 
became an assistant professor. These appointments 
were, in a way, the means used by Bruun to further 
his increasing oceanographical purposes, for his 
cormmprehemaive approach demanded that he should 
get about and study the oceans of the world, visit 
marine biological laboratories and zoological institu- 
tions and know well those people with interests similar 
to his own. Thus from 1928 until 1930 he was with 
the Dana expedition around the world, and his associa- 
tion with Johannes Schmidt, the leader, undoubtedly 
influenced and enhanced Bruun’s subsequent career. 
From 1938 until 1946 he was involved with the Carls- 
berg Foundation’s Dana expeditions. He was leader 
of the Northern Insuline Laboratory’s expedition to 
Tunis just before the Second World War, and immedi- 
ately after the War was in charge of the Atlantide 
expedition to West Africa, during 1945-46. 

All these activities were for Bruun merely the 
long apprenticeship for the major objective, a 


marine biological and oceanographical expedition, 
with wisely restricted general aims but with, as ita 
principal purpose, an investigation of the physical 
and biological conditions in abyssal waters. The 
success of the achievements of the Galathea expedition. 
is already acknowledged by oceanographers, but only 
those who knew Bruun can be aware of the amount 
of effort he put into the preparations which preceded 
the voyage. In all the activities connected with the 
expedition, the Galathea committee had the wisdom, 
informed experience and sound business sense of 
Bruun. to draw on, and of course it was obvious 
from the start that he was the man to be leader. 

This is not the place to give the details of Bruun’s 
curriculum vitae, which can be found in the Danish Bla 
Bog [‘‘Who’s Who’’]. It is sufficient to say that he 
served on very many committees concerned with 
natural science in general, and with its marine aspects 
in particular. Nationally and internationally his 
services were demanded and generously given, and they 
received recognition in fellowships of learned societies 
in various parts of the world—England, Scotland, 
New Zealand, Indonesia, India; with medals, awards 
or orders from his own country, Monaco, Japan, 
Sweden, the United States, Morocco, Tunis and the 
Philippines. With so much implication in admini- 
stration and organizing affairs, it is remarkable that 
Bruun should have had any time for original work, 
yet he did produce a number of contributions from 
his research into marine zoology, of which his “Flying 
Fishes of the Atlantic” is an acknowledged mono- 
graph. He was also co-author of the narrative 
accounts of the Dana and Galathea expeditions and 
of a biography of Johannes Schmidt. 

Bruun’s outlook was comprehensive and inter- 
national and he was at home in any country he visited. 
His linguistic capacity helped here, for in addition 
to his native Danish, he could understand and make 
himself clearly understood equally well in English, 
French and German and he was absorbingly inter- 
ested in the vehicle of language as such. He was 
powerful in argument but liberal in his attention to 
the opposite point of view. 
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With so much to absorb his attention it is surprising 
that Braun found time to indulge in recreation of 
any kind, but he did it by extending his biological 
interesta to botany and gardening. When at sea his 
cabin soon became filled with exotic plants, which he 
tended until they could be brought home. His garden 
was a great pleasure to himself and to his visitors, 
wealthy in its variety of shrubs and trees and in their 
association with places and people that he knew. His 
last letter to me contained a request for the name of 
a pear tree from which he had obtained a successful 


Bruun had a gentle, purposeful, stimulating enthus- 
iasm which radiated to those around him. He was a 
happy man despite personal disability, illness and 
bereavement. At sea he once said as we were measur- 
ing and identifying fishes, “Well, we may not be great 
zoologiste but no one can deny that we are enjoying 
ourselves”. So far as his tness is concerned there 
can be no doubt that his place is assured among the 
leaders of marine zoological research. His purpose 
held until he died, and this happened as he would 
have wished, while discussing a thesis with his 
colleagues from the Galathea expedition and other 
marine zoologists on the distribution and origin of 
the abyasal fauna. F. C. FRASER 


Prof. Lester W. Sharp 


It was a most fortunate coincidence that the 
period during which Dr. Lester W. Sharp devoted a 
lifetime of service to Cornell University as a dis- 
tinguished professor of cytology included the years 
in which this long-established science became allied 
with the rapidly developing new sciences of genetics 
and cytogenetics. His contributions to this alliance 
as a teacher and investigator were indeed very 

igni b. 

Born at Saratoga, New York, April 21, 1887, Dr. 
Sharp moved at an early age with his family to Alma, 
Michigan, and completed his undergraduate trainmg 
at Alma College in 1908. After spending the next 
two years in graduate study at Johns Hopkins 
University he transferred to Chicago, where he 
specialized in plant morphology and received a 
Ph.D. in 1912. The following year was spent in 
travel abroad and six months of study with Prof. 
Victor Grégoire in the University of Louvain. 
` Dr. Sharp joined the staff of the Department of 
Botany in the College of Agriculture in Cornell 
University as an instructor in 1914, the year following 
the formation of the Department and the appointment 
of Prof. K. M. Wiegand as head. Promoted to an 
assistant professorship in 1915 and a professorship 
in 1920, Sharp served continuously until his retire- 
ment in 1947 after thirty-three years of distinguished 
service to the University. Shortly thereafter he 
moved to Nuevo, California, where he lived in quiet 
retirement with Mrs. Sharp, adjoining the home of 
his sister, until his death on July 17, 1961. 

Soon. after gomg to Cornell, Dr. Sharp organized 
one of the first courses in plant cytology to be 
offered in an American university. His Introduction 
to Cytology, published in 1921, was the first American 
text-book of cytology with primary emphasis on the 
plant cell. Considered the standard text-book of 
plant cytology for many years, numerous editions 
were printed and a German translation was issued in 
1931. Sharp’s Fundamentals of Cytology was written 
in 1943 primarily for use as an elementary text, and 
a Spanish edition was published from Buenos Aires 
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in 1947. In addition to his text-books Sharp was the 
author of numerous scientific papers on embryogeny, 
spermatogenesis and chromosome structure in plants. 
Prof. Sharp’s excellent reputation as a teacher was 
based on an extraordinary grasp of the literature of 
cytology and the new science of cytogenetics at a 
time when rapid growth was taling place in these 
fields. His critical evaluation of new contributions 
was based on a broad background of knowledge in 
his own and related fields. Sharp’s lectures and 
publications were models of orderly arrangement 
and of lucid, concise presentation, reflecting meticul- 
ous care in their preparation. 
ing his active scientific career, Prof. Sharp’s 
influence stimulated many promising young scientists 
to concentrate their efforta in the broad fields of 
cytogenetics, where their brilliant researches have 
contributed substantially to the spectacular progress 
which has been and is continuing to be achieved in 
this fleld. L. F. RANDOLPH 


Dr. John Bartholomew, C.B.E. 


To geographers and cartographers the name 
Bartholomew is indeed a household word, for the 
family have been map-makers of distinction for more 
than a hundred years. The name goes on and the 
work continues, but with the recent death of the 
fifth in the family line, John Bartholomew, an out- 
standing Scot, passes from the stage he graced in so 
many ways and despite, latterly, the severe handicaps 
of failing health. 

He was educated at Merchiston Castle School, Edin- 
burgh, and received specialist training at the Univer- 
sity of Leipzig and the Sorbonne to fit him for the 
inevitable cartographer’s career. In the First World 
War he served with the Gordon Highlanders and won 
the M.C. At the termination of hostilities he com- 
pleted his arts degree at Edinburgh, and in 1920, on 
the death of his father, found himself with the entire 
responsibility of John Bartholomew and Son on his 
shoulders. He completed The Times Survey Atlas 
commenced by his father, and started a long line of 
atlases, which blazed a new trail in meeting the ever- 
growing needs of schools and universities, the business 
man and the layman. New projections were devised to 
meet more adequately new demands, colour layering 
became a most artistic adjunct to science and no 
new technique to clarify lettering and legend was 
overlooked. Permanence was sought in new inks and 
new paper, essential for documents to withstand 
wide changes in temperature and humidity. In 
1921 he was appointed cartographer to H.M. King 
George V. 

The list of publications under Bartholomew’s 
direction is a most impressive one, yet he ound time 
to serve in other fields dear to his heart. He played 
a large part in the founding of the chair of geography 
in the University of Edmburgh and in securing for 
the Department adequate library and laboratory 
facilities. He was joint honorary secretary of the 
Royal Scottish Geographical Society for thirty years 
and then occupied the presidential chair for four. 
He was a most active member of the Executive 
Committee of the National Trust for Scotland. 

His university awarded him an honorary LL.D. in 
1956, the Royal Scottish Geographical Society its 
Gold Medal in 1954, and the Royal Geographical 
Society its Founder’s Medal “for distinguished service 
to cartography” in 1961, the year after he received 
his O. B. P. D. A. ALLAN 


No, 4822 March 3L 1962 


Dr. Sven Somme 


Sven Somme died on December 2, at the age of 
fifty-seven, at his home in Molde, after a year of 
pain’ and illness which he bore with courage and 
cheerfulness. Norway has lost a biologist who made 
many valuable contributions to the knowledge of 
her freshwaters and fisheries. Indeed, it may be 
said that he, together with the late Prof. Knut Dahl, 
his colleague and friend, were the founders of fresh- 
water biological research in their country. 

Sven Sémme was a student at the University of 
Oslo in 1924, and in 1928 he became scientific assistant 
to Prof. Knut Dahl. During 1940-45 he was director 
of the State Fisheries School at Aukra. When there 
he worked with the ‘Underground’ for the Allies 
and was arrested by the Germans in 1944. He 
miraculously escaped from his captors, crossed the 
mountains, which he knew and loved so well, to 
Sweden, from which country he came to England. 
He returnedeto Norway in 1945, and from then until 


~ 
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The Royal irish Academy 


Ar @ meeting of the Royal Irish Academy in 
Dublin on March 16, Prof. J. L. Synge, director of 
` the School of Theoretical Physics in the Dublin 
Institute for Advanced Studies, was elected president. 
Prof. J. Doyle, Prof. J. J. Tierney, Prof. B. O Cufv 
and Mr. L. de Paor were re-elected as secretary, 
secretary of the polite literature and antiquities com- 
mittee, secretary for Irish studies and executive 
secretary, respectively. Prof. J. Doyle was also 
elected secretary of the science committee, and Dr. 
V. C. Barry was elected treasurer. The following 
were elected honorary members: in the Section of 
Science, Sr Edward Appleton (Edinburgh), Jacques 
Hadamard (Paris); in the Section of Polite Literature 
and Antiquities, Gerhard Bersu (Frankfurt), Ernst 
Lewy (Dublin). Dr. D. A. Brown, Dr. B. G. 8. 
Hudson, Dr. P. B. Kennedy, Mr. P. Lynch, Dr. 
F. 8. L. Lyons, A. L. Metnieks and Colm Ó hEocha 
were elected members of the Academy. 


Geological Soclety of London: Foreign Members 


Tes following have been elected Foreign Members 
of the Geological Society of London: General M. 
Collignon, chief paleontologist to the Service Géo- 
logique de Madagascar; Dr. G. A. Cooper, United 
States National Museum, Washington; Prof. D. 
Korzhinsky, head of the Department of Metasomat- 
ism and Metamorphisam, J.G.E.M., U.5.8.R.; Prof. 
M. Ksiazlgewicz, head of the Department of Geology 
of the Jagellonian University, Krakow; Prof. H. 
Kuno, senior professor at the Faculty of Science, 
Tokyo; Dr. T. B. Nolan, director of the United 
States Geological Survey, Washington; Dr. K. A. 
Vlasov, director of the Laboratory for Mineralogy, 
Geochemistry and Crystallography, Moscow; Prof. 
E. Wenk, professor of mineralogy at the University 
of Basle. 


Geology at Leeds: Prof. R. M. Shackleton 


Pror. SHAOKLETON, who has been appoimted 
to a second chair in the Department of Geology, 
~ was educated at Sidcot School, Somerset, and the 
University of Liverpool, where he graduated with 
first-class honours in geology in 1930 and was 
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1952 was inspector for the State Freshwater Fisheries 
and head of the Scientific Department; later he re- 
signed this post and became a private consultant, in 
which capacity he remained until his death. 

During Somme’s period of fishery work, from 1928 
until he took up private practice, he published many 
papers in scientific journals, writing with equal 
felicity in Norwegian and English. He visited and 
studied in many countries, including Sweden, Great 
Britain, the United States and Alaska, and took an 
active part in international meetings. He was a 
recognized authority on fishery problems for he had 
a wide and varied academic experience, a wealth of 
knowledge about rivers and lakes, especially of 
Norway, & sound and patient judgment. His opinion 
was sought and appreciated by scientist and layman 
both in his own country and abroad. 

Sven Somme’s enjoyment of life, his cheerfulness, 
energy and courage will long be remembered. He 
had many friends among all kinds of people and they 
will miss him sadly. Wintrrep E. Frost 
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awarded the Isaac Roberta Studentship. Three 
years later he was awarded his Ph.D. During 
1932-34 he held a Beit Fellowship at the Imperial 
College of Science and Technology, and in the 
following year became museum assistant there., 
In 1935 he was granted leave of absence to act as 
chief geologist to Whitehall Explorations, Ltd., in 
Fiji, and in 1936 returned to’ Imperial College for 
three years as assistant lecturer. During 1940-45 
he was geologist to the Geological Survey of Kenya, 
and a year later returned there to survey the geology 
of an area where important finds of stone age tools 
had been made. He was also a member of the Royal 
Society Expedition established to study the geology 
of Rusinga Island, Lake Victoria, where pre-human 
fossil remains had been discovered. He returned to 
Imperial College in 1945 as lecturer and was later 
promoted to a senior lectureship. In 1948 he was 
appointed to the George Herdman chair of geology 
at the University of Liverpool, and in the same 
year went as visiting professor to the Fuad I Univer- 
sity, Egypt. Prof. Shackleton has conducted research 
in many parts of the world. He is primarily interested 
in geological structures and the structural evolution 
of the Earth’s crust. He has also been engaged in 
applied geological work, on gold mineralization im 
Fiji and Kenya, hydrogeology in Kenya, and on 
engineering geology on the dam sites of Navua, 
Fiji, and for the Corporation of Liverpool, at Try- 
weryn in Wales. Prof. Shackleton has taken part in 
a number of expeditions and international geological 
congresses and is the author of many articles relating 
to his research work. 


Geography at Canterbury, New Zealand: 
Prof. R. S. Waters 


Mr. R. 5. WATERS, at present lecturer in geography 
in the University of Exeter, has been appointed to 
the chair of geography in the University of Canter- 
bury, Christchurch, New Zealand. After interrupting 
his studies at the University of Reading for war 
service with the Royal Air Force, Mr. Waters 
graduated in geography with first-class honours in 
1948. As a research student in that University he 
began his work in the field of erosional geomorphol- 
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ogy, obtaining his master’s degree in 1951 on the 
denudation chronology of south-west Devon. In the 
meantime he had been appointed to the staff of the 
Department of Geography in the University of 
Sheffield where, under Prof. D. L. Linton, he col- 
laborated with Mr. R. A. G. Savigear and other 
colleagues in the development of field techniques of 
geomorphological mapping. War service in Canada 
and Iceland had aroused his interest in problems of 
landscape evolution in northern latitudes, and after 
joining the staff at Exeter in 1954 he returned to the 
arctic for field work in Spitsbergen and northern 
Scandinavia. Since then he has been investigating 
the effects of Pleistocene cryergic processes in the 
landscapes of Devon and Cornwall. Mr. Waters’s 
other geomorphological research has been chiefly 
concerned with the origin of planation surfaces in 
south-west England and the physiographic evolution 
of Dartmoor. He was made a corresponding member 
of the Periglacial Commission of the International 
Geographical Union in 1960, and in 1961 he became 
secretary of the British Geomorphological Research 
Group. He is a gifted teacher and an outstandingly 
able administrator. 


The Royal Mint: Dr. J. H. Watson 


Dr. J. H. Watson, whose work at the Royal 
School of Mines was interrupted by war service in 
France and Italy, joined the Mint in 1922, where he 
served for various periods in both the Assay Labor- 
atory and the Operative Department, becoming 
chemist and assayer in 1954, from which post he has 
just retired. In his early days he was associated with 
Sir Thomas Rose in sesking improvement in the 
comage bronze alloy and in investigating the cold- 
rolling of commercially pure nickel. Later, with Dr. 
5. W. Smith, he studied the inverse segregation of 
alloys, particularly the silver—copper alloys, and con- 
tinued these investigations after Dr. Smith’s retire- 
ment. They had particular application to Mint 
practice on the debasement in 1921 of the silver 
coinage from the binary 92-5 per cent silver alloy 
to the 50 per cent quaternary alloy, in view of the 
fine tolerances to which the Mint works, particularly 
in the case of precious metal alloys. Dr. Watson 
served as president of the Institution of Mining and 
Metallurgy during 1859-60 and was made a Fellow 
of the Imperial College of Science and Technology in 
1961; he is continuing at the Mint for the time being 
in a consultative capacity. 


Mr. E. G. V. Newman, O.B.E. 


Mr. E. G. Y. NEWMAN, who has succeeded Dr. 
Watson, joined the Mint from Imperial Chemical 
Industries, Ltd., in 1937, after graduating at the 
Royal School of Mines. He is at present chairman of 
the London Local Section of the Institute of Metals. 


M. V. Lomonosov 


Tue 250th anniversary of Mikhael Vasilivich 
Lomonosov (1711-65) was marked by seven articles 
published in Priroda (11, 9; 1961). Chemist, physicist, 
geologist, linguist and poet, Lomonosov was 4 veritable 
genius, typical of the century in which he lived. The 
articles include reprints of previously published articles 
by O. Yu. Schmidtand A. E. Fersman and newly written 
articles by T. A. Chudinov on the materialistic doc- 
trine of Lomonosov, by I. I. Iskol’dsky on Lomonosov 
as a chemist, by A. A. Gregoriev on Lomonosov as a 
founder of Russian geography, by B. V. Kukarkin 
on Lomonosov and astronomy, and finally by 
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L. D. Sheviakov, who in a series of quotations from 
the writings of Lomonosov provides the key to his 
scientific outlook. Another article on Lomonosov, 
by A. V. Topchiev, is presented in the February issue 
(Priroda, 2, 49; 1962). A book on Lomonosov and 
the St. Petersburg Academy of Science, by M. T. 
Radovsky, was published by the U.S.S.R., Academy 
of Sciences in 1961. 


Adam Prazmowsk! 


ADAM PRAZMOWSEI was born on October 25, 1853, 
in Siedliska-Kasztel in the Austrian-occupied part of 
Poland known at the time as Galicia. He went to 
school in Przemyśl, where, from the age of fourteen, 
he worked his way by giving poorly paid private 
lessons. At this period of his life he knew real hunger 
and, to re-establish his badly impaired health, 
accepted the post of a village teacher while con- 
tinuing his education. From his early days his 
eminent intelligence combined with great zeal 
attracted attention and earned him numerous 
scientific grants. The first scholarship enabled him 
to conclude with distinction studies in the Dunblany 
Higher School of Agriculture, near Lwow. The next 
enabled him to study in the University of Leipzig, 
where, in 1876-79, he embarked on independent 
research. In April 1870 he published the results of 
his research in a preliminary communication dealing 
with the life-cycles of bacteria. In 1880 he published 
his doctorate thesis as a major treatise on the same 
subject, in which he showed that, irrespective of 
variability, there are differences between bacterial 
spores which primarily involve the kind of sporulation 
and spore germination. Prazmowski later achieved 
distinction in other fields and, besides his work on 
variation among bacteria, made fundamental con- 
tributions to our knowledge of symbiotic and non- 
symbiotic nitrogen-fixing bacteria. Details of his life 
and work are described in articles in the Review of 
the Polish Academy of Sciences (6, 3123; July- 
September 1961). 


New Bright Comet 


A NEW comet (1962c) was discovered by T. Seki in 
Japan on February 4, and independently by R. D. 
Lines in Arizona, also on February 4, when it was of 
magnitude 9, and in declination - 37°. Owing to ita 
southern position, few accurate observations were 
made during the first few weeks after discovery. 
More recently, the comet has been well observed 
from the southern hemisphere and from lower 
northern. latitudes. An observation by B. J. Harris 
in Perth, Western Australia, on March 9 gave the 
magnitude as 4:0. The comet was visible to the 
naked eye, and had a bright central condensation 
and a long teil. Bruish Astronomical Association 
Oiroular 438, issued on March 21, gives two orbite, 
one by Mr. M. P. Candy, of the Royal Greenwich 
Observatory, Herstmonceux, who also provides an 
ephemeris. The comet will be best placed for 
observers in the British Isles from April 3 onwards 
in the evening twilight. Perihelion distance is 0-031 
astronomical unit on April 1, 1 d. 16h. On April 3.0, 
4.0, 5.0 and 6.0 the comet will be about 3, 5, 8 and 
7 degrees in declination north of the Sun, 3, 6, 9 and 
lI degrees in right ascension. east of the Sun, and its 
magnitude is predicted to be —3, —1, —0-2 and 
+ 0-7, respectively. The apparent distance from the 
Sun wil continue to increase, reaching about 45° by 
May 16, when the stellar magnitude will have become 
+9. 
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British Council for Technical Education and Train- 
Ing for Overseas Countries 


In a written answer in the House of Commons on 
March 15, the Secretary for Technical Co-operation, 
Mr. D. Vosper, stated that he was setting up a 
Council for Technical Education and Training for 
Overseas Countries, under the chairmanship of 
Mr. F. J. Pedler, director of Unilever and joint 
managing director of the United Africa Company, to 
focus and intensify the British effort, both Govern- 
mental and non-Governmental, in this field. The 
Council, which would begin its work early in Apri, 
would have the following terms of reference: To give 
advice and expert assistance to the Government and 
others as may be required with the view of promoting 
technical and commercial education and training for 
developing countries, and for this purpose, inter alia, 
(a) to furnish advice and information and to promote 
contacts between those concerned with such education 
and trainingin the United Kingdom and in developing 
countries; (b) to promote, and where appropriate to 
undertake, the recruitment of staff for service overseas 
in this field; and (e) to facilitate the training and 
education in the United Kingdom of trainees, teachers 
and others from developing countries. Mr. Vosper 
stated that the Council would take over the funotions 
of the Council for Overseas Colleges of Arts, Science 
and Technology and also those of the Advisory 
Committee on Facilities for Commonwealth Trainees 
in the United Kingdom Trade and Industry. It 
would, he hoped, keep an appropriate balance 
between what was best done to provide assistance 
overseas and what should be done by way of technical 
training and education in Britain. His Department 
would draw heavily on the Council for advice, and 
he hoped that the Council would help to establish a 
close relation between what was done in technical 
education institutions and what was done in industry, 
and that it would explore ways of helping Govern- 
ments and industry to assess their needs, to put 
existing facilities to joint use and to co-operate in 
future developments. The other members of the 
Council are: Mr. A. P. Blair, Mr. G. Bosworth, 
Sir Christopher Cox, Miss I. 8. Gibson, Mr. E. M. 
Hyde-Clarke, Sir Willis Jackson, Mr. J. C. Jones, 
Major-General C. Lloyd, Mr. J. Marsh, Mr. J. P. 
Martin-Bates, Mr. J. A. R. Pimlott, Dr. J. E. 
Richardson, Mr. C. S. Ritchie, Dr. E. A. Thompson, 
Mr. P. Trench, Dr. G. E. Watts, Mr. D. Winnard 
and Mr. R. E. Wood. 


Priroda 

Priroda (‘Nature’), the Russian popular scientific 
journal, celebrates its fiftieth anniversary this year 
(Priroda, 1, 4; 1962). Since the appearance of the 
first number in January 1912, this journal has main- 
tained’ through the years a very high standard of 
production and has acted as an intermediary between 
the various groups of specialists and a large public 
interested in the progress of science. It was started 
in 1912 by the chemist, L. V. Pisarzhevaky, and the 
biologist, V. A. Wagner, and with it were associated 
the best scientists of Ruasia, including A. N. Bach, 
V. I. Vernadsky, P. P. Lazarev, V. L. Komarov, 
L. 8. Berg, N. S. Kurnakov, L. A. Tarasevich, and 
others. In 1918 Priroda passed under the ægis of the 
Academy of Sciences, one of its editors being A. E. 
Fersman, with a host of active collaborators, including 
N. I. Vavilov, A. F. Joffe, V. A. Obruchev, B. B. 
Polynov and many others. At the present time 
Priroda appears in monthly issues of about 120-130 
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pages (there are no advertisements), containing some 
ten articles dealing with the progress of the various 
sciences, reports on the progress of research and 
observations, reporte of conferences and congresses, 
notes on the progress of science abroad, calendar of 
nature and short book reviews. 18,000 copies are 
printed. The price of each number is 70 kop. 


Control—an Expanding Industry 


During the period 1960-61, firms manufacturing 
control equipment made steady advances, and both 
potential and actual users of control equipment 
became somewhat more aware of the advantages in 
productivity, quality control and other situations 
offered by the new techniques. Nevertheless, industry 
at large is still paying little more than lip service to 
the value of automation. Some progress is being 
made, however, as is shown in Control, Industry Guide 
and Digest, 1962 (Pp. 214. London: Rowse Muir 
Publications, Ltd., 1961). Nearly 1,000 firms are 
listed; the present edition includes more than 200 
extra companies, and, since about 100 firms dropped 
out, it appears that the industry has increased in size 
by something like 10 per cent. The edition is divided 
into eight sections: electromechanics; electrics and 
electronics; hydraulics and pneumatics; instrument; 
deta processing; systems and applications; ‘who's 
who’; and a buyers’ guide. 


The Fraser River Archzological Project 


A sHORT progress article on the Fraser River 
archeological project, by Charles E. Borden, has 
recently been published by the Canadian Department 
of Northern Affairs and National Resources (Anthro- 
pological Papers of the National Museum of Canada. 
No. 1; December 29. 1961. Fraser River Archeo- 
logical Project. By Charles E. Borden. Pp. 6 (2 
plates). Ottawa: Queen’s Printer). The work was 
carried out in 1960 by the University of British 
Columbia and the National Museum of Canada. 
There are two main zones, and they have yielded 
many artefacts. It is thought that the earliest 
cultural remains date back to about 6000 B.o., “near 
the end of the Pleistocene’. Some leaf-shaped stone 
points have been unearthed, as well as choppers, 
drills, slate knives, pestles and mortors, saws, adzes, 
beads, etc. There are also some carved animal and 
human figurines. An excellent section is given show- 
ing the stratification and possible chronology of the 
site examined. 


Archeology in the Congo Republic 


Tam Institut des Parcs Nationaux du Congo et du 
Ruanda-Urundi has recently published Part 6 of 
Exploration du Paro National Albert, an account of 
Jean de Heinzelin de Braucout’s mission to the 
national park in 1950. (Fascicule 6: Le Paléolithique 
aux Abords d’Ishango. Par Jean de Heinzelin de 
Braucourt. Pp. 34+ 47 planches. (Bruxelles:-Institut 
des Parcs Nationaux du Congo et du Ruanda-Urundi, 
1961.)) Most of this considerable work is occupied by 
full-page illustrations, of which there are 47. The 
text, only 34 , is concerned with a brief descrip- 
tion of the localities and the position of the various 
terraces, and then with notes on the finds themselves. 
But the importance of the work hes in the excellent 
illustrations, which allow the student to study and 
judge for himself the various industries presented 
here. The artefacts are mostly, but not all, roughly 
made and pebble tools occur. They appear to be of 
early and middle Stone Age character. 
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Archxology, Anthropology and Breuil 

Tam journal Man for December 1961 contains 
several interesting articles and an obituary of the 
late Abbé Breuil by Dr. Garrod. The obituary gives 
& good picture of a tman. His was a considerable 
influence on the thought of his time. The study of 
prehistoric man and the rise and fall of cultures in the 
past, not to mention the antiquity of ‘ceremonial 
burial’ and the occurrence of cave and home art, 
does affect to some extent man’s general religious 
philosophic outlook on life. As Breuil vastly increased 
our knowledge of these subjects his life-history is a 
matter of interest. There have been several obituaries 
{see Nature, 191, 1246; 1961), and Dr. Garrod in this 
one has done her job well. There is a small mistake 
about the start of prehistoric studies in Cambridge. 
The study of the subject was included in the Anthro- 
pological Tripos then just starting, and the diploma 
followed the establishment of the tripos, not preceding 
it. Classical archeology, of course, was an older 
development in the University. But this is only a 
trifle of interest locally. Dr. Garrod knew the ‘old 
boy’ very well and her account of his life and work 
is well worth perusing. 


Wood Charcoal in Great Britain 


Lrrriy is heard of the manufacture of wood char- 
coal in Great Britain, but the subject is comprehen- 
sively dealt with in the Forestry Commission’s foresiry 
Record No. 19 (The Manufacture of Wood Charcoal in 
Great Britain. By L. Reynolds. Pp. 10. London: 
H.M.S.O., 1962. 3s. net). The demand is for leaf-tree 
(hardwood) charcoal, and conifers are not usually 
acceptable. Charcoal is used in a variety of ways, as 
a filler in rubber goods, paints and plastics, as a 
pigment in black paints, as an insulator, for absorbing 
gases and odours and also colours from lquids, and 
in case-hardening compounds for ferrous and non- 
ferrous metals. It is used in many chemical pro- 
cesses and for pharmaceutical purposes. Only on a 
small scale is charcoal now used as a fuel in Britain. 
The leaflet describes the ways of manufacturing 
charcoal, the by-products obtained and a synopsis of 
the charcoal industry in Britain. In 1960, 19,843 tons 
of charcoal, valued at £583,096, were imported into 
Britain from fifteen countries. Imports amount, on 
the average, to about twice the home production, 
but 933 tons valued at £60,530 were exported. 


Butt-Rot and Death of Conifers 

Onm of the biggest problems confronting the 
forester in Britain is the damage done to woodlands 
by the fungus Fomes annosus; this problem is the 
subject of a recent Forestry Commission Leaflet 
(Leaflet No. 5: Fomes annosus: a Fungus causing 
Butt-Rot and Death of Conifers. Pp. 11. London: 
H.M.§.O0., 1961. Is. net). It appears that it can 
attack all species of conifer, that it is responsible for 
butt-rof and loss of increment, and that it can cause 
death to the tree. Wind-borne spores infect exposed 
woody tissues of conifers, mainly stumps, and the 
developing mycelium grows down into the root 
system of the stump. Root contacts are the means 
of carrying the infection into standing trees. De- 
pending on site and species, the fungus may cause 
root-rot and death of the root system, or butt-rot. 
Under favourable conditions for the fungus, it may kill 
the tree. Broad-leaved trees on unsuitable sites for 
them may also be killed, but the real problem is con- 
cerned with the conifers, of which only the silver firs 
show any marked resistance to attack. Observations 
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seem to point to there being certain inhibitory organ- 
isms in the soul which prevent or restrict root-surface 
growth of the fungus. These conditions exist on wet, 
acid, peat sites, where pine is grown pure on non- 
alkaline sites, and on old broad-leaved tree sites as long 
as stumps of the former trees remain. Really satis- 
factory control measures on other sites have not yet 
been found, but, for the present, the Forestry Com- 
mission has adopted a routine creosoting of stumps. 
Research is being conducted into other means of 
stump protection against Fomes. This fungus is 
causing a serious economic loss in Britain’s forests 


- and it could quite easily become much more serious. 


Chemotherapy and Present-day Therapeutics 


A QUARTER of a century has elapsed since the 
introduction of the sulphonamides led to one of the 
greatest revolutions in the history of medicine. 
Ehbrlich’s dream of a therupta stertlisans magna has 
become a fact, though not in the sense that he con- 
ceived it. Rather is the practitioner faced with such 
@ multiplicity of antibacterial agents that he often 
finds it difficult to decide which one should be used 
in any particular case. At one time it seemed as if 
the sulphonamides had had their day and were to be 
replaced by antibiotics. To-day it is clear that these 
two forms of ‘chemotherapy’ are complementary— 
and not mutually exclusive. To help to disentangle 
this chemotherapeutic skein, The Practitioner has 
issued a special number on chemotherapy (188, 
No. 1123; January 1962). The sixteen articles, 
together with one on preserit-day therapeutics, pro- 
vide a comprehensive review of the subject in which 
the emphasis is placed on practical aspects. While 
the sulphonamides and the antibiotics provide the 
answer to most infectious diseases in temperate 
climates, there remains the vast residuum of tropical 
diseases, which explains why seven of the contributors 
deal with the chemotherapy of diseases endemic in 
vast areas of Africa and Asia, as well as Oceania. To 
help in unravelling the tangle of the multiplicity of 
proprietary names for the same drug, a selection of 
some of the newer and less familiar drugs mentioned 
by their official or approved names, along with their 
proprietary names, is included. 


Index Medicus 


Muon has been written about the increasing 
difficulty of the research worker in finding out what 
work has been published in his field. With an 
increasing number of journals, publishing a logarith- 
mically increasing number of articles, some research 
workers seem to have given up the task in despair. 
At present, the only hope at all seems to be a, first- 
class journal of abstracts or of titles. Both have. 
disadvantages. The abstract may not mecessarily 
describe the most important and relevant findings, 
while the title may give a quite wrong indication of 
what the article is about. Nevertheless, we should 
be content to a very large degree if we had a reliable, 
reasonably up-to-date and fairly comprehensive list 
of papers. Those who work in medicine and the 
medical sciences are fortunate. After a& rather 
ohequered history of more than 80 years, there is now 
a new Index Medicus, published by the American 
Medical Association since January 1960, in 12 monthly 
parte. These are re-issued, again alphabetically, as 
the Cumulated Index Medicus at the end of each year, 
in two sections, subject and author. In its first year, 
there were 125,000 entries. It is estimated that, 
throughout the world, there were perhaps twice as 
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many articles in about 5,000 journals. Index Medscus 
abstracts journals published in Hebrew, Vietnamese, 
Icelandic, Chinese, and a couple of dozen other 
languages. By a combination of mechanical aids, 
which include punclféd tape, sorting and collating 
machines and photography, the Index can now give 
references within a few weeks of publication. It is 
easily the best, most up-to-date, efficient and most 
comprehensive source of current literature in medicine 
and the medical sciences. 


Pelvic Dimensions related to Infant Size 

OBSTETRICIANS practising in Uganda have long 
been aware of the problem of disproportion between 
the size of the fatal head and that of the maternal 
pelvis. Among the Ganda (a tribe at the northern 
limit of the Bantu linguistic area) this is especially 
true and results frequently in dystocia. In the 
Department of Obstetrics, Makerere College, between 
1953 and 1955, for example, cephalopelvic dispropor- 
tion made dperative delivery obligatory in 12-2 per 
cent of 5,137 patients. A knowledge of the range in 
size and configuration of the mature female pelvis 
found in the Ganda is thus of practical importance to 
the clinician practising locally. Dr. David Allbrook 
and Dr. Elsie M. Sibthorpe, of the Departments of 
Anatomy and Obstetrica, Makerere College Medical 
School, have described the form and dimensions of 
the female pelvis in the intralacustrine Bantu, repre- 
sented by the Ganda (S. Afr. J. Med. Sci., 28, No. 3; 
October 1961). Their report is based on a dual study 
of a series of radiological pelvimetry examinations in 
hospital patients, and a series of prepared pelvic 
skeletons from the Department of Anatomy, Makerere 
College, as well as on two measurements made on 
new-born Ganda infants born in the Department of 
Obstetrics. Details are given of the techniques used 
in assessing radiological pelvimetry examinations and 
osteological specimens in a series of Ganda females, 
with special attention directed to the assessment of 
the sciatic notch in the skeletal material. A series 
of 654 Ganda infants were weighed at birth and the 
maximum head circumference was recorded. The 
results of these surveys indicate an average pelvis 
which is smaller even than that of the South African 
Bantu, but which is of classically female proportions, 
and an average new-born infant who is significantly 
smaller than the Scottish infants reported in a study 
by R. B. W. Ellis in 1951. 


Measuring Phase and Group Delay 


Warn electromagnetic energy is transmitted 
through a system there will be some phase shift and 
phase delay. If the energy is not a simple sme wave, 
but is of a complex nature, then the delay of the 
comple — may be different from the delay of 
sinusoidal components in the complex group. The 
delay to the whole is called ‘group delay’ and the 
delay to the component parts of the signal is termed 

‘phase delay’. The difference, if it exists, between 
these two delays may change with the frequency and 
distortion results. This distortion may occur in any 
transmission system—a television system extending 
from the camera tube to a domestic cathode-ray tube, 
or in a feed-back amplifier on the laboratory bench. 
Engineers and physicists working on transmission 
problems often have to measure these delays in the 
laboratory. Suitable commercial equipment rarely 
exists and the investigator often has to build his own 
test equipment to do the measurements. Before any 
reliable results can be obtained, some standard has 
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to be found to aheck the equipment. At first it would 
seem that a satisfactory standard giving a known 
delay could be made up from so-called lumped con- 
stants, that is, inductors and capacitors. In practice 
it is impossible to make such networks behave as 
predicted. Experience has shown that the bæt 
standard is a length of coaxial cable, ‘and in an 
article in R and D: Research and D for 
Indusiry, D. G. W. Ingram, of the General Electric 
Company, points out the value of using such a cable 
as a standard and suggests ways of avoiding the 
errors that might occur in practice even when using 
the preferred coaxial cable standard (No. 5; January 
1962. Pp. 124. Published monthly. Annual sub- 
scription 35s.; United States and Canada 5.265 dollars; 
single copies 2s. 6d. London: Heywood and Co.. 
Ltd. Published on behalf of British Aviation Pub- 
lications, Ltd., 1962). 


Earthquake-resisting Bonds in Brickwork = 


Tux weakest part of any brick building is the bond 
or joint between brick and mortar, and little is known 
of the factors controllmg the strength of this bond. 
The problem is of particular importance in New 
Zealand, where the risk of earthquakes limite the use 
of brick in a building of any great height. Dr. L. 
Swindale, director of the New Zealand Pottery and 
Ceramics Research Association, has described the 
work of his Association into the brick~mortar bond 
(New Zealand Sctence Renew, 19, No. 6; 1961). 
Research indicates that two of the most important 
properties of mortar are its plasticity and, hence, its 
workability, and its ability to retain water against 
the suction of the brick so that it stays wet long 
enough to set and develop strength. To achieve good 
bond strength, these two properties must be balanced 
in relation to the characteristics of the brick used. 
A characteristic of brick is its power to absorb water, 
including water from fresh mortar, and experiments 
have proved the value of the age-old custom of 
soaking bricks with water before use. For laboratory 
experiments, 10,000 mimi-bricks, one-sixth standard 
size, were produced at the works of one of the 
member firms. The New Zealand Pottery and 
Ceramics Research Association is one of the seven 
incorporated research bodies supported jointly by 
the Department of Scientific and Industrial Research 
and the manufacturers, which were formed to assist- 
the technological development of New Zealand’s 
industries. 


Technical Administration 
Laboratories 


K. E. JEgmy of the United Kingdom Atomic 
Energy Authority (Reactor Group), Reactor Tech- 
nology Branch, Capenhurst, Chester, has explained 
how the effects of shortage of technica] manpower in 
large applied research laboratories can be somewhat 
mitigated by an efficient administrative systerh, which 
relieves working scientista of non-scientific activities 
so far as possible (Research Applied in Industry, 15, 
No. 2; February 1962). The normal administrative 
services should be integrated with a technical, 
administration section, having a staff of people 
possessing scientific training and k a as well as 
specialized, non-scientific skills. A typical section 
comprising a laboratory secretary, planning officer, 
technical editor, librarian and information scientist, 
and photographic studio can provide laboratory and 
higher managements with information on sucb 
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essentials as staffing, allocation of effort, budgets 
and research progress, as well as providing a service 
to the working scientists. 


Conference on Ergonomics 


Tes annual conference of the Ergonomics Research 
Society will be held at the College of Technology, 
Loughborough, during April 9-12. Subjects under 
discussion will include: comparative effects of 
alcohol or caffeine addition to water on the physio- 
logical and psychological tolerance to work m 4 
warm-dry environment; the design of ventilated 
heat-protected clothing for use in industry; stages 
in the acquisition of industrial akill; the learning of 
advance cues in process control; the teaching of 
ergonomics; ergonomic studies in industry; studies 
on motor vehicle seating; the role of seating in the 
application of manual control forces; teaching 
machines in industrial and military training; physio- 
logical methods of studying light muscular work; 
electronic equipment for laboratory and field studies 
in ergonomics; fixing rest allowances for static mus- 
cular work; effect of anoxia on the accuracy of 
setting of machine tool controls by acclimatized 
subjects at altitudes above 13,000 ft.; equipment 
design—a case study; meeting-points of socio- 
psychological analysis and ergonomics in the indus- 
trial situation; the nature of athletic skill. Further 
information can be obtained from the secretary, Dr. 
S. Griew, Department of Psychology, University of 
Bristol, 22 Berkeley Square, Bristol 8. 


The Worshipful Company of Gardeners’ Scholar- 
ship 


APPLICATIONS are invited for a scholarship spon- 
sored by the Worshipful Company of Gardeners, and 
open to young gardeners who are undergoing or have 
completed training at the Royal Horticultural 
Society’s Gardens, Wisley, or elsewhere, and who will 
have had at least four years’ practical experience in 
horticulture by October 1, 1962. Under present 
conditions the scholarship is restricted to male 
candidates who are unmarried and undertake to 
remain so during the tenure of the scholarship. The 
scholarship will be tenable for two years, beginning 
October 1, and is valued at £300 per annum. 
Applications should be made in writing to the 
Secretary, Royal Horticultural Society, Vincent 
Square, London, 8.W.1, not later than May 31. 


Announcements 


Pror. W. F. Cass, professor of civil engineering 
in the University of Durham (King’s College, New- 
castle upon Tyne), has been appointed chairman of 
the Research Advisory Committee of the Cement 
and Concrete Association. Other members of the 
Committee are: C. L. a’Court, Prof. A. L. L. Baker, 
R. H. Bates, F. M. Bowen, P. A. Fitzpatrick, A. 
Goldstein, Dr. M. F. Kaplan, R. A. Kidd, W. K. 
Laing, Dr. A. R. Lee, Dr. L. J. Murdock, Prof. J. 
H. Napper, Dr. T. W. Parker, Clive Paseall, P. T. 
Patterson and J. L. Womersley. 


Impmeian CEBMIOAI. Inpustraims, Lrp., publishers 
of Endeavour, are offering prizes totalling 100 guineas 
for essays on the following subjects: the determina- 
tion of chemical structure; recent progress in solid- 
state physics; the age of the universe; the human 
eye; free radicala; the nature of viruses. Further 
information can be obtained from the Deputy 
Secretary, British Association for the Advancement 
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of Science, 3 Sanctuary Buildings, Great Smith 
Street, London, 8.W.1. 


. Tue Paul Instrument Fund Committee has made 
a grant of £17,250 to Dr. R. E. Richards, Fellow of 
Lincoln College, Oxford, and university demonstrator 
in chemistry, for the construction of apparatus to 
excite electron and nuclear resonances simultaneously 
ın the same material operating at high field strength 
and with measurement of small lne-widths. The 
Paul Instrument Fund Committee, composed of 
representatives of the Royal Society, the Institute 
of Physics and the Physical Society and the Institu- 
tion of Electrical Engineers, was set up in 1945 “to 
receive applications from British subjects who are 
research workers in Great Britain for grants for the 
design, construction and maintenance of novel, 
unusual or much improved types of physical instru- 
ments and apparatus for investigations in pure or 
apphed physical science”. 


Tus tenth annual general meeting and conference 
of the British Agricultural History Society will be 
held in Sidney Sussex College, Cambridge, during 
April 11-13. Further information can be obtained 
from Miss E. H. Whetham, School of Agriculture, 
Cambridge. 


_ Tse fourth rubber technology conference, organ- 
ized by the Institution of the Rubber Industry, is to 
be held at Church House, Westminster, during May 
22-25. Further information can be obtained from 
Mr. P. D. Patterson, Dunlop Research Centre, 
Birmingham 24. 


A. MEETING of the Photobiology Group to discuss 
“Radiation Measurement in Biological Research” 
will be held at the National Physical Laboratory, 
Teddington, Middlesex, on April 10. Further informa- 
tion can be obtained from Dr. 8. Y. Thompson, 
an Sage Institute for Research in Dairying, Shinfield, 


Tam eleventh international conference on “High- 
Energy Physics’, sponsored by the International 
Union of Pure and Applied Physics, is to be held at 
CERN, Geneva, during July 4-11]. Further informa- 
tion can be obtained from E. W. D. Steel, Soientific 
Conference Secretariat, CERN, Geneva 23. 


Tue fiftieth anniversary of the South African 
Chemical Institute is to be celebrated during July 
2-11. Various meetings and functions will be held 
in the Johannesburg, Pretoria and Vereeniging areas. 
Further information can be obtained from the 
Secretary, South African Chemical Institute, P.O. 
Box 3361, Johannesburg. 


AN international symposium on “Carbohydrate 
Chemistry”, sponsored by the Chemical Society in 
conjunction with the University of Birmingham, will 
be held in Birmingham during July 16-20. Further 
information can be obtained from Dr. A. B. Foster, 
Chemistry Department, University of Birmingham, 
Edgbaston, Birmingham. 


Taw fourth international symposium on “Gas 
Chromatography’, organized by the Analytical- 
Chemical Division of the Gesellschaft Deutscher 
Chemiker and the Gas Chromatography Discussion 
Group under the auspices of the Hydrocarbon 
Research Group of the Institute of Petroleum, is to 
be held in Hamburg during June 13-16. Further 
information can be obtained from Dr. W. Fritsche, 
Gesellschaft Deutscher Chemiker, Postfach 90785, 
Frankfurt (Main). 
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STUDY AND TREATMENT OF SMALLPOX 


SERIES of investigations was carried out in 

Madras, India, during*the early part of 1960 to 
shed new light on a number of problems still unsolved 
in the epidemiology, immunology, pathogenesis, pre- 
vention and treatment of smallpox. 

This work was sponsored by the World Health 
Organization, the Indian Council of Medical Research, 
the Governments of India and Madras, and other 
bodies, and were supported by grants from the World 
Health Organization, the Virus and Rickettsial 
Disease Study Section, National Institutes of Health, 
Bethesda, and the Marcus Tullius Reynolds ITI 
Fund. Some of tho findmgs have been reported in 
the WHO Chronicle (16, No. 1; January 1962). 

It has long been accepted that smallpox patients 
are normally not infective in the first few days of 
the disease before the rash appears. Indeed, the 
effectiveness of the isolation of patients in the early 
stages of the disease as a step towards controlling 
outbreaks depends largely on the correctness of this 
belief. If pationts were infective from the beginning, 
early isolation of the contacts of known cases when 
they begin to run a temperature would fail to prevent 
the disease from spreading to those in contact with 
them. To determine how long the non-infective 
period lasts and when oral infectiveness ceases, 
Downie and his colleagues examined mouth washings 
and garglings from 119 patients in the Infectious 
Diseases Hospital, Madras, for the presence of virus. 
They found that specimens taken on the first and 
second day of illness were negative. Since, at this 
stage of the disease, lesions are not usually present 
in the mouth, this finding conforms with the accepted 
view that smallpox is not usually infective in the 
pre-eruptive phase. Positive results were most 
frequently obtained between the sixth and the 
ninth day, at a time when the lesions in the mouth 
tend to ulcerate and so discharge virus into the saliva. 
After twelve days patients suffering from a mild 
or moderate attack have very little virus left in the 
saliva. This is the time, however, in which the 
pustules in the skin are breaking down and providing 
@ fresh source of infection. 

The duration of the immunity conferred by vaccina- 
tion against smallpox in infancy is known to be of 
variable extent, and the presence of a good vaccina- 
tion scar does not mean that the person possessing 
it will not contract the disease. Vaccination is widely 
practised in Madras, yet smallpox is endemic; a 
series of studies carried out in 1960 showed that 
more than half the cases of the disease admitted to 
the Madras Infectious Diseases Hospital had good 
scars from vaccination in early life. In an attempt to 
find out to what extent antibody—and thereore 
immunity—is lost in people successfully vaccinated in 
early life, Downie, Hobday, Vincent and Kempe 
collected sera from more than 300 adults in Madras 
and estimated the antibody content. The individuals 
from whom sera were collected were mostly young 
adult males and thus did not form a representative 
cross-section of the population of Madras. The 
similarity between the three groups tested (blood 
donors, patients admitted to the Infectious Diseases 
Hospital, Madras, with chickenpox, and patients in 
the World Health Organization Tuberculosis Chemo- 


therapy Centre in Madras), suggested that the results 
might be typical of the antibody-levels in the vac- 
cinated adult population of Madras. Downie and his 
co-workers found that approximately 10 per cent 
of this population had little or no neutralizing anti- 
body in their sera. They suggest that this percentage 
of the population, added to the 10-20 per cent which 
are not vaccinated, may provide a sufficient number 
of non-immune persons to permit smallpox to remain 
endemic in the city. The crowded conditions in 
which a large part of the population lives probably 
also contributes to the persistence of the disease. 

The case mortality in variola major is approxim- 
ately 20 per cent, although in unvaccinated patients 
it may be 40-50 per cent. By contrast, in variola 
minor or alastrim it is only 1 per cent or less. In 
limited outbreaks of smallpox, however, even if the 
disease is variola major, there may be no deaths 
(especially if the patients have been vaccinated), 
and there is no means of telling from the clinical 
picture which of the two forms is active in the 
community. Dumbell, Bedson and Rossier, after 
comparing several laboratory methods of differentiat- 
ing the virus of variola major from that of variola 
minor, recommend a simple diagnostic test applicable 
to material taken directly from the patient. This 
test, based on the findings that the virus of variola 
major will produce pocks on the chorioallantois of 
chick embryos incubated at 38-25° C., whereas the 
virus of variola minor will not, will enable a differen- 
tial diagnosis to be made within two days. 

Since its introduction by Calmette and Guérin at 
the beginning of the century, the rabbit scarification 
method of assaying potency and standardizing small- 
pox vaccine has been in regular use throughout the 
world. It has been objected to on the grounds that 
the estimates of potency are qualitative, the errors 
due to different techniques and animal variation, and 
the total number of infective virus particles unde- 
tectable. Other test methods have been devised; 
but, in the view of Kolb, Cox and Aylor, they, too, 
have their limitations. Thus, the rabbit intracutane- 
ous method is not sufficiently sensitive for titrating 
vaccines of dubious quality or unstable character 
because of inconsistent or poor development of the 
intracutaneous lesions. Some authors hold that the 
count variance in the method of counting pocks in 
the chick chorioallantois is so great that no valid 
estimate of the over-all coefficient of variation is 
possible. Tissue culture in monkey kidney provides 
& very much more sensitive titration system than 
rabbit scarification, but the method cannot be adopted 
until correlation is established between the virus 
titre found in it and successful human vaccifiation. 
Intravenous injection of embryonated eggs, because 
of time and expense, is not a practical procedure in 
the routine assay of vaccines. 

Kolb, Cox and Aylor accordingly suggest refine- 
ments of the rabbit scarification method to meet 
some of the objections against it. The use of more 
animals, a calibrated gradient ensuring more precise 
measurement of individual pocks and confluent 
areas, and a simple mathematical scheme for quanti- 
tating potency of unknown vaccines in terms of a 
reference will help make the method of greater value 
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for the assay of vaccines to be used for human inocula- 
tions. The rabbit scarification method has consider- 
able advantages: the results have been sufficiently 
correlated with those of human vaccination. It is 
economical in that two test vaccines can be directly 
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compared with a control on three animals, and a 
minimum amount of training of personnel is required. 
By the use of the modifications suggested, test results 
can be determined and expressed in relative terms by 
simple mathematical means. e 


THE ROCKEFELLER FOUNDATION 


HE annual report of the Rockefeller Foundation 

for 1960 * includes, besides the President’s review, 
the more general aspects of which have been discussed 
in the November 18 issue of Nature (192, 587; 1961), 
reports on the major features of the Foundation’s 
support during the year for work in the medical and 
natural sciences, the humanities, the social sciences 
and the agricultural sciences. In agriculture, the 
Foundation’s operating programme is devoted primar- 
ily on research to overcome or minimize the hazards 
to the production of food crops and livestock, and to 
train competent local scientists to direct their 
countries’ agricultural research services. Of some 
2°8 million dollars in aid of research and teaching, 
405,350 dollars were for agricultural and veterinary 
science at eight different institutions in Africa, 
300,000 dollars to the Ministry of Agriculture, Peru, 
and the Agrarian University for co-operative crop 
improvement programmes. The substantial assist- 
ance given to the Mexican, Colombian, Chilean and 
Indian Agricultural Programmes and the results of 
these programmes are outlined in the President’s 
review and, besides, in the Inter-American Maize 
Improvement Project a very successful pattern of 
co-operation has been established among the six 
Central American republics which in seven years has 
greatly increased maize production in these countries 
and built up a corps of well-trained specialista in 
maize production. This project is now being organ- 
ized into regional units beginning with a Central 
American programme and an Andean zone pro- 
gramme. Among other grants in this feld may be 
mentioned those to the Boyce Thompson Institute 
for Plant Research for the study of obligate parasitism, 
to four Polish Institutions for the purchase abroad 
of equipment for research and teaching in the plant 
and animal sciences, and to the Kansas State Univer- 
sity of Agriculture and Applied Science for research 
in the biological and physiological changes in wheat 
during storage. 

In the medical and natural sciences, the President 
reviews more particularly the Foundation’s support 
for virology, to which nearly 1-5 million dollars were 
devoted in 1960, and especially to the work on 
arthropod-borne (arbor) viruses, where it now appears 
that the HeLa cell line, originally isolated from a 
human carcinoma, can be used for the propagation and 
study of all the ‘arbor’ viruses so far tested when culti- 
vated under special conditions. It has already proved 
extremely useful in studying the chemical and physical 
properties of Semliki Forest virus, a prototype 
group A agent. Besides the central laboratories in 
New York, where the programme is co-ordinated, field 
stations are maintained in North and South America, 
and in India, and surveys of arbor virus diseases have 
been made in Mozambique, in Bechuanaland and 
Angole as well as parts of South Africa. The pro- 
gramme is basically a fact-finding undertaking to 

The Rockefeller Foundation Anntal be say TE cn (Rockefeller 
Foundation, 111 West 60th Street, New Yo 


determine the incidence, epidemiology and importance 
of the various ‘arbor’ viruses, which are largely 
regional. Continuity of land surfaces may lead to a wide 
distribution of agents, as illustrated recently by the 
dramatic appearance in India of African horse-sick- 
ness, the causative virus being transmitted by a species 
of very small biting midges of the Cultcotdes species. 
Among other grants for the medical and natural 
sciences, in which field more than 4 million dollars were 
for professional education, are those to the National 


` University of Mexico for its research on the chemistry 


of natural products; to the University of Valle, 
Colombia, for research in experimental medicine; to 
the University of Melbourne, for research in experi- 
mental physiology; to Kyoto University for behaviour 
studies in two species of monkeys; to the Population 
Council, New York, for ita co-operative programme 
on population problems; to Oberlin College, Ohio, 
for a new natural science building; to the University 
College of Rhodesia and Nyasaland for research on 
sleeping sickness and bilharziasis by the Department 
of Zoology; to University College, London, for 
research in human genetics; to Harvard University, 
to establish a Centre for the Study of Nutritional 
Disease; for research in enzyme chemistry at the 
Karolinska Institute, Stockholm, and the University 
of Amsterdam; for studies of cellular metabolism 
at the University of Oxford; for biochemical research 
at the University of Rome; and for research in bio- 
physics at King’s College, London, and at the Indian 
Cancer Research Centre, Bombay. 

In the social sciences, grants totaling 1-3 million 
dollars to assist the quest for rapid political and 
economic development included a grant to enable the 
International Bank for Reconstruction and Develop- 
ment to furnish basic working libraries on economic 
development to ministries of finance or economic 
affairs, development corporations, or central banks 
m emergent nations. Other grants in this field went 
to the Centre for International Studies, Mexico City, 
to the Institute of Public Administration, University 
of the Philippines, and to Hitotsubashi University, 
Tokyo, for a study of economic growth in Japan. 
The 875,000 dollars in support of the social sciences 
and basic disciplines included grants to the National 
Bureau of Economic Research, New York, for research 
on international trade; to the University of Michigan 
for a study of voting behaviour; and to Harvard 
University towards the costa of a conference on 
input-output techniques. The 478,000 dollars in 
support of studies of the fundamental problems of 
contemporary society included grants to the Centre 
for Studies and Research in International Law and 
International Relations at the Hague Academy of 
International Law; to the Free University of Brussels 
for the study of the national economic problems of 
the West; to the American Council of Learned Socie- 
ties for a current digest of the Soviet Press and to 
Harvard University and the Massachusetts Institute 
of Technology for an arms control seminar. 
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FUTURE OF WEST AFRICAN UNIVERSITIES 


| a e aoi ih those parts of tropical Africa 
which began under British influence have 
entered a new phase in their development. Political 

have created the demand for increased 
facilities for higher education and have forced on 
the universities the need to re-define their purpose in 
relation to the societies within which they function. 
Three major commissions have recently considered 
these problems in East Africa, in Ghana and in 
Nigeria (Nature, 184, 243, 1959; 189, 95, 1961; and 
192, 14, 1961). The Commission on Higher Education 
in Nigeria, of which Sir Eric Ashby was the chairman, 
made a number of detailed proposals concerning 
expansion and adaptation of university education in 
that country. In a recent paper*, Patterns of 
Universities in Non-Huropean Soctettes, Sir Eric 
Ashby’s the8is is that West African universities must 
take on themselves a distinct West African identity, 
developed by a gradual process of growth from their 
British foundations. At the same time their academic 
standards must be maiptained at the high level they 
are to-day. 

By examining the impact of higher education on 
India and on West Africa, Sir Eric is able to suggest 
what changes should be encouraged and what dangers 
must be avoided in the evolution of West African 
universities. 

In both these regions, universities were not at 
first sponsored by the indigenous people, but by the 
Colonial power to impose a new Western culture. 
The Indian universities were modelled. on the Univer- 
sity of London as it was in 1850. They were simply 
to be ex bodies, drawing their candidates from 
colleges already established. With a few notable 
exceptions they have remained little more than 
examining bodies, without the warmth and fellowship 
of academic society. Moreover, because of the exclu- 
sion from examinations of any subject connected 
with religion, the universities were cut off from the 
mainstream of Indian ethical and religious life. Here 
lie the main causes behind the failure of Indian univer- 
sities to adapt themselves and become the centre and 
focus of India’s intellectual life. 

The West African universities have been more 
fortunate. The University Colleges at Ibadan and 
Accra were established as a result of the findings of the 


* Patterns of Universities in Non-European Societies. By Sir Brio 
Ashby. Pp. 27. — Sohool of Oriental and African Studies, 
Untversity of Lon 1961.) 


ith Commission on Higher Education in the 
Colonies, in 1945. They are universities in the fullest 
gense-——vigorous, cohesive societies of teachers and 
scholars. To establish high academic standards the 
curricula and exammations have been tied to the 
University of London. Though no subjects have been 
explicitly excluded, little encouragement has been 
given go far to undergraduate studies in African 
history, sociology and art. Although, superficially, 
these subjects have received greater attention in the 
universities of French West Africa, Sir Eric considers 
that their expression in the idea of négritude is little 
more than an outburst of cultural racialsm, a by- 
product of the French educational policy of turning 
Africans into Frenchmen. British educational policy 
in West Africa has been less precise and doctrinaire 
than the French. Within the more liberal framework 
there is every hope that the encouragement of African 
studies will help to integrate the universities into 
African society. = 

The Asquith Commission did not foresee that the 
independence of the British West African territories 
would bring the desire for massive development of 
the economy and social services; that these, as 
well as the purely administrative services, would need 
large numbers of graduates. Less specialization, a 
greater breadth of knowledge and a modification of 
the content of courses in agriculture, engineering and 
medicine to meet the different needs of the countries; 
these are all desirable. ‘There may also be a case for 
some modification of the pattern of university govern- 
ment. Research is expensive, and to reduce the bur- 
den of cost, research carried out in the universities 
and in Government institutions should be unified. 
However, this must not entail a loss of freedom for 
the university. 

The West African universities have reached a stage 
in their development when change must be made if 
they are not to become unassimilated and separated 
from the people. However, adaptation of social 
institutions is difficult, and to force the pace would 
be dangerous, Great care must be taken to ensure 
that the present concern with local culture does not 
distort the fundamental values of learning which 
make a university. This is why the adaptation of the 
universities, which are essentially European institu- 
tions, to non-European societies needs intensive and 
thoughtful analysis. C. T. MORTIMER 


GEOCHRONOLOGY AND LAND SURFACES IN RELATION TO 
SOILS IN AUSTRALASIA 


URING the Second Australian Conference on 
Soil Science held in Melbourne in August 1957 

it was stressed that the collection of systematic 
information about the various geomorphic features 
of the continent would contribute greatly to the 
understanding of the origin and development of 
Australian soils and thereby facilitate their mapping 
and help to explain their fertility characteristics. 
from this @ resolution was passed pointing 

to the pressing need for a great increase in knowledge 
of post-Cretaceous chronology in Australia. The 


resolution was referred by the Australian Academy of 
Science to the Australian Royal Societies with the 
result that a symposium on geochronology and land 
surfaces in relation to soils in Australasia was con- 
vened by the Academy at the Laboratories of the 
Division of Soils, Commonwealth Scientific and 
Industrial Research Organization, in Adelaide during 
December 5-8. The meeting, which was opened by 
Prof. J. A. Prescott, chairman of the organizing 
committes, was attended by forty-four university, 
museum, industrial and Government scientists inter- 
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ested in pedology, geology, geomorphology, climato- 
logy, paleobotany and archeology. 

Prof. F. E. Zeuner of the University of London, 
Prof. J. Tricart of the University of Strasbourg, and 
Dr. R. P. Suggate and Mr. J. D. Raeside of New 
Zealand were present by invitation at the symposium. 

In the first session, under the chairmanship of 
Mr. J. K. Taylor, chief of the Division of Soils, a 
statement of the problem as it affected soils, geo- 
morphology and stratigraphy was made by Dr. C. G. 
Stephens, Prof. E. 8. Hills and Dr. M. F. Glaesmer. 
Dr. Stephens illustrated how stable and unstable 
landscapes determined the activity or otherwise of 
factors operative in the pedological cycle; Prof. 
Hills emphasized the possible complexities involved in 
landscape development and the various potential 
forms of climatic change; and Dr. Glaesaner dealt 
with the relationships of rock stratigraphy, biostrati- 
graphy, geochronology and geotestonics to the 
interpretation of geological history. 

In subsequent seasions the symposium took the 
form of papers and discussions on different topics. 
The first of these, dealing with chronological data, 
included papers by Mr. E. D. Gill on the problems of 
radiocarbon dating and interpretation, by Dr. R. P. 
Suggate of New Zealand emphasizing the uncertainty 
among geologists, particularly in that country, about 
the length of the Quaternary, by Dr. D. Walker 
indicating the promising nature of the Australian 
environment for resolving some of the more difficult 
palynological problems and by Mr. N. B. Tindale on 
the chronology of the advent and advance of man and 
his various implement cultures in and across Australia. 

The first of two sessions dealing with Quaternary 
chronology in relation to soila was introduced by Mr. 
B. E. Butler, who reported that failure to conform 
with radiocarbon datings meant that the K (Kronos) 
cycle designations of periodic soil formation recently 
developed and applied to soila on stratigraphically 
different bodies of material in south-eastern Australia 
are not bound to correlate chronologically on a 
continental scale. In the following papers Mr. R. W. 
Jessup attributed certain microrelief features of 
western New South Walesa to recent geomorphic and 
climatic changes in that area, and Mr. 8. Pels and 
Dr. T. Langford-Smith presented new stratigraphical 
and geomorphic evidence about the evolution of the 
Riverine Plain and its prior stream systems in south- 
eastern Australia. An apparently large discrepancy 
in radiocarbon dates for deposita from these streams 
was noted. Another discussion about climatic con- 
ditions during sedimentation in the Riverine Plain 
led to a demonstration by Dr. Langford-Smith that 
the many prior streams, taken together as a deltaic 
formation, could have carried more water than the 
present Murray~Murrumbidgee River system. 

Mr. G. Blackburn then presented new evidence for 
extending the recognition of stranded coastal dunes 
of south-eastern South Australia for more than 100 
miles farther eastward into Victoria where, however, 
the soils, parent materials and other features of the 
dunes are different, but alignment and curvature is in 
accord with those to the west. Mr. R. ©. Sprigg 
discussed the significance of sub-fossil desert dunes 
and loessial lime in the dating of Australian fossil 
soils and climatic cycles, especially the high wind 
directions of the Quaternary. Mr. J. E. Coaldrake 
linked the features of the siliceous coastal sand 
dunes of southern Queensland with three high sea- 
levels and indicated that the sub-tropical coast 
could have escaped major effecta of aridity during 
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the Quaternary. Mr. W. T. Ward described the 
geomorphic features and soils of a coastal section of 
the Mount Lofty fault block system south of Adelaide 
and linked bevelled surfaces and solian mantles with 
the Mediterranean sequence of high and low sea-levels. 
Mr. G. Tweedale reviewed the Cainozoic deposite of 
Queensland, dividing them simply mto Upper and 
Lower with respect to a pbriod of lateritization. 

The second of the two sessions concerned with 
Quaternary chronology in relation to soils was intro- 
duced by Mr. J. D. Raeside, who described the nature, 
origin and age of the loess of the South Island of 
New Zealand. Dr. Jane Soons then reviewed the 
evidence of former periglacial conditions in New 
Zealand, emphasizing features of waning periglacia- 
tion. The river terraces, solian deposits and soli- 
fluction deposits in the Tamar River catchment area 
in northern Tasmania were described by Mr. K. D. 
Nicolls. Mr. A. B. Costin surveyed the periglacial 
features of the Monaro Region of southern New 
South Wales and indicated their signifigance in soil 
formation, and Dr. R. W. Oalloway reviewed possible 
palzoclimatic interpretations of colluvial deposite 
on the adjacent Southern Tablelands region. Dr. 
W. R. Browne concluded with a brief outline of 
Cainozoic chronology for New South Wales. 

The next session, on denudation and chronology, 
was introduced by Dr. O. R. Twidale with a paper on 
aspects of landscape development in relation to 
pedogenesis. Dr. Twidale indicated that decisive 
evidence may come from the soil profile, Dr. M. J. 
Mulcahy followed with a description of soil distribu- 
tion in south-west Western Australia in relation to 
various landscape units extending more than 100 
miles inland end linked with the thalweg elements 
of the stream courses. A number of papers dealing 
with northern and central Australia were then sub- 
mitted, one by Mr. J. Hays dealing with the laterite 
and land surfaces in the northern part, another 
by Mr. R. L. Wright with surfaces in the Daly 
River Basin south of Darwin and a third by Mr. W. 
Litchfield with soil surfaces, largely in alluvia, adja- 
cent to the Macdonnell Ranges. Mr. J. A. Mabbutt 
described the summit surfaces, terraces and drainage 
gaps of these ranges, and Mr. T. Quinlan summarized 
their Mesozoic and Cainozoic geological history. 
Mr. B. P. Webb discussed the siliceous duricrust of 
arid South Australia and concluded that it is probably 
lower Miocene in age. Mr. C. D. Ollier described the 
landscape and soils associated with this duricrust at 
Coober Pedy. Finally, Mr. H. A. Haantjens described 
the nature and age of some stable land surfaces and 
their soils in New Guinea. 

The last session for the presentation of papers dealt 
with soils, vegetation and time factors, and was 
introduced by Mr. J. T. Hutton, who described the 
changes in mineralogy and chemistry of Soils with 
age. Dr. Nancy Burbidge followed with an account 
of the changes in plant cover and soil development in 
the southern Eremean Zone during Cainozoic times, 
A European contribution by Dr. J. B. Dalrymple on 
the alteration of loess in East Kent and its applica- 
tion to Quaternary chronology was received with 
great interest, especially in his techniques. The first 
soil survey in England by Hall and Russell early this 
century included this area. Mr. E. D. Gill dealt with 
soil formation and destruction and the evolution of 
Australian fauna and flora. Mr. G. D. Hubble 
described the varyingly complex relationships between 
soils and a number of land surfaces in south-east 
Queensland. Finally, Dr. K. Norrish presented the 
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results of a detailed study of the weathering status 
and mineralogy of podzolic soils in the Barossa Valley 
in South Australia. 


No 4822 


On the first evening of the meeting Prof.-Zeuner. 


delivered an addresa on “Soils and Shore Lines as 
Aids to Chronology” and emphasized the significance 
of changing sea-levels. He illustrated his address by 
examples from numerous lecalities, including especi- 
ally the Jebel Druz in northern Arabia, where the qa 
‘ depressions and their shore-line features have proved 
a profitable source of chronological data, and from 
the Arabs Gulf on the coast of Egypt, where a series 
of stranded bar beaches and lagoons strikingly similar 
to those in the south-east of South Australia has 
likewise yielded data on former high sea-levels. On 
the second evening Prof. Tricart spoke on the use of 
geomorphological maps in the field of pedology. He 
illustrated his paper by reference to studies of land- 
forms in the headwaters of the Niger River, and in the 
lower situated inland delta of the same river near 
Timbuktu, where irrigation works were planned, also 
from the Senegal delta, where two old dune systems 
have in recent times been subject to partial marine 
inundation. 

The last formal session on December 7 was devoted 
to recommendations arising from the symposium. 
Four resolutions were passed: (1) suggesting a standing 
committee on quaternary research to arrange sym- 
posia and advise on the use of any funds available; 
(2) emphasizing the need for greater organized 
effort in the compilation of topographic maps; (3) 
suggesting that active field workera be encouraged 
to attend international conferences concerned with 
Quaternary chronology; (4) proposing that a register 
of Australian radiocarbon and other datings be kept. 
These resolutions have been forwarded to the Aus- 
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tralian Academy of Science and were reported in 
detail to the Third Australian Conference in Soil 
Science held in Canberra in February. 

The last day of the symposium, December 8, was 
devoted to a fleld excursion led by Mr. W. T. Ward to 
the coastal area immediately south of Adelaide. Here 
the tilted fault blocks of the Mount Lofty Ranges meet 
the coast at St. Vincent Gulf and for some distance 
inland at various elevations show a number of bevelled 
surfaces of marine origin. One surface, 520 ft. above 
sea-level, preserves a cobble beach which has been 
the site of the manufacture of aboriginal stone 
implements. The oldest of the surfaces has a variable 
cover of fine-to-medium textured æolian material 
presumably derived by wind erosion of the exposed 
floor of St. Vincent Gulf in times .of glacial low see- 
level. The different base-levels of erosion created by 
changes in sea-level have controlled deposition in 
streams graded to those levels, and the deposited 
materials exhibit a sequence of soils whose morphology - 
is related primarily to age. With increasing age there 
is greater textural differentiation, increasing develop- 
ment of gilgai, and greater degradation of the soil 
profiles. 

During the symposium a collection of photographs, 
colour slides, soil profiles and specimens from a 
number of pedological and geomorphological studies | 
by the Division of Soils was arranged and exhibited 
by Mr. H. O. T. Stace. 

The proceedings of the symposium will not be 
published, but a mimeographed record of the papers, 
lectures, discussions and resolutions will be prepared 
by the Australian Academy of Science. It is antici- 
pated that the substance of many of the papers will 
be published eventually in the usual journals. 

C. Q. Srepx=ns 


FIRST BIOMAGNETIC SYMPOSIUM 


URING November 24-25, the first Biomagnetic 
Symposium was held in the College of Pharmacy, 
University of Iinois. The symposium, organized 
by Madeleine F. Barnothy, included three sessions of 
contributed papers and the visit to three magneto- 
biological laboratories in the Chicago area. Sixty- 
five persons from all over the United States attended 
the meeting. The aim of the symposium was to 
bring together persons interested in this new field 
of research, to try to clarify the mechanism through 
which magnetic fields produce biological effects and 
to report about new experimental findings. : 
After the welcoming address of George L. Webster, 
dean of the College of Pharmacy, the first session was 
devoted to the fundamental phenomena which may 
occur urfller the influence of magnetic fields in 
biological systems. Jeno M. Barnothy (Biomagnetic 
Research Foundation, Evanston) discussed the 
physical effects caused by homogeneous and inhomo- 
_ geneous magnetic fields on para- and dia-magnotic 
molecules and on systems in which thermal or electric 
currents and/or gradients exist. He stressed the 
importance of the recognition that magnetic field 
and gradient are vector quantities, whereby a 
motion of the biological specimen during exposure 
time with respect to these vectora could tend to 
annul cumulative effects. He discussed the rejection 
and complete healing he observed on T 2146 and 
H 2712 implanted tumours in mice and the arrest 
of the growth of the spontaneous mammary gland 


carcinoma of the O3H strain. He attributes tumour 
healing mainly to the general retardation of mitosis 
in magnetic fields, although in case of transplanted 
tumours an enhancement of the homograft reaction of 
the host cannot be excluded. He demonstrated 
sections of the spleens of magnetically treated mice 
which showed in 90 per cent of the investigated cases a 
proliferation of the white pulp and replacement of 
the spleen substance with immature looking lympho- 
blasts. Two papers by M. Valentinuzzi (National 
Institute of Microbiology, Argentina) and L. N. 
Muley (University of Cincinnati) dealt with the 
chemical effects caused by magnetic fields in biological 
systems. Valentinuzzi stressed the change in reaction- ‘ 
rate and change in concentration due to the motion 
of para- and dia-magnetic particles along magnetic 
gradient. Mulay discussed ferro- and anti-ferro- 
magnetic interactions and the importance of polymeric 
co-ordination compounds. i 

The first afternoon session opened with the paper 
of L. J. Audus and J. Wish (Bedford College, London), 
which discussed experiments on magneto-tropism of 
plants. They found a growth-curvature of seedling 
roots and shoots down the magnetic gradient, but 
could not verify their assumption that the curvature 
was caused by migration of gravi-sensitive starch 
grains. H. 8. Alexander (North American Aviation 
Corp.) reported on some inhibition observed on barley 
seeds. V. Gerencser (University of West Virginia) 
and M. F. Barnothy (University of Illinois) described 
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the inhibition of the growth of Serratia marcescens 
and Staphylocecous aureus cultures after 5-6 hr. in 
a strong inhomogeneous magnetic field. The shape 
of the growth-curve supports the view that after 
6 hr. exposure to the magnetic field only a magnetic- 
ally resistant strain of the population multiplies 
further. I. L. Mulay (Cincinnati) reported on body 
deformations found on first and second generations of 
Drosophilia melanogaster grown in magnetic fields, 
suggestive of genetic changes. Sarcoma 37 ascites 
tumour cells, grown in hanging-drop cultures, showed 
after 18 hr. exposure complete cell degeneration. 
The last two papers of this session, by F. A. Brown and 
F. H. Barnwell (North-western University, Evanston), 
were devoted to effects of very weak magnetic flelds 
on the orientation of snails, planarians and fruit 
flies. 

On the next day D. C. Butler and D. W. Dean 
(Butler Research Foundation, Phoenix, Arizona) 
reported on inhibitory effecte observed in the genera- 
tion of K.B. cells. Leo Gross (Waldemar Medical 
Research Foundation, Port Washington, New York) 
discussed his results on the inhibition of trans- 
planted tumours in animals treated prior to implanta- 
tion in magnetic fields. He attributes this effect to 
the lymphocytosis ensuing magnetic treatment 
(Nature, 177, 577, 1956). In his experiments on 
wound healing in magnetic fields he found as much as 
20 per cent delay in the reparative process. He 
discussed also his present investigations on an 
antibody titre method, as well as his theory that the 
effect of magnetic fields is due to the influence of the 
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enzyme substrate mtermediates, which are, during 
their short existence, in the form of free radicals. 
The last paper, by M. W. Freeman and J. H. Watson 
(Detroit), described means of introducing mon into 
the vascular system with the help of sublingual 
application of ron crystals. 

The sessions were concluded by very lively general 
discussions in which new avenues of approaches and 
new interpretation possibilities were proposed. On 
the first day the participants visited the biomagnetic 
laboratory of the College of Pharmacy, University of 
JUinois, where a Varian 4-in. electromagnet is avail- 
able with special pole caps and thermostat facilities 
to examine the effects of very strong homogeneous 
and inhomogeneous magnetic fields on bacterial 
cultures, tissue cultures, oxygen consumption of 
plants and animals and localized treatment of 
spontaneous tumours in mice. On the second after- 
noon the group visited first the laboratory of F. A. 
Brown at North-western University, where orienta- 
tion of snails, Planaria, etc., are investigated in very 
weak fields. Thereafter, they visited the laboratory 
of J. M. and M. F. Barnothy at the Biomagnetic 
Research Foundation in Evanston. Here, ten large 
permanent magnets are installed in which 30 mice 
can be treated at the same time for prolonged periods 
and where many of the so far established biomagnetie 
effects were discovered (effect on leucocyte count, 
retardation of development of embryos and young 
animals, postponement of ageing and of the inset 
of spontaneous cancers, compensation of radiation 
syndromes, etc.). M. F. Barnoruy 
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BRITAIN’S WATER PROBLEM 


N indication of the welcome increase of interest 
in the growing water problems of Britain (to 
which Nature has frequently made reference during 
the past decade!) has recently been demonstrated by 
the rapid sale of the final survey of the Sub-Com- 
mittee on the Growing Demand for Water. This 
latest report? of the Central Advisory Water 
Committee was sold out on publication and is now 
being reprinted. 

The report may prove to be one of the most signifi- 
cant that has yet come from the Central Advisory 
Water Cammittee as it proposes a major reorganiza- 
tion of Britain’s water resources along the lines of 
the memorandum which was circulated by the 
Minister of Ho and Local Government in the 
spring of 1961 (ref. 3). The Sub-Committee recog- 
nizes that numerous intereste are at present engaged 
in activities which affect the quantity and quality of 
water available. The authorities range from the 
Minister of Housing and Local Government to the 
Minister of Agriculture, Fisheries and Food, and 
from the River Boards, Internal Drainage Boards, 
statutory water undertakers, navigation and public 
` health suthorities, to agricultural, industrial and 
riparian intereste. There is at present little or no 
co-ordination between many of these bodies and some 
indeed work against each other. No single authority 
is responsible locally for determining the proper 
use and development of the water resources, and 
there is no machinery for planning and executing 
positive conservation measures, either locally or 
nationally. The Sub-Committee thinks that the time 
has now come when & major reorganization must be 
attempted to meet the increasing demands on Britain’s 


water resources. As the river basin is the natural 
hydrological unit the recommendation is made that 
new authorities should be set up to administer river 
basins and that these should be co-ordinated by a 
central authority accountable to the Minister. 

The proposed new bodies are termed “River Author- 
ities” in the report and it is envisaged that they would 
be charged with the positive duty of water conserva- 
tion. This is defined as “the preservation, control 
and development of water resources (both surface and 
ground) by storage and other means, and the preven- 
tion of pollution, to ensure that the largest possible 
amount of water is made available for all purposes 
in the most suitable and economical way whilst 
safeguarding legitimate interests”. The River 
Authorities would be required to assess the water 
resources of their areas, and where appropriate develop 
those resources. On the position of the existing 
statutory water undertakers the report recommends 
that “The question whether storage for public water 
supply should be provided by, or jointly with, the 
river authorities, or by statutory water undertakers 
alone, will be a matter for agreement. Once this has 
been determined and the quantity, point and method- 
of abstraction, including the building of reservoirs, 
have been settled, the impounding, abstraction, 
treatment and distribution of the water for the public 
supply should remain entirely the responsibility of 
the statutory water undertakers”. 

As part of the policy of water conservation it is 
envisaged that River Authorities would construct 
and operate river regulating and other reservoirs 
according to need, and where appropriate transfer 
water from one basin to another. The Sub-Committee 
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rejects. the idea of any form of national water grid 
as impracticable, but agrees that regional arrange- 
mente might well prove useful and desirable. The 
hydrologists who have consistently stressed the 
importance of the river basin as the natural admini- 
atrative unit will welcome the recognition at long last 
of this fundamental starting pomt for reorganization. 
Strangely, however, this ‘view was not taken by all 
the water authorities and organizations which sub- 
mitted evidence. 

While the Sub-Committee was united in the view 
that a major reorganization of the control of Britai’s 
water resources along the lines indicated is desirable, 
it divided as to the means whereby this could be 
achieved. The majority report proposed the creation 
of completely new River Authorities limited to 
small, compact and working groups of 10-15. These 
new Authorities would be responsible for conservation 
and also assume the functions of, and supersede, the 
existing River Boards. There is a minority report, 
however, ofesix out of the sixteen members in favour 
of reconstituting the existing River Boards as inte- 
grated River Authorities. The majority of the 
Sub-Committee think that this method would 
create very large and unwieldy bodies as member- 
ship might rise to more than 40. The existence of the 
River Boards (at present charged with land drainage 
and flood control) is clearly a very vital factor in the 
situation. 

The Sub-Committee also emphatically recommends 
the creation of a central authority, accountable to 
the Minister of Housing and Local Government, to 
promote an active policy for the conservation and 
proper use of water resources, and to ensure that the 
River Authorities carry it out efficiently. A national 
view of the developing situation is now increasingly 
bemg demanded as the growing conurbations seek 
their water ever farther afield, and more often than 
not in areas designated as National Parks. Water 
conservation and national parks are not irreconoil- 
able, but the public needs reassurance that the right 
decisions are being made as to the proper allocations 
between competing land users. Only a central 
authority can collate and co-ordinate date and under- 
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take research that will provide from year to year a 
national appraisal of water requirements and the 
best ways of meeting those needs. 

The need for a comprehensive and integrated land 
drainage, water conservation and flood control 
management policy was amply demonstrated during 
the period in which the Sub-Committee was sitting. 
The summer of 1959 was the driest for nearly 250 
years and many water undertakers were unable to 
meet the demand, some industries were forced to 
close down and there was considerable inconvenience 
in the north and west of Britain, where reliance is 
placed more on surface waters than on under- 
ground storage. The fall in river-levels affected 
navigation, stopped fishing, reduced irrigation and 
increased pollution. By contrast 1960 was the third 
wettest year for 250 years and the rainfall during 
the late summer and autumn was the heaviest on 
record for England and Wales. Widespread flooding 
resulted in the absence of regulating reservoirs. These 
events coming in such close juxtaposition had a 
significant impact on the public and there was a 
widespread realization that Britain ought to be able 
to manage her affairs better. The final report of the 
Sub-Committee on the Growing Demand for Water 
now directs the way to better management. Without 
this reorganization the continued economic develop- 
ment of Britain will be imperilled and further Try- 
weryn and Ullswater battles may be expected to 
occur with increasing frequency. It is to be hoped 
that the Minister and the Government will find time 
to introduce the necessary legislation without delay 
and not wait until the next drought or flood crisis is 
on the country. The setting up of the River Authori- 
ties and the emergence of a national appraisal will 
take some years even if the task .is regarded as 
urgent. Meanwhile, the insurance against drought 
diminishes yearly as both the population and the 
standard of living rises. W. GQ. V. BALOHIN 
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PLANKTON INDICATOR SPECIES AND THEIR STATISTICAL ANALYSIS 


HE study of plankton mdicator organisms in 
relation to water masses and the fisheries usually 
involves much subjective reasoning and assumption. 
Typically, only the presence or absence of certain 
forms is considered, or the percentage composition of 
the arrow-worm population (Sagitia species). There 
— a been great difficulty in using exact analy- 
in part because of the poor sampling qualities 
of conventional nets, but also because in the study 
of small areas the result is a purely temporal distribu- 
tion, much more awkward to assimilate than the 
simple contoured maps of a spatial distribution. 
The work described in a recent series of papers * 
represents the start of more objective methods in 
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the study of samples from a small area. Some errors 
of conventional sampling have been removed by the 
use of high-speed samplers, in this case modifications 
of the small ‘Hardy indicator’ capable of bemg used 
from any vessel in the herring fleet. Further errors 
between day and night samples as a result of diurnal 
migration and evasion of netes have been minimized 
by omitting day samples. The results are presented 
as the average abundance per sample at night in 
summer for each of the ten years 1949-59. e 

Dr. M. H. Williamson has teken the figures of 
average abundance, and by using ranking methods 
(Spearman’s coefficient is preferred) has derived 
primary and secondary correlation matrices showing 
the degree of relationship between years and between 
species. With one or two exceptions the organisms 
fall into four groups. Two of them (B and M) are 
regarded as not bemg geographical assemblages, but 
the others are recognized as neritic (A) and oceanic ~ 
(Z—‘‘a centre of distribution towards the edge of the 
continental shelf”). In the appendix, the matrices of 
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correlations are transformed by principal component 
analysis and the resulting vectors compared by rank- 
ing methods with hydrographic features, some of 
which, however, are of rather subjective meaning 
(Craig’s “oceanic influence” and “spring anomaly’’). 
More than half the variation in plankton from year 
to year would appear to be connected in some way 
with hydrographic events occurring in the spring, 
and only 10-per cent with possible oceanic influence. 

Messrs. Glover, Cooper and Forsyth discuss the 
average abundance of the organisms arranged sub- 
jectively in the order neritic—oceanic in comparison 
with the grouping found by Williamson. Although 
there is some agreement considerable differences 
exist, particularly the status of species of group Z, 
which they class as intermediate, not oceanic. The 
so-called oceanic forms are discussed i In comparison 
with their distribution in the north-east Atlantic and 
North Sea, as shown by continuous recorder sampling. 
It emerges that many ‘oceanic’ species vary in the 
extent to which they occur in the ocean from year to 
year, and hence many of the. changes taking place 
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in the North Sea, although obviously related to 
changes outside, can no longer be regarded as due to 
variations in the strength of inflow of oceanic water. 
However, the authors do not take their discussion 
further than this, and continue to stress the impor- 
tance of oceanic water to fisheries. 

One criticism must be made: in both contributions 
biogeography is considered only from the point of 
view of oceanic~neritic differences, and north/south 
or other temperature differences are not mentioned. 
Hence, for example, an attribution oceanic to a species 
could cover any category from arctic to tropical 
according to the depth (and temperature range) at 
which it was abundant. This difficulty is increased 
by the need to combine certain species. The grouped 
euphausids, for example, include arctic/boreal forms 
such as Thysanoessa and Meganyctiphanes as well 
as the sub-tropical/temperate Nychphanes. This 
aspect should surely be taken into account in attempts 
to unravel the complexities of plankton distribution 
in relation to the pelagic fisheries. + 

A. J. SOUTHWARD 
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RESEARCH IN INDUSTRY 


NDUSTRIAL Research in Manufacturing Industry, 

1959-606*, has been prepared by the Federation 
of British Industries in conjunction with the National 
Institute of Economic and Social Research. It is the 
first investigation to attempt a qualitative as well as 
& quantitative analysis of research and development 
in British manufacturing industry. ©. Freeman 
and R. W. Evely, of the National Institute of Econo- 
mio and Social Research, worked for a year in analys- 
ing questionnaires and samples which would provide 
information on the research pattern in different 
industries, the breakdown of research expenditure 
into basic and applied research, the growth of 
research departments in different industries, the 
effect of Government expenditure on research in 
industry and the relationship of research to growth. 
On the basis of this information two commentaries 
were written, one by Prof. Bruce Williams on behalf 
of the National Institute of Economic and Social 
Research and one by G. A. Dummett, the chairman 


* Fodoratlon of arash Industries, Industrial Research 1n M —— 
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of the Industrial Research Committee of the Federa- 
tion of British Industries. 

The survey shows that as much NE PER is 
being devoted to basio research and new products 
as to improvements in existing producte and pro- 
cesses. Despite the fact that the science-based 
industries and large firms account for most of the 
recent expansion in research, there has been a greater 
relative increase in industries with lower research 
ratios and among the medium and small-sized firms. 
One example in the attempt to correlate research 
expenditure and the growth of the firm shows that, 
in chemicals, five firms out of the twenty-two selected 
which grew fastest in terms of total net assets had a 
level of internal expenditure on research and develop- 
ment 24 times as large as the five firms which grew 
least. 

Nearly one in ten of all, and one in four of large, 
respondent firms have direct Government research 
contracts. On the deficiencies which the survey shows 
up, the most important limitation on expansion of 
research activity is the lack of qualified manpower— 
there is a standing vacancy of about 13 per cent overall 
in industry’s research and development departments. 


SCINTILLATION OF RADIO STARS AND SATELLITES DURING 
INTENSE MAGNETIC DISTURBANCES 


By W. KIDD, H. SILVERMAN, H. WHITNEY and J. AARONS 
U.S. Air Force Cambridge Research Laboratories, Bedford, Mass. 


N unusual relationship between the received 
frequencies and the amplitude scintillations of 
signals from the discrete sources Cygnus A and 
Cassiopeia A was noted when results were recorded 
simultaneously at 62, 109 and 226 Mejs. during several 


periods of intense magnetic disturbance (local 
magnetic index! > 6). These investigations were 
made with the 84-ft. parabolic antenna of the = i 
Force Cambridge Research Laboratories’ 

Hil Radio Observatory at a geographical lantad of 
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_ (2) Multiple scattering when 
(Aq)* is greater than one radian. 
Here the correlation distance on 
the ground is leas than the scale 
of irregularities in the iono- 
sphere. 

The type of correlated scintilla- 
tions shown in Fig. 2 fall into the 
first classification—asingle scatter- 
ing from a thin ionospheric blob. 
However, the uncorrelated scintil-« 
lations found during periods of 
high magnetic index, such as are 
shown in Fig. 1, indicate a multi- 
ple-scattering process and fall into 
the classification of the second 
regime. The hypothesis is ad- 
vanced that, during these periods, 


LATITUDE 131° 
LONGITUDE 547° 
HEIGHT (KM) 905 


(a) 


multiple ionospheric small-scale i 


irregularities of high electron 
density are responsible for the 
scintillations. At the lower fre- 
quencies, these irregularities pro- 
duce large phase-deviations and 
multiple scattering. Both the 
sources being studied have finite 

ar diameters (Cassiopeia A 
about 4’ and Cygnus A consist- 
ing of two separated sources 
which may be considered as a 
single source of 2-3’ x 0-8’). When the energy 
of the source is refracted by the small-scale dense 
irregularities, a single corrugated plane wave does 
not exist across the 84-ft. antenna aperture but 
instead there are many wave fronts containing 
scintillation peaks and nulls. These waves are not 
coherent, and there is non-synchronous addition and 
subtraction of the peaks and nulls across the antenna 
aperture. The scintillation pattern thus disappears 
at the lower frequency in much the same way that 
planets fail to twinkle optically because the peaks and 
nulls of light waves from different portions of these 
high angular diameter sources, after pasaing through 
the small-scale lower atmospheric irregularities 
encountered in optical work, do not add synchron- 
ously. 

Since the index of refraction in the ionosphere 
varies inversely with the square of frequency, the 
wave will undergo less and less phase-deviation as 
the frequency increases until, at 226 Mc./s. m the case 
of Fig. 1, the phase-deviation is not great enough to 
produce a lack of coherence across the aperture. 
Amplitude acintillations are a maximum at 226 Mc./s. 
when a minimum at 62 Mc./s. 

A 1,300-Mc./s. receiver (on the multi-frequency feed 
of the 84-ft. antenna) showed amplitude scintillations 
of 2-5 per cent at the same time represented by 
Fig. 1. At these discrete source elevations, scintilla- 
tions cannot be detected on quiet-day 1,300-Mc./s. 
records, ahd they therefore must be below 1 per cent. 
of the signal-level. Because of the 1/f* dependence, 
the localized index of refraction must be extremely 
high during this magnetically disturbed period in 
order to produce detectable scintillations at so high 
a frequency as 1,300 Mo./s. Ultra-high-frequency 
studies of auroral reflexions have shown the existence 
of high electron density regions. 

Observations of 54-Mc./s. transmissions from the 
Transit I V-A satellite point to the difference between 
the multiple-scattering scintillations and the thin- 
layer single-blob case. Fig. 3 contrasts 54-Mc./s. 
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Big. 3. Transit IV-A satellite signals at 54 Mo./s. 


records for the same local time during the magnetic- 
ally disturbed day of October 28 and during a quiet 
period of October 29. The rapid motion of the 
satellite projects the ionospheric irregularities on the 
ground; the effect of ionospheric winds can be 
neglected. 

On quiet days, Faraday fading is observed at 54 
Mo./s. with some scintillation frequently present. In 
Fig. 36, a typical quiet-day record, even though the 
Faraday peaks show scintillations, the nulls are seen 
clearly with no scintillation present. This indicates 
that the mechanism causing the scintillation is a 
thin-layer single blob in the lower ionospheric 
layers. The transmissions have therefore first 
passed through a homogeneous ionosphere and 
arrived at the lower altitude layers essentially a 
plane wave with distinct peaks and nulls. If this 
were not the case and if the irregularities were at 
high altitudes or had great depth, the signal would 
be depolarized since the paths of the ordinary and 
extraordinary rays would differ, and the nulls would 
show amplitude variations. 

In Fig. 3a (magnetic index > 6) even the nulls 
show scintillations. This indicates that there has 
been multiple scattering and that the irregular 
regions responsible for the scintillation are of.greater 
depth than in the previous case and are smaller in 
scale. 

Recordings of many geophysical-atmospheric para- 
meters are available in the Bedford area. Attempts 
have been made to see if there is any detailed corre- 
lation between the inversion effect and the records 
of 19-Mo./s. auroral radar, riometers, and the H com- 
ponent of the magnetic field. 

Although scintillation inversion corresponds in a 
broad sense with intense magnetic fluctuations as 
shown by the 3-hr. magnetic index, the magneto- 
meter may or may not show unusually active peaks 
during the short periods of time when the inversion 


_ effect actually is observed. These data indicate the 


localized nature of the inversion effect. 
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Despite the fact that intermittent auroral reflex- 
ions had been shown on the October 28 19-Mc./s. 
radar records from early morning on, no auroral 
reflexions were received during the period repre- 
sented by Fig. 1. One possible explanation for this 
was high absorption of the auroral signals in the 
D-layer. A 30-Mec./s. tiometer which had ita Yagi 
antenna pomted at Polaris indicated that there was 
1-3 db. absorption at 1000 ».s.r. It is believed that 
the aurora actually was present and had caused 
ionization of the higher altitudes, producing the 
irregularities responsible for the inversion. While 
the aurora was still far to the north, even a small 
amount of absorption per unit distance might be 
sufficient to erase it from the 19-Mc./s. records because 
of the long path-length. As the morning progressed, 
the aurora moved south until it appeared overhead. 
The path-length to the aurora then decreased and the 
_ total absorption encountered by the signal received 

by the 19-Mc./s. radar accordingly also decreased; the 
aurora cofild therefore then be seen on the 19-Mc./s. 
records. These results appear to confirm that the 
inversions shown during the Fig. 1 time-period were 
due to irregularities which were within and above the 
#-layer or throughanut the ionospheric layers and 
which were created by the incoming ionizing particles. 
Spread F was also observed during the day. 

In the records of the morning pass of Trans IV-A, 
scintillations occur when the satellite is in the 
northern sky, whereas at the time of Fig. 3 scfatilla- 
tion regions are present both in the north and the 
south. The irregularities produced by the incoming 
ionization were initially to the north, then they 
— closer to the site, and finally appeared over- 


The closest detailed correlation with the inversion 
effect was obtained when the records of the cone area 
under surveillance by the 30-Mc./s. riometer were 
examined, The paths of Cassiopeia A and Cygnus A 
are in the same region of the sky as that observed 
by the riometer. 

In summary, then, it can be said that the inversion 
effect is strongly localized and.temporary. Under 
given magnetic conditions, the alignment of the 
irregularities along the Earth’s magnetic field pro- 
duces a diffraction-multiple scattering pattern which 
yields non-coherent scintillation signals across the 
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84-ft. aperture, indicating a small-scale ground 
pattern. Small-scale high-electron-density irregu- 
larities which start probably at the #-layer and 
extend to greater heights are proposed as the agents 
responsible for the effect. Absorption phenomena such 
as those observed by Chivers and Greenhow? are not 
responsible for the decrease in scintillation index 
(apparent absorption during inversion periods was 
2-3 db. at 62 Mc./s.) since the simultaneous scintilla- 
tion increase at 226 Mc./s. indicates that the scintilla- 
tions are actually present but are erased at the lower 
frequencies because of the non-synchronous addition 
and subtraction of the peaks and. nulls across the 
antenna aperture. The high apparent absorption 
may be due to lack of coherence at radio frequencies. 
The lack of coherence over large areas is probably 
the reason why fringe patterns have disappeared in 
interferometers such as those instrumented in 
Finland‘ with antenns separated by 67 metres at a 
frequency of 45 Mo. /s. 

It is interesting to speculate how the arbitrary 
choice of antenna aperture and frequency (in most 
cases lees than 100 Mce./s.) in the observations which 
have been reported to date has affected the statistics 
of correlation of magnetic indices with scintillation 
index; the effective ground pattern of the scintilla- 
tions has a correlation distance of only a few 
metres at 60 Mc./s. during periods such as those 
described. 

A more comprehensive investigation of the multi- 
frequency. technique is being undertaken and will 
be reported at a later date. We thank the follow- 
ing for assistance in observations: Magnetic records 
were obtained at the Weston Observatory by E. 
Chernovsky; H. Strick made the 30-Mce./s.. rio~ 
meter observations, J. Mott the satellite recordings, 
O. Malik and R. Hardke the 19-Mc./s. auroral radar 
studies, J. Castelli and ©. Ferioli the 1,300-Me./s. 
radiometer records, and D. Knight assisted with the 
scintillation studies. R. Miner made ionosound 
observations. 
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APPLICATION OF ABLATION ANALYSIS TO STONY METEORITES 
AND THE TEKTITE PROBLEM 


By ERNST W. ADAMS and ROBERT M. HUFFAKER 
Geo. C. Marshall Space Flight Center, Huntsville, Alabame 


BLATION analysis for objecte flying through 
A the atmosphere of the Earth is applicable if 
their initial shape is known as is true for some classes 
of tektites. Tektites are small glassy bodies which 
are found in well-defined strewn fields, one of which 
covers most of Australia. It is generally accepted 
that tektites have a family-like chemical composition 
and are unrelated to the geological formations in 
which they are found. It has not been possible yet 
to prove convincingly whether tektites are of ter- 


restrial or of extra-terrestrial origin. Terrestrial 
origin by volcanic action is excluded by the discovery 
of nickel-iron spherules in certain philippinites?. 
The large extension of strewn fields renders the 
terrestrial origin of tektites by meteor impact unlikely ; 
a simple caloulation yields an initial deceleration of 
approximately 96,000g for a typical glass sphere of 
1-3 em. radius with an initial speed at sea-level of 
8 km./sec. The in igation of cosmic-ray exposure 
of 79 tektites taken from the Far East and Australia’ 
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shows “‘(1) if the tektites arrived as small, unshielded 
bodies, their ‘flight’ or cosmic-ray exposure time 
was less than 10,000 years; (2) if they arrived in a 
large, well-shielded body, this ‘proto-tektite’ body 
must have had a radius > 95 meters’. Orbits of 
tektite clusters outside the Harth—-Moon system are 
unlikely because of a mean lifetime of the order of 
‘8 x 10’ years of an object in an orbit near that of 
the Earth, according to ref. 3, and because of stability 
reasoning in ref. 4. Consideration of the size of the 
atrewn fields limita the entry speed of clusters into 
the atmosphere of the Earth to a few hundred m./sec. 
above the escape speed of the Earth’. In agreement 
with the second result already quoted’, the parent 
body theory! postulates that the australites, which 
clearly show traces of two separate melting periods, 
left as liquid droplets from the surface of a large 
parent meteor in skipping flight through the atmo- 
sphere of the Earth and then re-entered in a solidified 
state for the final descent. 

Inspection of the button-type australites shows, 
according to ref. 7, that the discovered buttons were 
nearly spherical before the final descent, which took 
place in a stable flight attitude because it resulted 
in a well-defined front face ablation and a flange of 
solidified melt. At least 70 per cent of the original 
mass of the buttons was lost due to ablation since 
“buttons of about 5 gm. weight were derived from 
spheres originally weighing approximately 21 gm. 
and buttons of 1-2 gm. from spheres of 5:5~11 gm.”, 
according to ref. 7. Since sufficient information is 


available about the initial and the final shapes of ` 


the button-type australites, their final descent can be 
analysed by ablation and trajectory equations, the 
validity for missile heat protection shielda of which 
is well established. It is desirable to conduct these 
calculations since the only published pertinent study® 
does not present quantitative results and involves 
several simplifying assumptions which are not used 
in the present article. 


Investigated Tektite Model and the Calculation 
Method 


If any axially symmetric body flies with zero angle 
of attack, the conduction of heat and the ablation 
can be treated along the body axis O-S, in Fig. 1 
without reference to the neighbouring cross sections 
because of the extremum characteristics of the 
solution along the axis O-S,. The nearly spherical 
initial shape and the formation of a flange during 
the final descent of the button-type australites can 
be approximated by a simplifled model which is 
semi-spherical at the entry altitude H = 160 km. 
above sea-level. The calculated results prove that 
the flow of air is laminar on the total surface of the 
investigated model during its ablation period. 
Other studies, for example ref. 8, show that the total 
- ablation decreases under this condition as the distance 
from the»stagnation point increases. The ablation 
process, which is calculated only along OS, there- 
fore, is supposed to convert the semi-spherical shape 
A-S,--B-O—A in Fig. 1 into the section A~S(#}—B-—O—A 
of a sphere completely defined by the thickness 
R*it) of the model. The quoted initial weighte 
between 5 and 20 gm. of button-type australites 
yield initial radii R(O) of the semi-spherical models 
of 0-99 cm. and 1-58 em., respectively. Results have 
been calculated for R(O) = 0-65 om. and for R(O) = 
1-30 cm. The caloulation method used for the heating 
and ablation process of a material that is opaque to 
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Fig. 1. Geometry of model for bul 


thermal radiation is presented t 
drag coefficient cp = 2:5 was £ 
jectory calculations in the free 
the air; cp was calculated as a fi 
and of the flight Mach number i 
region of the air. The trajectory 
was carried out on an IBM 709! 
time steps between 10-* sec. an 
ment with measured values for - 
ment with available data for - 
the following material prope 
the calculations: thermal condu 
keal./m.° K. sec., specific heat « 
K., specific weight y = 2,44 
emissivity constant e = 0:4, a 
0-0102 exp [(44,891/7° K.) - 
Since measurements of the vap 
tektite material have not bee 
used function p5,(7) = 138: 
(67,250/7° K.)] Kg./m.* was 

vapour pressure of fused silica, 
[18-41 — (58,176/7° K.)] kg.f 
boiling point at 1 atmosphere 
2,500° K. to account for the v 
tektites, the silica content of 

65 per cent. 


Results of the Cal 


Figs. 2 and 3 present as fu 
speed V, km./sec. and of the ex 
to the horizontal) the overshoot 
m(t;)/m(O)] = const., where m(i 
the model at impact time t = 
and m(O) is the initial mas si 
H = 180 km.) The two fi 
Fig. 2 pertain to the initial rad: 
R(O) = 0:65 om. of a model wit 
function p,,(7'). The two famil 
pertain to a model with the | 
1-3 om. and the vapour pres 
and ,,(7'). The figures shov 
takes place for Vy < 5 km/s 
The relative mass loss [l — 
strongly as m(O) decreases. TI 
increases rapidly at a given sp 
the overshoot limit. 
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material properties were changed in a few 
1 cases to take the following values: firstly, 
x 10+ keal./m.° K. sec. and cp = 0-29 koal./ 
n.3 secondly, s = 0-05. The resulting change in 
m(O) was leg than 6 per cent as compared 


he curves in Fig. 2. The comparison of Figs. - 


3 shows, however, that the uncertainty about 
„pour pressure function p,(7Z') has considerable 
on the results. 

range of possible entry conditions of the button- 
mustralites can be determined as follows in 
2 and 3, which are generally valid for the 
ed meteorite model: (1) by the overshoot line 
he comperatively small size of the strewn flelds 
wut skipping entry; (2) by the minimum abla- 
if > 70 per cent of the button-type australites 
ing to ref. 7; (3) by the highly probable line 
scape speed = 11-2 km./sec. For an initial 
, of 11 gm., which is average for the button- 
australites, Fig. 3 shows that the range of 
Me antry conditions is very narrow in case of 
wh vapour pressure function p,,(7") and con- 
bly wider for the function pv,(T). 
rddition to the results presented in Figs. 2 and 
a conclusions listed in the following can be 

from each ont of the investigated 100 cases. 
orizontal distance D covered by the button 
in non-skipping flight increases together with 
and as @; approaches the overshoot limit; D is 
sally independent of Vi, and thus of drag, 
_ at shallow entry angles 6; The impact at 
rel altitude takes place at a nearly vertical 
that is 6, = 90°. The impact speed is less than 
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. Curves of constant relative ablation [1—s(t)/m(O)] for 
mt modo, miM the vapour pressure 


gm. vely, as try speed V. 
ntry angle 6. e quoted welghts of buttons refer to the 
gravity constant at sea-level 
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Fig. 8. Curves of constant relative ablation [1 — m(¢y)}/m(O)] for 

button model with the initial radius R(O) = 1:3 om., corresponding 

— i fat mlO) = 11°04 , and the vapour pressure 

funotions pr (T) (solid nes) and pref 7") (dashed lines) as fonctions 

of entry speed F; and entry angle 0, 

28 m./sec. The temperature-level on the line O-S(t;), 
(Fig. 1) at impact time t = ¢t is below 600° K., so 
that plastic deformations due to the impact are 
impossible. The ablation starts in the free-molecular 
region of the air above 80-km. altitude and ends in 
the hypersonic continuum flow region of the air with 
flight Mach numbers > 4. The contribution of 
evaporation to the investigated stagnation point 
ablation increases together with V, or @; because of 
the increase in the Maximum serodynamic heating 
rate, which causes & higher surface temperature 
at S(t) in Fig. 1. The total relative ablation 
{1 — m/(ts)/m(O)] decreases -as 6; increases: (1) 
because the peak of the aerodynamic heating is 
shifted to lower altitudes so that a amaller percentage 
of the total kinetic energy converted into heat reaches 
the surface: (2) since the higher surface temperature 
increases the emission of radiation and the vaporiza- 
tion of melt at S(t) so that the shielding mass transfer 
effect rises. 

The authors are indebted for very helpful discus- 
sions to Dr. John A. O’Keefe, of the Goddard Space 
Flight Center, Greenbelt, Maryland. ° 
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A NEW APPROACH TO THE DONNAN DISTRIBUTION: OF IOM 
‘BETWEEN WOOL AND AQUEOUS SOLUTIONS 


By J. DELMENICO and Pror. R. H. PETERS  - 


College of Sclence and Technology, Manchester 


OOL is normally dyed in an aqueous bath 

containing dye and inorganic ions. Analysis 
of the system in terms of physico-chemical concepts 
is usually carried out on adsorption isotherms where 
the dye adsorption has been determined in terms of 
the concentration of dye, hydrogen and inorganic 
ions in the bath. However, such data are incomplete 
since the distribution of the inorganic ions between 
bath and fibre has to be deduced from the isotherms 
using assumptions which are difficult to substantiate 
quantitatively. For this reason determination of 
the distribution of all the ions is desirable, and this 
article summarizes an attempt which has been made 
to do this. 

It is proposed to publish full details of this work, 
the methods of analysis and justification for the 
assumptions made at a later date. However, we 
believe the treatment is of sufficient interest to 
warrant the publication of this preliminary article, 
since the principles can be applied to any water- 
absorbing solid in equilibrium with a solution con- 
taining dissolved ions. 

For simplicity activity coefficients will be ignored, 
and the present treatment will be developed for wool 
in solutions containing monovalent ions at pH 
values below the isoelectric point. The extension to 
other and more-complicated systema is fairly obvious 
and will be dealt with in later publications. 

The treatment is based on a simple Donnan 
membrane equilibrium and the basic assumptions are 
similar in principle to those adopted by L. Peters! 
It is supposed that the fibre contains as an approxima- 
tion, an equipotential volume of solution with the 
properties of an ordinary aqueous solution in which 
are dissolved the various ions. It is presumed that 
the ionizing groups in the fibre take part in conven- 
tional dissociation equilibria as if they were simple 
acids or bases dissolved in the solution and that 
binding of anions can be quantitatively described as 
if salt formation occurred between bound anions and 
charged basic groups. It is supposed that the fibre 
plus the internal solution is electrically neutral 
as a whole (which qualitatively defines the extent of 
the internal solution) but at an electrical potential 
different from the external phase. Thus, when there 
is an excess of one type of charged group attached to 
the wool, the concentration of ions in the internal 
solution will be different from that in the external 
solution. 

The quantitative descriptions for ion binding are, 
for example, for inorganic anions: 


go 2X [-NĀ] _ X B-Xe~Dp : 
2 NH (1) 
for dye anions: 

dx [—-NH,] DB~Xa—Daz 


K= TRAD] “21° De C 


for hydrogen ions: 


h{—-COO}] 
Kr = [—COOH] = 2H 

where lower-case and capital letters refer to t 
centrations of ions, dye, anions and hydre 
internal and external solutions respectivel 
subscript a refers to the adsorped ion {n 
kgm. fibre), B the total amount of basic gro 
the excess number of carboxy] groups and H 
to a fibre which was neutral initially. 4, the X 
coefficient, is given by: 


h m 
ren M a d 
where m and M refer to the inorganic cation y 
assumed to be not bound by the fibre. 

When the fibre is removed from a soluti 
blotted or centrifuged, it contains bound iom 
in the internal solution and entrained e 
solution. The total weight of water (w) remov 
internal and external solutions can be dete 
by weighing and drying and the total amoun! 
by direct analysis. If v represents the we 
water (kgm. water/kgm. fibre) in the internal s» 
the total amount of ion by analysis (Mr, Xr 
is greater than the amount in the fibre phase 6 
bound ion plus that in the internal solution; « 
by the subscript f) by (w — v) times the e 
concentration. (The usual practice is to ex 
as L/kegm. and assume, for example, that the 
of solution is unity. It is less ambiguous to e: 
as kgm./kgm. and concentrations on a mole 
although the difference is probably within 
mental error.) Thus, for example, for M: 


M; = Mr — (w-v)M = (Mp — wM) ++ 


The bracketed quantity, if directly measura 
be given the symbol M* (X* and D* for the 
expressed as amount/kgm. of fibre. 

Hence the quantities of the various ions in t 
phase may be written as: 


My = vm = M* + 0M 
Ky = Xa toe = X* 4 0X 
D; = Da + vd = D* + oD 


For a number of samples from the same bs 
with different amounts of entrained soluti 
quantities M *, ete., should be constant. 7 
been confirmed experimentally. 

M * (and X *, because the degree of inorgan 
binding will be small) can be either pos» 
negative (again confirmed experimentally} de 
on the charge on the fibre (that is, on the pHi 
amount of bound dye). Because it is assumed 
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1. Variation of M * and X* with pH for wool in equilibrium 
with 0 03 M sodium chloride at 70° O. 


norganic cation binding, the fibre is uncharged 
|. W* = 0 and internal and external concentra- 
will be the same. It was found, by plotting M *, 
against pH, that when M * = 0, X * had a small 
D* a larger positive value and these quantities, 
-ed to as X° and D° respectively, must. represent 
„mount of bound anion at this point. The K 
xX of the dissociation constants are then given 


Ka = D(B — D’ — X%/D° (9) 
Kz = X(B — D° — X%/X° (10) 


the absence of dye, to a close approximation 
ise X°< B: 


Ks = XB/X° (11) 
re was no anion binding M * and X * would both 


sro at the same pH. The resulta of a typical 
« is shown in Fig. 1. It is easy to show by 


ining and rearranging equations 4, 6, 7 and 


NATURE 


1253 


11 that, in the absence of dye and assuming that 
M = xX: 
xo M* XB M* 
= — Oe a U3 


and, in all circumstances, v is most conveniently 
calculated by: 

M* d 

= M] (13) 


Thus, and the hitherto elusive v are given in terms 
of directly measurable quantities and, apart from the 
very small correction for inorganic anion binding, 
are independent of the postulated mechanism of ion 
binding. In practice it was found that the amount 
of chloride ion binding was small and could be 
ignored without introducing & serious error, except 
close to the pH at which the fibre was uncharged. 
Thus, ignoring chloride ion binding: 
M* 

An = p] (14) 
which is likely to be an even better approximation 
in the presence of dye. However, to apply the correc- 
tion for chloride ion binding in the presence of dye: ” 


M* (D¢X — X°D) 
A= iF (XD DX”) (15) 
or 
X(B-D*) M*X 
A~ RX — M 
X*B-D* _M*X 
X *(B— D°— X°) X* M (16) 


and v is given by equation 13. It is thus possible to 
obtain ‘internal’ isotherms virtually independent 
of the postulated mechanism of dye ion binding and 
so check equations such as 2. f 

A number of measuremente, both in the presence 
and absence of dye, indicates that Ks for the chloride 
ion, by equation 10, has a mean value of about 2:5 
(activity coefficients taken into account) at 90° O., 
and it is interesting to note that, while v varies with 
the charge on the fibre, the magnitude is the same 
and often very close to the frequently used value of. 
0-3 L/kgm. 1. 

One of us (J. D.) thanks the Wool Textile Research 
Council and the Commonwealth Scientific and 
Industrial Research Organization (Australia) for 
financial assistance. 


1 Peters, L., J. Tart. Inst., 61, 12007" (1960). 


SITE OF ATTACHMENT OF THE CHROMATE ION TO THE 
s HÆMOGLOBIN MOLECULE! 


By DAVID HEISTERKAMP* and Dr. FRANKLIN G. EBAUGH, JUN. 


Department of Pathology, Dartmouth Medical School, Hanover, New Hampshire 


VAY and Sterling? have shown that when 
‘Na,#CrO, is incubated with a solution of red 
i cella, 80-90 per cent of the chromium-51 1s 
y bound to the globin portion of the hæmoglobin 
wle. This fact has led to widespread use in 
t years of Na,"'CrQ, for red blood cell survival 


— by Natlonal Institutes of Health training grant No. 


and volume investigations. However, the occurrence 
of an elution of chromium-51 of about 1 per cent a 
day from circulating labelled red cells?-* limits the 

accuracy of in vivo investigation of chromium-51 in ` 
red cells. The present work was undertaken im 
order to determine whether or not the chromate 
labelled all parte of the globin molecule equally or 
exhibited preferential labelling for either the a- or 
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8-chains® and thereby try to elucidate the mechanism 
of the chromium hemoglobin interaction. 

Whole blood with either acid citrate dextrose or 
heparin was washed three times with isotonic saline 
then lysed with distilled water (2 volumes) and toluene 
(0:4 volumes). The hæmoglobin solution was then 
centrifuged at 20,000g for 30 min. and the clear 
supernatant drawn off and diluted to 2-5 gm. per 
cent with distilled water. Radioactive Na,#CrO, 
(Abbott Laboratories, North Chicago) was added 
and the solution incubated at room temperature 
(27° ©.) overnight. Globin was isolated by acid 
acetone precipitation® and made up to a 1 per cent 
solution in 11-7 per cent formic acid. The a and 
B-polypeptide chains were then separated by the 
cation exchange resin method of Wilson and Smith’ 
at pH 1:9 using a 2-8 M urea gradient at 24° C. 
(poor separation resulted at 5° ©.). Fractions were 
read ina Beckman DU spectrophotometer at 280 mp 
and protein content computed by comparing optical 
densities with those of known globin concentrations. 
The chromium-51 content was measured in a well- 
type scintillation counter (with a counting efficiency 
of 1-4 per cent and a background of 20 0. pam.) with 
sufficient counts to assure statistical accuracy of 
3 per cent. The purity of the polypeptide fractions 
was checked by ionophoresis and fingerprints of the 
tryptic digests of the «- and -fractions at pH 6-4 im 
pyridine/glacial acetic acid/water after the method 
of Ingram’. (These analyses were kindly made by 
Dr. Vernon M. Ingram, Massachusetts Institute of 
Technology.) 

A typical experiment (No. 3) resolved "CrO, 
labelled hemoglobin into a- (first protein peak) 
and 8- (second protein peak) polypeptide chains 
(Fig. 1). (Molar labelling ratio of chromium-51/ 
hemoglobin = 1:7 x 10+.) The curve of radioactive 
chromium-51 shows three maxima. Peak No. 1 
is totally dialysable (99°77 per cent), and consists of 
free chromium-51 that may be eluted in the prepara- 
tion of the globin from the labelled hemoglobin as 
well as any chromium-51 that was not bound to 
hæmoglobin and not removed in the acetone washes. 
The radioactivity of the second and third was 
dialysable to the extent shown in Table 1. It should 
. by noted that the radioactive peaks slightly preceded 
the «- and §-peaks in all experimente (Figs. 1-4). 
The specific activities of the («-, first protein peak, 
Fig. 1) and the -chain (second protein peak, Fig. 1) 


Table 1. EXPERIMENT 3 
Before After Aotivity Naar burp 
Peak dialyals alysis dialysable aotirvity (oalo.) 
. (c.p.m jml.) (ap.m.f/mL}* {per cent) (per cant) 
1 8,852 8 998 — 
2 (a) 678 50 $8 85 
866) 1,824 1,005 45 50 


All peaks were dialysed against 500 ml. distilled water at 5° O. 
Water was changed five times at 24-hr. intervals. 
* Corrected for volume changes. 
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1. Chromato hio separation of ham bin into 
Ar (ee Table $ for conditions of cnet label 


2,800 3,600 


were computed in two ways. The first consist 
measuring the radioactivity of 10 mgm. portis 
the dialysed and lyophilized polypeptides, 
fraction pooled and lyophilized for each p 
indicated by a vertical dotted line intersesctir 
horizontal axis (Fig. 1). By this method, the sy 
activity of the 6-chain was eight times that « 
a-chain (Table 2, Exp. No. 3). The second m 
consisted of computing the area underneat 
respective radioactivity curves (cross-hatched 
Figs. 1-4) after subtracting the base-line of radi 
This base-line or radioactivity was treated a: 
was dialysable chromium-51 not bound to pr 
By this method, specific activity of the 8-chai- 
6-52 times that of the a-cham (Fig. 1, Table 2). 
amount of chromium-51 assumed to be diab 
in this area method was 85 and 50 per cent- 
total activity in the a- and -fractions respect 
This is close to the actual amount dialysed ix 
fraction (Table 1). In Exp. 6 (Fig. 3, Tal 
contamination of the «-fraction with the B-fr. 
and vice versa was measured by specific stain 
the ionegrams and fingerprints or tryptic dige 
each fraction. By this method the «a-chains 
found to be free of 8-chams but the §8-chains com 
between 10 and 20 per cent a-chain contamin 
(This was estimated by Dr. V. M. Ingram.) 
Additional experiments with different pH’ 
chromium/hsmoglobin molar ratios were perf 
(Table 2). Although a wide range of relative m 
activity ratios of B/« occurred, the ratio was alw 
favour of the B-polypeptide chain. When tb 
oxperiments with the highest B specific ac 
(Exps. l and 4, Table 2) are excluded, the 8/a r 
4:37 + 0-92 computed by the area method. ? 
ences between small and large chromium/hame 
labelling ratios are not statistically significan 
should be noted that in half the experiments 
high labelling chromium/hsemoglobin ratids 
used (Eixps. 4 and 5, Table 2), a protein peak apy 


s Table 2 
Labelling conditions Added protein recovered (per cent) Spealfic activity Relative specific act 
Exp. Modi Cr O.P.M. la) 
pH ratio Total Urea wash a 8 a B Dialysed Area: 
1 6-4 2i gm, 185x104 78-7 0 24-6 49-1 = — = 5C 
per cent 
2 6-4 An S 1-7 x 10“ 74:8 0 26-8 48 — oe = ¢ 
3 6-0 <3 1-7 x 10 71 0 17:8 54 3,912 21,189 8 ¢ 
4 7:8 0-38 98-3 125 31:5 48-4 — = — 19 
5 7-3 R.B.0 1-6 84 6 28 0 23-8 87-8 — ss = 9 
6 6°5 + gm 1 74 0 23 $1 3,883 24,484 64 4 
per cent Hb is 
7 6°5 ‘i 5 54 0 16°8 37-7 3,615 11,150 8-08 y 
Mean + S.E. 75 + 5°6 28:8 + 22 4664+ 28 58 t188 437 


Hb., hæmoglobin, R. B. O. red blood cells. 
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Fig. 2. Ohromatographic separation of hemoglobin into a- and 
-ohains (see Table 2 for conditions of chromium-61 labelling) 
0 700 7,000 
z a j 
È ERP 8 
S, 
0:500 S 5,000 
SN G 
“hi 
Ss a 
| 0-300 3,000 5 
X p 
i TE SA. 
} ; ; l 
> 0-100 BERS 1,000 
400 1,200 2,000 2,800 8,600 
Bluate (mL) 

Fig. 8. Ohromato hic separation of hemoglobin into a- and 
chains (gee Table & for conditions of chromiam-651 labelling) 
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Chromatographic separation of hem. 


B-chalns (see Tab for conditions of chromlum-51 labelling) 


in the first radioactive peak (Fig. 2). In two other 
experiments (Exps. 6 and 7, Table 2, Figs. 3, 4) no 
protein appears in the first peak. — l 

A slight coloration of the B-fraction was consistently 
noted with an absorption maximum of 420 mp and 
is presumed to be a hem protein. This represents a 
concentration of ham/mgm. of 8-chain polypeptide of 
less than 0:1 per cent of the concentration of hem/ 
mgm. of hemoglobin. The hem protein contamina- 
tion of the 8-fraction was noted for unlabelled 
hemoglobin as well as chromium-labelled hæmo- 
globin preparations. 

There are two possible hypotheses that could 
explain these results: 

(1) The a-chain is selectively labelled by the chrom- 
ate ion and the major portion of the radioactivity 
observed in the (-fractions results from the 10-20 
per cent œ contamination. 
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This hypothesis is supported by the work of 
Chernoff? who, independently studying the chromate 
labelling or the hemoglobin molecule by methods 
similar to those used in this work, found that the 
a-chain is selectively labelled. In order to reconcile 
our observations with this hypothesis it would be 
neceasary to postulate that two radioactive peaks in 
the «-portion occur: one at the beginning, which 
we and Chernoff observed, and a second late in the 
g%-peak, with a much higher specific activity than 
the first radioactive a-peak, and coincidental with 
the early portion of the 8-protem peak. We have no 
observations to rule out this possibility. However, 
this would be inconsistent with Chernoff’s observa- 
tions (ref. 9, Fig. 2) where he found only one radio- 
active peak in the early part of the a-protein fraction, 
and no second radioactive peak either in the a- or 
the 8-fraction, which he stated was free of «-contamina- 
tion. 

(2) The second hypothesis is that the §-chain is 
selectively labelled by the chromate ion and that the 
contribution to the radioactivity of the f-fraction 
by the 10-20 per cent of the «a-contamination is 
inconsequential since this contamination comes from 
the latter portion of the «-protein fraction which has 
a very low specific activity. Support for this hypo- 
thesis comes from the work of Pearsoni’, who found 
by re-combination techniques of hemoglobin C 
and chromium-51 labelled hæmoglobin A, that at least 
97 per cent of the chromium-51 was bound to the 
A-polypeptide, and by Pearson’ and Rigas", who re- 
ported that hæmoglobin H (four B-chains) bound 
twice as much chromium-51 as does hæmoglobin A 
under the same experimental conditions. 

We favour the second hypothesis, namely, selective 
labelling of the 8-chains by the chromate ion. How- 
ever, because of the diametrically opposed results of 
Chernoff’s and our findings, final proof must await 
further observations by techniques which consist- 
ently give pure 6-fractions. 

It was consistently found that the peak of radio- 
activity slightly preceded the protein peak for both 
the «- and §-chains. This could be explained by a 
lesser affinity of a- and B-chromium complexes for 
the resin than the native a- and #-polypeptides. 
Indirect support is lent to this theory by the finding 
on starch electrophoresis in this laboratory? that 
the chromium—hmmogiobin complex is more electro- 
negative, and therefore migrates faster towards the 
anode at pH 8:6 than native hæmoglobin and thus 
would have less affinity for the negatively charged 
acid ‘TRO-50’ resin. 

We thank Dr. V. M. Ingram for his many helpful 
criticisms and suggestions during the performance of 
this work. 

This work was supported by the National Insti- 
tutes of Health grant No. 42992 (NIAMD). 
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LIMITATIONS OF THE PHENAZINE METHOSULPHATE 
ASSAY FOR SUCCINIC AND RELATED 
DEHYDROGENASES 


By Dr. O. ARRIGONI* and Dr. THOMAS P. SINGER 
Edsel B. Ford Institute for Medical Research, Henry Ford Hospltal, Detroit 


INCE the original demonstration that phenazine Two other problems connected with the use 
methosulphate provides an assay method for phenazine methosulphate, neither of which is limite 
succinic dehydrogenase in soluble as well as particu- to this particular dye, have come to light recenti 
` late preparations, this dye has been widely used for The first of these is the permeability barrier of ma 
the assay of respiratory chain-linked dehydrogenases malian mitochondria to phenazine methosulphat 
(succinic, choline, «-glycerophosphate, galactono-y- which has been previously pointed out’. The i 
lactone dehydrogenases), many related flavoproteins clusion of 0-75 mM Ca++ or the use of other means 
(for example, sarcosine and dimethylglycine dehydro- abolishing the permeability barrier of mitochondr 
genases) and as a catalyst for photosynthetic phos- stimulated the succinic dehydrogenase—phenazin 
phorylation. It seems worth while, therefore, to methosulphate reaction up t eight-fold, dependin 
direct attention to certain recently observed limita- on the tissue examined and the physiological cond 
tions of assay procedures based on the use of this tion of the mitochondria. With the spectrophot 
dye and to present a modified method which appears metric assay described here the permeability limit 
to overcome these limitations. tions of this dye are even more outetanding. Thus 
As in other assays involving artificial electron rat liver mitochondna, with cysteine sulphinate pr 
acceptors the limited affinity of the dye for the sent to remove oxaloacetate, the inclusion of 0-75 mu 
dehydrogenase necessitates certain precautions. Fore- Cat raises the apparent succinic dehydrogena 
most among these is extrapolation to infinite dye activity from 0-064 to 0-88 umoles succinate oxidize 
. concentration (V max.) whenever reliable kinetic data min./mgm. at 38°. Further, in brain mitochondri 
are sought. Although this fact has been amply the selective permeability of which is not readi 
documented, it is not always considered in assays abolished by Cat+, 3 min. incubation with phosph: 
using this dye with the result that much confusing lipase A increases the rate of succinate oxidation fro. 
and erroneous information has been published. 0-67 to 1-2 pmoles/min./mgm., essentially the lev 
The occurrence of dual reaction mtes for phenazine found in acetone powders (1-3). In bovine liver mits 
methosulphate in heart muscle preparations‘ should chondria brief incubation with phospholipase A 
also be considered in the interpretation of data based Ca*+ raised the activity from 1-09 to 6-8 umole 
on this method. Since the second reaction site is min./mgm., whereas with Catt alone the maxim 
not present in the soluble flavoprotein', its location rate was 2-92 umoles/min./mgm. It is evident th» 
in the respiratory chain is uncertain, and hence both the extent to which permeability consideration 
inhibitory or stimulatory effects observed in the lmit the phenazine assay in intact mitochondria an 
phenazine assay in such particles are not necessarily the measures which overcome this limitation va» 
referable to the flavoprotein itself. Similar problems from tissue to tissue and must be investigated fe 
arise with other artificial electron acceptors (ferri- each tissue and species used. 
cyanide, indophenol, etc.) in the assay of this group In a very recent abstract Redfearn and Dixox 


of enzymes. directed attention to an additional property » 
Table 1. COMPARISON OF AMTANOMETRIC AND SPECTROPHOTOMRTRIO SUQOINIC DEHYDROGENASE ASSAYS 
Activity measured 

Exp. Preparation Assay method Temperature (amoleainin.fmgen.) 
1 Kellin~Hartree, pig heart Manometric, air, phenazine 80° 0-92 (+ 003 
2 Kolltn~Hartree, pig heart Same, 100 par cant Os 80° 1-52 (+ 0-05 — 
3 Kolin-Hartree, pig heart Speoctrophotometric, arr, phenazine—DCUPIP 80° 1-40 (+ 0-02 
4 Keilin~Hartree, pig heart Same, in Ne 80° 1°40 (+ 0:02 
5 Kellin~Hartres, pig heart Et pela 9 oder alt, phenazne—soyt, ¢ 80° 1:31 (+ 0-02 
6 Keilin~Hartree, pig heart nometric succinoxidase assay 80° 061 (+ 001 

7 Purified bovine heart enzymo Manometric, air, phenazine 25° 8-89 (+ O18 
8 Purified bovine heart enzyme Speotrophotometnoe, alr, phenazine—-DCPIP 25° 8-40 (+ 0-17 
8 Purified bovine heart enryme Manometric, air, phenazins 88° 14°38 (+ O04 

10 Purified bovine heart enzyme Same, 100 per cent O, 38° 6°26 (+ 0-33 


The results are expressed in «moles substrate oxidized/min./mgm. protein (bluret basis). Keilin—-Hartree preparations as per Pumph»n 
and Redfearn (ref. 9) and soluble enzyme as per Singer and Bernath (ref. 10) (gel eluate stage). The results of assays imvol: g phenaxdt 
methosulphate are expressed as Vmax. Values with respect to this dye, while the succinoxidase assay is the value obtained at saturating oo 
centration of cytochrome o. Conditions: 50 mi phosphate, pH 7-6, and 20 mM sucolnate in 3 ml. final volume. With particulate pre tic 
9 mM cystelne-sulphinioc acid was Included to prevent oxaloacetate accumulation (ref. 11). In all assays (except sucoinoxidase) 1 oyank 
was Included. Manometric phenazine assays were as previously doscribed (refs. 8, 1) except that succinate was in the main compartme 
during temperature equilibration for full activation of the dehydrogenase (ref. 12). To prevent escape of HCN during gassing, the substre 
and 0:3 zmoles HON were in the main compartment of two side-arm Warburg vessels; one side-arm contained 3 smoles unneutralized KC 
the other the dye and 0°27 smoles HCL Spectrophotometric phanaxine~DCPIP assays were as desoribed in Fig. 1, except the anaerobic experime 
in which a suitable anaerobic cuvette was used. In the phenazine-oyt. c reaction 5 x 10> M 8 type ILI horse heart oyt. ¢ was t 
—— — or measurements were made at 550 mu. In the sucomoxidase assay the concentration of added cyt. o was varied betwe 

‘1 an mgm, 


x 
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phenazine methosulphate which has a considerable 
bearing on its use in manometric assays. With a 
slightly modified Keilin-Hartree preparation from pig 
heart, an indirect method for measuring succin- 
oxidase activity, and‘a spectrophotometric modifica- 
tion of the phenazine methosulphate assay for suc- 
“cinic dehydrogenase they found that the ratio 
succinic dehydrogenase (at Vmax. with respect to 
dye) to succinoxidase is 4:9 in fresh preparations. 
Since in a previous publication from this laboratory? 
this ratio for Keilin—Hartree preparations from bovine 
heart in manometric assays had been reported as 
1:04, Redfearn and Dixon’ suggested that the rate of 
re-oxidation of phenazine methosulphate might 
become rate-limiting in manometric assays 

We have now examined the extent to which the 


leucophenazine-oxygen reaction may become rate- 


limiting. It was decided to use the same type of 
preparation used by Redfearn and Dixon in order to 
eliminate the possibility that species differences or 
variations if preparative procedures could account 
for the discrepancy. Direct assays for the succin- 
oxidase activity in strictly fresh preparations were 
compared with manometric and spectrophotometric 
succinic dehydrogenase assays. In the latter phenaz- 
ine methosulphate served as the immediate electron 
acceptor and 2,6-dichlorophenolindophenol (DCPIP) 
as the terminal acceptor and the reaction was followed 
at 600 mu, as originally recommended by Singer and 
Kearney’. 

The results of this — may be summarized as 
follows (Table 1). (1) At 30° and Vmax with respect 
to phenazine methosulphate in this type of Keilin- 
Hartree preparation the substitution of 100 per cent 
oxygen for air in the gas phase increases the measured 
succinic dehydrogenase activity by about 60 per 
cent (cf. Exps. 1 and 2 or 3). (2) The same activity is 
obtained manometrically in 100 per cent oxygen and 
spectrophotometrically m air or nitrogen with 
DCPIP as terminal acceptor (Exps. 2, 3, 4). (3) With 
cytochrome c substituted for DCPIP as terminal 
acceptor®!* essentially the same activity is obtained 
(Exps. 3 and 5). (However, of. below for necessary 
precautions.) (4) The ratio of succinic dehydrogen- 
ase : succinoxidase activities is 2:3, higher than that 
observed by Giuditta and Singer? in bovine heart 
Keilin~Hartree preparations isolated in a different 
manner but lower than that reported by Redfearn 
and Dixon’ for this type of preparation. The reasons 
for these variations are discussed later. (5) Owing to 
the higher solubility of oxygen at 25°, at and below 
‘this temperature the rate of re-oxidation of phenazine 
methosulphate by dissolved oxygen is no longer 
limiting in manometric assays even with air in the 
gas phase (Exps. 7 and 8), provided that the range of 
activities. m does not exceed the range 
compatible with the surface/volume ratio of the 
Warburg vessels used*. (6) Soluble preparations of 
succinic dehydrogenase, m contrast to particulate 
ones, are strongly inhibited by dissolved oxygen if 
100 per cent oxygen is substituted for air in the gas 
phase (Exps. 9 and 10). 

Thus the suggestion that the re-oxidation of leuco- 
phenazine methosulphate by dissolved oxygen may 
become Jimiting under certain conditions is correct. 
This limitation on the manometric use of phenazine 
methosulphate is not so severe, however, as would 
appear from the results of Redfearn and Dixon’ and 
may be readily overcome by substituting oxygen 
for air or by lowering the temperature. The major 


reason for the discrepancy between the succinoxidase 
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2 4 6 
1/mgm. phenazine methosulphate 
1. Spectrophotometric determination of succinic deh dro- 
osulphate and DCPIP. 


genase activity with phenazine meth 

bsoisga, reciprocal concentration of phenaaine methosulphate 
expressed as mgm. dye per 8 ml. reaction mixture. 

reciprocal of Initial rats of change Jn optical density por min at 
600 mu. Conditions: Keilin~Hartree preparation as in Talle 

0 1 mgm. protein (biuret bams), 50 mM phosphate te pH 7 6, 20 mM 
succinate, 9mM oyste niphinate and 1 —5—— 
in 3 ml. final volume. Phenazine ——— as in 
DCPIP* concentration, []= 9 x 10° M, A = 68 x 10° M, 
OQ=8 x 10" M. Tem gerer; 805°. A rapid recc 
spectrophotometer was used and initial rates were calculate 
from the change in absorption during the first 16 sec. For activa- 
hon all components minus dye were Incubated for 7 min. at 
30 5° and the reaction was started by the addition of both dyes 


and succinic dehydrogenase attivities may be that,, 
owing to the substitution of a blender for grinding 
with sand’ the activity of the terminal respiratory 
chain (or the functional linkage of the dehydrogenase 
to the chain) is lower than in conventional Keilin— 
Hartree preparations. 

In view of the facts that pure oxygen cannot be 
used with soluble preparations of the enzyme and: 
that many laboratories prefer spectrophotometric to 
manometric procedures, the optimal conditions for 
the spectrophotometric modification of the phenazine 
assay were examined in detail. With DCPIP as 
terminal acceptor the measured rate was independent 
of DCPIP concentration in the range of 3-9 x 10-5 
M, but was greatly dependent on the concentration of 
phenazine methosulphate (Fig. 1). Hence the condi- 
tions recommended by Elsi, which involve the use 
of fixed concentrations of both dyes, cannot be used 
for the assay of succinic dehydrogenase. ‘The 
presence of dissolved oxygen in the cuvettes in 
no way interfered with the assay (Table 1). These 
facts hold equally well for the assay of soluble 
preparations of succinic dehydrogenase and for 
soluble or particulate forms of D-lactic cytechrome 
reductase, for which enzyme this constitutes the 
preferred assay method". 

As already mentioned, cytochrome e may be 
substituted for DCPIP as a reoxidant of phenazine 
methosulphate, but if the concentration of cytochrome 
is lowered much below 5 x 10 M, full activity is 
no longer measured. Ferricyanide cannot be used 
as a substitute for DCPIP owing to the slow inter- 
action between the reduced dye and ferricyanide. , 

This work was supported by grants from the 
National Heart Institute (H~-1995), the National 
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alty of Milan. 
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A FLASH-PHOTOLYTIC INVESTIGATION OF RHOD 
7 AT LOW TEMPERATURES 


By K-H. GRELLMANN, Pror. ROBERT LIVINGSTON and DOUGLAS F 
Department of Chemistry, University of Minnesota, Minneapolis 


LLUMINATION of rhodopsin, either in solution 

or in the intact retina, isomerizes the retinene 
moiety!, changing it from the ll-cts to the all-trans 
isomer. The all-trans modification of vertebrate 
rhodopsin is unstable at room temperature, hydrolys- 
ing rapidly? to yield all-trans retinene and the protein 
opsin. It has been demonstrated? by classical photo- 
chemical techniques that the successive formation 
of two labile intermediate substances, lumi- and mete- 
rhodopsin, precedes the hydrolysis. Lumirhodopsin 
is stable below — 45° C., but changes to metarhodop- 
sin at higher temperatures. Metarhodopasin, although 
stable below —15° C., hydrolyses rapidly at room 
temperature. The absorption maxima for normal, 
lumi- and meta-cattle rhodopsin are at 504, 497 and 
481 my, respectively, as measured at — 65° C,}. 

Flash-photolytic studies at room temperature’ 
indicate that three labile intermediates, having 
absorption spectra similar to that of metarhodopsin, 
are formed by the flash and then disappear by con- 
current, first-order reactions. The values* of tho rate 
constants (at 28° C.) and the energies of activation 
(in the range 28-36-7° C.) for these reactions are, 
respectively, 3,300, 120 and 21-0 sec.-' and 36-2, 
50-2 and 43-0 kcal/mole. All these measurements 
were made with cattle rhodopsin rendered soluble 
with digitonin in neutral, buffered solutions. Qualita- 
tively similar (unpublished) results have been obtained 
by us at temperatures above 0° C. 

Measurements made at lower temperatures, in a 
mixture of two parts glycerol and one part 1/15 M 
phosphate buffer solution at pH 6-8, reveal the 
existence of a new transient species. At tempera- 
tures below —25° O., flash illumination (20 joules 
or less, with half duration of about 3 psec.)*® results 
in a transient increase in absorption at 602 and 657, 
no change at 525, and a decrease at 503 and 476 mg. 
Analysis of these measurements indicates that the 
spectral changes are due to the formation of three 
intermediate species, having similar absorption 
spectra, but decaying at different rates to form lumi- 
rhodopsin. 

The observed and calculated spectra which were 
obtained at — 75° C. are shown in Fig. 1. Absorption 
spectra 1, 2 and 4 were measured with a Cary spectro- 
photometer. Curve 3 was obtained with the aid of a 


flash spectrographic apparatus? 
flash serves to photolyse the so. 
the photographic plate. The 
(curve 3) corresponds to the abso 
of transient and normal rhod 
during the flash. Curve 5 v 
curves 2 and 3, assuming that « 
30 per cent of the pigment was ] 
ent. This estimate of 30 per cen 
on & separate experiment in wv 
spectrum of @ similar rhodopsi 
measured at —75° C. (curve { 
maintained at — 75° C., flashed o: 
measured (curve 1); it was then 
room temperature (in the dark 





350 


450 
à {my} 
Fig. 1. Absorption spotta of solutio 
hotochemical intermediates at —75° C, 
sen fashed once at —75° C.: 2, an um 


from curves 1 and 2, assuming that so 
oent unchanged rhod 
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4:8 
10/7 
Fig. 2. Arrhenins plot of kinetic data 


5:2 


gto — 75° C., its spectrum was again measured. 
v 4). Comparison of curves 2 and 4 indicates 
he flash bleached 30 per cent of the rhodopsin. 
6 is the absorption spectrum of lumirhodopsin, 
vated from curves 1 and 2 ing that the 
re contained 70 per cent unchanged rhodopsin. 
bsolute values of the extinction coefficients of 
8 5 and 6 are influenced by the percentage of 
ung which was assumed. They are, therefore, 
bly uncertain by about +15 per cent. 
surements of the disappearance of the transient 
ption produced by a photolytic flash‘ were 
in the range — 25° to — 75°C. Analysis of these 
s yield the rate constants which are presented 
Arrhenius plot in Fig. 2. Although these results 
»btained with the use of scanning light of 557 mun, 
r results were obtained with other wave-lengths, 
fing those corresponding to a transient decrease 
orption. 
4 slowest decay (k,) was not detectable at tem- 
ires above —50°; presumably owing to a 
ase in the efficiency of formation of the species 
ing. At — 75° C. the relative yields of the three 
cts are 2: 2:1, in order of increasing mean 
ne (assuming that they have equal extinction 
dents for 2557 mu). Within the limits of pre- 
of ¢he measurements, the energies of activation 
xo three reactions are identical and equal 
2keal.jmole. The corresponding pre-exponential 
s (that is, A of the expression k = A 
- AH+*/RT) are 3-2 x 101, 4-4 x 10149 and 1-4 x 
80,71. 
rapolation of the Arrhenius equation leads to 
ediction that the transient should be indefinitely 
« at liquid nitrogen temperatures. This predic- 
a difficult to test, since glassy glycerol has a 
z tendency to crack at temperatures below 
ew C., producing a crazed glass which will not 
mit a collimated beam. It proved possible to 
l this cracking by adding the glycerol-buffer 
by vol.) mixture dropwise to a cuvette which 
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had been pre-cooled for a short time in liquid nitrogen. 
Presumably a thin film of condensed oxygen prevents 
the glycerol from adhering to the walls of the cuvette. 
The resulting glass, although optically inhomogeneous, 
is not cracked. Its absorption spectrum can be 
obtained semi-quantitatively with a spectrophoto- 
meter. The solid-line curve of Fig. 3 is a difference 
spectrum, obtained in this way at — 195° C., between. 
an unexposed rhodopsin solution and one exposed to 
blue light (432 mu). For comparison, the differences 
between curves 2 and 3 (of Fig. 1) have been normal- 
ized to the low-temperature curve and are plotted 
on the same diagram as a dash line. The minor 
discrepancies are almost certainly due to errors of 
measurement. It follows that the transient is stable 
at —195° C. and, therefore, is almost certainly a 
tautomer rather than a metastable electronic (for 
example, triplet) state of rhodopsin. 





0-06 
& 
E 0 04 
3 
È 
© 0-02 
k=} 
S 
R 
= 0 
—0-02 
450 550 650 
A (mp) 
. 8. Difference spectra between rhodopsin and ite low-tem- 
Hig perature intermediate 


Since light does not bleach rhodopsin at liquid 
nitrogen temperatures, the colour shifte may be 
observed visually. The unexposed rhodopsin solution 
appears red-orange under white light. Irradiation 
with blue light (radiation from an incandescent lamp, 
transmitted by an interference filter with a maximum 
at 432 mu) changes its colour to pink. The original 
colour may be restored by irradiation with red light’ 
(603 mu), or less efficiently with white light from an 
incandescent lamp. 

Repeated flashing of solutions of cattle rhodopsin 
at — 75° C. produces a relatively photo-stable solution 
with an absorption spectrum (curve 1, Fig. 1) similar 
to the spectrum produced by steady illumination! at 
— 65° C. The life-timea of the three transients are 
the same in these repeatedly flashed solutions as they 
are when the transients are formed by the first flash. 
However, the yields of the transients are decreased, 
after a few full-strength flashes, to about half of their 
initial values. When it is remembered that the 
flashed solution consists of a mixture of normal and 
lumirhodopsin, these results suggest that the photo- 
chemical back reaction, which regenerates rhodopsin 
from lumirhodopsin, does not proceed by way of the 
pink transient. 

The folowing schematic mechanism appears to be- 
consistent with the present results, room temperature 
flash experiments’, steady illumination experiments 
between — 75° and 25° C.}, and recent steady illumina- 
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tion measurements at low temperatures’. No attempt 
is made to explain the three concurrent reactions 
which are observed in flash-photolytic experiments. 
Although the photochemical reactions leadmg to 
stereoisomers, other than all-trans and ll-cis, have 
been omitted to simplify the scheme, their introduc- 
tion would not basically change the mechanism. 
The symbols R, K, L and M refer to normal rhodop- 
sin, the new intermediate, and lumi- and meta- 
rhodopsin, respectively. It is assumed that all the 
intermediates are protonated Schiff’s bases of all- 
trans retinene, and that they differ in protein con- 
figuration. The wavy-shafted arrows indicate photo- 
chemical] steps and the straight-shafted arrows, ther- 


A 


Kata | t A ta products 


. Presumably steps 5 and 6 involve the formation of 

short-lived intermediates, the existence of which 
cannot be confirmed by any information at present 
available. At liquid nitrogen temperatures only 
step 1 and its reverse are detectable. Step 3 is slow 
below — 45° C. Step 2 is the reaction which we have 
measured between — 75° and —25° C. It must be 
admitted that there ıs no experimental evidence 
which definitely proves that the intermediates K 
and L are formed successively when a rhodopsin 
solution is illuminated at room temperature. It is 
possible that, under these conditions, M is formed 
directly. 

To determine whether the results obtained in 
flash photolytic experiments are peculiar to rhodopsin 
rendered soluble with digitonin, we performed a few 
experiments with suspensions of outer segments of 
rods. They were prepared by mothods similar to 
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those used in the preparation of rhodopsin®. 
were washed several times with 1/15 M » 
phosphate buffer, but were not tanned nor ext 
with petroleum ether. They were suspendes 
mixture of two parts glycerol and one part I 
neutral phosphate buffer. Wher examined une 
microscope, the suspended particles were œ 
range from practically intagt outer segments tk 
particles. 

Such a suspension was examimed in the ` 
flash apparatus at — 75° C. Like rhodopsin sol 
these suspensions exhibited a transient incre 
557 and 602 mp and a decrease at 480 mu 
third, slow change was not observed with r 
pensions; the decay ing as two first-orde 
tions the rate constants of which were approx? 
300 and 81 gec.. The corresponding val 
rhodopsin solutions are 640 and 55 sec.-1. Proli» 
measurements indicate that the effect of temp: 
on the rates for the rod particles is similar t 
observed for rhodopsin solutions. A rod susp 
illuminated at -195° ©. exhibited $ diff 
spectrum generally similar to that shown in Fi, 

We are indebted to Dr. Rudiger Memming 
while at this laboratory, performed prelu 
experiments and obtained results which sugges 
of our present findings. This work was sup: 
by the Division of Biology and Medicine of th 
Atomic Energy Commission under contracts AT 
718 and 794. 
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FLUORESCENCE OF ALDOSTERONE IN SULPHURIC ACID 
By J. BRUINVELS and J; van NOORDWIJK 


Pharmacotherapeutic Laboratory, University of Amsterdam 


ere has shown that only three corticosteroids 
exhibit sulphuric acid-induced fluorescence. These 
were corticosterone (A‘-116,21-dihydroxy-pregnene- 
3,20-dione), 17-hydroxy-corticosterone (A‘-118,17«,- 
21-tribydroxypregnene-8,20-dione) and A‘-118,17«,- 
208,21-tetrolpregnene-3-one. He pointed out that 
the groups in the molecule responsible for this fluores- 
cence were the 11-hydroxy group, the 17a-ketol group 
and the A‘-3-keto groups. The aldosterone molecule 
also possesses these groups; but in solution it is 
in equiltbrium with ite hemi-acetal form (Fig. 1). 
However, in sulphuric acid the equilibrium wi 
shift to the aldehyde form and it is to be expected 
that aldosterone will exhibit fluorescence in this 
medium. 

We determined this fluorescence with a Farrand 
spectrofluorometer, in which the excitation and 
fluorescence wave-length can be varied independ- 
ently. The optimal excitation and fluorescence wave- 
length of aldosterone were found to be 460 and 505 
my respectively. 


The small magnitude of the difference bi 
these two wave-lengths explains why it has no 
possible to observe fluorescence of aldosterom 
fluorometer using primary and secondary 
Filtering out the excitation light with the sece 
filter will cut off the fluorescence light also. 
with our spectrofluorometer we could na 
sufficient separation between fluorescence and e 
tion (Fig. 2a). The use of a filter (maximum 
mission 520 mu) behind the cuvette gave 
separation between fluorescance and excitation 
In this way we observed a much more œ 


O  CH20H OH 
CH C=O 


- 
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- ‘ Table 2. oe OV THR INCUBATION TIME ON THE FLUORESCENOH 
F ALDO@TKRONE IN SULPHURIC AID (86 N) 


A 
Incubation Blank Aldosterone- Mean of (8) 
time (min.) : 
(1) (2) (3) - (4) 


1-37 pg / nM 1:37 pg/ml 5 3-0 12-0 
- 17-0 18:7 


10 8:5 19-5 


20 2-5 26-5 


80 2-0 275 202 


60 * 1:0 18-5 20°8 


0* 0 19-0 18-7 


* These experiments were performed on another day when the 
emission of the xenon lamp proved to be very small. 

All sampla were hea on a bo water bath for the parlods 
indfsated. Sulphuric acid was used as a blank control. 

A = Relative height of the fluorescence -peak (Fig. 2b 


The heating was carried out in a boiling water 
bath for 60 min. as a standard procedure. Solutions 
thus treated can be kept on ice for at least 2 hr. 
a (mp) without a change in fluorescence (Table 3). 

(a) (b) Attempts were made to apply the above for a 
method for the quantitative determination of aldo- 
2. ‘The intensity of fluorescence of the same solution of  sterone as follows. Different volumes of a standard 


‘terone in hari measured i , 
— ith a Alter go am Pe a solution of aldosterone in-96 per cent ethanol were 


ipetted into normal glass tubes and evaporated 
scence peak (Fig. 2b). However, the intensity x gl 


v fluorescence is not constant, due to the fluctua- 

of the light emitted by the xenon lamp. By 200 
g the difference between the height of the peak 

ihe lowest point of the dip {h in Fig. 2b). we 

aed a parameter which proved to be proportional 

) aldosterone concentration with a much smaller 

tion than when we used the absoluto height of 

eak as a parameter. 





500 600 





«assumed that the fluctuation in — would 150 
xgligible within this small wave-band 460-520 
Optimal conditions for the development of ə 
scence were then sought by heating a solution ¢ 
losterone in 36 N sulphuric acid for different A 
1s of time and at different pres (Tables ¢ 
I 2). cz 
© 100 
1, INFLUENOE OF ‘we INOUBATION THMPERATURE OX THE B 
FPLUORESOBKOB OF ALDOSTERONS IN SULPHURIC ACID 8 
Tengperature A š 
°0. Blank Aldosterone- Mean of (8) 
blank 
(1) (2) (8) (4) 
28 8-0 14:5 50 
18 0 18-0 
11°5 
18-5 
85 2-0 14:0 142 
150 
28-5 
50 3-0 15-0 18-8 
18-0 
87-0 0 : 
—* ue a E E o 12 2 8 4 5 8 7 8 


Aldosterone (zgm./ml.) _ 


ene were heated for 40 min. at the temperatures indicated 
phurie acid 86 N was used as a blank control, A = relative Fig. 8. The relative fluorescence (&) of aldosterone as a function 
"of the fluorescence peak (Fig. 23). of the aldosterone concentration 
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Tabla A DEVELOPMENT OF THE BPLUORESCENOS OF oe AT 
° O AFTER 1 HR. HEATING IN A Bouma WATER B 


A 
Min. after Blank Aldosterone- Mean of $ 
heating lank 
(1) (2) (8) (4) 
20-40 7 28 25 
24 
50-70 4 30 80 
* 29 
90-110 5 27 26 
28 


Sulphuric acid 86.N was used as a blank control. 
À c relativo height of the fluorescence peak (Fig. 2b). 


in vacuo over calcium chloride. 4 ml. of 36 N sul- 
phuric acid were added to each tube, and the tubes 
were placed in a boiling water bath for 1 hr. They 
were kept on ice until the fluorescence could be 
measured. An aliquot of 0-3 ml. was then transferred 
into a quartz cuvette of 0-4 ml. and the fluorescence 
was measured as described above. 

Fig. 3 shows that linear regression of fluorescence 
on aldosterone concentration was found for 0-25-4 
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ugm./ml. of aldosterone. (Each dose of aldo 
was run in triplicate.) 

Recovery of aldosterone in these amounts 
between 90 and 111 per cent (Table 4). 


Table 4. ReooVERY OF DIFERENT QUantTImES or ALD 


Concentration In feral. Recovery 
Calculated Measured (per cent) 
0-26 0°27 104 
0°40 0 40 100 
0-62 - 0-63 102 
1:01 005 94 
1-96 2°08 104 
2 60 1°97 99 
2-06 2:03 99 
8-09 3-00 68 
4:00 8-60 90 
4-12 4 68 111 


We are indebted to CIBA for providing tk 
sterone used. 

We thank Mr. A. Kemp for helpful disc 
in the course of this work. 


‘Sweat, M, L., Anal. Chem., 26, 773 (1054). e 


EFFECTS OF 20 PER CENT CARBON DIOXIDE IN OXYGEN, AN 
25 PER CENT AIR IN OXYGEN, ON THE BODY TEMPERATURE 
OF THE RAT DURING SURFACE COOLING 


By BRYAN BROOM 
Institute of Clinical Research, Middlesex Hospital Medical School, London, W. 


N 1895, Dubois! used a mixture of 45 per cent 

carbon dioxide, 12 per cent oxygen and 43 per 
cent air to cool marmots artificially. The combina- 
tion of hypercapnia and hypoxia by the closed vessel 
method of cooling (autonarcosis) was introduced by 
Giaja and Andjus? in 1949. The technique of auto- 
narcosis has been further developed’, and gas mix- 
tures enriched by carbon dioxide have been used 
during cooling procedures in animal anssthesia‘. 

An assessment of the variables of the Giaja tech- 
nique has been attempted by Miller and Miller’, who 
concluded that carbon dioxide was the factor most 
responsible for the rapidity and depth of cooling, 
as compared with either lack of oxygen or increased 
humidity. Stupfel* has reported that an inspired 
carbon dioxide concentration above 10 per cent 
increases lose of heat in the rat at room temperature 
and leads to a fall in body temperature. 

Work has been undertaken to investigate the effects 
of 20 per cent carbon dioxide in oxygen, and 25 per 
cent air in oxygen, on the rate of body temperature 
depression in the rat during surface cooling by cold 
air (0° to — 4° C.). 

Randomized experiments were performed on adult 
male Wistar rate (195-365 gm.) of mean body-weight 
250 gm. The rate were all prepared in the same man- 
ner: the rat was taken from the cage, a thermistor 
temperature recordmg catheter was passed up the 
colon to a length of 10 cm., the protruding length 
of catheter was taped to the tail and the animal 
persuaded to enter an aspirin bottle (vol. 1 litre) 
having a wide mouth, the tail having been threaded 
through a hole in the lid of the bottle was secured to 
the outside of the bottle with ‘Elastoplast’. Two 


types of bottle were used. In the first type, u 
experiments with air, the lid of the bottle was s» 
perforated to permit entry of air. In the 
type, used for the gas-mixture experiments, 
was made in the bottom of the bottle, through 
gas tubing was passed from the gas cylinders, s 
tube was fitted to the lid of this bottle to w 
rubber tube was connected to a water pu 
permit adequate circulation of carbon dioxk 
oxygen. 

The accuracy of the thermistor tempe 
recorder (Lights Labs., Brighton) is to within ¢ 
as checked by a mercury in glass therm» 
(National Physical Laboratory). 

Ambient room temperature was found t 
from 19° to 23° C. and the temperature of th: 
freeze varied from — 4° C. to 0° C., even wh 
lid of the refrigerator was left off for 3 hr. 

The rates of flow of carbon dioxide and « 
were measured by a rotameter, the rate — 
air by a needle valve flowmeter ( 
London). 

Using these methods, the effects of the fol 
variables on body temperature were asi 
(1) The inhalation of 20 per cent carbon ad 
in oxygen, at a flow-rate of 1 litre/min., both a 
temperature and in the deep freeze. The ef? 
clipping the rat of its body fur between th. 
limbs was assessed. (2) The injection of an an 
tic dose of intraperitoneal pentobarbitone ( 
butal’, Abbott), both at room temperature 1 
the deep freeze. The inhalation of air and 20 pe 
carbon dioxide in oxygen was compared. (: 
cooling-rate of rata breathing air in the deep 
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was measured, both with and without normal body 
fur. (4) The inhalation of 25 per cent air in oxygen, 
at a flow-rate of 2 litre/min., was assessed in the deep 
freeze, both with and without normal body fur. 
(5) The cooling of freshly killed cadavers was studied, 
both with and without normal body fur, within a 
few minutes of a lethal injection of pentobarbitone. 

ing the initia] stages of cooling, shivering is 
variable both in occurrence and degree. Shivering 
is usually pronounced during spontaneous re-warm- 
ing, after the rat has been removed from the deep 
freeze. As previously reported‘, shivering is 
inhibited by increased inspired carbon dioxide. The 
disappearance of shivering is rapid, within 5 min., 
after inhalation of 20 per cent carbon dioxide in 
oxygen, as is its reappearance after such inhalation 
is discontinued. 

Successful cooling from 38° to 18° C., with 
spontaneous re-warming and survival, was achieved 
in 6 out of 10 unclip rats breathing air and 7 out 
of 10 uncljpped rats breathing air under pento- 
barbitone anréthesia. Six out of 10 unclipped rate 
breathing 20 per cent carbon dioxide in oxygen and 
2 out of 10 unclipped rats breathing 20 per cent 
carbon~dioxide in oxygen while under pentobarbi- 
tone anesthesia survived the depression in tempera- 
ture. 

During a period of 1 hr. in the deep freeze there was 
no mortality in clipped rats breathing air, during 
which time the body temperature fell by 10° C. 
During a similar period, the body temperature of 
clipped rats breathing 20 per cent carbon dioxide in 
oxygen fell by 19-4° O., and none of these animals 
survived. It is to be noted that after the first 30 min. 
of cooling, the clipped rats breathing 20 per cent 
carbon dioxide in oxygen were all conscious and 
apparently normal, by which time the mean fall in 
temperature was 11-2° C. During 1 hr. in the deep 
freeze, there was no mortality in the clipped and 
unclipped rate breathing 25 per cent air in oxygen, 
during which time the body temperature did not fall 
significantly (Table 1). 
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Table 1 


Mean fall in colonio temperature of rats 
After 80 min. After 0 min, 


Temp. Standard Temp. dard 
(0. devlation (°O. deviation 
In deep freexe: 
— olf 58 +14 11 4 + 2:0 
— 5-2 + 2-0 10-0 + 86 
ou set ag 6-2 +08 18 2 + 1:2 
11-2 +10 19 4 + 1-4 
Patltobatbitonefat 52 +10 10 8 Ł 18 
Pentobarbitone/CO, 7-2 + 1-0 188 + 1-6 
Unelip cadavers 74 +12 18-4 +24 
Clipped cadavers 10 2 t 1:2 186 + 14 
O,/air—unelipped 0-0 + 06 
G,/air—olipp 1-8 +24 
Room temperature: 
oo,— p 2g + 06 86 + 08 
CoO,—ch (1 $2 +06 5-0 + 0-6 
Pentobarbitone/ait 22 +04 8-4 +06 
Pentobarbitone/CO, 2.9 +04 8-0 + O4 
CO,—clipped (2) 4:0 +06 


ae Rates to 20 per cent carbon dioxide in oxygen at a flow-rate 
o min, 
‘QO, /ar’ refers to 25 per oont air in oxygen at a flow-rate of 2 litres/min, 


“At room temperature, the inhalation of 20 per cent 
carbon dioxide in oxygen waa tolerated for 1 hr. by 
5 out of 10 clipped rate and 10 out of 10 unclipped 
rate. Clipping in this series was performed on the 
day before the gas mixture experiment. This latter 
series was repeated after an interval of 48 hr. after 
clipping, with similar cooling-rates, and no mortality 
(Table 1). 
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Pentobarbitone anesthesia at room temperature 
was tolerated by 9 out of 10 unclipped rata, and pento- 
barbitone anæsthesia and the inhalation of 20 per 
cent carbon dioxide in oxygen was tolerated by 
8 out of 10 unclipped rate. In general, 0-2 ml. of 
pentobarbitone (60 mgm./ml.) was sufficient to 
produce deep anesthesia for 1—2 hr. 

The greatest degree of cooling is attained by the 
rat clipped of ita body fur breathing 20 per cent 
carbon dioxide in oxygen while in the deep freeze. 
This cooling-rate equals that seen in clipped cadavers. 
The cooling-rates of the unclipped rat breathing air 
or 20 per cent carbon dioxide in oxygen while under 
pentobarbitone anesthesia do not differ significantly 
from those of the clipped or unclipped rats breathing 
air. 

In addition to causing vasodilatation and increased 
flow of blood’, an moreased carbon dioxide concentra- 
tion causes depression of uptake of oxygen’. If 
metabolic depression were the important factor in 
the acceleration of hypothermia seen in these experi- 
ments, the effect of the inhalation of 20 per cent 
carbon dioxide in oxygen would not be expected to 
depend on the removal of body fur. 

The difference in cooling-rates between the clipped 
rats breathing 20 per cent carbon dioxide in oxygen, 
and both the unclipped rate breathing 20 per cent 
carbon dioxide in oxygen and the clipped rate 
breathing air, is statistically significant (Student’s t 
test, P < 0-01). 

The absence of cooling during 1 hr. in the deep 
freeze, when. the clipped or unclipped rat is breathing 
25 per cent air in oxygen, is likewise statistically 
significant. 

Uptake of oxygen during hypothermia diminishes 
with fall in body temperature’-!!, and it is said that 
oxygen inhalation during cold exposure- decreases 
oxygen consumption’’. The explanation of the 
inhibitory effect of high oxygen concentrations on 
temperature depression during cold exposure reported 
here might lie in a more efficient utilization of the 
heat production mechanisms}. 

At room temperature, the inhalation of 20 per cent 
carbon dioxide in oxygen lowers the body tempera- 
ture of the unclipped rat by 3-6° C. and the clipped 
rat by 5:0° C. This fall in temperature in the un- 
clipped rat is about the same as that seen in pento- 
barbitone anssthesia, but is not associated with 
anesthesia. 

Despite the mortality seen in these experiments, 
it is felt that the resulte justify further study in 
higher mammals utilizing artificial ventilation. 

This work was done under the auspices of a Lever- 
hulme Research Scholarship and thanks are due to 
the Clinical Research Committee of the Middlesex 
Hospital Medical School. 
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CHOICE OF ANIMALS AND SENSITIVITY ` 
OF EXPERIMENTS oe 


HE sensitivity of an experiment can be affected 

by the environment, the number of animals per 
treatment, the imental design, the. scale of 
measurement and the genotype of the animals used 
in the experiment. 

The observation that F, hybrid animals have a 
smaller phenotypic variance than the inbred parental 
lines led Mather! to suggest that F, hybrids might 
be more suitable for bioassay than inbred strains. 
Data on the variability of F7’s and inbreds supporting 
this idea have been presented by McLaren and 
Michie*, Claringbold and Biggers*, Clough and Cock, 
MoLaren and Michie’, and Biggers, McLaren and 
Michie‘. 

A suggested explanation for this lower /’, variance 
is that heterozygous individuals are better buffered 
against the environment than are homozygous 
individuals’. However, heterozygous populations 
such as an F, between inbred strains may be more 
resistant to large changes in the environment than 
homozygous populations. Examples of this phenom- 
enon have been given by Dobzhansky and Levene®, 
and Parsons’ in Drosophila populations. Therefore, 
F, hybrids and inbred parental strains may respond 
differently in the laboratory. Chai’®™ has urged 
that the responses be considered in this problem, 
and has compared the regression coefficients of several 
bioassay experiments utilizing F, and inbred mice. 
He concluded that the F, hybrids, in general, were not 
preferable to inbred mice in hormone assays because 
the b value of the experiments using J',’a were not 
consistently larger than the b’s of similar experiments 
with inbred mice. 

The use of ì = a/b as a measure that would include 
both the response and the deviations about the linear 
regression line was suggested by Chai?! and discussed 
by Biggers, McLaren and Michie, Another approach 
to the problem of the choice of animals in a different 
area, of research was presented by Becker and Bergi» t, 
They compared the F values (among treatments mean 
square/within treatments mean square) derived from 
the analysis of variance of experiments using different 
genotypes. 

It is the purpose of this article to extend this 
‘F value’ “method to quantitative bioassay experi- 
mentation and by analysing published data examine 
the relative sensitivity of F, versus inbred mice 
experiments. 

The F statistic can be used as a measure of the 
sensitivity of an experiment so that, in comparing 
two experiments, that with the higher F value 
would be considered to be the more sensitive. With 
the same number of animals per experiment, the more 
sensitive experiment would detect smaller differences 
among treatments than a less sensitive experiment. 
The theory has been given by Schumann and Bradley!" 
and tables are available’*:!? for determining whether 
or not an F value of one experiment is statistically 
significantly larger than an F value from another 
experiment. This method for comparing the sensi- 
tivities of experiments requires that the experiments 
be identical in the number of animals used per treat- 


ment and that the treatments be the same in each 
experiment. 

The expected mean squares and the F value for 
a one-way layout analysis of variance are given m 


Table 1. The model I equation is yi, = w+ 8: +6iz, 
where yi jig is the observation on the. jth individual 
on the +‘) treatment; u is an additive constant com- 


mon to all observations; 3; is the effect of the +2 
treatment with the e: having zero means. 


Table 1. ANALYSIS OF VARIANCR TABLE FOR 4 ONE-WAY LAYOUT 


® Expected 
Sources of variation mean squares 


Among treatments 121 a + JEA" 
Among individuals, within treatments I(J—-—i) oe 
Pe Among treatments mean square 
Within treatments mean square 


d.f. 


Similar information for a regression analyais 
suitable for comparing bioassay experiments is given 
in Table 2. The equation is fi = Bay + e, Yı ia the 
mean of the observations on the ith level; 6 is the 
regression coefficient by which v is taken into account 
and 2 is the ith independent variable with e the 
error term. The F value is obtained by dividing the 
regression mean square by the mean square attribut- 
able to the deviations about the regression line. By 
using this F value, the two parameters o.* and p 
are taken into account in assessing the sensitivity of 
bioassay experimente. The value 2;* can also affect 
the F value; thus, when comparing two experiments 
the treatments should be the same so that the 2’s 
do not become a factor. 


Table 2. ANALYSIS OF VARIANCE TABLE FOR REGRHSSION ANALYSIS 


Expected 
mean square 


Souroe of variation af. 
Linear regression det + ff Ix? 
Deviations from linear regression I-2 oe 


Pe Regression mean 8 
Deviations from regression mean — 


Data from previously published pa were 
analysed to fit the statistical model of Table 3 and 
the resulta are presented in Table 3. The data of the 
first three experiments were obtamed from Table 9 
of McLaren and Michie’ and the data of the next four 
experiments from their Table 10. In both sets, tho 
experiments using the 057BZ inbreds did not have 
a slope significantly different from zero at fre 5 per 
cent level. The regression coefficient comparisons 
were not too informative because the F, hybrids had 
the smallest 5 in the first set and a value intermediate 
between the two inbreds in the second set. The F 
values of the experiments with hybrids were larger 
than those of either the inbred or the random-bred 
experiments (24-1 versus 9-5 and 11-0 in the first set; 
and 23-8 versus 3-8, 10-3 and 12-1 in the second set). 
The experiments using random-breds did not differ 
greatly in their F values from the O57BZ inbred in 
the first set and from the C3 inbreds in the second 
set. 

These date are not strictly comparable. In the 
first set, the mousery animals were given different 


March 31, 1962 


No. 4822 


NATURE 


l Table 8, Tau SENSITIVITY OF EXPERIMENTS (PXPRESSED AB F VALUES) OF INBRED AND F, HYBRID Allon 





AP 
D 
j g 3 Deviation 
E SS Gengtype Linear from linear 
2 8 regression 
Mean squares 
3 0:2776 0-0292 
E p PCTEL Y% x O8H a Ha) 0-2857 0:0098 
E E] 67B in inbred , 0:8485 0:1093 
2 COTBL? x O8H8) 1 3270 00557 
“a | g Gay in 1-1997 0-1160 
a Mouser {random bred) 0 -8886 0-0877 
> {8 az inbred 408 8 607 
Seis we —— xAVJaæG) 635 4 18 16 
HE p Èg BALB/c mb 1,102 °9 ‘60 
Q 
384 | 4/Jaz inbred 21-67 0 4725 
ESA pI FABALBIc? x A/Javd) 41-90 1-237 
$ R8| BALB/c inbred 78 58 1-543 
5 inbred 92 28 17 46 
i EMEA gira — x Ag) H . oo 
th 
s E: BIBLIO § > x DBA/23) 65 80 3 692 
4 2 = pea 43 56 4 505 
; „2| A inbred 141 6 20 85 
uat F (O57BLIG x 43) $18-8 24 70 
© 
2| C7 BL/6 mbred 186 0 18 89 
Ei Je P (OSTBLI6 Q * DBAJ2 8) 440 0 40-28 
oH 
48| Ag8) 0572/6 mbre 475 9 18 16 
pE a6 BBG x OBTBRIod 3) 568-3 9-370 
£s| 837 C 4723 14°85 


concentrations of nembutal from the F, and inbred 
individuals; and in the second set, different numbers 
of animals and doses were used for the various 


The next comparisons were obtained from the data 
of Tables 1 and 2 in Chait’, The logarithm of the dose 
was used in the computations and the 1,025-y dose 
was omitted because it was not given to the BALB/O, 
animals. ‘The error terms and the regression co- 
efficients of the F, experiments were intermediate 
between the two inbred parental strain experiments. 
The F values of the F, experiments were lower than 
the F’s of the inbred experiments. 

Thyroid weight was the next criterion!®. The A 
inbred mice experiments did not have significant 
regression coefficients at the 5 per cent level when 
thyroid weight or thyroid follicular cell height were 
the measures. The two F, experiments had higher 
F values than the inbred parental strains for thyroid 
weight, while the same F, experiments had about the 
same F values as the 057BL/6 and DBA/2 inbred 
experiments when thyroid follicular cell height was 
observed. The error variances and regression 
coefficients did not fall into any general pattern when 
com with one another. 

The læt set of comparisons involved seminal 
vesicle weights". The F, hybrid experiments had 
lower error variances and higher b and F values 
than either of the experiments using the parental 
inbreds. 

None of the F values of the F, hybrid experiments 
of Table 3 was significantly larger than the F statis- 
tics of the parental inbred experiments at the 5 per 
cent level. 

In several comparisons, the F values of the F, 
hybrid mouse experiments were larger than the F 
values of the parental inbred mouse experiments, an 
indication that the F, mouse experiments were more 
sensitive than the inbred mouse experiments. In 
other comparisons this relationship did not hold. It 
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Probability sion 
F of a coeficient Author 

values larger F {b} 
8 0:5 “100 0-090 McLaren and 
3 24:1 0 -010-0 025 0 -088 ' Michie (ref 5) 
8 11-0 ‘050 0-144 
8 8-8 >0-100 0-128 
3 23-8 0 010-0 025 0-197 
8 10-8 0 025-0 050 0 225 
8 121 0 025-0 050 0:180 
6 42 0 <Q OO1 8 65 Chaf (ref, 10) 
6 $4 5 0 001-0 005 10 9 
6 52-8 <0 001 14-0 

45 5 2 00 

8 83 0 0 001-0 005 2 79 
8 59-9 8 82 
4 53 0 050-0 100 —4 76 Chal (ref, 13) 
4 140 0 010-0 025 —8 84 
4 06 0 025-0 —2 02 
4 17 8 0 010-0 -025 —4-02 
4 0% 0 025-0 —8 27 
4 69 0 050-0 100 —5 90 
4 12 9 o 010-0 —6 76 
$ 18 4 0 010-0 025 —6 76 
4 112 0 0 —10 5 
4 18 4 0 010-0 4725 —10 9 
8 86 2 0 005-0 010 111 8 Chali (ref, 11) 
8 62 5 0 001-0 23 9 
8 82 9 0 010-0 025 111 3 


is suggested that further experimentation is needed 
definitely to establish this relationship. 

If we assume that the genotype of the animals 
can affect the sensitivity of an experiment, it may well 


be that a specific genotype would be ‘best’ when: 


testing certain treatments or responses while another 
genotype would be '‘best’ for other experiments. 
Also, there is no reason to restrict the comparisons 
to F, versus inbred animals in order to select strains 
for a high degree of sensitivity to experimental treat- 
ments. If the experimental sensitivity is affected 
by the heterozygosity of the animals, it seems 
reasonable that a heterosis selection method such as 
reciprocal recurrent selection or inbreeding hybrid- 
ization would be involved. 

Of interest when we examine Table 3 is that neither 


the error variance nor the regreasion coefficient- 


were always correct in predicting the relative sensi- 
tivity of the experiments. Therefore, in any com- 
parison of the sensitivities of experiments, statistics 
such as the F values or the ìà should be used. 

Nots added in proof. Dr. Donald Michie has sug- 
gested that the relationship between Gaddum’s A and 
the F value of a dose-response experiment might be of 
interest. The relationship may be expressed as 
F = 1 + 23/22. In addition, the expected value of 
F is affected by 8%, of and Es}, the spacing of the 
doses, while 4 involves estimates of B and ce only. 
Thus, 4 would be suitable for comparing experiments 
when the dose-range is not the same. 

Although the phenotypic variance is usually lower 
in the F, than in the parental inbred lines for a great 
number of traits, this does not indicate that F, 
animal experiments will be more sensitive than inbred 
animal experiments for every trait. It may be, as 
shown by Drosophila experiments, that inbred 
experiments measuring a trait associated with fitness 
(egg production, viability, fertility, etc.) will be more 
sensitive than F, experiments. On the other hand, 
when traits not associated with fitness are measured 
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the F, experiments may be, in general, more sensitive 
than inbred experiments. Further research is needed 
to elucidate these points. 
W. A. BECKER 
Washington State University, 


Washington. 


Ix comparing the relative sensitivity of genetically 
different groups of mice in quantitative biological 
assays, Prof. W. A. Becker has analysed the data 
published by McLaren and Michie! and by me!%1118, 
using the variance ratio F and the tables of Schumann 
and Bradley!*. The F statistic is similar to the à 
statistic which I suggested applying for the same 
purpose. The coefficient of regression ò of response on 
dose and the error variance s* are involved in both 
statistics but are used in different ways. The F 
statistic has the advantage of testing significance 
between two groups of assay animals, but, as Becker 
pointed out, the limitation of requiring equal numbers 
of animals in each dose group. 

The results of the analysis by Prof. Becker showed 
no significant differences in the F values between the 
genetic groups of mice used. In his computation Prof. 
Becker used the mean square of deviation of the mean 
response from the predicted mean, instead of indivi- 
dual responses. This is possibly because he was 
unable to obtain individual responses in some of the 
published data, but by so doing some degrees of 
freedom were lost, and the sensitivity of the test 
reduced. Prof. Becker has drawn a conclusion 
concerning the choice between genetically different 
groups of mice for bioassays in general agreement 
with mine (ref. 11 and Nature, 190, 894; 1961). 

Prof. Becker has proposed using reciprocal recur- 
rent selection and inbreeding hybridization to produce 
animals for bioassay. The method of inbreeding 
hybridization involves, I presume, establishing inbred 
lines and them to produce F, hybrids. 
Production of such F, hybrids is practised in animal 
supply houses, although the parental ‘inbred strams 
were not developed for use in bioassay. In regard to 
the reciprocal recurrent selection, a method used in 
agriculture for improving yield or performance of 
crops and farm animals, I question whether it is a 
practical method for producing animals for bioassay 
by animal supply houses because of the multiplicity 
of end points. The scope of bioassay has been greatly 
expanded recently and the physical, chemical, 
physiological, and- pathological end points are 
numerous. Animals with a genetic constitution 
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suitable for one type of assay may not be at all 
suitable for other types, a view which I mentioned 
previously” and which Prof. Becker evidently shares. 

It is possible that reciprocal recurrent selection 
could be used in private laborgtories for theoretical 
problems as well as for producing animals for bio- 
assay. It should be kept in mind that reciprocal 
recurrent selection is aimed at improving the regres- 
sion of the response on the dose of the assay animals. 
In comparing these animals with other genetic types, 
the assay information to be obtained from individuals 
of a group is based on the balance between the regres- 
sion and the variation of response. 

While waiting for a unique solution to the problem 
which we are unlikely to reach in the foreseeable 
future, I suggest that investigators base their choice 
of the most suitable animal for @ given assay on 
existing information. If none is available, a pilot 
screening procedure might be used. A small number 
of each of various types of animals, including nbreds, 
F, hybrids, and possibly animals from cloged breeding 
colonies, would each be given a single dose of the 
assay Material, and the groups with the larger means 
(likely positively correlated with regression) and 
smaller variances selected for the bioassay. If 
desired, a second screening could be applied, giving 
three or more doses to more animals in each of the 
groups selected on the basis of the resulta of the first 
screening. Using either the F or statistic in analysing 
the resulta, the investigator could then choose the 
most suitable types of animals for his particular 


bioassay. 
O. K. CHAT 
Roscoe B. Jackson Memorial Laboratory, 
Bar Harbor, 
Maine. : 
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SYSTEM FOR THE RECOGNITION OF GENETIC TRANSFORMATION 
IN HÆMOPOIETIC CELLS 


; By Dr. G. L. FLOERSHEIM 


Chester Beatty Research Institute, Institute of Cancer Research, 
Royal Cancer Hospital, London, $.W.3 


LTHOUGH. genetic transformation in bacteria 

by deoxyribonucleic acid (DNA) has been known 
for a considerable timet, no conclusive evidence of its 
occurrence in mammalian cells has been recorded so 
far. A more complex chromosomal reproductory 
mechaniam might be a barrier for its analogy in higher 
organisms. However, recent information concerning 


the infective properties of viral nucleic acids and their 
capacity to penetrate mammalian cells has thrown 
new light on the possibility of obtaining transforma- 
tion in non-bacterial cells. 

In bacteria, mostly through the use of selective 
media, transformation can be „detected quantita- 
tively and with high ——— °A similar approach 
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to the problem would depend on the development of 
growth media for mammalian cells allowing the 
selection of rare biochemica] mutants. : 

Recently, a promising method has been communi- 
cated from two different Jaboratories**. These 
authors make use of genetically determined abnor- 
malities in- the chemical structure of hæmoglobin, 
which can be detected .by electrophoresis. The 
abnormal hemoglobin 8 to be found in sickle-cell 
anemia was used as a gene-marker. By exposing 
in a tissue culture precursors from 
normal human bone marrow to DNA prepared from 
bone marrow cells of individuals with sickle-cell 
disease (or vice versa), an altered hemoglobin 
formation could be demonstrated in the exposed 
cells. Having excluded in the DNA preparation the 
presence of any globins which could be taken up by 
the cells, and after the elimination of the potentially 
mutagenic radioactive tracers from the incubation 
mixture, further developments of this marker system 
might provide means of studying also the punctum 
saliens of gehetic transformation, namely, the trans- 
mission of the induced properties to the descendant 
cells. 

Meanwhile, another method for the recognition of 
transformation in a mammalian cell line can make 
use of the histocompatibility properties of hamo- 
poietic cells. Histocompatibility has already been 
used as a gene-marker in investigations involving the 
genetic characters of tumour cells‘. Studies on gene- 
inactivation in hmmopoietic cells in vitro by X-rays 
were also based on the histocompatihility properties 
of the cella*. In the system described here, desiderata 
such as the possibility of working at a cellular level, 
of detecting the transmission of the induced characters 
to the progeny, the involvement of not many genetic 


. characters as markers (the histocampatibility genes), 


and the provision of a selective medium for the trans- 
formed cells are met. This method might have 
advantages over the injection of DNA into 
animals*?14 or over the incubation of organs or 
organ sections with DNA °; it will, however, lack the 
high sensitivity of the methods used for testing 
bacterial transformation. 

The method makes use of the re-population produced 
in @ lethally hemopoietic system by the 
transplantation of viable hemopoietic cells. Fatal 
bone marrow aplasia can be produced either by 
ionizing radiation or by cytotoxic compounds, for 
example, the alkylating agente. Although the hem- 
atological consequences and the pattern of death 
after a lethal dose of these radiomimetic drugs and 
ionizing radiation are strikingly similar’, one funda- 
mental difference between the two actions is their 
affect on the immune response. Lethal doses of 
radiation inhibit immunological mechanisms and make 
animals jplerant for transplanta of homologous or 
heterologous hemopoietic tissue; its injection can 
save lethally irradiated animals. After treatment 
with a lethal dose of the alkylating agent dimethyl- 
myleran (2 : 5-dimethanesulphonoxyhexane, OB 2348 ; 
DMM), recovery and survival is obtained exclusively 
with isologous hemopoietic cells and never by those 
of homologous origin; which will fail to proliferate 
and restore the hæmopoiesisto, ia, This difference m 
the response to homologous cells is the basis of the 
method presented in this communication. __ 

Tolerance or rejection of foreign haemopoietic cells 
in a host depends on the laws of transplantation 
immunity. After these, rejection will occur if the 
histocompatibility (H,) genes of the donor cells are 
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not present in the cells of the host. Im my experi- 
ment, transformation of the donor cells into those of 
the host would consist in thé replacement or incor- 
poration of the host DNA complement representing 
ita histocompatibility loci into the donor cell genome. 
This should make the donor cells and their progeny 
acceptable to the host. Restoration of the hosts 
lethally damaged hamopoiesis would ensue. As a 
consequence, the survival of animals treated with a 
lethal dose of dimethyl-myleran (DMM) and after- 
wards with homologous hemopoietic cells can indicate 
the transformation of these cells. 

In attempts to investigate this possibility, 8-12 


week old females of the OBA strain of mbred mice: 


were injected intraperitoneally with DMM in the 
ED, of 17 mgm.j/kgm. Without further interven- 
tion, these animals will die within 8-12 days with a 
profound pancytopenia. Animals treated with 
isologous bone marrow or spleen cells will show a 
rapid recovery of the blood cells from the sixth day 
onwards and will survive. Homologous donor cells 
were taken from the bone marrow and spleen of 
similarly aged female mice of the O~ strain, which 
differ from the CBA strain mice with respect to their 
H,-genes. The C- cells were incubated under various 
conditions in vitro with DNA or a DNA/RNA-com- 
plex extracted from spleen and thymus of other OBA 
strain mice. The nucleic acids were not stored for 
more than 2 hr. after their preparation. After the 
incubation, the cells were injected intravenously 
into the OBA hosts which 2—24 hr. before had received 
the DMM. The nucleic acids were extracted after 
the p-aminosalicylate/phenol method devised by 
Kirby. DNA preparations by this method can 
retain their biological activity and included viral 
nucleic acids capable of infecting embryonic mice cells 
in tissue culture, DNA extracted from Drosophila 
which induced mutations in this species!‘ and an 
Escherichia colt transforming DNA, isolated from 
bacteriophage ddg*. The ‘conditions under which 
the donor cells were incubated with host-type DNA 
varied as shown in Table 1. Attempts to facilitate 


the incorporation of nucleic acids into the colls 


consisted, for example, in the use of 0-5 M sodium 
chloride as a hypertonic diluent for the DNA* and 
in the addition of gelatine to the DNA solution!?’. 


Table 1. Enrrect or HAMOPOIRTIOC ORLLS ON THR SURVIVAL OF CBA 
MICH SUBJHOTED TO A LETHAL DOSA OF DIMBTHYL-MYLERAN 


Genotype of . Inoubating Incubating No. of animals 
hemopoietic cells mediam time surviving 
Isologous 015 M NaCl 80 min. 5/5 
Isologous 199 * 8 hr. 5/5 
Isologous 0-5 M NaCl 2 hr. 5/5 
107 Af EDTA 
Homologous — — 0/10 
Homologous 0-15 M Nal 30 min. 0/8 
Homologous 015 M NaCl 60 min, 0/5 
0-8 per cent gelatine 
Homologous 0:15 M NaOl 80 min. 0/5 
0-004 ugm. jmi. DMM —— 
Homologous 0-5 M Nadl 60 min. 0/5 
Homologous 199 8 hr. .0/5 
Homologous 0-1 ml. aeo serumt 20 br, 0/4 
About 40-70 x 10° nuoleated cells pooled from the spleen and bore 
marrow of the donors were Imected intravenously ` br, after the 
chemical. The media in w the homologous celis (from O- mice) 
were moubated at 87° ©. contained e. 0-15-0 85 mgm. A 


2 hr. at room temperature. In 
substituted by the DNA/RNA com {incubating medi 
d ocourred all wit 


The dea hin 15 days. 
* sgue culture medium (Glaxo). 


From two CBA mice Immunired 2 weeks before with O- skin and 


100 x 10% C- spleen cells intravanously. 
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With regard to the possibility that ‘unstabilization’ 
of genes!* by alkylating agents might enhance the 
occurrence of transformations, in one experiment, 4 
small, non-toxic dose of DMM was added to the 
suspension of donor cells. 

As shown in Table 1, no alteration of the inefficiency 
of homologous cells to allow survival has been obtained 
so far by their contact with host nucleic acids. It is 
possible that the number of eventually transformed 
cells remained well below the necessary e. 50,000 
nucleated elementa to ensure hemopoietic restoration 
and host survival. By a massive increase ım the 
number of homologous donor cells subjected to host 
DNA, the yield of transformed cells might be multi- 
plied and become sufficient to ensure survival. 

Assuming ' that DNA has potentialities at all to 
induce specific locus transformation in.mammalian 
cells, ita preparation, ita incorporation into the cell 
and its replication in the host cell genome stand out 
from a multitude of problems. As a basic condition 
for any genetic transformation, the factors influencing 
the incorporation of DNA into cells will need further 
detailed study. With that, the presence of inherent, 
interferon-like mechanisms preventing the uptake of 
foreign nucleic acids which could menace the pro- 
foundly rooted integrity of the established genome 
must be considered. Another problem consists in the 
concentration of the utilized nucleic acids. By 

repeating the conditions under which the homologous 
cells were incubated with isologous cells, evidence for 
‘a cytotoxic action of hucleic acids was found. Studies 
investigating further this phenomenon and the 
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incorporation of nucleic acids intb hwmopoietic cells 
are in progress. 

I am grateful for the facilities provided by Prof. A. 
Haddow and Dr. L. A. Elson and for the kind help 
with the DNA preparation by Dr. K. 8. Kirby. This 
investigation was supported bf grants to the Chester 
Beatty Reséarch Institute (Institute of Cancer 
Research: Royal Cancer Hospital) from the Medical 
Research Council, 'the British Empire Cancer Cam- 
paign, the Anna Fuller Fund and the National Cancer 
Institute of the National Institutes of Health, u; 8. 
Public Health Service. 
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OVERLAPPING GENETIC CODES 


By Dr. ROBERT WALL 


Computation Laboratory, Harvard University, Cambridge, Mass. 


T now seems apparent that the order of amino-acids 
in & protein chain is determined by the sequence of 
nucleotides in the genetic material which is responsible 
for its synthesis. The correspondence between groups 
of nucleotides and amino-acids has come to be known 
as the ‘genetic code’, and many recent theoretical! 
and axperimental*-!° investigations have sought 
clues to its decipherment. 

Important parameters in any genetic coding scheme 
are the ‘code word length’ or the number of nucleo- 
tides (presumed contiguous) which corresponds to an 
amino-acid and the ‘coding ratio’ or the number of 
nucleotides in a nucleic acid strand divided by the 
number of amino-acids in the corresponding protein. 
The most commonly assumed value for the code word. 
length ‘is 3, since this is the minimum number of 
nucleotides of four kmds which can be arranged in 
twenty or more different permutations. ‘The pro- 
perties of certain quadruplet codes have also been 
considered; but there is, as yet, no direct experi- 
mental evidence to indicate the length of a code 
word. 

The coding ratio, on the other hand, has recently 
been. measured for polyribonualeotides in the cell- 
free protein-synthesizing system from E. cols®-1* and 
it is close to 3. Crick ef al.?, on the basis of genetic 


studies with 74 phage, have likewise concluded that 
3 is the most probable value for the coding ratio. 
The code word length could be inferred immediately 
from these results if it were certain that the genetic 
code is non-overlapping (Fig. la), for in this case 
the coding ratio and the code word length would be 
numerically equal. 


XXX XXAKXX.. i soo AXXXXXKXXX.,. 


(a) (b) zie 
x TR N — ——— and nclootide, and breakele 1 netic codes, 


mark coda 

In an overlapping code (Fig. 1b, c) some of the 
nucleotides in one code word are also part of an 
adjacent word. Gamow et aj.) first proposed the 
scheme illustrated in Fig. 1b on geometric grounds; 
but it was later rejected by Brenner™, who showed 
that it could not account for all the amino-acid 
sequences- which were already known. Although 
Brenner’s proof excludes only this particular coding 
scheme, it has often been taken as evidence 
all overlapping codes, with the result that they have 
been generally disregarded. It is true that overlap- 


"en TERITO — a Y EA 
observed may simply mean that they do not produce 
an intact protein or do so very infrequently. 

Alternatively, one could postulate that the nucleo- 
tides the deamination of which produces mutation 
(probably adenine and cytosine*!:*?) do not occur in the 
overlapping regions. An example of such a coding 
scheme is the one mentioned previously in which all 


+ yéas, M. n Symp ormation Theory in B 
Pross, New Yor York, on de ry in Biology, 70 (Pergamon 


18 — B., Information Theory, 17 (Prentice-Hall, Now York, 


and Fraenkel-Conrat, H., Proc. U.S. Nat. Acad. 
oS she. (1960); J. Mol, Biol. (in the prese, quoted in ref. D” 
1 Ingram, V. M., Biochim. Biophys. Acta, 36, 402 (1959). 
& Schuster, H., Biochem. Biophys. Res. Comm., 2, 820 (1960). 


38 Vielmetter, W., and Sehuster, H., 
3 B24 (i 086). Btochem, "Biophys. Ree, Comm., 


“rp 


no.4s22 March 31, 1962 


NATURE 1271 


_ LETTERS TO THE EDITOR 


RADIOPHYSICS 


Forward Scatter of Radiò Signals via 
Meteor Trails and Short-lived Solar 
Radio Bursts 


Iw 1948 Allen! discussed the reflexions of very high 
frequency radio waves from meteoric ionization, and 
recently Thompson! has reported on meteor scatter 
bursts as recorded with a sweep frequency receiver. 
Similar observations have been made in Canada by a 
spectrum radiometer at the National Research 
Council’s Radio Observatory in Algonquin Park, 
Ontario. lhe is one in which twenty receivers 
having band-widths of 3 Mo./s. (now being changed 
to 1 Ma./s.) are spaced 5 Mo./s. apart in the frequency- 
range of 20-120 Mc./s., and the receiver outputs are 
commutated at arate of 100 times per second. Since 
the input of the systerh is ‘wide open’ and the scanning 
rate is fast with respect to events having durations 
greater than 0:1 sec., the system has 100 per cant 
interception probability for such events. The display 
of the frequency-time domain of the bursts on an 
intensity modulated cathode ray tube is photo- 
graphed on moving 35 mm. film. The output of the 
N.R.C. 107-cm, solar patrol radiometer is also 
recorded on the same film and appears in the illus- 
trations as a horizontal line at the bottom of each 
photograph. This spectrum radiometer was designed 
to observe fine structure in solar radio emissions at 
metre wave-lengths. It has been operating since 
March 1961. 

In general two classes of bursts are observed: (a) 
solar events which may or may not show evidence of 
fine structure; (6) bursts of similar duration but 
which are exceedingly complex. 

Fig. la shows a group of type DIT solar bursts 
recorded on June 15, 1961. These events show little 
or no structure. Fig. 1b is an example of a complex 
event recorded on August 13, 1961, in which there is 
considerable fine structure. Simple bursts correlate 
well with type III solar events reported by other 
observatories, while the complex events do not 
correlate with solar events, except by chance. 

The characteristics of the complex events may be 
summarized as follows: (1) There is simultaneous 
commencement over a wide frequency-range. (2) 
Duration is an inverse function of frequency. (3) 
Considerable fine structure is evident. (4) Duration 
of fine Structure components is approximately 1 sec. 
(5) Total durations may be from 0-2 sec. to several 
min. (6) Fine structure in one channel cannot be put 
in a one-to-one correspondence with other channels. 
(7) There is an occasional tendency for such bursts to 
cluster. (8) There is no evidence of frequency drift of 
individual pips within the burst. (9) Band-widths 
appear to be leas than 10 Mc./s. (excluding adjacent 
channel spill-over). (10) The low-frequency cut-off is 
generally, though not necessarily, m the range of 
52 Mc./a. The high-frequency cut-off is widely 
variable. (11) The rate of occurrence has a diurnal 
variation with two Maxima occurring at 10 hr. and 
23 hr. local time. (12) The rate of occurrence peaks 
during the periods of meteor showers. 


In the design of the N.R.C. radiometer frequency 
resolution was sacrificed in order to achieve high time 
resolution. Consequently, the display tends to make 
the appearance of forward scatter signals similar to 
solar eventa, but there is no doubt that the complex 
events recorded by this radiometer are due to the 
forward scatter of T.V. and F. M. radio transmissions 
via meteor trails from stations in the Eastern Stan- 
dard Time zone of the United States and Canada. 
Forward scatter signals with durations greater than 
10 sec. occur at an average rate of 4 per hr. during 
non-shower periods at the Algonquin site. For the 
4-month period of April-July 1961, such events 
accounted for 75 per cent of the total number of 
short-duration bursts observed during daylight hours, 
During the Quadrantid meteor shower on January 3, 
1962, several pictures of about 10-20 sec. in 
duration were seen on @ T.V. set located sat the 
Algonquin Radio Observatory. The times corre- 
sponded exactly with bursts on the radiometer 
records. Rawlings’ has reported similar observations 
made during 1957, where individual T.V. stations 
were identified. It should also be noted that the 
International Telecommunication Union List of 
Broadcasting Stations, 15th edition, 1959, lists more 
than 500 T.V. Stations in the United States and at 
least 250 in Europe and the U.8.8.R. Forward scatter 
signals can be propagated over ranges up to 2,000 km. 
If the possibility of back-scatter is not ruled out, there 
are few active radio astronomy sites that will not 
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Fig. 1. a, Type IL solar radio bursts recorded on June 15, 1061; 
b, complex forward-scatter event rocorded on August 18, 1061 
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Fig. 2. a, Simultaneous occurrence of a group of type UT solar 
bursts and forward scatter events {c} on Angust 13, 1961, 
$, further examples of complex events 

solar burst on the same day 


receive at least a few ‘burst’ transmissions via 
meteor trails. 

Examples of a simultaneous occurrence of scatter 
signals and solar radio bursts are illustrated in Fig. 2. 
Fig. 2a shows a case recorded on August 13, 1961, 
where scatter signals occurred at 15:16:10 and 
15 : 16 : 40 during a solar event classed as a type Il 
by the Harvard Radio Astronomy Observatory at 
Fort Davis‘. Fig. 26 illustrates a further example on 
the same day during a solar burst also classed as a 
type IIT event by Fort Davis in the same report. 
There was a weak 10-7-cm. activity reported at 15:19 
and 19:09. Both of. these events occurred during 
the peak activity of the Perseid meteor shower. 

The important question now arises; to what extent 
have such events in the T.V. and F.M. radio trans- 
mission bands confused other investigations of short- 
lived solar radio emissions ? Except for the small gap 
between channels 4 and 5 (72-76 Mc./s.) and the gap 
between the F.M. bands and channel 7 (108-174 
Mc./s.) such transmissions cover -the, of 54-216 
Mc./s. at band-widths ranging from 6 Mo./fa. to 
14 Mc./s. At the present time there are also numerous 
television stations operating in, the ultra-high- 
frequency bands up to 900 Mc./s. both in the United 
States and Europe. Thus there are possible sources 
of scattered signals over a very wide frequency-range. 

Many of the characteristics of the short-lived solar 
bursts or pips as reported in the literature’ bear a 
striking resemblance to the forward scatter signals 
from meteor trails as seen on the N.R.C. spectrum 
radiometer. Although the recorded characteristice of 
forward scatter signals will be a function of the 
observing equipment and may be easily recognized 
as individual events, it is possible that scatter signals 
reflected from a meteor trail in the antenna beam of a 
solar radiometer may occur during the life-time of a 
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solar radio burst. Thus it may be that the explana- 
tion of unusual events observed during studies of 
short-lived radio bursts may. not always have a solar 


origin. ; 
. R. MoNarry 

Upper Atmosphere Research Section, 

National Research Council, Ottawa, 2. 
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ASTROPHYSICS 


Increases of lonization in the F2 Layer 
and Solar Corpuscular Radiatipn 


In & recent communication, Orsini and Mazzilh! 
have directed attention to five further examples of 
sudden large increases of ionization in the F2 layer 
associated with major solar flares. Previous examples 
of such increases have been reported by Dieminger 
and Geisweid’, Minnis and Bazzard®, Harrison* and 
Knecht and Davies’. Table 1 shows when these events 
occurred, the geomagnetic threshold energies, Fe, for 
protons incident vertically at the stations where the 
increases in ionization were observed, and the associa- 
ted, but generally delayed, increases in the intensity 
of energetic corpuscular radiation arriving in the 
vicinity of the Earth. These have been recorded by 
riometers, which are sensitive to particles such as 
protons arriving at the top of the atmosphere with 
energies of the order of 10 MeV. or more; by neutroh 
monitors, which are affected by protons with energies 
greater than approximately 600 MeV.; and by ion 
chambers, which only record the arrival of primary 
protons having more than some 2 BeV. 

It can be seen from Table 1 that every large increase 
of ionization in the #2 layer reported thus far is 
associated with an increase in the corpusoular radia- 
tion reaching the Earth. In every cage the increase 
in particle intensity has been large,’ being several 
orders of magnitude greater than the normal cosmic 
ray background of protons with energies greater than 
10 MeV. This association is particularly striking when 
it is appreciated that only about 15 per cent of all 
those solar flares of magnitude greater or equal to 2+ 
as recorded by two or more observatories are aaso- 
ciated with any evidence for corpuscular intensity 
enhancements. With the possible exception of the 
first two cases it can also be seen that, due to the 
generally high values of E., these particles are not 
energetic enough to be directly responsible *for the 
increased ionization observed in the £2 layer. Also, 
their arrival at the Earth often appears to be delayed 
by 1 hr. or more after the flare, whereas the increase 
in ionization is usually roughly coincident with the 
optical flare. It is most likely, therefore, that this 
ionization is due to ultra-violet radiation emitted 
from the flare. Such radiation would, unlike the 
corpuscular radiation, be relatively unaffected by the 
state of the interplanetary medium at the time of 
the fiare. Furthermore, since these increases in 
ionization are apparently always associated with 
increases in corpuscular intensity, and thus presum- 
ably with corpuscular accelerations, it is at least 
possible that this radiation is produced by a physical 
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proĝess which is closely related with the acceleration. 
It may be remarked at this point that, apart from 
the first two events, for which no observations are 
available, all the flares listed were associated with 
type IV radio-noise bursts, which are assumed to be 
produced by synchrotron emission in the flare and 
thus indicate the, acceleration of charged particles. 
It does not, of course, follow that the ultra-violet 
radiation is due to & similar process, and indeed the 
fact that some at least of these flares were not observed. 
in white light may suggest the contrary. A solution 
to the question of the origin and nature of this, still 
hypothetical, radiation may have to await direct 
observation by satellite-borne equipment capable of 
measuring polarization effecte during these rare 
flare eventa, 

It may also be noted from Table 1 that the energy 
content ef the corpuscular radiation which reaches 
the Earth associated with these events varies widely. 
Furthermore, several other examples of corpuscular 
intensity cements have been observed, even by 
ion chambers, for which there has been no report 
of any increase in ionization in the F2 layer. Con- 
versely, Knecht and Davies’! have reported several 
small F2 layer increases for which there was no 
evidence for additional corpuscular radiation at the 
Earth. 


Table t. OCOURRANORS OF INCREASES IN IONIZATION IN THE F2 LAYER 


$ Corpuscular increases 
eniron Ion 
Dato Ref. B, Riomoeter monitor 


š chamber 
(BeV.) (= 10 MeV ) (> 600 MeV.) (> 2 BeF.) 
Noy. 18, 1949 


to 
Lazi 
oO 
he 
8 
4 
8 
rd 
8 


Feb, 28, 1956 8,68 150 Yes Yos Yes 
July 10, 1959 4 10:0 Yes No No 
Rov. 12,1960 6 70 Yes Yes 

Novy. 15,1960 5& ? You Yes No 
Nov. 20,1960 1 12-0 Yog Yea No 
July 11, 1961 1 12-0 Yes No No 
July 12,1861 1 12°06 Yos No No 
July 18,1961 1 12°0 Yes Yes ? 
July 21, 1961 1 12°0 Yes Yes No 


An analysis of certain of these increases in corpus- 
cular intensity (see, for example, Steljes et al.’) 
suggests very strongly that the mtensity and energy 
content of the corpuscles reaching the Earth follow- 
ing & solar flare is largely determined by conditions 
prevailing in the intervening interplanetary medium 
at that time. Thus the corpuscular effects ‘observed 
at the Earth may not be closely related to the mag- 
nitude of the physical processes occurring in the 
flare. As a consequence it is obviously desirable to 
obtain some indication of the true relative 
‘umportances’ or ‘strengths’ of the various corpuscular 
accelerating flares, since this would provide an in- 
dication of the propagation conditions which must 
have existed at the time and would assist in the 
detailed interpretation of these evente. 

It is the purpose of this communication both to 
direct attention to the association shown in Table 1, 
and to suggest that measurements of the sudden 
increase in the F2 layer iomzation might lead to a 
better measure of the strength of the acceleration 
processes than dò either observations onthe optical 
size of the flare, or observations on the corpuscular 
radiations. Possibly these measurements should be 
combined with those on type IV radio-noise burst 
durations or intensities. 

There would appear to be two main objections to 
the possibility of utilizmg the #2 layer observations 
in this way. First, it may be that the radiation 
producing the effect is not strongly related to the 
process which causes corpuscular acceleration. 
Secondly, observations of the £2 layer are diffloult to 
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make during the disturbed periods following solar 
flares, and these particle-producing flares often appear 
to occur in series spaced only a few days apart, so 
that observations have to be made during such 
disturbed times. 

Nevertheless, it would be valuable to know whether 
any stations observed F2 layer effects associated with 
those cosmic ray flares not listed in Table 1, for ex- 
ample, those on August 31, 1956, July 17, 1959, 
May 4, 1960, or September 8, 1960, all of which 
produced protons with energies of more than 600 MeV. 
In addition, it would seem well worth while to 
examine those events where F2 layer effects have 
been observed to see if there is evidence for a relation 
between the propagation characteristics as deduced 
from the corpuscular mtensities and energy distribu- 
tions observed at Earth, and the relative magnitudes 
derived from the increases in ionization in the F2 
layer. 

C. J. WADDINGTON 

EH. H. Wils Physical Laboratory, 

University of Bristol. 
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GEOPHYSICS 


Frequency of Meteorite Falis throughout 
the Ages 


Pror. H. Dinare has stressed the fact that Prof. 
F. A. Paneth distinctly distinguished between the 
origin of meteors and that of meteorites’. Prof. 
Dingle emphasized that the conclusions arrived at 
by Prof. Paneth that “‘siderites and aerolithes only 
fell on the Earth from the late Quaternary period”’ 
leads one to suppose that if meteors have traversed 
the atmosphere of the Earth since time immemorial, 
not one of these had ever reached the Earth’s sur- 
face, unless it be in the form of ‘cosmic dust’. 

Prof. Dingle draws the conclusion that the ‘cosmic 
spherules’ found in the numerous pre-Quaternary 
geological Jayers cannot constitute a proof that 
meteorites fell on the Earth before the late Quaternary 

eriod’. 
It should be pointed out that the views of Prof. 
Paneth have not been accepted by all astronomers 
and that a number of these have always claimed 
that asteroids, comets and meteorites have a common 
origin. I will only quote here Dr. E. Schatzman, 
of the Fonds National de Recherche Scientifique, 
Paris, who, in a work which has become a classic?, 
gives the names of at least three celebrated astron- 
omers who hold views different from thos of Prof 
Paneth. Moreover, Dr. Schatzman calls meteors 
“tho evanescent meteorites” and this expresses well 
the common origin of meteors and meteorites. Dr. 
P. Quittinit and Dr. F. Watson’ are also of the same 
opinion as Dr. Schatzman on the common origm of 
asteroids, comets, meteors and meteorites. Reason- 
able doubts may, however, be formulated as to the 
common origin of ‘iron’ meteorites and comets. 

Thus, contrary to the opinion expressed by Prof. 
Paneth and Prof. Dingle, there is no reason not to 
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suppose that meteorites fell on the Earth before the 
“late Quaternary period”. 

Moreover, several metallic bodies, of which the 
possible cosmic origin has been established by 
analysis, gives reason for supposing that meteorites 
of pre-Quaternary age have already been discovered. 
One may cite the ‘irons’ found at Cormeilles in 1944 
by the French geologists Jean Tricart and Andre 
Cailleux*, at the base of an Oligocene layer; and the 
‘iron’ found in 1930 at Zapata (Texas, U.S.A.) in 
Eocene sediments’. Generally speaking, these ‘irons’ 
are considered as ‘doubtful’ from the point of view 
of meteoric origin, either because their percentage 
in nickel is largely below the normal amount necessary 
to fall into the category ‘meteoric’ (as in the case of 
the ‘irons’ of Cormeilles), or for unknown reasons— 
the objects in question having disappeared from 
circulation (as in the case of the Zapata meteorite). 
’ But the fact remains that objects, of which the 
meteoric origin can be confirmed by the latest modern 
scientific methods, have been found: for the per- 
centage of nickel cannot constitute an absolute 
criterion by which to judge whether they are of 
meteoric origin or not. 

Moreover, the patient and careful research by 
H. Nininger around Barringer Crater has revealed 
the existence of a mass of metallic globules of which 
the form, the dimensions and the composition were 
identical to those of the “cosmic spherules’’ found by 
Prof. H. Petterson, Dr. K. Utech and others’. There 
is little doubt that careful, comparative examination 
would confirm this identity and would establish the 
connexion between ‘cosmic spherules’ and meteorites. 

Recent work by Suess and Wadnke*® and by Vilcsek 
and Wänke! have permitted the establishment of 
‘the terrestrial age’ of meteorites. For one of the 
stone meteorites analysed this age exceeds 20,000 
years’ and for one iron meteorite it was found to 
be even higher than 1-5 million years?®. 

One can thus conclude that, contrary to the 
opinion of Prof. Paneth, upheld by that of Prof. 
Dingle, in reality meteorites have fallen on the 
Earth in the pre-late Quaternary period. 


22 Tudor Court, ee 
Gunnersbury Avenue, 
London, W.3. 


! Dingle, H., Nature, 191, 482 (1961). 

* Pettersson, H., Nature is 1114 (1959); 191, 482 (1661). Utech, 
K., tbid., 198, 56 (1962 

3 Bruhat, G., and — E., Les Plandtes (1952). 
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* Watson, F., Between the Planets (1956). 

*Tricart, J., and Osilleux, A., O.R, Acad. Set., Paris, 825, 181 (1947). 
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*Nininger, H., 4 Come Strikes iks Earth (1957); Out of the Sky, 
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' Suess and Wanko, Geochim. ef Cosmochim, Acta (in the press). 
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A PHYSICS 


Measurement of a High Refractive 
Index for Transmission of 3-cm. Micro- 
waves through a Plasma 


Ir is known theoretically, from the Appleton- 
Hartree equation), that propagation through a plasma 
of a plane electromagnetic wave, having a frequency 
below the oritical frequency of the plasma, is possible 
in the presence of a steady magnetic field applied 
parallel to the direction of propagation, but only if 
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this field is strong enough to cause ån electron cybvlo- 
tron frequency which exceeds the propagated fre- 
quency. Propagation of a microwave signal in such a 
high-density magnetized plasma was observed by 
Gallet ef ala. 

The theory further predict? that the plasma 
refractive index for such a wave exceeds unity and 
that the polarization of the wave is circular with the 
same sense as the electron cyclotron rotation; we 
call this the right-handed sense. A natural whistler? 
is a wave in this mode of propagation. It also follows 
from the Appleton—Hartree equation that a plane 
wave, circularly polarized in the left-handed sense, 
can propagate along the magnetic force lines, but 
only for an electron density below a certain value. 
The ratio of this value to the ordinary critical density 
is 1 + Y, where Y is the electron cyclotron frequency 
divided by the applied frequency. 

We have observed 9,280 Mo./s. signals propagated 
between two circular wave-guide aerials some 11 am. 
apart, in the afterglow of a straight pulsed argon dis- 
charge with a magnetic field of up to 75000 gauss. 
Since an afterglow is used, the electron density 
decreases with time. One therefore expects to see 
the right-hand polarization signal first, followed by 
transmission of the left-hand polarization mode when 
the electron density has dropped further. This has 
been observed experimentally, as has the reversal of 
sense of the polarization of each signal when the 
direction of the superimposed magnetic field is 
reversed. We have analysed the polarization of the 
signal after passage through the plasma by means of 
& microwave quarter-wave plate followed by a fin- 
line coupler. Two are produced, which corre- 
spond to the left-handed and right-handed circularly 
polarized waves of which the ingoing signal may be 
considered to be composed. Langmuir probe measure- 
mente of the plasma electron density were taken and 
verified that the right-handed circularly polarized 
signal was propagated even when the density exceeded 
10 times the critical density of 1-07 x 10'* am.-. 





Fig. 1. 


Interferogram between the whistler-mode and reference 
signals 


Fig. 1 shows an interferometer trace obtained by 
mixing the transmitted right-handed signal with a 
larger steady signal from the same source. Time is 
from left to right and one large graticule edivision 
represents 200 usec. The growth of signal amplitude, 
as the afterglow electron density decays, is due to an 
increasing coupling between the aerials and the wave 
in the plasma. Altogether, 20 maxima can be seen, 
representing a phase shift relative to the external arm 
of 38r radians. By observing the time elapsed 
before the plasma supports the propagation of the 
left-handed polarization component also, it is deduced 
that the peak marked A in Fig. 1 corresponds to the 
path between the serials contaming about 7 wave- 
lengths, assuming that the interference pattern is 
dominated by plane waves having a wave normal 
direction relative to the magnetic field of 6 = 0. On 
this basis, and assuming the electron density to be 
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umiform between the aerials, the refractive index at 
the first visible meinum is 714 and the electron 
density 5-4 x 10% om Had § = 10° been assumed 
the density value — “be lowered by 3 per cent. 

We summarize here the properties of wave propa- 
gation through a plasma parallel to a superimposed 
magnetic field which we have checked experimentally : 
(a) for plasma densities well above the critical density, 
only a right-handed circularly polarized signal is 
propagated; no signal at all is propagated for such 
densities, however, if the electron cyclotron frequency 
is below the applied frequency; (b) the plasma re- 
fractive index for this right-handed mode exceeds 
unity; (c) the polarization sense of both modes is 
defined relative to the direction of the magnetic fleld 
and not to the direction of propagation. 

Measurements of the amplitude of the propagated 
right-hand signal for moderate plasma densities are 
consistent with the absorption predicted by the 
Appleton—Hartree relation, taking the electron density 
and temperature values measured by the Langmuir 
probe. ° 

A. N. Deis 
J. M. WEAVER 


United Kingdom Atomic Energy Authority, 
Culham Laboratory, Culham, 
Near — Berks. 
1 Ratoliffe, J. A, The M — and tis 
the Ionosphere (Camb. —S 59). 
t Gallet, E., et al., Pays. Reo. 1 Letters, i i (1960), 
3 Storey, L. R. O., Phil. Trans. Roy. S00., A, 248, 118 (1953). 


Application to 


Variation of the Dielectric Constant of the 
Alkali Halides with Pressure 


THe variation with pressure of the dielectric con- 
stant of the alkali halides has been measured, for 
selected salts, by Mayburg’ and Jarman*, whose work 
is summarized in Table 1. Jarman deduced that the 
polarizability of the unit cell, defined below, was 
proportional to the square of the volume; although 
lithium fluoride and magnesium oxide appear to be 
exceptions to this rule. - 


Table 1 
(8) 1/91 © (3 
(5) B s\oP/r a \eV/r 


Balt Author £ x 10 om. x 10-* om.*/ 
kgm. ` 


MeO Mayburg 980 0 59 ~ $2 +402 26440 20 
Lik Mayburg 9-27 1-58 ~4484+0-28 1°884+0617 
Jarman —83380+016 164+0-11 
Nali Mayburg = 6°62 4:18 —-9-8 +06 212+0-21 
Jarman —-96 +02 210+0-17 
KCl Mayburg 4868 5 65 105 +08 2071017 
Jarman ‘ ~ 99 +01 2014012 
KBr Mayburg 478 6°68 11-7 +409 1980-20 
Jarman -13-2 407 2100-20 
Nal Jarman 6-60 7-11 ~166 +10 1:9740-17 


Mean value of X (25). = 204 (probable error treating experi- 


mental values as Moue of s constant is + 004. Here the 
uoted experimental errors have been ignored and a value deduced 
fom the pea . the results). 


New mean 7 (? SP yr for all results = 202 + 004. 


Results are presented in this communication 
which tend to show that the Jarman rule applies to 
these salts also and may thus be generally applicable 
to the alkali halides. 

Single crystal specimens, in the form of thin plates, 
had metal electrodes evaporated on to their faces, 
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and the capacity of the resulting condenser was 
measured at 1,000 c./s. on a transformer ratio arm 
bridge*®. (This form of bridge was chosen so that 
capacity measurements could be made independently 
of variations in the stray capacities.) l 

The specimens were subjected to hydrostatic 
pressures (P), up to 4,000 kgm, /om.?, by immersion 
in transformer oil contained in an alloy steel pressure 
vessel; the pressure being generated by a special 
hand pump. 

From the observed change in capacity (O) the 
variation in dielectric constant (e) was found by 
correction for alterations in the specimen dimensions: 


lode _ 120 B 
z3PT OIP t (1) 
where 3 is the compressibility. 
The total polarizability per molecule may be 
defined by: 


M — 





il (2) 


where M is the molecular weight, p the density and 
N is Avogadro’s number. Differentiation of (2) with 


respect to pressure leads to: 
1 / ĝe (e+ 2) (e—1) 1/da 
aC = 3z Le + Pr ] @ 
which may be re-arranged to give: 
aes B 3e 1 /de 1 


l- fy G-H't\SP/r g (9 
remembering that: 


P= — 7 \IP/r 


My experimental resulta are given in Table 2, 
which suggests that previous results for lithium 
fluoride may contain a tio error, and hence 
that it is probable that all the alkali halides obey 
the Jarman rule. 


Tabis 2 
AC , 
Salt 2 \gP Y (22) 
x 10-* om."/kgm. a \oV/sf 
AY ~1 58 +022 . 1:75+0 21 
—~ 4 83+021 2-12 +019 
New mean £ (2 ote for all resulta = %02 + 004. 


Magnesium oxide must be considered separately as 
it is not strictly an alkali halide as the bonding is 
only partially ionic’. However, the mean value of 


V ee je 
sap /r= 2-15 + 0-34, so that it is not at present 


possible to say whether the discrepancy in resulta 
for this material is due to experimental error or to 
some effect in the — itaelf, but it appears that 


we cannot say that £ St differs significantly from 


2-0 for this salt. 

It can easily be shown that the polarizability of 
the unit cell is proportional to the square of the 
volume by integration of the mean value of 
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I thank Prof. M. L. H. Pryce for allowing me to 
use the facilities of the H.H. Wills Physics Labora- 
tory, Mr. D. F. Gibbs for his enco t and 
advice, and Messrs. Industria] Distributors for a 


grant. 
G. J. Hix.* 
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1Mayburg, Q., Phys. Rev., 79, 875 (1950), 
‘Jarman, G. M., Ph.D. thesis, University of Bristol (1057). 
AOTER: A. M., Inst. Rad. Eng. Proc., “Instrumentation” (Dec, 


+ The Clausins-Mosottl Relation: & disonussion of which see 
Frohlich, H., Theory of Dielectrics detrice (Oxford Univ. Press, 1049). 
; Hojendahl, EK., K. Dansk Vidensk. Selskab, 16, No. 2 (1088). 
P., W., Proc. Amer. Acad. Arts and Sci., 76, 1 (1945). 


* Panling, L., quoted in Kittell, O., Introduction to Solid State Phyaws, 
second u 67 (J. Wiley, 1988). 


Interpretation of Quantum Physics 


TERE are undoubted difficulties in the interpreta- 
tion of quantum physics, and Prof. A. Landé! has 
made a determined effort to circumvent them in a 
straightforward and ‘common-sense’ way. He says: 
“Actually, an electron always behaves exactly as a 
particle ought to behave. It is a myth that it some- 
times misbehaves’’. Irreducibly statistical relation- 
ships are central to Prof. Landé’s treatment, and the 
appropriate recognition of their central importance is 
for him the special feature of quantum theory. But 
matter (unlike light) for him consists of “genuine 
particles”, and neither matter nor light has a genume 
wave-particle schizophrenia. This is what he means 
by unity in his quantum physics, and his eee is to 
re-frame quantum physics on this basis. It is the 
purpose of this communication to question his success. 
In addition to providing a new version of the content 
of quantum physics, Prof. Landé also offera a new 
derivation of it, which is based on “non-quantal”’ 
principles. ‘This communication is not concerned 
with the derivation; however, if the present remarks 
concerning the body of the theory as presented are 
well founded, then it cannot be the case both that 
Prof. Landé’s premises are valid, and that they lead 
validly to his version of quantum physics. 

To understand the situation it is necessary to focus 
one’s attention on certain basic phenomena found 
experimentally, and to consider how they may be 
interpreted. The phenomena relevant to the duality 
question concern the action between matter or radia- 
tion on one hand and apparatus on the other. There 
appear to be two modes of action: in certain circum- 
stances the region of the action appears to be dispersed 
over a volume; in other circumstances it appears 
to be localized at a single ‘point’. The situation is 
brought out most succinctly in the 2-slit and scintillat- 
ing screen experiment: the action between the slit 
screen and a transient particle of matter appears to be 
dispersed or spread, for both slits are relevant; the 
action between the fluorescent screen and the particle 
appears to be localized, in that the flash is the sole 
manifestation there, and the rest of the screen appears 
to play no part. 

The dualism as just deacribed is a dualism exhibited 
in the phenomena observed, and it is not part of the 
theory adduced to ‘explain’ the observations. The 
detail with which the phenomena are specified is not 
sufficient to determine quantum theory, but it is 
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sufficient for the present purposes. In what followe, 
attention will be directed mainly to the ‘spread’ 
half of the dualism. The most widely adopted 
interpretation of this attributes the ‘spread’ action to 
a ‘spread’ quality in the ‘particle’; and at the same 
time it claims that matter (and tadiation similarly) 
also show ‘localized’ qualities: in other words, the 
dualism in the phenomena ig taken at ite face value 
and interpreted as the result of a dualism in matter. 
In view of certain, details of the dispersed or spread 
aspect of the action, this duality is usually described 
as the ‘wave-particle duality’, but the ‘wave-iness’ is 
not here relevant. 

Prof. Landé has adopted a unitary particulate 
interpretation, and the essence of a genuine particle 
is its localization’. Having dealt successfully with 
many features of quantum phenomena, he turns on 
p. 68 to the 2-slit diffraction experiment. He bases his 
discussion on Duane’st demonstration that Bragg’s 
law of X-ray diffraction for a crystal can be derived 
by treating the crystal as an infinite periodic struc- 
ture; it is found that the crystal can gåin or lose 
momentum only in quanta, the size depending on the 
lattice spacing. The diffraction phenomena thus follow 
without any need to look on the X-rays as bemg 
other than particulate. Subsequent workers showed 
(references given in Landé) that analogous results 
follow for interaction with a finite structure by repre- 
senting the finite structure as the superposition of an 
infinite number of infinitely extended simply harmonic 
structures. Prof. Landé interprets this as justifying 
his position: “One must consider a mechanical inter- 
action between the incident particle and the screen 
Basawhole... Hence it is misleading to maintain 
that every electron acts as though it were spread out 
in space. It rather is the crystal or the screen with 
slits which is spread out in space and acts as a mech- 
anical unit to the incident particles’’®. 

The formal equivalence of the two treatments of 
diffraction is not to be doubted: the dispersed mode of 
action can either be interpreted as due to the action 
of the relevant part of the apparatus collectively as a 
whole, or to a dispersed or spread quality im the 
transient matter or radiation. But we are concerned 
with physics, and in situations such as this it is 
pro to demand physical details. How is it in 
Prof. Landé’s quantum physics that a crystal reacts 
as a whole to the impact of a particle, rather than 
locally ? A collective treatment of a whole crystal 
seems natural to one brought up in the modern wave- 
mechanical tradition, for one is accustomed to looking 
on matter as essentially ‘spread’ in its action, not 
purely localized; but this background is not accept- 
able to Prof. Landé. There is no occasion, however, 
to pursue his interpretation of the collectivé action 
of a crystal, for there is a more pressing problem 
on hand, namely, the interpretation of a scenen with 
two slits, which also prdduces electron diffraction. 
What are the physical processes here ? First, the 
arrangement must be specified more closely. Let 
each of the three parts of the screen be held inde- 
pendently—the two side pieces, and the central 
piece between the slits. The independence will, of 
course, not be absolute, but it is sufficient to con- 
sider each part separately attached to a massive 
block, each of the three blocks resting separ- 
ately on the heavy table on which the whole 
apparatus is set out. Presumably the electron 
diffraction experiment has not been performed in 
this extreme form, but it is scarcely possible to doubt 
the result. Prof. Landé is saying that this screen 
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assemblage, these three separate pieces of metal, will 
act collectively so as to transfer momentum in & 
quantized manner, and further that the size of the 
quantum depends primarily on the slit separation. 
How, consistently with his view of physics, could this 
be done ? 

The force of the above argument against Prof. 
Landé is this. It appears that there is a dualism in 
the mode of action between matter and apparatus; 
in particular, the region of the action is (in certain 
circumstances) dispersed or spread (as well as, in 
others, localized). The empirical proof of this has as 
yet been upeet by no one. The customary interpre- 
tation of the mode of action between electron and 
apparatus places the source of the spread in the elec- 
tron; Prof. Landé places it in the apparatus. If the 
latter interpretation is to be accepted physically it is 
necessary to provide a suitable interpretation of the 
collective action of the apparatus. 


s H. V. 8T0PR-Ror 


Department of Extra-Mural Studies, 
University of Birmingham. 


1 Landé. A., From Dualism ta, Unily in Quanium Physics (Cambiidge 
Univeralty Press, 1960). 
"Op. off., D. xi. 
“And here lt must be — that position in space-time defines 
a ‘state’.” Op. ok., . Bee also p. 67 where he inte rets 

Telecabers RB ——— only a spread in the observations 
“of more exactly de ps-values’’. 

4Duane, W., Proc. U.S. Nai. Aoad. Sci., 9, 158 (1028). 


* Landé, A, Op. cu., p. 69; Italics in original, Seealso p. xil and p. 70. 


Mer. 8toras-Roz sees a difficulty for the pure 
particle theory of diffraction in the assumption of 
‘collective action” of the reacting body as a whole, 
be it a orystal, or a screen with elite, or- I may add 

any measuring instrument. But this collective action 
is justified, and is always taken for granted in the non- 
relativistic theory -where communication is instant- 
aneous from one to the other end of a body. All 
quantum mechanics, not only Duane’s and Epstein- 
Ehrenfest’s special example of diffraction, rests on 
this collective action, even to a much farther degree 
than envisaged by Dr. Stopes-Roe, namely, when 
symmetry principles are applied not only to a rigid 
body but even to a gas as a whole. In a relativistic 
theory of the future this may have indeed to be 
amended. But I -agree with the quantum theorists 
in all they do on weekdays, when they practise the 
unitary quantum theory of particles and systems of 
particles known as quantum mechanics which includes 
Duane’s theory of particle diffraction. I take exemp- 
tion only from the Sunday talk about a quite obsolete 
duality with double manifestations and two subjective 
picturesel of one physical reality—-obsolete 
since Duane’s and Born’s statistical particle interpre- 
tation. For example, I agree that the equality of the 
angles of incidence and reflexion of a small particle 
from a surface of a heavy wall is due to the conserva- 
tion laws in reaction to the wall as a whole. But I 
would disagree if a dualist should tell me that this 
equality is due to a wave interlude, with the particle 
‘manifesting’ itself as spread out over the whole 
surface and being reflected according to the Huyghens 
interference principle. The only difference from 4 
crystal is that the wall does not have selective 
periodicities, hence is not restricted to selective 
momentum transfer yielding selective pos of 
incidence and reflexion. Here as there I regard 
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‘duality’ as superfluous ideological ballast, which may 
not hurt the expert but certainly confuses the student, 
who may as well be told from the very beginning that 
there is a unitary particle theory of mechanical 
interaction, good enough for weekdays and Sundays. 

Let me add that I consider my negative criticism 
of the ‘quantum philosophy’ in vogue to-day only as a 
small part of what can be achieved, namely: a 
derivation of the perplexing wave-like statistical 
quantum rules from the non-quantal postulates of 
symmetry and invariance imposed on the probability 
structure of events, so that we can understand the 
origin of the quantum rules on a simple and intelligible 
basis. 

ALFRED LANDE 
Department of Physics and Astronomy, - 
Ohio State University, 
Columbus 10, Ohio. 


GEOLOGY 


stal Fractionation of the Skaergaard 
ype in Modern Icelandic Magmas 


In a recent paper L. R. Wager! concluded “ .. . it 
still seems to be an entirely open question whether 
the slightly unusual composition of the original 
Skaergaard is a sufficient cause for the Skaer- 
gaard fractionation trend, which differs so notably 
from the trends usually obtained from studies of the 
varying composition of consanguineous basaltic 
. We have strong evidence from the chemical 
composition of a group of modern basaltic lavas 
extruded from the Icelaridic volcanos Eldgja and 
Katla, that they are an example of the Skaergaard 
fractionation trend considered to result from crystal 
fractionation. 

Bulk analyses have been made of seven lavas for 
twelve major elements by classical methods (G. R. R.) 
and for fourteen trace elements by spectrochemical 
methods (J. S.}. The lavas have been examined in 
the field by one of us (G. R. R.) and are known to have 
been extruded in pre-historic times from the linear 
system of craters forming the extinct fissure volcano 
Eldgja and the active sub-glacial volcano Katla. 
The lavas have been examined in thin section, they 
are fresh, are practically free of phenocrysts and we 
regard them as chilled magmatic liquids unaltered in 
their content of major and trace elements. 

We have found that there is a natural order in our 
determinations such that when our lavas are placed 
with the sequence and spacing of Figs. 1 and 2 the 
determinations for each element tend to lie as a 
straight line, the slope of which varies with each 
element. Furthermore, these lines are similar in 
their heights and slopes to those obtained by plotting 
the composition of the Skaergaard liquids over the 
range of 70-80 per cent solidified. 

The factors controlling the concentration of the 
elements in the Skaergaard liquid are the formation, 
during slow cooling, of a primary precipitate of 
crystals and the selective action of these on the trace 
elements present in the magma, such that the residual 
magma is enriched in those trace elements rejected by 
the early primary precipitate crystals and impover- 
ished in those accepted by these crystals. 

It is most unlikely that the resulting co-variation 
among many elements could be produced by any 
process other than the crystallization of basaltic 
magma ın depth as in the Skaergaard intrusion. We 
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regard the similarity between the co-variation of the 
elements present in our lavas and that of the elementa 
of the Skaergaard magma as strong evidence that a 
process of crystal fractionation of the Skaergaard 
type was in operation within the body of magma from 
which our lavas were drawn. 

Figs. 1 and 2 show that the overall systematic 
variation found in the trace élemente is often several 
times the standard deviations of the determinations, 
while the standard deviations for the major elements 
always exceed the overall change. The result of this 
is that the determinations of silica content, or the 
ratios of the determinations of iron and magnesium in 
the lavas, do not give the sequence of Figs. 1 and 2, 
while on the other hand the ratios of the determina- 
tions of, say, nickel and barium do give this sequence 


,approximately. This illustrates the great value of 


spectrographic results in defining fractionation trends 
among closely related groups of lavas; it may also 
explain why variation of the Skaergaard type has not 
been found in other petrogenetic studies of lavas. 

The field evidence indicates that the petrogenetic 
sequence suggested by the two figures does not always 
correspond to the sequence of extrusion of the lavas, 
as might be expected if a single body of crystallizing 
magme was their source. A possible explanation of 
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The figure suggests that errors have occurred in the de 
tions of ferrous and ferric oxides in numbers 440 and 362, and of ' 


this anomaly may be that a dyke-like body of magma 
existed beneath the system of craters, which is more 
than 50 km. long, and that an initially homogeneous 
magma crystallized more rapidly in some parts of this 
elongated magma body than in others, so enabling a 

belonging to a late stage of crystallization to 
be extruded before one belonging to a slightly earlier 
stage. 

Onur principal conclusion may be of some practical 
importance, since if the concentration of trace con- 
stituents were determined in ashes from dated 
eruptions of Katla, it would be possible to say what 
stage of fractionation had been reached by the Katla 
magma at the time of the last eruption (1918) and 
also to estimate at what rate it is changing. This 
might lead to useful predictions of the activity of this 
voleano, which has recently been described as one of 
the most dangerous in Iceland‘. 

We are grateful to our colleagues G. E. Hodnett and 
K. G. Barr for advice on suitable methods of com- 
ponent analysis for the evaluation of our dgfermina- 
tions and to Prof. L. R. Wager for critical reading of 
the manuscript. 

G. R. Rosson 


Seismic Research Unit, 
J. SrHoron 
Soils Research Section, 
University College of the West Indies, 
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Measurements of the Age of the 
Vallorcine Granite (Switzerland) 


Tue Vallorcine granite is located in the external 
ine massif of the Aiguilles-Rouges (Switzer- 
land). The shape of the granite outcrop is narrow 
(1 km.) and long (20 km.) with a direction south- 
south-weet—north-north-gaast. It is situated be- 
tween the Rhéne Valley on the north and the Arve 
Valley on the south. While its extreme southern 
part is in French territory, the remaining: part 
is In Swiss territory. This granite is generally 
porphyritic, and the grain is a medium or fine one. 
Its texture is maasive, with no orientations, and it is 
composed chiefly of quartz, microcline, biotite and 
‘plagioclase (oligoclase-andesine). 

This granite is clearly an intrusive one. It has two 
different types of contact with the surrounding rocks; 
westward there is a normal intrusive contact with 
gneiss; eastward there is a tectonic contact separating 
the granite from the schists and grés of the Upper 
Carboniferous through a very important mylonite 
zone along the Remua fault. The mylonite has been 
determined probably by the late Hercynian orogeny. 


Krummenacher' suggested localizing the geological: 


age of this granite in a period preceding the deposition 
of the Upper Carboniferous sediments. On the con- 
trary, Krommenacher and Evernden’®, using the 
results of the potagsium/argon age determination 
method as a basis (225 million years), proposed s 
Permian or Upper Carboniferous age as a possible 
one. It was thought of some interest to study again 
the Vallorcine granite from different pointe of view. 
In fact the absolute age was determinéd on the 
biotitic fraction by the rubidium/strontium method, 
and later on measurements were made on the lattice 
eters of zircons and the density of the pleochroic 
halos in biotite crystals. 
The sample studied was collected in the extreme 
northern part of the massif in the Miéville quarry. 
The resulta are given in Tables 1 and 2, from which 
it can be seen that, while the rubidium/strontium age 
is 286 + 10 m.y., the age deduced from the measure- 
ment of lattice parameters in zircons is 127 + 10 my. 
Further on, the pleochroic halos show a very young 
age (Fig. 1), lower than that of Elba granodiorite 
halos, which have been used, until now, as a standard. 
The biotites from the Elba granodiorite and from the 


Vallorcine granite, artificially irradiated with a ` 


polonium-210 «-particle source, show very close 
sensitivities. 

The absolute age of the Elba (M. Capanne) grano- 
diorite measured by means of the rubidium-strontium 
method on three different minerals* is 7 m.y. 


Table 1. RUBIDIUH-HTRONTIOM RESULTS 


Comm. 8r Rd. "Br Rad, "Sr 
Rb (p.p.m.) (p.p.m.) (p.p.m.) Tot. "Sr Age (m y.) 
801 + 10 14°68 +017 09 + 018 47 286 +10 
Table 2, RADIATION DAMAGS RESULTS 
Specific activity a (À.) Age (m.y.) 
(a/mgm. hr.) 
492+15 5:0085 + 60008 127410 
Table 8 
Methods Ago (m.y.) Taboratories 
Eb/8r 286 +10 Pisa, — 
Ar 226i 8 Geneva, Switzerland; 
Berkeley, U.S.A. 
Radiation damage 127410 Lausanne, Switzerland 
Pteochrolc halos <6 i 
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From these results and from those of Krummenacher 
and Evernden! (Table 3) we can form the following 
conclusions. It is well known that among the 
methods used to determine the age of the Vallorcine 
granite the rubidium-strontium one is the least 
sensitive to metamorphic actions. The potassium/ 
argon method is more liable to inaccuracy because 
argon may easily be lost. Increasingly influenced are 
the results using radiation damage methods; the 
pleochroic halos method , particularly can be con- 
sidered a very highly sensitive one. On the basis of 
such considerations it is possible to conclude that the 
real absolute age of the Vallorcine granite is at least 
286 + 10 my. If the rubidium-strontium age 
measured on biotites is not affected by metamorphic 
actions, the emplacement of the Vallorcine granite 
occurred during the Middle or Lower Stephanian. 
Later on, the rock certainly underwent metamorphic 
actions. These actions, while of unknown intensity, 
have nevertheless been strong enough to cause a 
partial losg of argon and to efface, partially or totally, 
the damage caused by radiation in the lattice of 
zircon and of the surrounding biotite crystals 
(cf. Table 3). It can particularly be affirmed that the 
last metamorphic actions were very recent and cer- 
tainly did not take place before the Pliocene. 


R. CHMSSEX 
FE. pe MONTMOLLIN 
Institut de Minéralogie, ° 
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GQ. FERBARA 
A. LONGONBLLI 
Laboratorio di Geologia Nucleare, 
Pisa, Italy. 
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Mass Spectrometric Investigation of 
Gaseous Species in the System Boron- 
Carbon 


Moxrounss of high stability are known to exist in 
the vapours in equilibrium with boron!, carbon*~, 
silicon carbide*’ and several metallic carbides and 
metal—carbon systems**. It was therefore of interest 
to examine the vapour in equilibrium with the 
boron—carbon system. 

The experiments were performed with a 20-cm., 
60° sector single focusing mass spectrometer, equipped 
with a secondary electron multiplier. The general 
arrangement was that described previously, except 
that differential pumping between the Knudsen cell 
and the ionization source compartments was added. 
The Knudsen cells, made from high-purity graphite, 
wrapped in a tantalum sheet and surrounded by 
tantalum radiation shields, were heated by electron 
bombardment. Their temperature was measured with 
an optical pyrometer. The area of the effusion hole 
was varied from 2 x 10-* to 8 x 10-* cm... 

Large and small (mgm.) samples of amorphous 
boron, intimate mixtures of powdered graphite and 
amorphous boron and research grade. boron carbide 
were studied in the temperature-range 1,780—2,500° K. 
Systematic variations in ionic intensities indicating 
reaction between boron and graphite were observed 
at approximately 2,300° K. 

The gaseous species observed were B, C, C, and C,, 
BC, B,C and BO,. All these species were identified? 
from their massea, isotopic distribution, appearance 
potential and intensity distribution in the molecular 
beam. The appearance potential of boron, determined 
by the linear extrapolation method, using mercury 
to calibrate the energy scale, agreed with the known 
ionization potential". Approximate appearance 
potentials of BC, B,C and BC,, afterwards measured 
relative to that of boron, were 10:0, 10-2 and 10-4 + 
0-6 eV. respectively. Within experimental error the 
appearance potentials of C, C, and C, measured here 
agreed with those determined earlier?*. The ioniza- 
tion efficiency curve for the BC+ ion showed frag- 
mentation to contribute appreciably to the intensity 
measured above 17 eV. The measurements were 
therefore made with low-energy electrons. 

Relative partial pressures were deduced from the 
experimental ion intensities using corrections for 
differences in ionization cross-section, in energy of 
the ionizing electrons and in secondary electron 
multiplier efficiency. Typical relative pressures for 
gaseous B, B,C and BC, over amorphous boron and 
graphite at 2,167°K. were 1/10-*/5 x 10-%. Over 
B,C + graphite, the ratio Ppo/PR was 7 x 10 at 
2,400° K. Enthalpy changes, AH}, were calculated 
for the reactions BC(¢g)= Big) + Cis), B,C(g)= 
Big) + Bis) + C(e), B,C(g) = Big) + 4 B,C(s) + 
? C(s) and BC,(g) = B(g) + 2C(s) using the formula: 


AH? = —RTiInK — TA[(FR ~ Hy/T) 


where K is the equilibrium constant and (7% — H$) T 
the free-energy function. For these reactions the 
equilibrium constants are dimensionless and were 
hence derived from the relative corrected intensities 
without absolute pressure calibration. Values of 
(F} — H})/T for amorphous boron were taken from 
Wise and Margrave'*, for graphite and gaseous boron 
from Stull and Sinko! and for boron carbide from 
Margrave'*. The free-energy functions of the mole- 
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cules BC, B,C and BC, were estimated. The changes 
in enthalpy obtained for the above reactions were 
— 64, —38, —41 and —38"kcal./mole respectively. 

Whence the atomization energies: 
° 


BCig)= Bg) + Clg) 
BsCig)= 2B(g) + Clg), 
BC 9g) = Big) + 2C(g) 


When hexagonal SiC was added to the system, 
the molecules BSi and’ BCSi were identified in 
addition to the molecules characteristic of the 
B-C and Si-C systems"?. The molecule BSi, was 
tentatively identified. From the present results, 
atomization energies of 70 and 250 kcal./mole were 
derived for BSi and BOSi respectively. 

We thank Prof. P. Goldfinger for his interest and 
encouragement. Gifts of B,C by Norton (Belgium) 
and research grade B,C by the Carborundum Co. are 
gratefully acknowledged. 

This investigation was sponsored in part by the 
Wright Air -Division of the Aeronautiéal System 
Division A FSO, U.S. Air Force, through its European 
Office. 
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AHS = 105 + 10 koal /mole 
AH? = 260 + 10 keaL/mole 
4H8 m 802 + 10 keal./mole 
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Heat Capacity of Amorphous Polymers 
at Low Temperatures 


RECENTLY, Starkweather! has shown that the model 
for the heat capacity of chain crystalline polymers 
proposed by Stockmayer and Hecht* can be very 
useful in understanding thermal motions of polymers 
at low temperatures. The model assumes that groups 
in the chain vibrate as units and that there are strong 
primary bonds between the unita and weak inter- 
actions between adjacent chains. The temperature 
dependence of the heat capacity, C», can be expressed 
in terms of two ratios, Oy/3Nk and T/T, where N is 
the number of vibrating groups per gm., Tm equals 
hvalk, where h and k are Planck and Boltzmann 
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Fig. 1. Log-log plot of heat capacity versus temperature 


constants, and vm is the maximum frequency of 
vibration. Starkweather!, using published Cp data 
and the Stockmayer—Hecht model, was able to calcu- 
late the parameters, T'm, va, SNK, and the weight of 
the repeating unit for crystalline polytetrafluoro- 
ethylene and for conventional 55 per cent crystalline 
polyethylene. It is the purpose of this communication 
to extend this previous work!* to amorphous chain 
polymers and to present the calculated values for the 
above parameters for polystyrene (PS) and poly- 
methylmethacrylate (PMMA). : 

The parameters can be evaluated from experimental 
values of the low-temperature heat capacity by the 
procedure of Starkweather’. The observed Op values 
are plotted agamst the absolute temperature on a 
logarithmic plot. This ıs placed over a similar plot of 
C,/3Nk versus T/T'm, the values of which are taken 
from. those of Stockmayer and Hecht?. The upper 
plot is shifted over the lower plot until the curves 
superimpose. The experimental temperature corre- 
sponding to T/T m = 1 is Ta and the value of Op 
corresponding to C,/8Nk = lis 3Nk. It is assumed 
that Op,—C, is smail. 

A composite plot of this type for the experimental 
heat capacities of PS and PMMA is shown in Fig. 1. 
The experimental results points are those of Sochava 
and Trapeznikova* and a few low-temperature values 
calculated by us‘ using a Tarassov faunction®. The 
smooth curves shown in Fig. 1 are piots of O,/3Nk 
versus T/T’, taken from the paper by Stockmayer 
and Hecht’. The values of the calculated-parameters 
are given in Table 1. The ‘bulge’ in the Cp values for 
P8 between 60° and 100° K. has been attributed? to 
rotation of the phenyl ring around the chain axis. 
However, this bulge is small, and its existence should 
be checked by independent measurements’. 


Table 1. OALOULATED PARAMEPARS FOR AMORPHOUS POLYMERS 


Parameter P — Ley dopa 
9. 8 me ory 
(PS) (PMMA) 


Region of fit, ° K. -180° K, 56°-200° K. 
Ta, K P 740 
ze cal [a “810 — 
Ss . = gin. 
Average — weight of vibrating 

unit, M (g¢m.fmole) 19-3 205 
Vibrating units/repeating unit 5-4 4-9 
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The calculated value for vm of 765 cm.: for PS is 
very close to the infra-red absorption at 760 om.-! 
assigned to a stretching mode’. The calculated vm 
value of 516 em.-! for PMMA is close to the infra-red 
band at about 480 om.-}. 

The calculated average molecular weight of each 
of the vibrating units in PS is found to be 19-3 
gm./mole and for PMMA 20-5 gm./mole. This implies 
that over the temperature-range 45°-180° K. PS has 
about 5-4 vibrating units per repeating unit while 
PMMA has about 4-9. Consideration of the structural 
formule of P8 and PMMA lends support to these 
values. 

Sinnott? has pointed out that the ester methyl 
group in PMMA appears to commence rotation“at 
about 77° K. and the main-chain methyl group com- 
mences rotation at about 130° K. Thus the rotation 
of these two methyl groups and the vibration of the, 
two main-chain carbon atoms appears to indicate that 
at least four groups are contributing to the heat 
capacity at 130° K. Details of these calculations will 
be found in reference 10. 

We conclude that the model of Stockmayer and 
Hecht is useful m understanding the thermal motions 
of amorphous polymers at low temperatures. Addi- 
tional experimental data on the low-temperature heat 
capacity of amorphous and orystalline polymers are 
needed to establish further the validity of this 
approach. 
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Complete Separation of Xylenes 
and Ethyibenzene by Gas 
Chromatography 


AN important problem for the analyste is the 
separation and the analysis of the O, aromatic hydro- 
carbons. 

The infra-red method is not suitable for this determ- 
ination and gas chromatography remains a powerful 
technique for this separation. 

Many attempts in this field have been developed by 
several authors*-*. i 

It seems that no good separations could have been 
obtained with the conventional stationary phases. 
Some good separations have, however, been obtained 
with capillary columns and flame ionization detectors. 
The use of organo-clay complexes’ for the analysis of 
hard to te aromatic hydrocarbons allows a 
complete separation of the different Isomers. _ 

The apparent retention volumes, according to 
Keulemans, are given in Table 1 and are corrected for 
the dead volume of the column. 
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Table 1 
Component Apparent retention volumes, i 
my at 48° ©, 

EthylIbenzene 1 

Para-xylane 1-10 

Ortho-xylense 1°89 

Meta-xylene™ 1-65 


Typical chromatograms are given in Figs. 1 and 2. 
The first chromatogram (Fig. 1), showing the separa- 
tion of the xylene isomers, was obtained on a Pye 
argon chromatograph equipped with a strontium-90 
detector. The normal 120-cm. column has been 
modified to obtain a good separation. A 275-om. 
x 0-6-cm. copper coiled column has been built and 
equipped with the Pye high-pressure injection system. 
The column was packed with ‘Celite’ (60-70 A.S.T.M. 
mesh) mixed with 8 per cent ‘Bentone 34’ (National 
Lead, Baroid Division, Houston, Texas). 

The experimental conditions were as follows: 
detector voltage, 1,500 or 1,750 V.; column tem- 
perature, 43° C.; inlet pressure, 0-750 kgm./om.?; 
flow, 45 c.c./min.; sample size, 0-025 pl.; carrier 
gas, argon. 


p-XYLEME 8 
@- XYLENE g 
; 
i 
60 45 80 15 0 
Time (min.) 
Wig. 1 


With these experimental conditions, the complete 
separation of the three xylene isomers is achieved in 
65 min. 

The second chromatogram (Fig. 2) shows the 
separation of ethylbenzene and xylenes. The experi- 
mental conditions were the same as those previously 
described. 


Recorder response 
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Correction factors to obtain a weigt 
been calculated with these experime 
If the conversion factor oPethylbenze 
the area of the xylene isomers has tx 
1-31 for the para-isomer, by 1:28 for - 
and by 1:34 for the mefa-isomer. , 


* a 





Under these experimental condition 
isomers present at low concentratio: 
cent) have been achieved. An exa 
chromatogram is given in Fig. 3. 
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Separation of the Methy! 
Fatty Acids by Thin Layer Chi 


Ir is well known that the applicati 
fatty acid samples to gas chroma 
their previous esterification to methy 
ing generally, there are two ways 
esters: (1) The esterification of the i 
diazomethane, or methanol~hydroch 
saponification. of the lipids and reme 
saponifiable compounds. (2) The d: 
the fatty acids in ester combinatio 
to methanol!. 

With the former method, the isc 
from non-saponifiable compounds is 
satisfactory. In the latter method tt 
the sample to the gas chromatograr 
accumulation of non-saponifiable me 
of the column. Stoffel ef al.? devis 
microsublimation which has proved v 
I have developed a method whicl 
convenient and reliable. Thin-layer c 
was used; with this I obtained a o 
tion. of the methyl esters from the 
contaminants. 

The product of the saponification ; 
with methanol-hydrochloric acid of 
applied on the chromoplate and 
obtained with a mixture of hexane, c 
acetic acid (85 : 15:1) (ref. 4). A 
left edge of the chromoplate was spra 
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Fig. 1. a, Stearic acid methyl ester; b, stearic acid; c, cholesterol. 
The mixture of standard lipids is Increased to a total of 3 mgm, 


tion of dichlorofluorescein in order to detect the 
spots in the ultra-violet light. Where the methyl 
esters spot was shown I scraped off the silica gel at 
the corresponding height—excluding that part which 
had been sprayed—and eluted it with methanol. This 
method allows a very good separation of the methyl 
esters from the other components because the Rpr of 
the esters is very high (0-85-0-90). Fig. 1 shows that 
good separation of a standard lipids mixture (an 
equal amount of cholesterol, stearic acid, and stearic 
acid methyl ester) up to 1 mgm. per spot can be 
- obtained. 
N. RUGGIERI 
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Università di Firenze. 
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BIOPHYSICS 


Conceptual Model for the Force- 
Velocity Relation of Muscle 
(Hill’s Equation) 


THE relationship between the velocity of shortening 
v and a constant load w on an excited striated muscle 
is given bf Hill’s equation: 


(P—w) b = (w + a)v 


where P is the isometric tension and a, b are constants. 
Hill! first derived this relation experimentally. Later 
work? has shown that this relation accurately de- 
scribes the force—velocity relation for many kinds of 
muscle. One of the main criticisms of Hill’s equation 
has been that it does not directly suggest any con- 
ceptual model of a physico-chemical system?*:’. 

Tt will be shown that, if one assumes that muscle 
contracts as a result of a series of impulsive forces 
delivered during a nerve pulse, then Hill’s equation is 
readily obtained. This idea may not refer to a par- 
ticular physico-chemical system, but it is possible to 
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propose various mechanisms for muscular contrac- 
tion which can take account of this idea, for example, 
Spencer and Worthington‘. 

Each impulsive force refers to a variable force F(t) 
which operates for a short interval of time At. F(t) is 
that component of force between the actin and myosin 
filaments which provides the relative sliding move- 
ment of the filaments. The result of a single impulse 
for time At on a mass M provides an increase in 
velocity AV and: 


At 
j Fw dt = M AV 


Experimentally one observes the rate of change of 
length of the muscle over a narrow range of shorten- 
ing. This will certainly involve more than one nerve 
pulse. Therefore it would be useful to obtain a rela- 
tion between the impulsive force and the resulting 
velocity which does not depend on the time con- 
sidered. We require the velocity V of mass M (rep- 
resenting one half of a single sarcomere of musele) 
after one nerve pulse. We also require the impulsive | 
forces in terms of an average force F acting for the 
duration of a single nerve pulse, 


Force F(t) 


x r+t x+2t Time 


+— At 


Fig. 1. Diagram show 
occur every ¢ seconds 


— At 


that successive impulsive forces F(t) 
reas they only operate for time 4t 


Let the period of the impulses be ¢ and the period of 
the nerve pulse be T; T = 1/f the frequency of 
excitation. Let there be r impulses out of n possible 
inpulses in time 7’; T = nt. o also assume that the 
period of the impulse t exceeds the time interval At so 
that t = k At. This is illustrated in Fig. 1. Consider 
the first impulse; this produces a shortening Al and 
AV = Al/At. We shall assume that each successive 
impulse produces the same decrease in length Al and, 
also, the total shortening in time 7’ to be r Al. The 
r d 
ak OV: 
The average force F in time T is produced by r 
impulsive forces. Therefore we can write: 


velocity V of mass M can be written V = 


At nk 
f F(t) dt = F > At; and finally we obtain the 
0 


elementary equation F At = M V. This relation 
between the average force F and the resulting 
velocity V holds for not only a single impulse but also 
after a succession of any number of nerve pulses. 

In order to apply the elementary equation to 
muscle, the requisite values for F and M are required. 
Mass M represents the mass of one half of a sarcomere 
and each sarcomere generates this intrinsic force F. 
Consider a linear array of sarcomeres arranged end-to- 
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end in the muscle — iad length; we 


equally on both sides of the equation. The half 


sarcomere located Z half sarcomeres 3 from the free ; 


eg sarcomeres. 
| the linear array wo , find that the average PRO. of tho 
. pousele is F- mg, and the effective mass of the muscle 
is m; one half of the total mass of the muscle (2 m). 

-. This force F — mg is, in fact, the isometric tension P 
© which can be measured experimentally. Let a 


Se . muscle; the force becomes P — w and the effective 
mass is w/g + m. Onee the muscle contracts, frie- 
=o tional forces will be set up opposing this motion. 
+ -Frictional forces could easily include such factors as 
=> . ¢hanges in electrostatic energy which may or may not 
-oo depend on velocity. However, it is assumed that the 
- yesistance to motion will arise from mainly viscous 
Ci. forees'and therefore the frictional force can be written 
equal to. uy, where « is a constant. 
We will use v the velocity of shortening per unit 
length of muscle rather than the actual velocity V 
(which refers to the velocity of one half of a single 
< garcomere; v is equal to V divided by this length). 
“We can now substitute F = P-~w-uvand M = wig 
-- min the elementary equation and so obtain the 
following relation: 


(P—-w)g At = (w + mg + ug Ab v 
» This is in the form of Hill’s equation where 
i =g At 


The dimensions of a and 6 are the same as in Hill’s 
original equation. The value of a is not well described 
for it involves an arbitrary frictional force. The value 
of b can be specified within certain limits depending on 
the model under consideration. Typical values for the 
model. proposed by Spencer and Worthington‘ are 
n = 25 and k = 3/2. The value n = 25 refers to the 
number of 410 A. units in the actin filament whereas 
the value k = 3/2 seems a reasonable choice. Let the 

`- frequency of excitation be 30 per sec. then a value of 
b = 1 em./sec. is obtained. This value is close to the 
experimental values?*. 

The analysis shows that b is a constant if AZ is also 
a constant. The formulation used here has assumed 
— n possible impulses occur each nerve pulse and 

= = Ij/nkf. This suggests that the values of b may 
te dependent on the frequency of excitation. The 
“> Maximum velocity of shortening is also thought to be 
-. dependent on the frequency of excitation*. Experim- 
ental evidence on these points would be most helpful. 
o Tp is evident that the force—velocity relation will 
hold for call lengths of the muscle so long as we 
measure the isometric tension P at this length. The 
“Hills equation used P,, the maximum iso- 
metric tension, and only applied to muscles at about 
body length. Abbott and Wilkie? showed experim- 
ontally that Hill’s equation held for lengths less than 
body length provided that the value of the isometric 
tension corresponding to this length was used. The 
present formulation provides a theoretical basis for 
this result. 
When the load exceeds the isometric tension then 
the muscle lengthens. The resulting velocity of 
„elongation is found experimentally to be greater than 
predicted from Hill’s equation. This has 
ed an objection (see Pringle, ref. 3) to the 
I equation as an adequate description of the 
ocity’ relation: of Eee: 


a= mg + ugAtand b 






















` consider the cross-sectional area as this factor. antore. . 


— constant. load w be attached to the free end of the 






J In the. derivation. of the elem 
assumed that. impulsive, fore 
movement. The. impulsive fori per 7 i 
fraction r/nk of the time ‘whereas, the ; oad, by itself, is 
operative for the remaining fraction of the time... In 
contracting. muscle, the movement set up by the 
impulsive forces must first be ‘owercome before. any. 
slip back can occur. However, when the load exceeds 
the impulsive forces, then the slip back will be the. 
principal movement. ‘The impulsive forces simply. 
retard the resulting motion set up by the load. His- 
equation (as derived here) refers only to the motion 
set up by the impulsive forces and is not a valid” 
description of elongation. oo 

It is clear from the above discussion that Hill’s =- 
equation is valid for P>w. However, when the >o 
magnitude of w approaches that of P then the 
experimental values of v, the velocity of shortening, — 
may be smaller than those predicted by Hils equa- 
tion, for some motion due to the load in the interval: 
between impulses could easily occur. [t is apparent = 
that a more general formulation of the foree—velocity — 
relation of muscle should include, not only motion as 
result of the impulsive forces, but also motion set up 
by the load in the remaining interval of time. — 

Hill! has shown that the ‘work done as a result of 
the muscle shortening a distance x is wx + a’a + A; 
In this formulation the work done is we + mge + uvg. 
This is similar to Hill’s energy equation, apart from > 
the omission of the activation energy term A, if we | 
write a’ = mg + uv, where a’ is the heat of shortening 
constant. We see that the frictional force term in a’ 
(heat of shortening) can differ from the corresponding 
terms in @ (dynamic). Hill’ has experimentally 
shown these values to be identical. The present 
formulation of a and a’ is certainly not rigorous, and 
we cannot expect precise agreement, Nevertheless, 
substitution of typical values leads to values of a and a’ 
which are not widely different. 

C. R. WORTHINGTON 
H. M. Randall Laboratory of Physics, 
University of Michigan, 
Ann Arbor, Michigan. 
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BIOCHEMISTRY 


Transaminasic Activity of Rat Adipose 
Tissues 


PREVIOUS papers! have reported the transaminasic > 
activity of tissues both under normal conditions and == 
subject to the action of several hormones and other r 
influences such as cold, toxins, ete. So f€r we have > 
not investigated the transamination enzyme contents = = 
of adipose tissues, nor have we found any references 
in the literature. J— 

Investigations were carried out on 21 adult albino => 
rats (Norvegicus Berkenhout), 11 males and 10 — 
females, weighing from 106 to 165 gm. The animals > 
were fed on a standard laboratory diet, and fasted 10 - 
hr. before being decapitated and bled. Immediately 
thereafter, the homogenates in Potter’s medium were = 
prepared with cold distilled water at a dilution of —_ 
1/10. These homogenates were then centrifuged, =- 
the investigation being conducted in the supernatant 
which, after carrying out preliminary tests, was 
diluted with distillate water until final concentrations 
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a of +1/80-1)100 for bpidich mal, epiploic — ‘yellow 

sR ibcutaneous fats, and of 1 /250 for brown fat. 

— ~ Measurements of the glutamic oxalacetic transam- 

— inase (GOT) and the glutamic pyruvic transaminase 

(GPT) has been carried out by means of Reitman 
and Frankel’s method, at 37° C., and — taken 
-in a Unicam photometer at 505: “My. 

, Phe results obtained ' are? given in Table: 1 

















GPT 0 GOT/GPT 





Epidiaymat “4 200 £ Re 0-28 
-> Epiploic «ERE 520 (O80 
— “Yellow i 1,800+ 376. #33 
— ne ea 
Brown 11,500 + 1,420 1-23 
These results show: 


(1) There are no significant differences between the 
transaminasic activities of the sexes. 

(2) As regards. the contents in transamination 
enzymes, two metabolically different types of fats 
have been found. 

(a) The epididymal, epiploic and yellow subcutan- 
eous fata show inversion of the GOT/GPT 
quotient, which is less than 0-4, a value which has not 
been found in any rat organ studied’. 

(B) Brown fat shows the highest activity as regards 
both ‘transaminases, giving a GOT/GPT quotient 
close to the unit, which is not usual in other tissues. 


The significance of these differences, presumably . 


connected with special metabolic characteristics in 
each territory of the adipose tissue, is unknown. 


J. R. Poecror 
A. CARBALLIDO 


Instituto ‘G. Marañón’, 
Departamento Endocrinologia, 
- Velazquez, 138, Madrid, 6. 
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J. — Carballido, A Ezp., 1, 305, 343 (1959) 4 
iosi e ot (1961); also in the press; Rev. Diagn. biol. itana, 
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4Methylenoprotine : : a New Naturally 
aoe Occurring Proline Derivative 


mt and 4-hydroxymethylproline? 
om apples, and Burroughs’ has 
şs occur in small amounts 
Rosaceae. We have now 











is 4-methyleneproline from 
er.’ ey loquat (Hriobotrya 
— — was recognized first as an 


CH, 


H 


4-Methyl- 
proline 


NATURE 


E —— — 


112 percent. 


———— spot (No. 11 on Fig. 1) on a 


8, mip ata: Eo 
9, alanine; 10, proline: 11, 4-methyleneproline; 12, y-amino- 


3, carne a He acid- wat get es 6; fe 8. 


butyric acid: t% valine; 14, P benylelaning,, 15, teticines: 


ninhydrin- trealod, two- dimensional chromatogra — a n 


a 75 per cent (v/v) ethanol extract of loquat seeds. On — 
chromatograms treated with isatin (0-1 per cent in 


acetone), the compound ‘was revealed as a white — 
(bleached) spot on an orange-yellow background. If < 
the isatin-treated chromatogram was then sprayed 


with Ehrlich’s reagent (this combination of reagents _ 


was used by Jepson and Smith‘ as a specific test for | : 
hydroxyproline), the new imino-acid appeared as a 


pink spot, which became: purple. after standing a at, : 
room temperature for about Lhro | be 


The compound was isolated from 13 kgm. of air- ES 
dried loquat seed kindly supplied by the. Scientific es 
Liaison Office. of the South African Council for —=ă 
Scientific and Industrial Research. The amino- and 


imino-acids present in the concentrated seed extract 
were fractionated first on “Zeokarb 215’ and ‘Dowex. | 
50° cation-exchange resin columns, Fractions rich in 


4-methyleneproline were purified farther by counter- 
current distribution using a two-phase butan-l-ol- = = 
acetic acid-water system; finally 4-methyleneproline 


was recrystallized. from 80 per cent (v/v) ethanol, .. 
Nearly 17 gm. of 4-methyleneproline were present. in. 


the initial seed extract, which contained: about 40.00 | 
gm. of total free amino- and imino-acids. Elemen o o 
tary analysis gave C, 56-6 percent; H,7-lpercent;N, = 
4-Methyleneproline (C,H,NO,) requires = 
H, T-I per cent; N, 11-0 per cent... 
When the compound was heated rapidly from about 


C, 56-7 per cent; 


200° C. it melted with decomposition at 225° O 2 
The fis ee was n a readily in the ; 







ERRA anionic of tran ge 


ey CH= HO.CH p 
L cook q — -À Jooo 
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4-Hydroxymethyl- 
proline 


proline 


Fig 2, Proline and some simple derivatives occurring in plants 








Seth — * paper — 
chromatography using water-saturated | butanol in | 
equilibrium with 3 per cent ammonia as solvent, and = =. 
* high-voltage paper Pioni oparoan (kindly por- 5 a 



















ither in an exocyclic methylene group or 


resence of an exocyclic methylene group was 
d by the infra-red spectrum of the compound, 
‘possessed absorption bands at 6-1 and 11-2p, 





grouping. The proton magnetic resonance spectrum 
of the compound (performed by Dr. R. J. Abraham) 
showed the absence of methyl groups and would be 
-dif cult to reconcile with any structure other than 
<o 4-methyleneproline. 
‘The identification of 4-methyleneproline is espec- 
tally interesting because the structure forms a link 
in a series of proline derivatives (Fig. 2) now estab- 
lished as plant products. The compound may act as 
an intermediate in the interconversion of 4-methy]l- 
proline and 4-hydroxymethylproline by loss and 
addition of a molecule of hydrogen and water 
respectively. 

The new imino-acid bears the same structural 
relationship to y-methyleneglutamic acid as that 
existing between proline and glutamic acid. y-Methyl- 
eneglutamic acid was first isolated from peanut plants* 
and biogenetic significance may be attached to the 
observation made in this laboratory by Mr. D. H. 

Brown. that peanut seeds contain traces of 4-methyl- 


“—eneproline. 
D. O. Gray 
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University College, 
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_ Isolation and Assay of Ovine Gastrin 
Wu have reported from this laboratory a method for 
the isolation of erude gastrin from hog antral mucosa!. 
Now, more fully described’, this (slightly modified) 
method has given us gastrin from bovine abomasal 
mucosa. The latter was of interest because we were 
able to obtain an active secretory stimulant, not only 
_ from the antral region, but also in several prepara- 
tions from the fundal mucosa. 
=- _ Curious to know whether other ruminants were thus 
. different from simple-stomached animals, we have 
used our method to prepare extracts of sheep abomasal 









ed gastrin-like stimu 
activity from the | 


pH of the filtrate is adjusted to 7-0, and the resu 


>  wave-lengths characteristic of the So=CH - 





antrum. and fundus. We now repi 
1 the fundus. The methods of ex 
and assay are similar to those used for bovine gastr 

Ovine tissue, obtained a a local aba 




















rinsed thoroughly in acetone, minced in a 
grinder and digested for 3 hr. at 40° C. at pH 10-5 
aqueous alkali. The mixture is then. filtered, | 
















ing precipitate centrifuged off and discarded. 
solution is taken to pH. 4-0 with dilute hydroch 
acid and the precipitate centrifuged off and thoroug! 
dried by washing it with acetone and then eth 
This precipitate is re-dissolved at pH 10- 
40° C. and treated as in the previous step. 1 
precipitate now obtained is mixed into a paste 
with 0-9 per cent aqueous sodium chloride and 
ground thoroughly and gently in a mortar.. The paste 
is gradually made up to 2-3 litre with saline and 
stirred at 40°C. for 30 min. We have found that 
yields are lower if this step is not perfomed carefully. __ 
The pH is then adjusted to 8-0 and stirring is continued 
for another 30 min., after which the precipitate is 
centrifuged off and discarded. The pH of the solution — 
is then lowered successively to 5-0, 3-0 and 2-0, the 
precipitates formed are centrifuged off at each step, 
dried, washed with acetone and ether and dried. 7 
Solutions of these precipitates (dissolved at pH. 

10-5 and adjusted to pH %0) can be injected into 
pouch dogs or they may first be taken up in mild — 
alkaline solution (pH 10-5) and dialysed for five | 
days against distilled water which is changed daily. 
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Fig, 1. Secretory response of denervated fundie pouch dog, 
P-7, to 70 mgm. of ovine antral gastrin (prep. 164 Va, pH 3-0 
ppt), injected subcutaneously (at arrow) ite four areas of the 
ack. ©, Volume of secretion (ml. per preceding 30 min.};  @, free 
acid (converted to ml. 0-1 N hydrochloride acid per preceding 
30 min.); --@--, pH (approximate, by tpHydrion’ paper) 
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Fig. 2. Free acid response tml. 0-01 N hydrochloric acid/ml. 
secretion during preceding 30min.) of a denervated fundic pouch 
dog, P-13, to 89 mgm. of ovine fundal gastrin preparation, 165 Va, 
injected subcutaneously (at arrow) into four areas of the back 


+ 


Yields are lower than we reported for gastrin isolated 
from hog stomachs!. At pH. 3 we obtain 50-200 mgm. 
of gastrin from 6-10 antral mucose, and at pH 2, 
30-100 mgm. The precipitate coming down at pH 
2-3 appears to be the most active. This contrasts 
with pH 3-0-4-0 for bovine gastrin’, and pH 4 5-5-5 
for porcine gastrin. 

The final product, still a mixture, contains essen- 
tially no histamine. We have, so far, found biological 
activity in five antral preparations tested in several 
pouch dogs. 

Fig. 1 shows the secretory response, in a Gregory? 
pouch dog (denervated), after subcutaneous injection 


8-2 ml. of saline at pH 7-1. 

Fig. 2 shows the free acid response (ml. of 0-01 N 
acid/ml. secretion) to subcutaneous injection of a 
preparation from ovine abomasal fundus. A small 
response has oceurred with two other such prepara- 
tions. Particular pains were taken to ensure that the 
‘correct lig ‘purple area was taken, well away from 

i, which. is distinguished by its pale 

, distinctly differentiated area 
the fundus and the pylorus 
arded to prevent overlapping. 
è porcine fundal area have 
y. Because the abomasum 
strip the mucosa from the 
i essary to extract more than 
n these ovine preparations. This 
for the fact that our crude sheep 
ker than porcine or bovine gastrin 
signar concentration of inert material 

















; 3 of pH 1-0-0-8. 
output of hydrogen ion per mgm. of 
lower than from our hog 
ng step in the preparation 
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of: 70 mgm. of a typical ovine antral preparation in’ 










The delayed secretory. response i 
noted for bovine gastrin’, does not oceu 
ovine preparation which, in this res y 
porcine gastrin. ; 
This Sees ear was pponta in 
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Visible Absorption Spectrum of Chiorophyi | — oe 


a, b, and 8-Carotene Molecules mixed _ 
in Monolayers at a Water-Air Interface _ 
In a previous communication!, visible absorption 


spectra of chlorophyll @ or 6 in monolayers were 
compared with those taken in several organic solvents, 


The red and blue absorption peaks of the chloro- — 


phylls in monolayers at water-air and water-oil inter- 
faces were found to be shifted towards longer wave- 
lengths as compared with their solution peaks. This _ 


shift was postulated to be possibly. due to a physical - | 
condensed state of the molecules in monomolecular —— 
layers, stressing the possibility that the chlorophylls 


in green plants in vivo are in films adsorbed at lignid 


interfaces. The results to be presented here not only. ER 


confirm the above possibility, but also show that the 
three major pigments of the lamellar structure: of the 
chloroplast could account for almost all the: contribu-. 
tion in absorbance. The incorporation of B-carotene 
in mixed films of chlorophyll a and b became possible. 
after it was found that B- carotene could be used in 
eat : 
The experiments were carried out at 22° + 
A film tray connected to a. pring ais y" pa 3 
balanco was used. to measure. the f filr m pre 388) 





water gpecifie posiatancd B x 10° ohi 
ing 1 x 10-* M phosphate buffer, 
Fifteen microscope slides (held by a ‘Teflon’ holder), . 
having 30 water-wet surfaces, were placed vertically 
on the water surface of the film. tray ereby i increas- 
ing the surface 500 em. (ref. 1). 




















Chlorophyll a and. Lht- ond! P dore. E 


spread from a benzene solution on the water surface 
of the tray plus the additional 500 cm.? of the slides — 


and were then compressed to 20. dynes/en. — tee 


pressure. The 15 slides had on their water-wet su 
face 30 monolayers of the pigments. ‘They. wi he: 
placed in a vertical position in th ample. eompart 


ment of a Cary model 14 spectrophotometer and = = 
were blanked by 15 wet slides without pigment. 


With the light beam normal to the surface of the 
slides visible absorption spectra were then taken. 

Fig. LA is replotted from the absorption spectrum ` 
of the green alga, Chlorella pyrenoidosa, of Latimer 
and Rabinowitch®. Fig. LB is a film spectrum of 
chlorophyll a, b and §-carotene in the respective mole- 


1 Coe, R 1 L. and Bo — = 





r 0. — : i 
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5600 
_Wave-length (A.) 


l 7 . Fig. 1. Absorption spectra, A of Chlorella pyrenoidosa (from 
> Latimer and Rabinowitch), B of — a, b and §-carotene 
l in monolayers (6:3:1) 





bhetwoon the two spectra. The position of the peaks 
is the same. The peak ratios for Fig. 14 and 1B 
are respectively: blue peak over satellite peak = 1-1 
and 1-1; blue over red = 1-4 and 1:3; blue over 
yellow = 1-6 and 1-6; red over yellow = 1-1 and 1-3. 
The suggestion that the absorbance is provided by 
pigments in lamellar structures at interfaces is self- 
evident. 
This: investigation was supported partially by 
research grant C-3370 of the U.S. Public Health 
Service and partially by a research contract Nonr- 
-3025(00) of the Office of Naval Research, both 
awarded to Dr. Hans J. Trurnit. 
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— mmunochemical Properties of the Serum 
— * teins after Regeneration from the 
= Protein-Tannin Compounds 


— Te previous: papers regeneration of proteins of 
` biological fluids as well as those of sulphosalicylic 
acid filtrates, from insoluble protein-tannin com- 
pounds by means of caffeine, was reported’-*. Now 
‘that. it has been shown that the regenerated proteins 
retained solubility, electrophoretic mobility, enzym- 
atic activity and other biological properties unaltered, 
the present communication is concerned with immuno- 
chemical properties of the human serum proteins 
regenerated from protein—tannin compounds. 
| nmunoelectrophoresis on agar gel was performed 
| according to Scheidegger’s micromethod*. The dis- 
: gon aucus system of buffers devised by Poulik was 
— For the preparation of immune sera rabbits 
GF were ane (two groups of rabbits, six rabbits for each 

















i Salat tatio of 6:3: L Notice the striking similarities 





Fig. 1. Immunoelectrophoresis of serum “proteins regenerated 
by means of tannin and caffeine. a, Human serum; b, human” 
strum regenerated by means of caffeine from protein-tannin 

compounds; ¢, seromucoid of human serum co&centrated from 
0-15 M sulphosalicylic acid filtrate of serum; d; human serum. < 
a, b, ec, Diffused against anti-total human. ‘serum ‘Pegenerated . 


by means of tannin and caffeine; d, diffused against antiserum = 5 = 


absorbed with concentrated seromucoid 


group). For immunization, — were injected at 


first intravenously and then intramuscularly as : z 
follows: group I, human normal serum; group M, = 


human normal serum regenerated by means of 
caffeine from protein-tannin compounds; 120 mgm. 
of the protein weekly, every two weeks, for 8 weeks. 

After 8 weeks the titre of immune sera from” 
both groups was about 1/10,000 as tested by dilution 
test. Using rabbit immune sera (group I or IT) the 
same precipitin ares were obtained in immunocelectro- 
phoresis when tested against human serum as well as 
against that regenerated from protein-tannin com- 
pounds (Fig. 1,@ and b). The same pattern was 
obtained when antiserum was previously regenerated. 

The concentrated seromucoid obtained from 0-15 M 
sulphosalicylic acid extract of normal human serum 
was separated during electrophoresis on agar gel into 
six fractions of mobilities related to the whole serum ~ 
proteins®4, When this seromucoid was used as the ~ 


antigen in immunoelectrophoresis, three precipitin =< 
arcs were formed with antisera prepared against 
serum proteins (group I or II) as well as with those 
The position of these arcs > 
: The elongated = 


regenerated (Fig. 1, c). 
was related to qa, globulins, 
appearance of the line of «,-seromucoid and sometimes 
its duplication may be due to absorption of the muco- 
protein on the agar or to the mucoprotein being @- 
mixture of molecular species of varying mobility but 
similar antigenic properties. 2 

The antisera (group I or II) were absorbed with = 


seromucoid in order to remove antibodies against = 


seromucoid proteins. These absorbed antisera, 
although now producing no precipitin lines when- 


tested against seromucoid, were found to show about — ` 


six lines with human serum (Fig. 1, d). 


Moreover, it has been shown that, although on agar T — 


gel electrophoresis of the seromucoid obtained from 
rabbit antisera a distinct y-globulin peak was demon- 
strable, this sulphosalicylosoluble y-globulin does 
not contain antibodies. Concentrated proteins | 
obtained from sulphosalicylic acid filtrate from the 
antisera) from both groups examined did not 
produce precipitin lines with the human serum 
proteins. - 

Briefly, the procedure of precipitating proteins by 
tannin followed by subsequent regeneration by 
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kd , 
caffeine from protein-tannin compounds was found 
not to change the properties of the antigen-antibody 
reaction or the production éf antibodies in vivo. 
These facts may be very useful in investigations of 
immuno-chemical properties of proteins concentrated 
according to previously described procedure’? from 
body fluids of very Tow protein content. 
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Preparation of Tritium-labelled Paromo- 
mycin (‘Humatin’)* by Fermentation 
in a Medium. containing Tritiated Water 


Tur antibiotic paromomycin is a basic, water-soluble 
compound With a general structure similar to that of 
neomycin and kanamycin’. Failure to obtain radio- 
chemically pure paromomycin following exposure to 
tritium gas by the Wilzbach technique? prompted us 
to try biosynthesis. While biosynthetic incorporation 
of hydrogen isotope from water into organic com- 
pounds has been reported frequently in the litera- 
ture®-*, this technique has not been used widely for 
preparation of tritium-labelled compounds. While the 
work reported here was in progress, Dutton et al.‘ 
reported. the isolation of tritium-labelled fatty acids 
from soybeans grown in & nutrient solution containing 
tritiated water. 

Tritium-labelled paromomycin was prepared as fol- 
lows: fermentation was carried out under conditions 
similar to those described by Coffey et al.’ except that 
the medium contained 10 me. of tritiated water per 
mi. A total of 1-3 gm. of paromomycin was isolated 
as a sulphate salt by ion exchange techniques. The 

- specifie activity was 0-75 yue./mgm. of sulphate salt 
or about I pe./mgm. of free base. All radioactivity 
x measurements were made with a ‘Tri-Carb’ liquid 
tion spectrometer (Packard Instrument Co.). 
o dissolved directly in a dioxane-water 


























The biological activity, as 
ray method, was not signifi- 
hat of unlabelled reference 
entity were established by 
raphy. As shown in Fig. 1, all the 
d biological activity were found in a 
£ paper chromatography in a methanol- 
acid system. Similar results were 
d in two other systems (2 per cent p-toluene 
nic acid in water-saturated n-butanol, and 
ileohol/0- "I N hydrochloric acid, 3:1). In 
at graphy systems, the labelled com- 

me rate as authentic, non- 


he tritium label was 
ashing of the labelled 


oh utions of | the labelled 
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the distillates were analysed for tritium. | 


or combusted according to the first. 20 hr. after dosing, Oo 03-0: — 


intermediates. 
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90 
g | 
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5D : + 
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o 10 20... 200 
om: — origin. 
Fig. 1 Paper chromatography in methanol/water/acetic acid, 
:10 : 5, plus 10 ml, of 38 per cent sodium chloride per 100 ml. 


Samy les were applied to strips of Whatman No. 1 filter paper and 000. 
veloped by the descending technique for abaut.8 hr. After dee < 
— strips were bio-autographed on seeded agar pilates, 
A parallel strip then was cut into lem. sections; each section: 
was eluted and the eluate analysed for tritium by liquid scintilla- 
tion techniques. The lined. area under the peak eee the 
zone of microbial inhibition on the seeded agar pla 





material. The amounts of tritium found in five 
successive l-litre portions of water wash collected 
from the column just prior to elution of paromomycin 
were 7:4 ue., 53 pen, Dt yen 52 pec and 5-Llyuc. The |. 
amount of tritium in the 270 ml. of eluate containing 
the paromomycin was 1,310 ue. Thesmall amounts of . 
tritium found in the water washes may result either 
from exchange of tritium between labile positions on. => 
the paromomycin molecule and water or from slow ._ 
leakage of paromomycin from the column. Similar — 
results were obtained with a second ion-exchange 
column. When an aqueous solution of labelled . < > 
paromomycin was repeatedly lyophilized to dryness 
and successive distillates were analysed for tritium, 
the first, second and third distillates contained. two, 
one and about 0:2 per cent, respectively, of the 
tritium present originally in the solution. 

In vivo stability of the label was checked by dosing 
rats with the labelled material and afterwards examin- - 
ing the urine for volatile and non-volatile tritium. = =s 
Two pairs of male Holtzman. rats weighing approxim-. ooo e. 
ately 150 gm. each were dosed intravenously with —— 
labelled paromomycin at a level of 50 mgm. free 
base/kgm. body-weight.. A parallel experiment was 
carried otit using oral administration. _ Aliquots of 
complete pooled urine samples were. — ad a 

D Fa ng the — 

per. cent of the — 


















tritium by both series ‘of animals. 
tritiated water was administere 
venously to rats unde ilar 

cent of the EP 





— for tracer studies i m ——— — 
The cost of preparing tritium- labelled es 2 
by this technique would generally ‘be considerably | 
less than biosyntheses requiring carbon-14 labelled = 
The cost would be reduced even > 
further if facilities were available for conversion of 
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water could be recovered from the medium and used 
_ again in subsequent syntheses. 

_ Significant health hazards are involved in handling 
atively large amounts of tritiated water. The 
nentation described above was carried out in 
lugged shake flasks in an isolated, sealed 
-with forced ventilation exhausting directly to 
‘oof. An air monitor was used for measuring 
on-levels in the room. A better arrangement, 
we plan to use in future runs, would be to carry 
fermentation in a box from which water 
cannot escape. The vapour could then be 
ved by adsorption or condensation. 

‘he labelled paromomycin prepared and analysed as 
described above has been useful in animal tracer 

> studies. We suggest that this labelling technique 
thay be applicable to many other biosynthetically 
‘produced compounds. 
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RADIATION CHEMISTRY 


A Device for Optical Measurements 

during Gamma-lrradiation of Fluids 
_. Tae main amount of work in radiation chemistry 
has been performed. by the technique of investigation 
of a sample after irradiation. Along with our investi- 
gations of aqueous solutions by electrochemical 
<i methods applied during irradiation, the technique of 
< direct optical measurements during y-irradiation has 









also been developed. Our technique has nothing in 
_with spectral measurements applied during 
ly after the pulse irradiation by a high- 
beam of fast electrons. 

apparatus (Fig. 1) enables a beam of ‘light 






_ to pass, for example, from a monochromator, through 
the cell made of an appropriate material, which is 
placed in the gamma field changeable from about 1 to 
30 r./see. The technical details of the source itself 
already been published!. The light (tungsten or 
rogen lamp) from (1, Fig. 1) is dispersed in a 
am. SP 500 apectrophotometer ( (2) is a part of the 
ody of instrument), a chosen part of the spec- 
irected through an empty cell box (3), then 
is made parallel by the quartz lens (4), and 
exion on the aluminized mirrors (5) and (6) 
ies through the cell (7) surrounded by sources. 
‘The mirror (9) reflects the light transmitted 








tritium gas to tritiated water and/or if the tritiated 





Fig. 1. Horizontal cross-section of the apparatus for optical 


measurements on fluids during the y-irradiation 


as well as emitted by the solution and by the cell 
itself on the quartz lens (10), which focuses the 
light on a chosen photocell, placed in the photocell 
box (11). A lead shielding (12) keeps off the radiation. 

The arrangement described permits measurement 


of extinction of a solution as a function of time of e 


irradiation. The measurement of extinction of the 


solution is imposed in a short wave-length region by  - 
renkov radiation and by radiation emitted from. — 

irradiated walls of the cell; but these effects can be. te 

Thus the 


measured. separately by this apparatus. n 
experimental curve may be reduced to the true 
absorption curve. An additional absorption effect by 
the darkened material of construction of tRe cell plays | 
a very small part. The influence of reflected y-radia- a 
tion on the photocell current is compensated electri- : 
cally. | — 

The emitted light, measured separately, can give 
information about the self-absorption by the species ` 
formed during the irradiation. Dainton’s assumptions? ` 
concerning the phenomena connected with the 
Čerenkov radiation in the irradiated Fricke dosimeter ` 
system have been experimentally investigated. 


The range of a linear dependence of the concentra- — 


tion of absorbing species, as a function of the dose, 
ean be readily observed, and the same applies to post- 


irradiation effects. From the time-function of kinetic 


curves, measured at different wave-lengths (therefore 
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" : 
at absorption zones of different complexes), some 
conclusions concerning the kinetics of different 
complexes formation may be reached. 

Spectroscopic examination of the emitted light 
were also performeds using a spectrograph, which 
analyses the outgoing beam of light. A similar tech- 
nique has also been adopted from time to time in 
absorption measurementss For that purpose the 
source of light (tungsten bulb, flash burner, etc.) is 
provided to be installed in the irradiation chamber. 

A recent application of the device described fere 
is the illumination of certain solutions with high- 
intensity filtered or monochromatic light (visible, 
ultra-violet) of the y-irradiated sample. By using this 
technique some interesting effects have been observed. 
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pH Effects in the Radiolysis of Aquo- 
Organic Systems 


Recent studies of pH effects in the radiolysis of 
aqueous solutions have demonstrated the existence of 
two. types of reducing species in irradiated water. 
The indications are that these species correspond to 
the solvated electron, H,O-, and the H atom!:. 
Hayon and Weiss have proposed that the marked pH 
dependence of hydrogen yields in the radiolysis of 
air-free solutions of organic compounds is consistent 
with: 

(1) 


(2) 


H,O—~~-—+H,0+ + e 
e+ H,0--—-+-H,0- 

H+ + H,O---—»> H + H,0 (3) 

H + RH —— H, + R (4) 


where (3) and hence (4) become less important at the 
higher pH values as competing reactions lead to 
removal of H,O- through: 


2H,0--—-->H, + 20H- 
or ‘through capture by solute, for example: 
ae H,O- + RCI—->H,O + Cl- + R (6) 


— Now, in the radiolysis of air-free formie acid 
j s, th yield not only of hydrogen but also of 
} decreases with increasing pH, and the 
ioxide becomes essentially zero at pH 
atter phenomenon has been 
in terms of an effect of pH on 
e two reactions: 


00OH-—-HCOOH + CO, (7) 
COOH—>(COOH), (Ta) 


es5, ‘on the other hand, have recently 
arbon. ‘dioxide is produced under all 

ugh an unspecified mechanism), 
ds removed through a back 
ate an the solvated electron 
ent. aioe carbon 


‘known to be reduced to 
id under various conditions 





(5) 
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of radiolysis*®-*, there is a question ‘as to 
not reaction 8 could account for 
‘steady-state’ concentration of è 
formate solutions is essentially zero’. 
information on this point, we have. investiga’ 
products labelled with carbon-14 formed ir 
y-ray radiolysis of the systems (I) 0-1 M HCOON 
00l AT NaHCO, (1) O1 M HCC ONa-O0-01 -A 
NaHCO, E 

The radiometric and ‘analytical tochnifnusa were i 
those rhe ata in an earlier — —— — 







bon-14 (ref. 4). 
determined because of the possib 9 


HCOOH + “COOH— COOH — 


At a dose of 9 x 1018. ev. fmol, we. ‘obtained with ogee 
solution (I) the values G(H™COOH) ~ 0-14, 0). 
G(?4COOH), ~ 0-01. Solution (11) under the same. ©. 
conditions of irradiation gave G(“COOH), ~ 15... 
It is concluded, therefore, that the reductive reaction 
(8) is relatively unimportant even at carbonate con- 
centrations as high as one-tenth that. of the formic | 
acid. Presumably, the solvated electron is removed 

in alkaline formic acid solutions through reaction (5). 

In this connexion it is of interest to note that a 
reaction mechanism formally equivalent. to the 
sequence (1) to (5) can be derived on the assump- 
tion that the electron formed in step (1) undergoes 
dissociative capture to yield the hydride ion: 


H,O + e-—»H- + OH (Qa) 


The appearance of H- at an electron-impact potential 

of 5:6 eV. has been associated by Laidler? witha —- 

repulsive state of the H,O- molecule ion. Factors- s 

influencing the relative yields of processes 2 and 2a oe 

have been treated by Magee and Burtons, 9 0 cctis — 
Disposition of H- may be formulated in terms of 

the competing steps: 


H- + H,0-—+H, + OH- (5a) 
H- + H,0*-—->H + H,O (3a) 


Reaction (5a) has recently been identified experi: 
mentally in electron-impact studies of Muschlitz and = 
Bailey’. The proposal that H atoms could be. liber- = 
ated in the bulk of the solution through step (3a) is 
predicated on the hypothesis that electron transfer in. 
aqueous solution may oceur at large | eparat 

— work was, permed a under e the 
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PHYSIOLOGY 


Muscle in Relation to the Surface Area 


THE passing of glucose through the membrane of 
the muscular cell can, predominantly, imply inter- 






membrane. There is clear evidence that in experi- 
< ments-conducted in conventional conditions, the 
< disappearance of glucose from the medium (in 
experiments with rat diaphragm and epididymal 
<- adipose tissue) is not absolutely proportional to the 


. corresponding to the mgm. of glucose consumed from 
c. the medium, divided by the mgm. of. tissue, are 
generally larger for the tissue preparations of smaller 
PAR weights. ‘These differences could be attributed, at 
Jeast in part, to a lack of proportionality between the 
surface area and the weight of the incubated tissue. 
The-work reported here was carried out in order to 
< determine the influence of the muscular surface on 
the disappearance of the glucose from the incubation 
medium, and to estimate the mathematical corre- 
lation between these two variables. 
Female rats (130-150 gm.) from our own colony 
oo were pre-injected with 500 ugm. dipropionate of 
< diethylstilbcestrol to produce ostrum. They were 
killed 48-56 hr. later by decapitation. One of the 
< horns of the uterus was ligated in situ at both ends 
and the other was removed and ligated at both ends 
after removing the secretion obtained by pressing it 
gently on a filter paper. The medium for incubation 
was that of Gey et al.' with a glucose concentration of 
3-mgm./ml. in every case, with a final volume of 2 ml. 
The incubation was carried out in small Erlenmeyer 
flasks, at 37° C. for 90 min. in a Dubnoff metabolic 
bath, stirring at 70-80 cycles/min. The uterus was 
weighed and the glucose content was determined by 
- the Nelson modification of Somogyi’s method. At the 
end of the test, the surface of the muscle was calcu- 
_. dated by considering each uterine horn as a cylinder, 
measuring with a vernier the different diameters (to 
obtain the average diameter) and length, and — 
the area in mm.?. 










Table 1 ` 
Stand- Correla- Standard 
ard tion Co- error of 
Mean c -errorof efficient correlation f P 
— mean coefficient 
-Burface 
oo mm: 266 96 +14 
mee — — — AY FY +0091 5234 P=f-O1 
Coe Reese 
EE iiny aN E 

‘ y 82 £12 


yetics of simple diffusion. When the uptake 


-= the figures obtained are very variable and unequal 

even when they result from equal weight of tissue, as 
there is no correlation between the surface and the 
pee the — — ae tho — tissues 







cy of —— J + 64ugm. The regres- 


Passage of Glucose through the Uterine g 


action between the sugar molecule and the cellular 


weight of the tissues incubated, and the figures 


; 63 being of P = “0: Ol. This can * meats’ 


“of glucose is correlated with the weight of the tissue, 








-These — al results approximate aatisfac- a 
torily to the calculations obtained using the regres- E 
sion equation. With such results it seems possible to 
interpret the observations of Oyama and Grant? and = 
others who attribute a larger «glucose uptake to 
diaphragms from young rats (80 gm.) and mice in 
which the surface area is larger in relation to the ee 
weight of the tissue. i E 

Gn the other hand this work confirms, indirectly, 
other results obtained by us on uptake of glucose in. 
vitro of rat uterus during contraction and relaxation. = 
The differences observed by us? during tetanic relaxa- ~~ 
tion and contraction are highly significant and do not. 
adjust themselves to the regression equation studied = 
in this.work. — 

To sum up, we can 1 say that the ‘variable’ surface - 
area is more important than the weight when the — 
uptake of glucose by the muscle is being examined. 
Thus, when because of technical difficulties the results . 
cannot be referred to the surface area of the tissue, — 
it is very convenient to use animals of very uniform _ 
characteristics, in order to obtain muscular surfaces -_. 
very similar and corresponding to equal weights of 
tissue. 
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Hepatic Function during Reticulo- 
endothelial Hyperfunction and Hyperplasia 


Tue cell wall preparation from Saccharomyces 
cerevisiae, designated as zymosan, has been reported — 
to possess a variety of biological activities which 
include the ——— in as A an a undefined — to 


ceils, Based on the incorporation of tritium-labelled . 
thymidine into hepatic DNA following a single - 
injection of zymosan, the hyperplasia was observed =- 
to be the result of a specific reticulo-endothelial or — 
littoral cell proliferation?. ono 

Since the administration of zymosan or its aetive 
reticulo-endothelial cell stimulatory fraction, glucan*-, 
to animals on high cholesterol diets was Gssociated: 
with a decreased accumulation of hepatic and plasma. 
ester cholesterol, the hypothesis of reticulo-endothelial . 
cell involvement in the biotransformation of chole- 
sterol was proposed‘, 

To delineate the functional activity of hepatic cells ~~ 
during pronounced reticulo-endothelial cells hyper- © 
function in the absence or presence of liver hyper- 
trophy, an evaluation of polygonal cell activity was =- 
made in zymosan and glucan-treated rats by means -= 





_ of sulphobromophthalein (BSP) test?»®. 


Male rats maintained on ‘Purina’ chow ad libitum - o 


— injected intravenously daily with 4 mgm. 
>  zymosan/100 gm. body-weight for 5 days or 0-5 mgm. 


of glucan/100 gm. ee for 7 days. Control - — 
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rats received an equivalent volume of saline, which 
was the suspending medium. Twenty-four hours 
after the last injection, the intravascular removal- 
rate of 8 mgm. colloida) carbon/100 gm. body-weight 
was determined’. The intravascular half-time (t/2) 
as well as the « and K indices were calculated’. 
Since approximately 90 per cent of the injected 
colloidal carbon is localized in liver the measurement 
of the intravascular removal-rate is primarily a 
reflexion of Kupffer cell function. 

Additional control and experimental rats received 
an intravenous injection of 5 . BSP/100 gm. 
body-weight. A cardiac blood sample was obtained 
5 min. after injection and the BSP concentration in 
plasma determined’. | 

Although weight of the liver was unaltered at the 
dose of zymosan used, the weights of lung and spleen 
showed significant increases of 82 and 245 per cent, 


leen, 2-4 —2* 


— — 

mean intravascular t/2 of colloidal carbon of 0-81 
min. in the zymosan-treated rats is in marked contrast 
to the t/2 of 5-87 min. in the control animals (Table 1). 

The former ¢/2 is probably a minimal value, reflecting 
a phagocytic efficiency approaching or equalling 100 
per cent with hepatic blood flow becoming a limiting 
factor’. 


Table 1. PHAGOCYTIC FUNCTION AND PLASMA BROMSULPHALEIN 
CONCENTRATIONS IN NORMAL AND ZYMOSAN-TREATED Rats 


Normal Zymosan 
5 8 
6:87 0-81 
52 “4 
8-18 12-5 
0-26 0-25 


apene 
Kindes ‘indew x 100) 
oanien (mgm./ml.) 


The use of radioactive colloidal gold demonstrated 
that hepatic blood flow and organ distribution of 
the phagocytized colloid remained unaltered in the 
zymosan group. Similarly, the extrapolation of the 
colloidal carbon disappearance curve to zero time 
indicated that the distribution space of carbon was 
— in the zymosan group. 

The «-index, an expression of phagocytic activity 
per unit weight of liver and spleen, and the index K, 
a measure of global ic activity, were also 
pation ge g and K indices were significantly 
increased in the zymosan group. ‘These results 
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confirm previous observations that 
hyperphagocytosis following admin- 
istration of zymosan reflects both 
the formation of new reticulo-endo- 
thelial cells and enhancement of 
the activity of pre-existing cells'+*. 

The influence of reticulo-endo- 
thelial cell hyperfunction induced 
by zymosan on BSP removal is 
indicated in Table 1. In spite of an 
8-fold increase in the percentage 
disappearance rate of colloidal car- 
bon in the zymosan group, the 
measurement of functional liver cell 
mass by the BSP technique indi- 
cated normal hepatic parenchymal. 
activity. © - 

The uptake of BSP was normal 
in the glucan group, which mani- 
fested a mean 37 per cent increase 
in liver-weight, a 120 per cent 
increment in weight of lung and a 
180 per cent increase in spleen 
(Table 2). Weights of kidneys were 
unaltered. All enlarged organs 
manifested a normal gross appearance (Fig. 1). 
The degree of proliferation is a function of dose and 
time and regression to normal organ weights is 
observed after the cessation of glucan administration. 


Table 2. INFLUENCE OF GLUCAN ON ORGAN WEIGHTS AND PLASMA 
BROMSULPHALEIN CONC ONS 


Body-weight (gm.) 
-we 
pte ~ S) 


Spleen ( Ritaa * 


Although it has — been suggested 
removal of BSP was a test for reticulo-endothelial 
cell function and particularly Kupffer cell activity’ ™ 
more recent studies have indicated that the removal 
of BSP is not a suitable index of Kupffer cell func- 
tion’?-!* and that the uptake of BSP is a parenchymal 
cell function®:*4%. Our findings confirm this concept, 
for if BSP were removed by Kupffer cells, increased 
removal should have been manifested during Kupffer 
cell hyperfunction. 

The present findings demonstrate that parenchymal 
cell activity, as determined by BSP removal, was 
unaltered by ted intravenous injections of agents 
which markedly stimulated Kupffer cell activity. 

These results, and the previous observations that 
the initial response following zymosan administration 

is h 


by pre-existing macro 

followed by an increased number of macrophages** 
demonstrate that zymosan and glucan produce an 
exclusive enhancement of reticulo-endothelial cell 
number and function. 

The specificity of the hepatic 
or glucan makes it apparent that these pol des 
offer a unique method by which controlled and selec- 
tive growth and hyperfunction of the reticulo-endo- 
thelial cells can be induced. This technique should 
not only contribute to elucidation of the physiology of 
the reticulo-endothelial cells and a precise evaluation 
of the pro multifarious functions of this system 
but also lends itself to the study of the dynamics of 
cellular proliferation. 

‘The zymosan and glucan fractions were generously 
furnished by Robert Light and Dr. John Maselli, of 
Standard Brands, Inc. 
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Reduction of Transmitter Output by 
| Depolarization 


<vo Iw a recent investigation’. hyperpolarization of 

-motor nerve terminals in the rat diaphragm in vitro 

was found to produce a progressive increase in the 

amplitude of end-plate potentials intracellularly 

recorded at the polarized junctions. This increase 

in end-plate potential amplitude is due to an increase 

in the number of quanta of transmitter released from 

< the nerve terminals. Apparently 

there has been a mobilization of 

‘transmitter. This mobilization 

could be explained if the quanta of 

transmitter (presumably the synap- 

tic vesicles) were negatively charged =f 

and thus accelerated toward the 

_ nerve terminals by a hyperpolariz- 

ing current.. In the present investi- 

by the application. of currents in the 

Opposite direction, that is, depolariz- 

ing currents, to the nerve terminals 
n the same preparation. 

method of applying current 







0-4 * 
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oo o o seribedi?.. The preparation was 
-bathed in the solution deseribed by 
0 Liley*. * Neuromuscular transmis- 

gion was blocked by inereasing 
-the magnesium concentration of 
this solution to 11 mM or by adding 
d.turbocurarine chloride to-a final 
ration of 15-25 mgm./lL. 

esults were obtained both 

mperature and at 37° C, 

the passage of depolariz- 

ng current, end-plate potentials 
licited by stimulation of the phrenic 
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Fig. 2, End-plate 
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was supported, in part, by 


_ B} of end-plate potential amplitudes compared 4 
_ the control amplitude, the reduation persists 
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four superposed controls i 
after the onset of a depolarizing current of 3-5 uamp. Current turned off after 20 sec. 
B, End-plate potential am 
time (sec.) after onset of 

arrow and vertical bar. 3 t 
control 4 sec. after onset of a range of depolarizing currents (0-10-1 Hamp.) Curarized 


10 msec. 
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] ate potentials elicited by 10 impulses at 100/see., 
and. after (C) a depolarizing current of 2-1 pamp. 
current was applied and C 5 see, after the current 














nerve were reduced in amplitude (Fig. 1). The re — 
duction of end-plate poteptial amplitude in Fig. 1A 
was found 4 see. after the onset of a depolarizing — 
current of 3-5 uamp. As shown by the successive 
end-plate potentials and the ggaph (filled circles 












changed throughout the period of current flow. © . 
_ progressive increase of the magnitude of the de- 
pression never eccurred. Four seconds after th 
eurrént was turned off the end-plate potential 
amplitude had regained the control height. Fig. 10 
shows that end-plate potential amplitude expressed 
as a fraction of control amplitude (ordinate) 4 gee. 
after the onset of depolarizing current was linearly 
related to the strength of the depolarizing current, © 
This was confirmed in a large number of experi- = 
ments. In a further series of experiments the end- 
plate potential was elicited at varying times after theo: 
onset of a depolarizing pulse lasting 1 sec. It was 
found that the end-plate potential amplitude was 
diminished within 15 msec. of the onset of the pulse, 
thereafter remaining constant until: the end of the 
pulse, when the recovery was equally rapid. 

A number of experiments were devised to find the 
cause of the decrease in end-plate potential amplitude. | 
There was no change in the amplitude of miniature 
end-plate potentials recorded in magnesium-poisoned 
preparations while the end-plate potential was 
diminished by depolarizing currents. è change in 
end-plate potential size was therefore due to a de: 
crease in the number of quanta liberated by a nerve 
impulse. Further information about this fall in trans- 
mitter output was provided by experiments in which 
short trains of tetanic stimuli at 100/sec. were used. 
instead of single shocks. Fig. 2 shows typical results. 
Compared with the control (A) all the end-plate 
potentials elicited by tetanie stimuli during the 
depolarizing current are diminished in amplitude (B). 

C shows the return of the end-plate potential ampli- 
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Fig. 1. Reduction of end peie potential amplitude by depolarizing current. A shows 
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ollowed by end-piate potentials elicited at 4-seq@ intervals _ 
litudes in 4 plotted as function of control amplitude against 
epolarizing current, Current turned on at time 0 and off at 
End-plate potential amplitudes (ordinate) as fraction of 


Ay 


preparation 


| 0-5mV. 
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—~2pA Pty CON 
before (A), during (B) 


B was recorded 5 sec. after depolarizing 
was turned off. Curarized preparation 
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tudes*to control values 5 sec. after the current was 
turned off. Liley and North! have suggested that 
the end-plate potential ampfitude during the plateau 
phase of a tetanic train ‘of end-plate potentials 
represents the equilibrium between depletion of 
transmitter by nerve impulses and the replenishment 
of transmitter. If Mis is true, these results suggest 
that the depolarizing currenj has slowed the replenish- 
ment of the transmitter in the nerve terminals. 
In previous investigations, | depolarizing currents 
have been applied to squid giant axon synapses*:* and 
synapses on mammalian motoneurones’?. The re- 
duction of transmitter release following the applica- 
tion of depolarizing current at these sites has been 
explained by a reduction in the amplitude of the pre- 
synaptic spike and thus a reduction in its ability to 
liberate transmitter. The results of the present 
investigation suggest that depolarizing currents may 
act by reducing the amount of transmitter available 
for release by nerve impulses. This could be explained 
by the movement of negatively charged vesicles of 
transmitter away from the nerve terminal membrane 
under the influence of a depolarizing current. A 
rapid reduction in available transmitter would be 
expected if a very small movement away from the 
membrane made vesicles unavailable. 
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Urinary Amines after Adrenalectomy 


Usine chromatographic methods outlined pre- 
viously!-? we have investigated the excretion of 
phenolic amines by subjects after periods varying from 
a few days: to. several years following bilateral adrenal- 
- ectomy, since several of the amines identified in 
~~ human urine! seemed to be of interest in this con- 
















net obvious interest is metanephrine, 
metabolite of adrenaline; excretion of 
uld naturally be expected to fall in the 
direnals,. Previously, von Euler et al.* 
fall in adrenaline excretion (fuori- 
is) to about one-fifth of pre-operative 
5; ymore — de SE S and 


ams from 14 subjects examined by 
d the metanephrine spot be 
ese the spot was the merest 
ion quite ambiguous. In the 
shortly after operation, a 
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by means of an adrenal-slice system’; 













normal, albeit rather weak, spot 
incomplete removal of adrenal tissue-or 
metabolism of adrenaline held by, and s 
from, tissues offer two possible explanat | 
anomalous finding. The observations of vo 
et al. were thus fully supported. a 

It is of interest that in our subjects tian average : 
level of the corresponding noradrenaline metabolite : 
normetanephrine, seemed to be noticeably higher tha 
in normals; there is also a sug ggestion | of raise 
noradrenaline excretion in von Eulers patients. 
Normetanephrine excretion in one of our urines was © 
so high that, had the subject been presented tousasa = 
case of pheochromocytoma, we have little doubt that 
we would have had to agree with this diagnosis. —_ 
Unfortunately we did not anticipate. this apparently 
high excretion of normetanephrine: “it would have | 
been of interest to compare values with those for 
urinary vanillic acid which we have previously® noted _ 
to be sometimes increased after adrenalectomy. BAL 
Since this acid was found to persist in the urine ofa. 
subject maintained entirely on glucose for nine days = — 
(unpublished observation) there can be little doubt — 
that it is derived from a catecholamine. Despite tho | 
confusion caused by dietary sources of vanillic acid 
it is possible, on the assumption that no such sourco 
gives rise to the acid unaccompanied by related = 
compounds, to obtain some idea of the nature of its e 
origin. We have noted it particularly in previously 
examined adrenalectomized subjects, in pheochromo- EE 
cytoma and neuroblastoma, and sometimes in stress: 
in spinal shock however, where blood adrenaline but — 
not noradrenaline is raised (Robinson, R., unpub- a 
lished observations), we could not detect any increase 
in urinary vanillic acid. It seems possible, therefore, 
that it is derived from noradrenaline only; ‘the chief 
point of interest is that in some subjects vanilie —— = 
rather than 4-hydroxy-3-methoxymandelic acid oo 
appears to be the principal urinary metabolite. : 

The observations recorded here on urinary meta- ` 
nephrine after adrenalectomy, together with those | 
dealing with pheochromocytoma? and unpublished - 
observations in stress, indicate that there is now firm 
ground for believing that determination of the 
metanephrines should represent a reliable means for 
assessing catecholamine production in the body. . ! 

Adrenalectomized patients also offered prospects 
of throwing some light on the origin of two further = < © 
amines identified in human urine, p-octopamine and = 45 
p-sympatol', since it appeared possible that both  _ 
might originate in the adrenals. It has been sugges- 
ted? that p-sympatol might be a metabolite of adren- 
aline, but this appeared to us to be unlikely since 
although p-sympatol excretion has sometimes been 
found to be very high in pathological urines, including 
stress and pheochromocytomas where metanephrine 
is high, changes in its level in a given subject bear no 
relationship at all to those of the latter amine. 
However, it has been shown that ®-hydroxylation of ` 
tyramine to form p-octopamine may be accom — — 

ther, 9 
N-methylation of the latter amine to form p-sympatol © = 
can occur with the aid of an enzyme highly localized 
in the adrenals in mammalian species’. The concept == — 
that p-octopamine and p-sympatol arise in thə = —— 
adrenals therefore seemed plausible. However, we 
observed the former amine in 9 and the latter in 10- 
of the 14 urines from our patients. The adrenal is not, 
therefore, their sole source of origin; nor would it. 
appear—although because of considerable variations 
in sympatol excretion the opinion can only be 



















The origin of these interesting amines is therefore 
still obscure. Spots corresponding to both have been 
observed on the majority of chromatograms from 
normal subjects; that due to p-octopamine is 
invariably small, that from p-sympatol sometimes 
rolativoly large and varying considerably in different 
samples from the same subject. The very large 
amounts of this latter amine occasionally seen in 
pathological urines might perhaps be the result of 
unusually high consumption of some potent dietary 
source by hospital patients. (This possibility has its 
>o parallel in the phenolic acid field: high rates of 
excretion of 3-hydroxy-4-methoxyphenyl compounds 
derived from hesperidin are undoubtedly due to the 
consumption by some patients of citrus fruits or 
squashes.) On the other hand, the occurrence of 
p-sympatol in most normal urines (mostly 2- or 4-hr. 
samples) would suggest that dietary sources, if they 
exist, may be numerous. Since p-sympatol excretion 
is Increased in subjects treated with monoamine 
oxidize inhibitors!® such sources would most likely 
contain the amine in the free form. If such be the 
< case p-sympatol would surely have been encountered 
frequently by workers in the alkaloid field: clearly 
further investigations are called for. 
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| = Conditioning of Adrenalin Anorexia 


| a ACCORDING to the glucostatic theory of control of 
antake of food!?, an increase in uptake of glucose 
ates the glucoreceptors of the medial hypo- 










mus (‘satiation centre’), the activity of which 
its the ‘feeding centre’ of the lateral hypothala- 
us. Other things being equal, an increase in 
glyewmia should enhance uptake of glucose and pro- 
duos anorexia, which is actually the effect of glucagon’, 
= Howevér, if stimulation of the glucoreceptors is 
conditioned, anorexia might be provoked by extero- 
-~ eeptive stimuli, without any increase in glycemia or 
uptake of glucose. 
_. | A total of 190 experiments were performed on 
-o three adult mongrel dogs in a conditioned reflex 











. chamber. The feeding device produced a noise which 
announced when food was available. The intra- 
eritoneal injections were effected by remote control. 

I! experiments were performed after a fasting period 






_hazarded—to be a relatively important source , od of 9- 
tat A E A o te eagerly: all- the food. portion 










ytin g, the 









device). À l Pee 
št was found that the intraperitoneal injection of — 
adrenalin (0-06-0-08 mgm./kgm. for dog 1; 641 5-025 > 
for the other two) provoked complete anorexia 
with a latency of 1-5 min. and a duration of 20 min. 5 
minimum. The tachyeardia (electrocardiographie > 
record) and hyperglycæmia (Zomogyi—Nelson, dupli- 
cate determinations) during this anorexia were mild. — 
(Table 1). “igs 


Table 1 
Change in eardiac Change in blood 
Stimulus frequency glucose, Food 
per min, (mgm. /100 ml} intake 
Adrenalin + 29 + 33 Anorexia 
O. R.* to experi- 
mental situation — 8 — Anorexia 
C.8. t to adrenalin — 145 — 45 Anorexla 
Glucose + 3 a +53 Anorexia oi 
Experimental situ- . 
ation glucose — — No effect 
C.8.7 to glucose — —7 No effect 
Atropine + 187 ~ 2 No effect 
* C.R., Conditional reflex, j 


t Conditional stimulus. 
-—, indicates that no result was obtained. 


A conditioned anorexia evoked by the experi- 
mental situation made its appearance after 1-3 
reinforcements. The animals refused to eat in the 
chamber without any adrenalin being administered. 
Outside the laboratory they ate the same food 
eagerly. If taken inside, they refused it again, A 
total conditioned anorexia was observed in 16 experi- 
ments. In many others a partial effect was seen: 
the animals waited several seconds before starting 
to eat and/or ate slowly. 

Experiments in which only food was given were 
alternated with others in which adrenalin accompanied 
by a light (for 5 min.) was also applied. Thereafter, 
conditional anorexia was provoked only by the 
application of the visual stimulus (this was obtained — 
five times). Other than the anorexia, the visual ` 
stimulus preduced a small bradycardia and a slight = 
tendency to hypoglycæmia, This suggested the => 
conditioning of the compensatory reactions against -= 
tachycardia and hyperglycemia. — 

Intraperitoneal injection of atropine (0-5 mgm./ €= 
kgm.) elicited a stronger tachycardia than adrenalin 
but did not modify the glycemia and did not produce . - 
anorexia (‘Table 1). On the other hand, the injections ==- 
of glucose (200 mgm./kgm. for dogs 1 Md 3; 400 > 
mgm./kgm. for dog 2) caused a somewhat higher hyper- = 
glycæmia than adrenalin and complete anorexia at 
(though of shorter duration, 5-15 min.), without any 
change in cardiac frequency. This suggested that 
adrenalin-induced anorexia was due only to hyper- ==> 
glycemia. However, the anorexia induced by glucose =. 
could not be conditioned, either to the experimental 
situation or to a specifie stimulus, in spite of a large 
number of reinforcements (38, 26 and 16). More- | 
over, the anorectic effect diminished with repetition, 
and the dosage of glucose had to be increased from 
day to day, until 3-4 times the initial amount was 
needed to produce anorexia. The same was obtained 
when the glucose injections were started after the 
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conditioned anorexia was extinguished or before any 

drenalin was given (dog 3). After this negative 
attempt, conditioned anorexia was established again, 
or for the first time, by only 1-3 reinforcements with 
adrenalin, 

The cardiac and motor conditional reflexes elicited 
by food-conditioned stimulus were not modified 
during anorexia, adrenalia-induced or -conditioned. 
The appearance. of food, during anorexia, also 
elicited conditioned movements and tachycardia 
(of about half that obtained when the food vas 
eaten). This shows that the anorexia was due to a 
real absence of alimentary ‘drive’ and not to the lack 
of attention towards food. | 

A possible interpretation of these results may be 
derived from other known facts. Histotoxic hypoxia 
(0-2 mgm./kgm. cyanide) and anoxæmie hypoxia 
(10 per cent oxygen in the inspired air) inhibit 
salivary conditional reflexes; but, while the inhibition 
induced by cyanide was easily conditioned*, the 
inhibitory effect of oxygen deficiency disappeared 
with repetition’. It seems that the conditioning of 
the cardio-respiratory reactions’ results in a better 
compensation of oxygen deficiency, whereas these 
reactions are ineffective against cyanide. Therefore, 
the chemoceptive stimulation, which seems to be the 
only cause of the central inhibition’, is eliminated 
in the case of anoxwmic hypoxia, but remains un- 
changed in the case of cyanide. 

By comparison, it would be supposed that the 
animal compensates the hyperglycemia induced by 
glucose but is incapable of counteracting the effect of 
adrenalin. 
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PHARMACOLOGY 
















32 injected 1 c.c. of ‘surgical 
ral ventricles of the brain of 
rain tumour and noted peripheral 
fuse sweating, salivation, fall in 
and a lowered basal metabolic rate. 

a parasympathetic region in or near the 
he third ventricle which was activated by 
itrin. The results were criticized because of 
possible impurities in ‘surgical pituitrin’. In this 
report drug injections were made into the left lateral 
ventricle of the brain of the cat using surgical pituitrin 
(Parke-Davis), synthetic polypeptides of the pos- 

pituitary (PLV-2 vasopressin, and oxytocin, 
synthetic angiotensin (“Hyper- 
ine, norepinephrine, the 
Irs tranyleypromin (“SKF’, 
d iproniazid (“Marsilid’). 
» made into the left lateral 
anzsthetized cats (‘Nembutal’). 
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20 ugm., oxytocin 0:5 to 







The drugs were diluted in distille 
stant volume of 0-1 c.c. injected 
ventricle using a 21-tapered nee 
taxically. 


* 


Control injectic ns -0 


chloride, Ringer's solution, distilled wate 
buffer at pH range of 3-8 did not alter th 















pressure. Amounts of drug used were surgica. pit 0 
1-6 units, epinephrine 35 yg 1orepinephi 











A slight fall of blood pressure and body temperature = 
was noted after injection of surgical pituitrin. (1-0, 7 
1-5, 2-0, 2-5, 3-0, 3-5 units) into. the lateral ventricle; - 
however, a rise in blood pressure resulted after ©. 
injection of 4-0, 4-5, 5-0, 55, O units of surgical o 
pituitrin. Epinephrine (5-100 ugm.) and vasopressin 
(0-5 1.0.) produced a prompt fall in blood pressure with . 
lateral ventricle injections. EEpmephrine plus mon- 
amine oxidase (MaQ) inhibitor in the lateral ventricle 
resulted in a greater depressor response than with 
epinephrine alone. Norepinephrine and oxytocin 
(0-2, 0-3, 0-4 1. u.) resulted in a slight depressor effect, 
which became pressor with higher concentrations of . 
oxytocin (0-5-1-5 1.0.) and vasopressin (<1 1.u.). The. 
blood pressure was depressed by lateral ventricular 
epinephrine. Angiotensin caused a marked pressor ~~ 
response in all concentrations. The rate of respiration : 
was increased by epinephrine, decreased with angio-  - 
tensin and surgical pituitrin. A rise in the body 
temperature was noted from intra-ventricular saline _ 
and angiotensin. Epinephrine and epinephrine plus 
monoamine oxidase inhibitor produced a fall in body 
temperature. Epinephrine and pituitrin increased 
salivation and tended to quiet the lightly anesthetized 
cat if it became restless. | 

Variation in the site of injection in tbe central 
nervous system resulted in the following: epinephrine 
injection into the lateral ventricle after blocking the 
Sylvian aqueduct with cotton and bone wax at the 
level of the fourth ventricle, resulted in a similar fall... 
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tter caused no change in blood pressure. Tran- 
tion of the mesencephalon at the superior collicular 
abolished all blood pressure responses from 

tricular injections of drugs. 
servation that pressor—depressor blood 
hanges after intraventricular drugs were 
the amount of drug injected may explain 
esults reported by others. The mechanism 
ion is not clear; an inhibition of a vaso- 
ntre has been postulated as a cause of the 
Yresponse®?. The ventricular drug response 
olished by midbrain transection. Sharpless 
aller‘ noted depressor—pressor blood pres- 
hanges after electrical stimulation of the mid- 
brain reticular formation and believe that local 
metabolic changes occur, resulting in dilation of 
_ cerebral vessels and a depressor response; the 
-pressor phase may be due to release of vasopressin. 
Large doses of ‘Pitressin’ increase the electrical 
: activity of the posterior hypothalamus’, and receptor 
-cells in the hypothalamus have been postulated for 
the adrenergic drugs and posterior pituitary hormones. 
Intraventricular injection of small amounts of drugs 
may cause a local metabolic or vascular change in the 
hypothalamus with fall in the blood pressure, while 
larger amounts of drug may result in the release of 
these agents into the circulation with a pressor 
response. The hypothalamus may be the site of the 
drug response, as suggested by Cushing?, Feldberg®.’? 

_ and Vogt*, but further proof is needed. 
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A4 Rapid Screening Test for Detection 
— of Poisons in Blood 

. Inca series of recent articles, the separation of 
mixtures of barbiturates)? and of morphine, codeine 
ind N-allyInormorphine? was described. These 
_ =c S@parations were carried out by reversed phase paper 
> ¢hromatography both at room temperature and at 

temperatures up to 86° C., with an aqueous inorganic 

salt solution as solvent. This work has now been 

extended” to include the ‘neutral’ drugs and certain 

basic alkaloids and has been applied to extracts of 
_. human tissues. By means of this technique it has 
boem found possible to separate the various fractions 
_ obtained in systematic toxicological analysis at one 
and the same time, that is, chromatography of all 
ractions is carried out simultaneously with the one 
olvent on one sheet of paper. The chromatography 
takes only 20 min. to effect resolution of the applied 
compounds. 
Fig. 1 shows the results of the technique. 
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Fig, I. Reversed phase paper chromatography. on tributyrin- 
impregnated Whatman No. 1 paper, Solvent M A5 phosphate 
buffer pH 7-4. Temperature, 86° C, Time, 20 min. The spots 
were located by cutting out various fractions and 
the strips of paper so obtained with appropriate reagenta, 
compounds can be located in 254 my light. BA, Basic alkaloids; 
MG, morphine group; NE, neutrals; WA, weak acids: SA, 
strong acids: PZ, pilocarpine; BHY, physostygmine; PE, 
pethidine; CY, cyclizine; Mf, morphine; C, codeine: N, Na 
allylnormorphine; PHE, phenacetin: E, ethinamate; Ba, barbi- 
tone; Ph, phenobarbitone; Bu, butobarbitone; Q, quinal- 
barbitone; Sal, salicylic acid 


+ 


It is suggested that this procedure will serve as 
a useful screening test in toxicological analysis in- 
volving those poisons which are soluble in organic 
solvents. 

H. V. STREET 
Department of Forensic Chemistry, 
University of Edinburgh. 
‘Street, H. V., J, Chromatog. (in the press). 
* Street, H. V., J. For. Sei. Soe. (in the press). 
* Street, H. V., J. Pharmacol., 14, 56 (1962). 


HAZMAT OLOGY 


A New Hemoglobin Variant (GGaiveston) 


PEPTIDE analyses of threo varieties of hemoglobin 
G have been reported, and each has been found to 
exhibit a different amino-acid substitution!-3; two 
of these involve the «-chain of the hemoglobin half- 
molecule and the third involves the @-chain. Recently, 
the occurrence of another type of hemoglobin G, 
found together with hemoglobin A in a Negro woman 
and in five of her six children, was reported*, (At 
this time it is known that all six children have this 
variant.) 

The hemoglobin G in this family was identical in 
electrophoretic and chromatographic mobifity with 
that of the first two reported cases of this variant5~’, 
However, it differed from these with respect to its 
quantitative resolution in electrophoresis in different 
buffers. In the first two cases of hemoglobin AG, 
the proportion of G was about 50 per cent, both in 
zone electrophoresis, barbital buffer, pH 8-6, and in 
free electrophoresis, cacodylate buffer, pH 6-7. In 
the hemoglobin AG in this family there was also 
about 50 per cent G in zone electrophoresis, barbital 
buffer, pH 8-6. ` However, in free electrophoresis, 
this proportion varied with the buffer: there was 
about 75 per cent G in phosphate buffer, pH 6-4, 
about 65 per cent in cacodylate buffer, pH 6-5, and 
about 50 per cent in tris buffer, pH 7-4. 
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SRS gee on ia 
accompanying hemoglobin A by starch-block electro- 
phoresis, concentrated on ai ens Summon 
Ripssted with trypsin, as described by 


. 


—— following Ingram’s procedure’, ‘and the 


ed prgcedure of Baglioni. 


ithe isolated sample of this hemoglobin G was 


slightly contaminated with hemoglobin A (Fig. 1), 
because of the proximity of A and G on starch- 
block electrophoresis; therefore, the contami 
peptide of hwmoglobii A, A-25, can be 7 

Fig. 24, A iosep and tracing of the fnger 
print of hemoglobin G. The peptide difference » in 
hemoglobin G compared with hæmoglobin A is 
apparent on observation of the prints of the 
two hæmoglobins (Fig. 2A and B). Peptide 25 
in the variant hæmoglobin is altered in its position 
on the fingerprint in that it has migrated more slowly 
toward the anode than the comparable peptide® in 
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hemoglobin A. This slower mobility of 25 
mimics the slower migration of hæmoglobin G in 
electrophoresis at pH 8-6, as with hæmo- 
globin A. Furthermore, the of 24 
of the Hemoglobin G te also Hai ait same 
degree. This is to be expected since the two — 
24 and 25 are of the same amino-acid composition, 
although in peptide 24 the methionine residue has 
been converted the experiment to methionine 
sulphoxide’. The presence of methionine in peptide 25 
facilitated the identification of the altered peptide in 
this hemoglobin G. The shaded peptides on the 
tracings of the fingerprints in Fig. 2 are the spots 
reacting with the stain specific for methionine. 
Peptide 25 is known to be a part of the §-chain of 
the hemoglobin half molecule’. There was no new A, 
component detected on starch-block electrophoresis. 
Unfortunately, the family with this variant no longer 
livesin this part of the United States, and the supply 
soperation and Gageescinting otitis a. ani Boa 
tion an ting o a- 
for direct evidence that the amino-acid substitution 
s — —— f hemoglobin G 
summary, a type o oglo occurring 
in an American Negro family has been analysed and 
found to carry an amino-acid substitution in peptide 
25 which in the new nomenclature?’ is designated as 
B™V, This hæmoglobin differs from those previously 
reported and has been named —— Gdalveston 
and may be formulated’? as a} p 
— —* and i ‘Dr, P —* This 
encouragement suggestions wo 
research was supported by a grant from the National 
Institutes of Health RG6492 (C2), a grant to Dr. 


Fig. 2. Photographs and tracings of fingerprints of tryptic digests of (A) hemoglobin Gaatveston and (B) hæmoglobin A 


— 





— 







‘Oliver from the Funan Gaictiow’ Fun 


Servite: = 970. BARBARA HE Ponas 


| l HARRIS MORELAND 
l ea Foundation, 
-University of Texas, 
Austin 12. 

| . Rose G. SCHNEIDER 
| Tissue Metabolism Research Laboratory, 
| | University of Texas Medical Branch, 
i a Galveston, 
i A Baglioni, C., and Ingram, V., Nature, 189, 465 (1961). 
si — R. T., and Hill, R. L. (Cunpuhliahed work). 
* HIR, — Swenson: R., T., and Schwartz, H., J. Biol. 
a” "85. 3182 (1960). 
—— R. G., and Haggard, M. E, J. Lab. and Clin, Med., 56. 
“Se ngton, G. M., and Lehmann, H., Lancet, ti, 173 (1954). 
Dooe E Edington, G. M., Lehmann, H., and ‘Schneider, R. G., Nature, 175, 

ee BGO CLOGS), 
TETE ma, Vella, F., Ager, J. A. M., and Lehmann, H., Nature, 182, 460 (1958). 
cee E fnaram, V. M., Biochim. et Biophys. Acia, 28, 539 (1959). 
eo o A Bagom, C., Biochim, et Biophys. Acta, 48, 392 (1959). 

— te Gerald, P, S., and Ingram, V. M., J. Biol. Chem., 288, 2155 (1981). 


Chem., 


PATHOLOGY 


Cytolytic Effect of Homogenates of 
Mouse Adenocarcinomas on White 
Cells 


Homocrenatres of the adenocarcinomas of mice 
(females of the C3H strain) hemolyse red cells of 
mouse and of man. This is due, in part at least, to the 
higher fatty acids which can be extracted from the 
tumours and also from normal mouse tissue’. The 
question which now arises is whether these higher 
fatty acids cytolyse white cells. 

 Cytolysis of white cells is more difficult to demon- 
strate than hemolysis of red cells. After washing white 

<- veels derived from man (preferably with a white cell 
count of 10,000-20,000) or leukemia in man, placing 

them on ‘Millipore’ filters impregnated with the higher 

fatty acids, and then trying to stain them, it became 
apparent that this method, although advocated for the 
detection of tumour cells, is unsatisfactory for investi- 
gating the changes in white cell cytology produced by 

-the higher fatty acids or by tumour homogenates. 

The following technique was finally adopted. 
oo A solution of M/10 ricinoleic acid in benzene 
ore (28m a is diluted so as to give M/20. 

co MJO. . M/800 solutions of the fatty acid in 
: benzene. “To a series of small test tubes, 0-2 ml. of 

< each solution is added; the solutions in the tubes are 
then dried at 60° C., and the tubes are cooled to room 
erature. A volume of 0-2 ml. of a freshly 

ed white cell —— with a known volume 









toea ir tube. ‘The t tubes are inoubated i ina a water bath 
at 37° C., and the tube containing the highest concen- 
tration of fatty acid (M20) is removed from the water 
bath after 15 min. and centrifuged for 1 min.; a film 
= of the sedimented white cells is made, and aned 
with MacNeil's tetrachrome. 








nuot occurred, 
— relatively normal. After 30 min. the tube with the 
next highest fatty acid content is removed, and the 

is repeated; this is continued at intervals of 
. up to 6 or 6 hr., when it will be found that a 
ufficiently low concentration of fatty acid (for 










g — — doss not prod 


o by @ grant to one oft us a(R. GS. * V. 8. Pu bl; lic He alth ~ after these long times. « 


| The cells are examined. 
with oil-immersion. If cytolysis has occurred, little or: 
-no cellular detail can be made out; if cytolysis has 
the nucleus and cytoplasm appear. 












At the same time. as this atandan ization’ ‘part. < of © 
the experiment is carried out, 5 or 6 tubes, to which | 
have been added 0-2 ml. of a*Soxhlet extraction o 
tumour or normal tissue in benzene, are dried at 60°C. 
cooled and incubated in the wdter bath at 37° C.. 
After 0-2 ml. of white cell ‘suspension has been added, © 
one is removed every hour, films ake made from the. 
centrifuged cells, and -the presence or absence of- 
cytolysis is determined by examining the stained- 
film. After some hours, for example 5 hr., about 
the same amount of cytolysis will be found as occurs. 
in a certain concentration of ricinoleic acid in 5 hr, = 
for example 17/500 ricinoleic acid. Suitable control oe 
tubes must be included. TEES 

Suppose that after 5 hr. the cytolysis in the tube — 

containing tumour extract is about the same as that 
in M/500 rieinoleic acid, and suppose that 1 gm. ofo c 
tissue has been extracted in 25 ml. of benzene, One. 
mil. of extract is then equivalent to I mb. of ricinoleic 
acid in a concentration of 0-56 mgm./gm. wet weight 
of tissue or 2-8 mgm./gm. dry weight of tissue. In 
fact, 3 gm. of tissue had been extracted, and so the 
fatty acid content, in terms of dry tissue weight, is 
0-93 mgm./gm. of (dry) tissue extracted. The method. 
is not exact, principally because it depends on the 
presence or absence of cytolysis as determined by 
microscopic examination, but it can nevertheless be 
relied on to a power of 2. 

The mean of the fatty acid contents, in terms of | 
dry tissue weight, was found to be 0-52 mgm./gm. of 
(dry) tissue extracted, the standard error of the mean 
being + 0-13. The mean is therefore 520 y/gm. of 
(dry) tissue or only about one-tenth of the quantity 
of fatty acids found by fluorescence. It is also about 
ten times greater than the quantity of fatty acids 
which produces slow lysis of red cells. All the C,, fatty 
acids found by fluorescence measurements are cer- 
tainly not involved in the cytolysis of white cells, but 
the quantities of fatty acids involved in the cytolysis 
of white cells is much greater than the quantity 
involved in the production of hemolysis. The reason > 
for this is probably that not all the fatty acid can | 
react with cell surfaces because its solubility in the 
cell components is limited; if this is so, the amount 
of fatty acid which reacts with the white cell is about 
ten times that which reacts with the red cell, but 
only about one-tenth of the fatty acid present in the 
systems. | J 

This work was done under a grant, No. C-4467, from 
the U.S. Public Health Service. 

Eric PONDER 
Roura V. PONDER 
Nassau Hospital, 
Mineola, 
New York. 
! Ponder, Ej, and Ponder, R. V., Nature, 189, 643 (1961). 


Extraction of the Higher Fatty Acids 
from Human Malignant Tumours oe 
C,, OR higher fatty acids can be identified in and .. 
extracted from mouse mammary carcinomas and | 
from mouse lymphomatous tissue!-*. Similar substan- 
ces can be extracted from normal mouse tissue, but 
they are usually less hemolytic than are the substan- 
ces extracted from tumours and lymphomas’. The >. 
method used for estimating the quantity of the higher =. 
fatty acids is based on their fluorescence in benzene 
when treated with rhodamine B and uranyl nitrate in 
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benzene. From the apparent amount has to be 
subtracted the amount ofevitamin A and related 
substances which are soluble in benzene and very 
fluorescent; this is measured by spectroscopy at 
3300 A. o 

It is known* that minces or homogenates of human 
malignant tumours*are hemolytic (for a more com- 
-plete review, see ref. 5), so tis communication will deal 
only with the quaħtity of higher fatty acids and other 
benzene-soluble fluorescent substances which can, be 
extracted from malignant human tumours. 

The average quantity of the higher fatty acids 
found by fluorescence is 8-8 + 0:43 mgm. per gm. dry 
weight (in tumours which include metastatic adeno- 
carcinoma, metastatic epithelioid carcinoma, and 
primary carcinomas of stomach, kidney and breast). 
The mean is double, and its standard error is 3-9 times 
greater than that found for mouse adenocarcinoma of 
the breast. The content of vitamin A and of related 
substances in human tumours is very small (average 
0-04 y/ml.). © 

This work was done under a grant, No. C—4467, 
from the U.S. Publie Health Service. 

Eric PONDER 
: Rura V. PONDER 
Nassau Hospital, 
Mineola, 
New York. 3 

Ponder, E., and Ponder, R. V., Nature, 189, 043 (1961). 

* Ponder, E., and Ponder, R. V., Nature, 184, 819 (1959), 

* Ponder, E., and Ponder, R. V., Nature, 182, 1737 (1958). 

* Gross, L., Proc. Soc. Exp, Biol, Med., 72, 656 (1949). 

s te) E.. Protoplasmatologia, 10, No. 2 (Springer-Verlag, Wien, 


RADIOBIOLOGY 


An Autoradiographic Examination of 
the Utilization of Tritiated Histidine 
by Cells of the Skeletal System 


COLLAGEN contains a very small amount of histidine 
in the order of 2: 419 residues of amino-acids’. 
Hemoglobin of red cells has as much as 8 per cent 
histidine*. Autoradiography with tritiated histidine 
appears to offer an adequate means of examining this 
amino-acid in the skeletal system in spite of its low 
concentration. Such an investigation is of interest 
from several aspects, namely: (1) an adequate and 
specific histochemical method for histidine is lacking; 
(2) it would be of basic significance to ascertain 
whether intracellular histidine is utilized in bone and 
cartilage matrix production. 

24 female, 2-weeks-old mice of the Brookhaven 
National Laboratory strain of Swiss albino were 
examined, The animals received a subcutaneous 
injection o of tritiated histidine (1 c./gm. body-weight) 
and were killed 1, 4, 8, 24 hr., 7 and 14 days later. 
Intact femora were fixed in cold-buffered formalin for 
24 hr. followed by 24 hr. of washing in running tap 
water and decalcification in a 10 per cent solution of 
‘Versene’, Paraffin blocks were prepared and sections 
were cut at 5u. Autoradiographs were prepared by 
covering the sections with NTB; liquid emulsion and 
—— the preparations for 30 days in a cold, dry 

tmosphere, after which time they werp developed and 
—— routinely with hæmatoxylin and eosin. The 
number of reduced silver grains overlying different 
cell types were counted in autoradiographs. Each 
value represents an average number of .grains per 
cell. One hundred cells of each type were counted. 
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a EM 1, —— hs made from a 5-week-old mouse femur 
r. dministration of tritiated histidine. (A) Represents 
—— plate (B) the metaphysis, Note that at this mta the 
isotope is —— ——— th the cellular complement of the 
tissues matoxylin and eosin stain. (x c. 180) 





Autoradiographs made from a 5-week-old mouse femur 
pe en mee aa of tritiated histidine, (A 


the newly deposited 
etaphyseal trabecul# are very heavily oe sincs 
the niaig oft the trabeculm enoo Loned oe matrix 


mpasses la 
and sin e is deposited in regions of newly tos oiana 
———— OA eoblasts. Hæmatoxylin and eosin stain. (x c. 180) 


In all sections examined, cellular labelling included 
both the nucleus and cytoplasm. One hour after 
isotope istration, cells of the osteogenic layer of 
the periosteum, especially those at the perichondrial 
zone, were heavily labelled (4-46 grains/cell). Meta- 
physeal endosteal osteoblasts were the most heavily 
labelled cells (6-93 grains/cell). Weak labelling was 
seen in osteocytes along the cortical shaft. Numerous 
silver grains were observed over periosteal and meta- 
physeal osteoclasts. Red blood cells and especially 
megakaryocytes were heavily labelled. Other bone 
marrow elements contained isotope; however, seg- 
mented neutrophils ap to take up less tritiated 
histidine. At the epiphyseal disk (6-29 grains/cell) 
and articulating surfaces (4-54 grains/cell) the cells of 
the proliferative and hypertrophic zones were most 
frequently labelled. Most of the histidine was intra- 
cellular 1 hr. after isotope administration (Fig. LA and 
B); however, 4 hr. afterwards there was evigence of 
labelled histidine in regions of new bone and cartilage 
formation. This labelling was pronounced along the 
trabecule, in recently deposited collagen about 
osteoblasts, and between the columns of epiphyseal 
cartilage cells. Cartilage and bone matrices were 
extensively labelled after 8 hr. (Fig. 2A and B). 
Reduced silver grains were distributed throughout the 
cortical shaft. Within 24 hr., intracellular labelling 
was obviously weaker. At 14 days, only a few extra- 
cellular grains could be found in the soft skeletal 
tissue. Cells of the osteogenic layer of the periosteum 










A epiphyseal disk 0-26. The grains observed previously 
in trabecular and cortical bone were still present after 
14 days. Newly formed collagen at the sub-epiphyseal 
gion of the metaphysis was not labelled; 

, the presence of tagged red cells persisted 
ut the study. With increasing time, as the 
ular labelling of different cell types became 
both the nucleus and cytoplasm appeared to 














e ae Tanon aod — ihe histoskieninal 
iethods at present available. In addition, the turn- 
over of isotope from intracellular to extracellular 
“eompartments was followed. Almost every cell 
= examined incorporated some amount of tritiated 
histidine into its protoplasm. Skeletal cells utilized 
- the bulk of their histidine in matrix production. This 
“gan be said of periosteal, endosteal, and cartilage 
cells of the articulating surfaces and epiphyseal disk. 
. Histidine turnover was so rapid in skeletal cells that 
` occasional areas of labelled matrix were seen as early 
as l hr. after isotope administration. After 8 and 
24 br., large quantities of reeently deposited labelled 
matrix were seen and 7 days afterwards tritiated 
histidine appeared essentially extracellular. Neuberger 
et al. and Robertson’, using labelled amino-acids, 
showed that collagen is metabolically inert compared 
to other proteins. Turnover of collagen, however, 
ean be relatively rapid in certain tissues, such as liver, 
bone, and periodontal membrane, In the present 
work, histidine taken up by skeletal cells was deposited 
in newly formed matrix within 1-4 hr. Once in matrix, 
however, very little turnover was noted. 
This work was supported by the U.S. 
Energy Commission. 
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Effect of Nutrient Potassium on the 
-Uptake of Cæsium-137 and Potassium 
— F and on Discrimination Factor 

PRhpiorroxs of the potential hazards from fall-out 
radioisotopes in man’s food chain have often been 
‘based on ion-pair relationships'*. For example, 

because of close chemical similarities between stron- 








| és ibited | 062 grainjosil; PORT ‘endosteal tium — calcium, the transfer of ‘etrantiuih-36 


-osteoblasts 0-43, the articulating surfaces 0-41, and 


through biological materials has been correlated with. 
calcium. The ratio of*strontium-90/calcium of the 
tissue to the same ratio in the substrate, that is, 
strontium - 90 / calcium (tissue)Y strontium -90/calcium. 
(substrate), has been termed by Comar the observed. 
ratio’, More recently cesium-137 hazards have been. 
considered in terms of clesium-137 7?/potassium ratios: -` 
Certain applications of these ratiós have been eriti © 
ciged by KornBerg*, and the conditions necessary for o 
their valid application in hazard assessment dis- 
cussed. This report presents results which demonstrate. 
the absence of any consistent relationship between theos 
accumulation of cæsium and potassium in bean plants, 
and further demonstrates the limited applicability of 
cxsium-137/potassium ratios in hazard predictions... © 

Five-day old seedlings (Phaseolus vulgaris L. var. 
red kidney) were grown in a growth chamber for 16 
days in solutions which were renewed every 3-4 days. 
Environmental conditions were: 16-hr. photoperiod, 
25° C. temperature, and 45 per cent relative humidity. 

The nutrient solution was half-strength Hoagland’s - 
in which potassium was varied from 0-02 to 30 mM 
with 1 pe. carrier-free cesium-137 per litre. At 
harvest, plants were separated into roots, stems, old 
(Ist and 2nd trifoliate) and new (3rd and 4th trifoliate) 
leaves. Tissues were digested in hot nitric acid. 
Cesium-137 content was determined radiochemically 
and potassium content by flame photometry. These 
procedures have been described more fully elsewhere’. 

The results of the investigation are shown in 
Table 1. The uptake and translocation of both 
cesium and potassium are markedly influenced by the 
variation of potassium in the media. If the uptake fo 
cesium-137 were independent of any effect of sub- 
strate potassium, the cresium-137 contents of tissues 
would have remained unchanged throughout the 
experiment. If the plant treated both cæsium and 
potassium identically, the ratios in the last column of 
Table 1 would, in all cases, be unity. The data do not 
support either of these cases. 

Increasing the level of nutrient potassium resulted 
in a reasonably uniform increase in the potassium 
content of all the plant tissues. This increase was- 
not, however, proportional to the increase in the 
substrate, indicating some measure of control on the 
part of the plant. The increase in nutrient potassium 
concentration had a less marked effect on cesium-137 | 
content of tissues. While uptake was generally ` 
reduced by increased potassium, there was very- 
limited effect over wide ranges of potassium concen- — 
tration, especially in the leaves. — 

The differential behaviour of cæsium and potassium > ~ 
is best indicated by the discrimination factors listed. 
in Table 1. The discrimination factor values varied 
6-fold in roots, 40-fold in stems and 100-fajd in leaves -> 
as concentration of nutrient potassium was varied 
over an approximately 2,000-fold range. Even 
within the commonly encountered physiological - 
substrate-levels of potassium from 1-10 mM, the © © 























fable 1. INFLUENCE OF NUTRIENT POTASSIUM CONCENTRATION ON THE ACCUMULATION OF POTASSIUM AND CHSIUM-137 IN BEANS 


mgm, potassium/gm. 







Leaves 
mil K Roots Stems Old New Roots Stems 
88 18 21 12 16 181 O24 
G+ 46 39 21 26 6-558 1 
0 59 4R 2 29 tila ` 0-083 
8-0 62 56 82 83 O12 0087 
10-0 71 73 45 42 O09 0-087 
BO’ 91 115 106 7i 0-05 0-038 


‘Values are means of three replicates with six plants per replicate. 


ue, caeslum-137 /gm. 


Discrimination factor = (=) tissue / 4 — wee 


Leaves Tare: 

Old New Roots Stems Old New 
0-20 0-23 ° O11 œa 0-013 0-018 
0-11 O15 0-16 0-03 0-06 0-08 
O-11 O14 0-09 0°07 0-16 0-19 
wil 0-13 0-22 0-17 0-40 046 
O11 012 49 0-27 0-95 10 
0-09 . 0-08 0-74 0-41 1-0 13 


F Means connected by a brace are not significantly different at 0-05 level by Duncan multiple range test (ref. 8). 
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_ disdefaination factor values changed 3-fold. The 
lack of a constant relationship between cesium and 
potassium accumulation is in agreement with previous 
data of Cline and Hungate’ from intact plants using 
carrier cesium and also from short-term studies by 
Middleton® using evi’ roots and intact barley 
plants. 

In view of the largely independent behaviour of 
cæsium and potassium in plants, there would seem 
to be no valid reason for using ratios qf these elements 
in procedures for hazard evaluation. Similar on- 
clusions can be drawn from animal data’. 

This work was performed under contract No. 
AT(45-1)-1350 between the Atomic Energy Com- 
mission and the General Electric Co. 
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Removal of Deposited Plutonium by 
_ Triethylenetetramine Hexaacetic Acid 


Tue effectiveness of the chelating agent tri- 
ethylenetetramine hexaacetic acid (TTHA) in re- 
ducing deposition of cerium-144 in the rat has been 
reported in a recent publication by Catsch and 
Schindewolf-Jordan'. The successful removal of 
cerium-144 from bone reported by these workers 
suggested the use of this new chelating agent in 
eurrent investigations of plutonium therapy now in 
progress in our laboratory. The purpose of this 
communication is to report preliminary results with 
TTHA administered to rats containing deposited 
plutonium and to compare these results with the 
results of similar treatment with diethylenetriamine 
pentaacetic acid (DTPA), the present agent of choice 
for the removal of internally deposited plutonium’. 
og Adult female Sprague-Dawley rats averaging about 

220) were injected | intravenously with approx- 

t — as the citrate — 





plied by Geigy 
3 TTHA a by Eltex pone’ 
n, Providence, Rhode Island, under con- 
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Table 1. COMPARATIVE EFFECTIVENESS OF DTPA AND TTHA In REMOYAL OF Puvroxtom 
(Results expressed as per cent of administered dose with confidence limits (P =o 05) 














with one equivalent of calcium h 
cient sodium hydroxide to adjus 
agents were administered at- p) 
or intraperitoneally, as indicated i 
were collected during the 4-day 
to treatment, after which tim h 
killed. Samples were prepared i fo 

by wet digestion in. conce trate 


resulted in greater removal of pluto onium from ‘pone. oe 
than was accomplished ae eee — DTPA —— ee 





in —— liver deposition. eget 
accord with the’ observed. Cherapoutie. paidia Pirr 
of the two agents in removal of cerium-l441, = 

DTPA and TTHA were. equally effective in pros 

moting plutonium excretion when given intra- 
peritoneally 18 days after the radioisotope injection. . -. 
The effectiveness of the chelating agents was markedly o 
decreased with delayed. treatment, as was also true SOS 
of removal of cerium-144 7. 


TTHA DIPA 
N—(CH,COOH)s B—{CHy-COOH)s 
on, ca š 
CH, CH, 
N—CH,COOH —CH,COOH 
CH, én, 

CH, Ha 
N—CH,COOH N(CH; COOH), 
CH, 

H 


| 
N-—(CHy—COOH), 
Fig. 1. Structural formule of DTPA and TTHA. 


The effectiveness of the orally. administered 
chelating agents is of particular interest since this 
mode of prompt therapy would be most practicable 
from the medical point of view. The limited gastro- 
intestinal absorption of DTPA found by Foreman? 
suggests that relatively massive oral dosages would 
be required to obtain significant levels. of the 
agent at the sites of isotope deposition. From the. __ 
structural similarity of the two compounds (Fig. 1), 
one would predict. comparably low gut absorption = 
of TTHA. The results in Table 1 show that oral oe 
administration of 6 mM/kgm. DTPA or TTHA __ 
reduced bone. — to. about. ‘the same extent ` 

iper il dose The TTHA 








— ver te ee T THA over DTPA a 
was very clearly apparent, “Similar effects: on bone — 





No, of 
si "Treatment animals Liver Femur Total rat 
fikem; intraperitoneal DTPA 6 0:44 + 0-07 0-40 + 0-05 TEL OF 
after Pu injection TTHA 6 0-78 + O20 O25 + 0-07 614-12 
m., intraperitoneal 5 2-4 +06 BB+ OB 564° 4 
ot Pu iniectio HA . 6 29403 26+05 56+ 7 
6 15405 0-53 + 0°07 138+ 2 
5 0-80 + 0-60 0-36 + 0-06 Sit 10 73 ` 
3 1145 2140-7 55417 29 10 
$ 3 208 0-48 + 0-16 11+ 8 67 7 
ach: ‘group summed and averaged for a fo — total. 
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_. deposition with oral — — DTP. 


plutonium in liver was not removed to the extent 
< observed in this investigation. 
The 6 mAf/kgm. oral dosage of TTHA was some- 
. what more toxic than DTPA and resulted in severe 
-. diarrhoea and the death of one animal during the 
_ 4-day course of the experiment. At a higher dosage 
of 7-5 mM jkgm. severe diarrhea was observed with 
_. both chelating agents and 50 per cent mortality 
.-oeeurred in the TTHA animals by the fourth day. 
o Toxicity. was not grossly apparent at the lower oral 
_. dosage of 2-8 mM /kgm. It seems quite probable 
-that slight alterations in the manner of administra- 
tion of the TTHA might significantly reduce its 
— — 
While not strikingly superior to DTPA when 
A inistered intraperitoneally, TTHA would appear 
oto offer substantial advantages as an orally effective 
agent. It is, in fact, the first substance to show 
promise of a practical degree of oral effectiveness 
= In-removing plutonium. Further studies are planned 
to more clearly define the limits of toxicity and 
therapeutic effectiveness as a function of dosage- 
~~ devel. 
"This work was performed under contract No. 
AT(45-1)- 1350 between the Atomic Energy Com- 
mission and the General Electric Company. 


J. E. 
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Alkoxyglycerols in Irradiation Treatment 


Ir has previously been shown that the alkoxy- 
glycerol esters to a certain extent prevent leuco- and 
thrombo-cytopenia'. During 1955-56 about 300 

=. patients, suffering from cancer of the uterine cervix, 

were given alkoxyglycerol esters for the whole period 

of treatment with radium and X-rays. The white 

 eell and. the thrombocyte counts were higher for the 

‘prophylactic group’, that is, patients treated with 

. alkoxyglycerol esters, than for the controls, that is, 

- the group treated with irradiation only, both during 
the treatment and after its termination. 

| Farther experiments? on irradiated rats have 

ho en the —— and or esters — 






gror vth*stimulating substances for Lactobacilli. 
For the major group of patients suffering from 
cancer of the uterine cervix, to which alkoxyglycerols 


were administered during the radiation therapy, 


5-6. years have now elapsed. Thus it is possible to 
. make a comparison between the times of survival 
: Toup treated with alkoxyglycerols and for 
i ——— with radiation only. 









ati ients are grouped in stages I-IV, ihe most 
01 IV. The time of survival for the 





ie. treatment “were - observed | by Smithi: however er, aeii IN 1985 AND 1956 — — 


— e ly the. nomi of rats and that — act as 









STERS ADMI 
TO ‘PROPHYLACTIC GROUP) = > 


Total = i-yr. survivals 5-yr. survivals 
patients Per Per- 
; .No. cont. No. cent 
Stage I Prophylactic ae oe 
group 66. 64 97-0 59 88.4 
Control group 120 fig * 98-3 100 833 
Stage HA Prophylactic bata 
group 88 83 04-3 6 750 
Control group 132 123 « 932 70 pš 
Stage FLE Prophylactic — 
group è » 85 72 84-7 49 GTO. 
on e Control group 135 111 82-2 56 41-5 
Stages Prophylactic . 
ILA and group 173 155 89-6 115 66-5 
IB — Control group 267 234 87-6 135 50-6: 
Stage TTI Prophylactic 
group 37 27 73°0 9 24-3. 
_ Control group 106 67 63-2 26 24:5 
Stage IV Prophylactic s 
group 8 4 (500) 2 (25: 0) i 
Control group 32 11 B4-4 4 Teo. - 
control group agrees with the results quoted in. 
literature’. Table 1 shows that particularly for 


stage II the time of survival is markegly longer for 
the treated group than for the controls. 
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Mechanism of Hair-Growth 


FUNCTIONAL activity of the hair follicle is known to 
be a cyclical phenomenon in many species!*, involving 
periods of active growth and periods of apparent 
inactivity. The mechanism controlling this cycle is 
cutaneous, since hair-growth occurs in vitro?*, The 
nature of this control mechanism is unknown. 
Chase'*-§ has suggested the growth-cycle is caused 
by the rise and fall in the activity of an ‘inhibitor’. 
This proposal, however, contains certain limitations. 


Although Chase claims his hypothesis does not 


exclude the participation of a ‘stimulator’, its presence 

is an essential premise of his argument. The wane of. 
‘inhibitor’ activity would, in itself, be incapable of = 
initiating a growth-cycle, for within the follicle there ~~ 
must exist a propensity to grow. Presumably this is 
manifested when the activity of the hypothetical = 
‘inhibitor’ declines to a threshold-level. This growth  — 
propensity necessarily requires a cause, in effect the- 
action of a ‘stimulator’. | 

A cyclical change in ‘stimulator’ act#vity alone 
could cause the growth-cyele. According to this 
scheme, anagen would commence above a threshold | 
of ‘stimulator’ activity and terminate when activity | 
had sufficiently declined. ‘Stimulator’ activity may 
decline without involving the action of an ‘inhibitor’, — 
as by depletion through utilization, or loss in the | 
blood. This is a simpler hypothesis than those also 
involving ‘inhibitors’; it is therefore more desirable 
at the present state of knowledge. 

During the life of an animal a follicle may grow 
many hairs. Cyelical changes in ‘stimulator’ or 
‘inhibitor’ activity are inadequate to explain the 
occurrence of a sequence of growth-cycles, for the 
wax and Wane of such hair-growth factors are them- 
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selves cyclical phenomena. A control mechanism is 
necessary to cause this flux from cycle to cyele. 
+ 


B. K. Davis* 
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Natural Pollination of Cocoa 


SEEDS from pods set by natural pollination on a 
clone which, when self-pollinated, gives 25 per cent 
albino seedlings! have been raised in a nursery and 
scored for this character. The plot is square, 13 x 13 
trees, and is surrounded by other cocoa. 

Of 3,382 pods examined over five seasons (1956- 
60)..1,251 (37 per cent) gave no albino seedlings, 
and were therefore classified. as being due to pollina- 
tion from outside the plot (category ‘a’ pods). Of the 
2,131 pods which gave segregating progenies 308 
(9 per cent of total pods) gave too few albino seedlings 
for the segregation ratios to be accepted as 3: 1 
(x? test), and it appears that these pods must have 
resulted from pollinations involving a proportion of 
pollen from outside the plot together with pollen from 
the plot itself (category ‘b’ pods). In the 1960 season 
892 pods were examined, giving a total of 30,089 
seedlings of which 4,292 were albino, these being 
obtained from 612 of the pods (69 per cent). Had all 
these segregating pods given 3 : 1 ratios 5,190 albino 
seedlings would have been expected. Of the 612 
segregating progenies 41 (5 per cent of total pods) 
were classified in category ‘b’ and the remainder in 
category ‘c’ (with ratios individually acceptable as 
3:1). However, only 78 of the albino seedlings 
were from category ‘b’ pods, and the 4,214 albino 
seedlings from the 571 eategory ‘c’ pods were substan- 
tially fewer than the expected 4,815 had they all 
given. true 3:1 ratios. It is clear, therefore, that 
may oF fhe pods accepted as giving 3 : L-ratios also 
yosuuted ir 





om. pollinations involving a proportion of 
tside the plot. 

yollen from both outside and 
se from a flower being visited 
ting insect, and this is known 
proportion of flowers which 
igh, usually more than 80 per 
















5, if seems likely that most of these 
are due to single insects carrying pollen 
an one flower. Evidence in support of 
s found in the higher proportion of pods in 
‘b harvested near the centre of the plot. 
. Two types of pollinating insect are believed to be 
concerned; various species of midge can effect cross- 
dilination! (including, of course, polljnations between 
the same tree or clone) while small 
certain species of ants, 
f some part of the 3: 1 
ion by crawling insects, 
ie pollinations due to flying 
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of heavy flowering often as high as 
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insects which involve mixed pollen must be 
be yet higher, although no precise estimate 8 
When it is further considered that polli 
involving pollen from more than one flower- 
the plot are not distinguishable from those involving: 
pollen from only a single flower, and similarly polling- 
tions involving pollen from more than one flower — 
outside the plot cannot be separated from those =~ 
involving only single flowers, it is tempting, in view 
of the frequency of observably mixed pollinations, to... 
conclude that a very large proportion and perhaps the 
vast majority of pollinations by flying insects involve. 
pollen from more than one flower, =. = >. 7 

Pods in category ‘a’ range in frequency from. 
46 per cent of total pods in various parts of the p 
being more common around the edges, wh hi 
category ‘c’ (47 to 67 per cent) are commoner toward: 
the centre’; but the pattern is markedly eccentric. 
The highest frequency of category ‘ce’ pods and th 
lowest of category ‘a’ roughly coincide, and occu 
at the centre of the plot but. below and to the 
the centre, looking up the slope on. which the plot 
planted. As mentioned above category ‘b’ pods a 
also less frequent near the edges; they range i 
frequency from about 4 to 16 per cent, and are | 
commonest above and to'the right of the centre ofthe —— 
plot. Thus the proportion of pollen from outside the 
plot reaching a given point in the plot would appear — 
to be controlled not only by the distance of that point 
from the edge of the plot but also by some second 
factor, which is probably air movement influencing 
the direction of movement of the pollinating insects. 

This communication is published by permission of 
the Director of Cocoa Research. — oe 

D. R. GLENDINNING 
West African Cocoa Research Institute, 
Tafo, Ghana. 
1 Posnette, A. F., J. Hort. Sei., 25, No. 3 (1950). 
2 Voelcker, O, J., Seventh Ann. Rep, Cacao Res. (Trinidad) (1937). 
* Entwistle, Mrs. H., Proe. Cacao. Breed. Conf., W.A.C.R.1L, Tafo, 
Ghana (1956). 

— —— A, F., and Entwistle, Mrs. H., London Cocoa Conf. Rep. 
5 Posnette, A. F., Trop. Agriculture, Trin., 19, No. 10 (1942). 
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Cultivation of Isolated Tissue derived 

from the Pericycle of Roots = 

In the growing root the pericycle is the site of the: 

interesting morphogenetic activity, the initiation of 

lateral root primordia. This tissue also participates in 
production of the secondary tissues of the root. Foro 





‘the investigation of the factors which initiate these 


activities in the pericycle and lead to the formation of 
organized tissues such as root primordia or cambium, 
it is desirable to have pericycle tissue isolated from — 
the morphogenetic influence of neighbouring tissues. — 
Surgical isolation would be almost impossible because. 
of the small number of cells involved and the risk of 
A method for the production of large quantities of 
tissue from cells originating in the pericyele has beer 
developed as the result of earlier observation 
Goldacre' showed that, in isolated roots of flax, mar 
lateral root primordia were present. Treatment of o-< < 
these roots with indolyl-3-acetic acid (IAA) induced 
waves of cell division, in the quiescent pericycle, 
originating from each unemerged lateral root primor- 
dium. Treatment with TAA also caused degeneration 
of much. of the root cortex tissue. 
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Callus has now been produced by the incubation 
of a macerate of LAA-treated roots as follows. Using 
the methods previously described', isolated roots of 
flax (Linum usitatissimum L. cultivar ‘Ventnor’) were 
grown to a length of 10-12 cm. LAA was then added 
aseptically to the growth medium to give a concen- 
tration of 10* M and incubation at 25° C. was con- 
tinued. Seven days after adding IAA the roots were 
aseptically macerated with an MSE overhead-drive 
homogenizer operated at full speed for 1 min. using 
4 roots to 25 ml. of basal medium! supplemented with 
6 per cent coconut milk and 10-* M IAA. The sus- 
pension was poured into 80 ml. of the above medium 
in a 750-ml. Erlenmeyer flask. Flasks were oscillated 
once per second on a horizontal shaker at 25° C. for 
about 4 weeks. During this time a large number of 
callus fragments developed in the suspension. 
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Fig. 1. Section of flax root pericycle callus showing a root 
primordium originating adjacent to lignified cells 


Microscope examinations were made during macer- 
ation and at intervals during the incubation of the 
suspension. It was seen that the suspension contained 
large cells of the primary tissues, most of which were 
broken, and single small cells and clumps of small 
cells, which had originated in the pericycle. Incuba- 
tion of the suspension produced rapid growth of the 
cells of pericycle origin. The primary-tissue cells, 
which appeared to be intact, were epidermal and 
vascular cells and in no case were these seen to have 
divided. 

The callus was creamy coloured, friable and had a 
nodular surface. In some callus pieces ligni fiedcells 
or root primordia had differentiated. The root 
initials appeared frequently to have their origins 
adjacent to lignified cells (Fig. 1), as was observed by 
Steward et al.* in callus from carrot root phloem. 

Morphologically uniform fragments of callus ob- 
tained by the method above have been grown on 
basal medium alone or supplemented with mixtures of 
coconut milk (extracted with ether at pH 3 to remove 
auxin and sterilized by filtration) or of kinetin with 
IAA. The initial fresh and dry weights of callus 
fragments averaged 1-9 and 0:4 mgm. respectively. 
After 3 weeks incubation at 25° C. on basal medium 
alone, fresh and dry weights were 4-4 and 1-5 mgm. 
and a supplement of 12 per cent coconut milk in the 
presence of 10-* M IAA increased these weights to 
15-6 and 3-4 mgm. Kinetin at concentrations of 10-7 
to 3 x 10-* M did not affect callus growth, while 
10-* M inhibited. When 9 per cent coconut milk was 
added to the basal medium, concentrations of LAA 
from 10-* to 10-* M did not affect callus growth and, 
at 10-* M, growth was inhibited. 
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In not responding to the addition of auxin to the 
growth medium, flax roagt pericycle callus differs from 
a root cambium calluse from pea*, which requires 
auxin for maximal growth. 

The callus from root pericycle spontaneously 
reproduces one of the functionsef the parent tissue— 
namely, the initiation of root primordia. But the 
relationship of this functitn to the lignified cells also 
differentiated in the callus has yet to be examined. 


o : (The late) P. L. Gotpacre 
H. Unt 
N. P. Kerrorp 
Division of Plant Industry, 
Commonwealth Scientific and Industrial 
Research Organization, 
Canberra. 

*Goldacre, P, L., Austral, J. Biol. Sci., 12, 388 (1959). 

s — C., Mapes, M. O., and Mears, K., Amer. J. Bot., 45, 705 

* Torrey, J. G., and Shigemura, Y., Amer, J. Bot., 44, 384 (1957). 
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‘Breast Blisters’ in the Broiler Chicken 


Breast blisters in table poultry have been recog- 
nized for some years!. They make the trussed bird 
unattractive and in consequence the producer receives 
a lower price for his product. The problem of breast 
blisters has now become a considerable one because of 
the recent great expansion of the broiler chicken 
industry. This communication records an attempt to 
determine the origin of these so-called ‘blisters’. 

Six groups of 9- to 10-week-old broiler chickens of 
various breeds and from different packing stations 
were examined after bleeding and plucking, but 
before evisceration. 

The ‘blister’ consists of an oval swelling measuring 
about 3 x 1 cm. (Fig. 1) over the anterior end of the 
keel. The skin often shows recent purple bruising 





Fig, 1 
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over the antero-lateral parts of the swelling; but the 
epidermis appears otherwise intact. Dissection 
shows that the swelling consists of an oval sac firmly 
attached anteriorly to the periosteum of the keel. 

The sac contained cloudy glairy fluid and was lined by 
fleshy pink folds. 

Histological examination of the wall of the sac 
showed synovial folds often replaced by granulation 
tissue and frequently infiltrated by purulent exudate. 
Micro-organisms were not seen. The deeper parts of 
the wall of the sac consisted of fibrous tissue contain- 

ing abundant thick-walled vessels characteristic of 
‘hs stratum synoviale (Fig. 2). 

The ‘blister’ is apparently an inflamed bursa which 
occurs at the site of the anterior attachments of the 
a gy muscles to the keel. It is not a blister or 

within the epidermis. In fact the 
is intact over the bursa and it seems 
unlikely that the bursal ent and inflamma- 
tion can be due entirely to a heavy bird resting on the 
keel. It is certainly more common in the heavier 
birds, particularly in male broilers, and P. J. Dalton 
(personal @mmunication) has found ‘breast blisters’ 
to be more common in broiler chickens with pro- 
truding keel bones. O’Neill' found no evidence of an 
infective cause for this lesion, and these results 
support this view. 

The precise mechanism responsible for bursal 
formation is still not clear; but it may be that exces- 
sive muscle pull is a factor. This would be required 
to maintain the heavy bird in an upright posture or 


to maintain balance VR paon: 

Whatever the cause, the “blister’ would 
appear to bo incorrect, and it is more accurate to 
describe the condition as a ‘keel bursitis’. 

Note added in proof: A group of ten, six female and 
four male, broiler chickens was kept on wire until 
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blisters of an appreciable size developed, the 


largest — 
about 5 cm. x 3 cm. in extent. At about 16 weeks 
mgm. intra- 
muscular cortisone acetate (‘Cortelan’, Glaxo Labora- — 


of age the birds were injected with 10 


tories, Ltd.) on alternate days. After six days (three 
injections) the blisters were reduced in size, the 
original site of the blister being marked by an area 
of hard, shiny skin. After ten days (five injections) 
the blisters of two of the females had completely 

regressed, leaving a shiny area on the skin over the 
point of the keel, marking its — position. 


A. GRESHAM- 
Department of Pathology, 
University of Cambridge. 
M. W. BARWIOK 
Spillers Ltd., 


Animal Nutrition Research Laboratory, 
Middle Aston, Oxford. 
‘O'Neill, J. B., Poult, Soi., 22, 457 (1943). 


Sex Ratio at Birth in Albino Rats 
THE b 


stock. This colony of rats constitutes one of the 
oldest in existence to-day. 

In the course of collecting data on sex ratio at birth 
for the period 1958-60, it was noted that the ratio 
favoured females, although a ratio in favour of males 
had been anticipated. King? has observed that all 
strains of rats (except Norways) have a ratio in favour 
of males. Because of the unexpected observation, 
breeding records were examined dating back to 1922 
and are summarized in Table 1. Records prior to 
1922 were inadequately detailed for the present 


purpose. 


Table 1. SEX AARTO AT BIRTH OF OSBORNE-MENDEL STRAIN 
O RATS DURING 1922-60 

Ratio: 

Period No. of animals heaves Se Males/ 
males Males Total Females Females 

1922-27 1,400 1,507 2,907 48-3 51:7 1-08 

1928-33 1,185 1,266 2,451 48-4 61-6 1-07 

1934-46 1,461 1,483 044 49-6 50-4 1-02 

1947-52 6,24 5,868 12,114 51-6 48-4 094 

1953-57 6,136 2,300 50-5 49-5 0-98 

5,638 6,185 10,823 52-1 47:9 0-92 

Totals 22,184 21,445 629 


Statistical analysis 
Entire e panon 1922-60: x* = 26-1303; P = <0-001 
periods 1922-46 with 1 1947-60 
—*— x = 18:2874; P= <0-001 
Within periods y'= 7-8429; P= O1 


Data for the years 1947-60 include sex ratios 
from all litters born. The sex tions were 
made shortly after parturition. During the 1922-46 
period, the records show only the sex of young at 
weaning. Therefore, the 1934-46 data reported 
herein include only those litters in which the number 
of young born and later weaned was the same. 
This also applies to the data for the 1922-33 period 
except that a random sampling (about 35 per cent) 
from each of the years indicated was made.” How- 
ever, the numbers noted in Table 1 are of sufficient 
magnitude for valid statistical comparisons. 

Of particular interest is the reversal of sex ratio 
at birth between 1922 and 1960. In the 1922-33 
period, there were more males than females born. 
During the 1934-46 period the ratio was essentially 
1: 1; but generally, after 1946, the number of females 
exceeded the number of males. Thus a complete 
reversal in the sex ratio at birth occurred in this 
particular colony of albino rats. 


of the Osborne-Mendel strain of 
albino rats was started here in 1910, and has since — 
been maintained without the addition of outside | 


a 
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“Phe reduction in the percentage of females in the 


i (1953-57. period (Table 1) can be accounted for 
-. almost entirely by records for the year 1955 when the 


number of males born slightly exceeded the number of 
females. Statistical analysis of the data comparing 
period 1922-46 to 1947-60 has indicated a P 
value of <0-001 between periods and 6-1 within 
periods signifying a less than 1 in 1,000 probability of 
chance occurrence, | 

Certain comments are appropriate concerning the 
eare of the colony during the entire test period 
although none of these matters explains the observa- 
tions. The colony has been housed in the same 
building the entire time although it was moved from 
one room to another in 1932. The type of ration fed 
has changed, but during all periods was nutritionally 
adequate and acceptable in the light of the scientific 
information available at the time it was used. From 
1922 until 1931, various types of diets were fed and 
are described by Mendel and Hubbell. In 1931, the 
use of a commercial calf meal was begun and was 
continued to 1955%. Since 1955, a commercial dog 
food meal‘ has been used. It should be noted that the 
reproductive performance of the colony increased up 
to 19353, but it is doubtful that this had any effect 
on the sex ratio at birth. 

The colony has been inbred since its inception and 
therefore internal genetic changes should be con- 
sidered. Brother—sister matings are not made, nor 
are mother—son or father-daughter matings. Never- 
theless the inbreeding over such a long period of time 
and including many generations may well have played 

-an important part in bringing about the reversal in 

- sex ratio at birth. Changes in the external environ- 
ment may also have brought about genetic changes 
which could account for this reversal, but what they 
might be would be entirely speculative. It is of 
interest to note the work of Szilard’ in which he states 
that, in man, the ratio of boys to girls born falls with 
increasing age of the father. This consideration 
probably does not bear on the present results since 
males of all ages are used for breeding. It should not 
be inferred that the phenomenon reported here is 
unique. Other causes for changes in sex ratio at 
birth have been observed. Seasonal differences in 
sex ratio at birth have been noted by King and 
Stotensburg’ and Hanson and Sholes’. However, 
although the proportion of males born was low in 
certain seasons, a complete reversal of sex ratio was 
not seen. Breeding of older females also results in a 
small increase in the proportion of males born’. A 
predominance of females to males born has also been 
noted in certain strains of mice by Cook and Vitek®. 


: . — A portion of the present data was assembled by 
“Dr. Rebecca B. Hubbell before her retirement. I 
thank? 
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Effect of Fertilizers on the Bacterial — a 
Population of a Saskatchewan Soil 
FORMATION of soil-fertilizer” reaction products snd- 
subsequent uptake of nutrient By, plants has been tho. 
object of considerable study. In these investigations 
the influence of the fertilizers and/or their reaction — 
products on soil micro-organisms has usually been” 
neglected. Thé availability of fertilizer phosphorus 
reaction products such as dicalcium phosphate- 


might be increased by the activity of bacteria which 
are capable of dissolving insoluble calcium phos- = 
Gerretsen? showed that the solvent action co => 
of micro-organisms in the rhizosphere on insoluble ~~ 


phates', 


phosphates increased plant uptake of phosphorus. 


The soil used in this investigation was Bradwell very = 


fine sandy loam (pH = 7-7, total nitrogen = 0-13 per 
cent, total carbon = 1-42 per cent, and NaHCO, P= 
6 p.p.m.). The equivalent of 200 gm. of air dry soil 
was placed in 8 oz. screw-cap specimen jars and the 
bulk density was adjusted to about 1-2 gm. per c.e. 
A cavity approximately 5 mm. in diameter and 3 mm. 
deep was formed in the centre of the soil surface in 
each jar, using a cork borer. Pellets containing 
15 mgm. of phosphorus—-5 mm. in diameter and 
about 2 mm. thick—were prepared from one of the 
following crystalline salts: qiammonium phosphate 
(DAP), monoammonium phosphate (MAP), mono. 
calcium phosphate (MCP), and anhydrous dicalcium 
phosphate (DCPA). One fertilizer pellet was placed 
in each cavity and pressed firmly into place. Am- 
monium nitrate crystals supplying 13-5 gm. of nitro- 
gen (equal to that contained in DAP) were pressed 
into cavities of other samples of soil, while 0-3 ml. 
aliquots of an orthophosphoric acid solution providing 
15 mgm. of phosphorus were added to additional ones, 
These jars were incubated for 10 days at 5, 16 and 
27° C. with soil moisture suctions of 0-4, 0-8, 2-0 and 
6-0 bars. 

At the end of 10 days a plug of soil 15 mm. in 
diameter and 8 mm. deep was removed from the 
application site of each treatment. These cores, 
which contained approximately 2 gm. of soil, were 
prepared for plating on soil-extract agar, which was 
deficient in phosphorus. , . 

Bacterial counts were made following an incubation 
period of 11 days at 28 + 1°C. The results presented 
in Table 1 are the means for four plates from each ` 
treatment. The pH values of the soil in single plugs 
of each treatment were determined, using a 1 : 2 soil 
to water ratio. 

Moisture, fertilizer compound and temperature all 


produced significant changes in bacterial numbers. — ae 
These were significantly lower for intermediate - 


moisture suctions than for the two extremes. 


differences among the three temperatures were - 


significant with the highest numbers occurring at 
16° C. 


The DAP treatments resulted in significantly more _ ai 
bacteria than any of the other fertilizer compounds. = 


Orthophosphorie acid 


significantly reduced the 


bacterial count. There was no significant difference 


between DCPA and check. Intermediate numbers 
developed with MCP, MAP and ammonium nitrate. 

Increased bacterial counts with DAP could have 
resulted from the effect of two factors: (a) a saturated 
solution of DAP is reported to have a pH value of 
7:8 (ref. 3) which is almost the same as that of the 
soil. As 4 result there was no drastic change in 
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` Table 1. BACTERIAL NUMBERS AND pH VALUES IN SOIL-FERTILIZER REACTION Zoxe ie 
‘Treatment 27° 0. 16°C. Oe ay OO 
“Moisture Fertilizer * Bacteria Bacteria ` Bacteria T 
suction (bars)  compound*  (sfillions/gm.) pH  (millionsjgm.) pH  (milionsjgm), pH (mil 
i MAP 60 6-69 57 6-28 35 TS 
DAP * 73 7-40 156 T29 21 nT 4 
MCP , 105 652 158 6-54 31 5-60 6 
0-4 DGR, 17 7-85 62 7-09 2 7:38 -i 
T ent Pe HI 4° -$ 4s Sol. 1 i 
(17:2 per cent Pe) re 4 e. 23 74l 56 73a. 31 256 3? or 
| Check 24 7-76 36 7-73 13 773 Ba 1 
Mean 45 7°10 77 6-81 23 7-03 o a8 - 698 
i . — — a 
DAP 49 7-35 91 7-71 58 7-92 66 < T66 
2 MCP 89 6-23 16 6-24 25 DoS AETA 60 
5 08 DEPA 26 ees 21 — TS TA TE 
= assy Pw HPO 12 F 02 9. pure To 
o ORPO  k 30 721 45 7-64 38 TALO aR 
z Check 36 7-90 23 778 8 25a Bo 
Mean 34 7-18 43 7-10 24 6:86" 34 05 
MAP 59 6-92 29 6-36 16. 51 85. 660: 
DAP 74 7-56 84 7°32 39 T 38ß83 
MCP 17 6-22 25 5-58 28 13 23. 898 
20 DCPA 27 7-84 23 — hg 28 tag J 
8 P H, PO 10 6-09 z S -$ 2 BELO 
COE por DouE ENR- eet 27 7-39 63 6-87 24 7-2 o 35 748 
Cheek 16 ToL 25 7-22 18 TTO. 20. rae SE 
* Mean 83 7-13 6-53 22 6-92 . 80°. 6-86 
MAP 58 731 18 6:73 35 776 87 .. 727 
DAP 177 7°80 171 TIB 27 773 ALS ERO 
MCP 64 571 106 6°83 25. 544 F “BO 
re TPO 13 6-55 1! 58 16 523 Veena 
Tp P HPO, > 13 . $ A “BBs 
eee 41 7-08 57 7:37 18 2a 39 T22 
Check 31 Pi? 41 7°68 29 738 34 741 
Mean 58 6:80 61 Tio 24 &O1 48 Gps 
Moisture suction }ł 0-4 6-0 0-8 2-0 
. 48 48 34 30 
Temperature 16° 27° B° 
— — 54 43 23 
Fertilizer compound t DAP MCP MAP AN Check DCPA HPO, 
86 53 44 aT 25 23 12 : = 
* Abbreviations for fertilizer compounds are : MAP, monoammonium phosphate; DAP, diammonium phosphate ; MCP, mocsok phos- — 
phate; DCPA, dicalcium phosphate anhy drons ; AN, ammonium nitrate, 


+ Any two means not spanned by the same line are significantly different at the 5 per cent level by the Duncan test (ref, By. 


means ——— by the same line are not significantly different, 


pH of ie soil contacted by the fertilizer solution, 
(b) of the sources employed DAP contained the most 
nitrogen (N Hy -N) per unit concentration of phos- 
phate. The ‘ammonium effect’ where the ammonium 
form of nitrogen is reported to enhance the utilization 
of phosphorus by plants may be related to this 
_ increased bacterial population. 
-The inhibitory effect of orthophosphoric acid is not 
surprising since the solution added had a pH of 0:77. 
‘In Table 1 it can be seen that this supplement 
7 decreased soil pH approximately 2 units. 
; known to be relatively stable in soil and 
not be expected to influence either the 
opulation or soil pH. The response to 
o: indicates that nitrogen will in- 
3, Nitrogen as well as phos- 


















while a pains solution of MAP nes 
of 3-4 (ref. 3). In spite of decreases of 
H units in the soil-fertilizer reaction zone 
cP supplement produced more bacteria than 


here the growth. was greater than the check with 
phosphate- deficient media it seems that the 

we utilizing phosphaté from the soil- 
source of energy for cell 
obacter, Pseudomonas, 
llus and Penicillium) 
inant members of the soil 





: eo large amounts for 







a two es 


population, are known to grow profusely in puro 
culture on phosphate media. | 
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"Uptake « of Strontium. and Calcium by 
Streptococcus lactis 7 TORET EE 
Some fission products have- been shown ta. bo ee 
absorbed within certain micro-organisms in preference — 
to another element in a similar chemical seriess. 
Cheddar cheese made from milk: ‘containing strom: · 
tium-89 and caleium-45 kan been ound. to ‘h : 










of the e | between the uptake of strontiu 

versus calcium in the growth of S. lactis. ; 
The growth medium used in the present — a 

contained 200 ml. of filtered tomato juice and 5 gm. 

each of tryptose, tryptone and yeast extract. made up 

to 1 litre with distilled water. The pH was adjusted. 





: N è 8-6 9. — portions of. the medja i in | 15-ml. | 


15 min 15 Ib fe. — No precipitate formed on the 
| medium was centrifuged in an international centri- 
 fuge for 30 min. at 2,500 r.p.m. The'sterilized medium 
was inoculated with 1 per cent of a pure S. lactis 
culture and approximately 0-2 ml. of a solution 
containing 0-01 pe. strontium-89 and 0-04 ue. 
ealeium-45. After incubation for 16 hr. at 36° C., 
the samples were centrifuged as described. This 
centrifugation reduced the standard plate count of 
the supernatant to less than 1 per cent of the count 
~ ona mixed sample. Five ml. of the supernatant was 
.. withdrawn for analysis and the remaining super- 
-natant discarded. The precipitate of bacterial cells 
_ from each tube was rinsed into a crucible. These 
< harvested cells and the supernatant fractions were 
© dried at 90°-100° C. and ashed at 600° C. for 16 hr. 
= Fhe oxalates were prepared as described by Comar’ 
using 8 mgm. of calcium carrier per oxalate sample. 
Differential counting of the strontium-89 and calcium. 
45 was done as described by Easterly et al.*. An 
oxalate from 5 ml. of the dosed broth containing no 
growth was made in order to establish a standard stron- 
tium-89/calcium- -45 ratio in the dosing solution used. 
Nine trials were conducted; each trial consisted 
of the oxalate precipitate prepared from 2 samples of 
medium containing added radioactivity but no 
inoculum, 4 samples of bacterial cells which had been 
collected and 4 samples of supernatant. The bacterial 
cells. gathered were found to have a slightly greater 
ratio of strontium-89/calcium-45 than did the super- 
natants from the same sample, as shown in Table 1. 
The average ratio of strontium-89/caleium-45 in the 
collected-cell fraction divided by that present in the 
medium is very close to that previously found in 
Cheddar cheese. This suggests that the preferential 
uptake of strontium over calcium in Cheddar cheese 
curd was augmented by the greater uptake of stron- 
tium in S, lactis. 








Table 1. STRONTITM-ROJCALCIUM-45 RATIOS IN BACTERIAL CELLS 
AND THE SUPERNATANT 



















gra cells *Sr/"Ca supernatant 
Trial sritan medium “Sra medium 
1 1-58 0-92 
3 1-16 1-02 
3 1-02 0-07 
4 1-27 0-98 
5 1-20 0-83 
& 1-29 0-92 
7 a7 1-03 
8 1-58 1-02 
9 1-05 0-95 
Average (8. 0.) 1-34 + 022 GOOG + 0-06 


Removal of bacteria was accomplished on a series 

, of twelve samples by use of a Selas filter, 02 porosity, 

< which reduced the standard plate count from 

— 850 million to less than 10 per ml. 

Seventy-five ml. of broth was dosed, inoculated and 

incubated as described, and oxalate precipitates 
repared from 3 ml. of the broth or filtrate. 

Results of these trials again showed a slightly 
greater strontium-89/calcium-45 ratio in the col- 
lected @ell fraction than in the filtered broth. The 
strontium-89/caleium-45 of the filtrate divided by the 


was 0:96 + 0-08 on the twelve samples. 

This communication is published with the permission 
of the Director of the University of Tennessee Agri- 
o cultural Experiment Station, Knoxville, Tennessee. 
=o "Phe radioactive materials used in this work were 
_.. obtained from the Oak Ridge National Laboratory 

on allocation from the U.S. Atomic Energy Com- 
mission. The work was completed under contract 





strontium-89/calcium-45 in the broth before filtration 
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Modes of Insecticidal Action of Active 
Carbon and Clay on Tribolium castaneum 
(Hbst.) 


MAJUMDER et al.’ reported that charcoal and clay 
samples having little insecticidal value could be 
converted to highly insecticidal substances by activa- 
tion treatments. In later work, Majumder and 
Krishnamurthy? observed that the insecticidal 
potency of the clays was proportional to the oil- 
bleaching property of the activated earths. During 
the testing of activated clays and active carbon for 
their insecticidal effects, it was also noted that 
freshly prepared carbon was highly effective even at 
higher humidities; but there was gradual loss of the 
knock-down effects on storage of the active carbon 
samples. In contrast to this, activated clays did 
not show appreciable loss in their insecticidal 
potencies on storage. It was, therefore, considered 
worth while to investigate the differential modes of 
action of active carbon and activated clays for their 
insecticidal activities. 

Kaohnic clay samples were activated by acid 
activation treatment? and activated charcoal. was 
prepared by the method of Mukherjee and Bhatta- 
charva*. These were passed through 100-mesh and ` 
dried in an oven at 105° C. for 3 hr. Dried samples _ 
were stored in stoppered bottles. Small quantities 
of the samples were dispensed in weighing bottles. 
and were exposed to 85 per cent relative humidity 
at 78° F. for different periods (Table 1) for moisture 
absorption. The moisture contents were determined 
in the samples and Tribolium castaneum adults were 
released. The containers were kept closed during 
the exposure period, and mortality cuints were 
taken at the end of 16 hr. 

In one batch, exposure periods required for 50 per 
cent mortality of T. castaneum with clay and carbon 
samples were determined. Mortality counts of T. 
castaneum were taken on the samples exposed to 
different humidities continuously for 16 hr. In 
another set, the test insects were exposed to the dust 
samples for 8 hr.. and after the exposure insects were 
exposed to 85 and 16 per cent relative humidity 
without food for 16 hr. Mortality counts and loss 
in body -weights of insects were recorded. The results 
are presented in Table 1. 

Unactivated carbon and clay and active carbon 
and clay exposed to 85 per cent relative humidity, 


Pring, W. H., and Comar, ©. L., Areh, -m 
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© Absorption of moisture Mortality per® Exposure* time Mortality per cent, continuous exposure for 16 hr. yos 


for 50 per cent 


at 85 per cent R.H, cent, exposures ) 
78° F. (16 hr.) mortality (hr.}) 


3 Exposure Moisture (%) Py — 16 
- dhr) Carbon Clay Carbon Clay Carbon Clay Carbon 
G 0 Qo o" 200 100 2 D 100 
R 5-9 1-0 83 Ro 3 7 100 
144 30°F 1a à ü TT ~t 9 0 
e 


* The samples were placed in air-tight bottles and the relative hum 


+ No mortality in 48 hr. 
— mortality 0 per cent. 


t.H.; relative humidity. 
| having different moisture contents, were tested for 
- the Sudan IV positive (lipoid) materials after exposing 
200 adults of T. custaneum for 16 hr. on 100 mgm. of 
each of the test materials. After removing the insects, 
the samples of clay and carbon were extracted with 
ether and theeether extracts were tested for lipoids 
by staining’. The test insects were stained by the am- 
moniacal silver hydroxide method’ for examining the 
abrasive effects of the carbon and clay. The results 
are given in Table 2. . 
The results of the experiments showed that active 
carbon was. significantly more hygroscopic than 
activated clay (Table 1). Freshly prepared carbon 
samples had a high kneck-down effect on adult T. 
castaneum; but on exposure of carbon to high 
humidity, there was considerable reduction in the 
insecticidal effect. Clay samples, on the other hand, 
did not absorb significant amounts of moisture and 
insecticidal potency was not appreciably affected by 
exposure of clay to high humidity during its storage. 
The results of the present study indicated that both 
carbon and clay removed the lipoids from insect 
cuticle due to the enhancement of their adsorptive 
properties by the activation treatment (Table 2). 
The lipophilic activity was not significantly affected 
by the relative humidity of the atmosphere or the 
moisture content. of the activated material. Active 
clay did not act as a desiccant. Abrasion of the 
euticle was not caused by clay or carbon. It therefore 
seems to be the logical conclusion that the primary 
action of activated carbon and clay is due to the 
sorptive property for lipoid from insect cuticle pre- 
disposing the insect to the loss of moisture from the 
body, and not due to direct desiccant action. The 
- rate of moisture loss from the body of the insect, 
after removal of lipoid. from the cuticle by clay or 
> -@arbon, depended. on the relative humidity of the 

at system. Carbon in contrast to 
roscopic, absorbed moisture during 
increased the relative humidity of the 
ate during exposure of the test insect and 
We moisture loss from insect body. These 
responsible for the loss of insecticidal potency 
n storage. The results indicate that the 




















SOT OF MOISTURE ABSORPTION BY CARBON AND CLAY 
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_ Table1, EFFECT OF MOISTURE ABSORPTION BY CLAY AND CARBON ON THEIR INSECTICIDAL POTENCIES 0 
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hydrophobic and lipophilie dust is a more. potent and 
stable insecticide than a desiccant or hydrophilic 
dust. Calcium chloride and silica gel were studied _ 
for their effects on T. castaneum. It was observed ooo) 
that silica gel was similar to the activated carbon = 
in action while calcium chloride, a strong desiccant. ž = 
was not ———— — 
BK. MAJUMDER 
Central Food Technological Research Institute, _ 
Mysore. ee S 
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A Trematode Parasite of Simulium Sens, 

WHEN one of us (D.J. L.) was working with the 

Venezuelan Ministry of Health as a World Health 
Organization consultant he found encysted digenetic- 
trematode metacercarie in Simulium exiguum Rou- 
baud, which is a common man-biting fly and may 
be a secondary vector of human = onchocerciasis. 
Trematodes have been found in many insects!, but 


The cysts from the head were ovoid or sphe 

about 0-08 and 0-10 mm. in diameter and. length 
respectively, and one from the abdomen measured . 
013.mm. The cysts in the head were surrounded — 
by a hyaline layer (as in the case of some species — 
from other insects?:?) outside which was a very thin | 















— — — — 
0-O5 mm 


Fig. 1. Part of a section through Simulium exiguum showing a 
trematode cyst with two gut cæca at one end, the hyaline layer, 
and parts of the brain and compound eye of the host 


membrane. In some cases the hyaline layer, but no 
cyst wall, was seen. The parasites were usually bent 
double in the cysts and, if squeezed out, crawled 
about assuming various shapes. The cuticle is spiny, 
and the ventral sucker is roughly equatorial in posi- 
tion and smaller than the oral sucker. There appears 
to be a small pharynx close to the oral sucker, and 
there are a narrow oesophagus and two relatively 
large gut cæca. A small mass of darkly staining 
cells near the bifurcation of the cæca is probably 
the genital primordium. In two of the preserved 
cysts old stylets were seen. The presence of these 
and the occurrence of the cysts in aquatic insects 
indicate that the parasite probably belongs to the 
super-family Plagiorchioidea, which includes nine, and 
possibly 15, familiest. The parasite may be a member 
of the family Lecithodendriidae, the adults of which 
are parasitic in the intestines of insectivorous 
amphibians, reptiles, birds and mammals. The 
known mollusean hosts of the larvw of some lecitho- 
dendriids are freshwater prosobranchs of the families 
Melaniidae and Hydrobiidae. Cercariæ of the 
Lecithodendriidae are said to have a virgula organ® 
which often disappears when they enter the second 
intermediate host and before they become encysted. 
These hosts include larvæ of may-flies, alder-flies and 
mosquitoes. Most cysts of Mosesia chordeilesia 
McMulfen, the adults of which live in night-hawks 
and swifts in America, occur in the thoracic and 
abdominal cavities, and only occasionally in the legs 
and head, of the insect host (mayfly larve)’. They 
may number 170 in experimental infections. In old 
infections they seem to elicit a fibrous host-tissue 
response. It is possible that the parasites of S. 
exiguum are ingested by the vertebrate host while 
the insect is still aquatic, as in the case of a trematode 
using a dragonfly as intermediate hosti, and that 
the adult simuliid is not the true intermediate host. 


A 


NATURE 


March 31, 1962 vou 193 


p . 

The absence or scarcity of the trematode in caught 
flies suggests that the infected flies die early (an 
unlikely event, to judge from some other species of 
trematodes') or that the parasites may affect the 
brain, which is often deeplye indented, and prevent 
them from biting man. . 

We are grateful-to Dr. R. Ibéñez de Aldecoa, chief 
of the Venezuelan Orfthocerciasis Campaign, for 
facilities in the field, to Dr. Geofge Salt for a pre- 
liminary examination of the parasite, and to D, W. 
C8oper for sections of infected flies. 

D. J. LEWIS 
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C. A. WRIGHT 
British Museum (Natural History). 
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Changes in Behaviour’in the Intermediate 
Hosts of Trematodes 


Dr. Lewis and Dr. Wright (see previous com- 
munication) are to be congratulated on emphasizing 
an extremely interesting point which has hitherto 
attracted little, if any, attention—namely, that 
infestation with larval trematodes can alter the 
behaviour of the intermediate hosts. Dr. Lewis 
found that whereas a large percentage of the Simulium 
he reared from pupæ collected in the Rio Guarapiche 
were infested with larval trematodes, those he 
collected in the same area biting man were unin- 
fested. The authors suggest that the parasites may 
affect the brain (on which they often press) in such a 
way that these flies are no longer able to bite man. 
It is also possible that the presence of these relatively 
large parasites near the brain renders them sluggish 
and unwary, so that they fall an easy prey to pre- 
dators in general and the definitive host in particular. 

It is obvious that frequently selection will favour 
encystment in a site which increases the chances of the 
final host ingesting the intermediate host. Thus, 
several species of Cotylurids' encyst in the eyes of their 
intermediate fish host, which as a result become blind 
or partially blind. Infestations with Schistocephalus 
solidus so hamper the movement of the stickleback 
that these fish can be caught easily by hand (Baer, 
Jean, personal communication). Another species* 
encysts in the lateral line of fish, a circumstance which 
almost certainly affects the host’s response to vibra- 
tions or disturbances in the water; the pigmentation 
stimulated by the encystment of Heterophyids in the 
skin of various fish undoubtedly renders them more 
conspicuous®. Certain infected snails (serving as the 
first intermediate host*) not only exhibit an abnormal 
increase in size, but no longer conceal themselves and 
remain in exposed situations. In such cases a 
“random sample” of specimens may prove to be only 
a random sample of the infested portion of a popula- 
tion. This applies particularly to collections made in 
small circumscribed areas‘. A similar error in samp- 
ling can equally well result from examining the col- 
lection of empty shells at thrushes’ anvils® or from 
snails recently eaten by birds, since both men and 
birds hunt by sight. Dr. Lewis and Dr. Wright's 
communication emphasizes the importance of investi- 
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gating the trematode infestations of any population of 
molluscs or other invertebrates (especially those 
collected from a circumscri area) which serve as a 
basis for genetic or biological studies. 
° MraramM ROTHSOHILD 
Ashton, > 
Peterborough. ⸗ i 
1! Dubois, Georges, Bull. Soc. Neuchatel Sei. Nat., 69, 1 (1044). 
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* Rothschild, Miriam, Nomt. Zool., 41,,178 (1989), 
1 Rothsebild,-Morlam, J. Washington Acad. Se., 30, 437 (1940)e 
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FOREST PRODUCTS 


\ Creep in Nailed Joints 


Dvura the past three years, tests have been m 
progress at the Division of Forest Products, Common- 
wealth Scientific and Industrial Research Organiza- 
tion, to investigate the creep of nailed timber joints 
under constant lateral loads. No information on this 
subject has hitherto been available, although recently 
Wyatt! has given some results on the loading of eaves 
joints. Mohler’ has also reported some limited teats, 
while Norén? has discussed the theoretical basis of 
creep in nailed joints. 

Symmetrical three-member joints, made with 1 in. 
thick boards joined by 9.and 12 standard wire gauge 


nails, have been loaded in tension with loads up to 50 - 


per cent of their short-duration-test strength. Bome 
of the joints were made with green Eucalyptus 
obliqua, others with dry Pinus radsaia. All joints were 
located for most of the time in a covered position, 
though open to the weather on one side, but later 
they were located inside an industrial-type building. 
The joints in initially green timber were allowed to dry 
as the tests proceeded. Readings of the displacement 
of the outer members relative to the inner member 
were taken at suitable intervals. 

The results have shown that the fractional creep of 
nailed joints, that is, the ratio of total relative dis- 
placement after prolonged loading to that immediately 
after loading, may be considerable. For example, the 
displacement after 500 days in initially green Æ. 
obliqua joints with 9 standard wire gauge nails loaded 
to 30 per cent of the strength in short-duration loading 
of closely matched joints was approximately 15 times 
the displacement immediately after application of 
the load. The total displacement in these jomts was 
then about 4 in. The results have indicated that the 
rate of drying may have some effect on the creep-rate. 
The fractional creep of the dry Pinus radiata joints 
similarly loaded was only one-third of the above value, 
and the total displacement only 1/16 in. 

The fractional creep of the nailed joints in solid 
timber ap to reach a maximum. at loads 30-40 
per cent of the short-duration-test strength. This is 
in contrast to the behaviour of timber under constant 
stress‘, where fractional creep is independent of stress 
or increases with high stress. The total displacement 
in the joints, however, was greater the higher the load. 
Tests are being made to investigate the fractional 
creep over a wider range of loads; meanwhile, it is 
thought that the peak noted in fractional creep is 
linked with nail withdrawal resistance becoming 
active at a critical deformation. 7 

A peak in fractional creep was again observed in 
similar tests on joints made with 4-in. thick plywood 
and with hardboard nailed to initially. green WH. 
obliqua. It occurred at a load of about 15 per cent of 
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their short-duration-test strength. These joints 
showed a much higher fractional creep than that 
obtained with the solid timber joints under the same 
percentage of ultimate load. 

A paper is being prepared describing these tests in 
detail. 

J. J. MAOK 
Dıvision of Forest Products, 
Commonwealth Scientific and Industrial 
Research Organization, 
Melbourne. 

* Wyatt, K. J., Building Materials (Sydney), 3 (1), 28 (1961). 
*Mohler, Karl, Holz als Rok- und Werkstoff, 19, 118 (1961), 
*Norén, Bengt, Holz als Roh- und Werkstoff, 19, 08 (1981). 


‘Kingston, R. 8. T., and Clarke, L. N., Austral. J App. Sci.,12 (2), 
2il, 227 (1861). * @) 


PSYCHIATRY 


Yohimbine as an Autonomic Test Drug 


YOHIMBINE in fairly high doses (2-7 mgm. ; 
exerts adrenolytic effects and 1s Rep ee 
salivary reactions in animals!-". Higher doses 
(28 mgm./kgm.) produce sympatholysis of nictitating 
membrane retraction, while even more is required 
for sympatholysis of mydriatic action’. 

In preliminary experuments on human beings we 
found yohimbine hydrochloride (0-5 mgm /kgm.) 
given intravenously over a period of 5 min. to be the 
maximum dose that could generally be tolerated. 
This dosage, which is low in comparison with those 
already mentioned, did not produce any evidence of 
adrenergic blockade. Only central stimulatory effects 
were obtained, the degree of which was found to 
vary considerably with the individual’s general 
emotional reactivity. 

The final experimental procedure consisted of a 
5-min. base-line, a 6-min. preparatory period with 
insertion of a needle and injection of normal saline, 
5 min. of yohimbine infusion, and a 55-min. follow-up 
period. EKG and respiration were recorded, blood 
pressure was measured. every 30 sec. and finger skin 
temperature every 6 min. 

The 15 male schizophrenic patients were of diverse 
diagnostic subtypes and showed all degrees of 
chronicity and deterioration. The nine normal 
volunteers were selected to cover a similar age-rangoe. 

Six trained people independently rated and ranked 
the subjects according to their emotional reactivity, 
judging particularly from reactions of anxiety or fear 
in connexion with any events causing stress during the 
preceding two months of observation. The rating 
scale of emotional reactivity is as follows: 0, very little 
sign of any reactions (more or less stuporous); 1, def- 
initely (pathologically) sub-reactive; 2, somewhat 
sub-reactive (the lowest a healthy person could 
possibly go—many mentally ill people should also 
fall into this group); 3, normally reactive (without 
obvious signs of nervousness); 4, somewhat over- 
reactive (a little nervous); 5, rather over-teactive 
(quite nervous but not to a definitely pathological 
degree); 6, definitely over-reactive (shows abnormal 
degree of fear and anxiety); 7, strongly over-reactive _ 
(which means that the patient is among the most 
tense and anxious cases that can be managed in 
experiments), 

Particularly in the group of schizophrenic patients 
the full range of emotional reactivity was covered, 
from semi-stuporous states to strong over-reactivity. 
The rankings made by the six observers showed 
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Table 1. STATISTICAL (RANK ORDER) CORRELATIONS (TWO-TAM TEST) 

FOUND IN THH Two GROUPS OF SuUBsROTS 

Schizophrenie group (15 cases) f: P< 

BR baseline vs. ER 0 732 0-01 

HR Ine with Pr vs. BR 0-610 0:05 

HR Inc from Yo vs. ER 0789 O-O1 

HR Dur after Yo vs. ER 0-079 

HR Ine from Yo vs. HE baseline 0 650 0-01 

HR Ine from Yo vs. Ine with Pr 0:758 0-01 

BP baseline ve. BR 0-746 0°01 

BP Ino with Pr vs. ER — 0 208 

BP Ino from Yo ve. ER — +203 

BP Dur after Yo w ER —0 626 0 05 

Normal group (9 cases) 

HR baseline vs. ER 0:892 001 

HR Ine with Pr va. ER 0-578 

HR Inc from Yo vs. ER 0 825 0-01 

HR Ino from Yo va. HE baseline 0-662 0-05 

HR Inc from Yo va. Inc with Pr 0-667 0-05 

BP baseline ve. ER 0-075 

BP Inc from Yo vs. ER 160 


HR, Heart rate, BP, blood pressure; ER, emotional reactivity, 
Pr, preparatory p ure; O, yomnibine administration; Ine, 
inorcase (as compared to baseline); Dur, duration of increase. 


very good agreement, Kendall’s coefficient of con- 
cordance! being 0-827, P < 0-001. 

Already the baseline heart-rate in both materials, 
and the blood pressure in the schizophrenic patients, 
correlated significantly with the degree of emotional 
reactivity (Table 1). Also increase in heart-rate with 
preparatory procedures showed a fair correlation with 
emotional reactivity, but only in the patients and 
not in the controls. 

In tbe schizophrenic group the increase in heart- 
rate due to yohimbine ranged from 4 to 48 beats/ 
min. The peak generally was reached during the 
period of infusion, while return to baseline varied 
from 3 to more than 55 min. Systolic blood pressure 
rose somewhat more slowly, by 11-48 mm. 

The maximum occurred 5-20 min. later, and the 
increase often lasted more than 55 min. 

Table 1 grves the various statistical correlations. 
Diastolic pressure generally showed a more moderate 
rise during yohimbine injection. The respiratory-rate 
and volume usually increased a little. Hand tem- 
perature generally fell, but there was a secondary 
rise in all cases except the three which were clinically 
most deteriorated. Other autonomic signs essentially 
paralleled the degree of changes in heart-rate. The 
most common reactions were facial flush, perspiration, 
salivation, tear secretion and pupillary dilatation. 
In the most affected cases nausea and vomiting, some- 
times urgency of micturition and defw#cation, occurred. 
Unrelated with other signs, erection was observed 
in three cases. 

The stronger the autonomic effects the more 
marked were the psychic changes. The patient became 
more restless, irritable and tremulous, witb a tense 
and anxious facial expression. Feelings of impatience 
and unrest were frequently expressed. 

In the normal group the findings were essentially 
the same as in the schizophrenic group. Autonomic 
and psychic changes were of the same type and 
extended over almost the same range. The increase 
in heart-rate paralleled the degree of emotional 
reactivity. No significant correlations were, however, 
obtained for changes in blood pressure. Erection 
occurred in only one subject. 

Yohimbine apparently produces a stimulation of 
both sympathetic (rise in blood pressure, pupillary 
dilatation) and parasympathetic (flush, secretion of 
saliva and tears, gastrointestinal and bladder hyper- 
motility) functions. Cause of erection, seen in a few 
of our subjects, was obscure‘. The psychic signs, 
simulating an anxiety reaction, together with the 
massive autonomic response seem to indicate an 
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ca of regulatory centres at the diencephalic- 
eve 

It is further showp that the autonomic and 
emotional changes after yohimbine injection are more 
marked in patients who (a) are rated as emotionally 
highly reactiva; (b) bave autqnomic signs of tension 
in the resting state; (c) show’ greater autonomic 
response with the preparatory procedures before the 
test. This indicates that the previous state of react- 
ivity of emotipnal and autonomic centres influences 
tHe response to the excitatory action of yohimbine, 

Previously epinephrine, often claimed to produce 
anxiety-like states, has been much used for similar 
testing purposes. Yohimbime gives a much more 
convincing picture of an anxiety attack. This should 
make it a suitable test substance for the more 
objective determination of anxiety-proneness. Our 
results give support to this assumption. 

It is also indicated that a variation in emotional 
and autonomic reactivity may be independent from 
nosological entities, as essentially the same results 
were obtained from a material of schizophrenic 
patients and a normal control group. Only a wider 
scatter was seen in the schizophrenics, which is a 
common finding in various types of studies on schizo- 
phrenics. We feel that in biological investigations 
concerning schizophrenia this broad variation in 
reactivity should always be taken into account. 

This work was supported by a grant, MY 1972, 
from the National Institute of Mental Health. 


GUNNAR HOLMBERG 
SAMUEL GERSHON 
Liorvp H. Brox 


Schizophrenia and Psychopharmacology 
Joint Research Project, 
University of Michigan/ 
Ypsilanti State Hospital, 
Box A, 
Ypsilanti, Michigan 
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PSYCHOLOGY 


An Association between Memory Errors 
and Errors due to Acoustic Masking of 
Speech 
THe concept of spontaneous decay of memory 
traces is deeply rooted in the history of psychology!. 
Except for the most general statement?:*® the nature 
of the decay process remains an obscure feature of 
the borderline between neurology and psychology. 
Experimental work in this area‘:* has been concerned 
with quantitative aspects of recall, and the nature of 
changes in the memory trace has been neglected in 
the most easily controlled immediate memory situa- 
tion. This involves no more than the recall and 
immediate reproduction of a perceived, but no longer 

present, stimulus. 

One possiblé method of studying change in the 
memory trace is to observe whether recall errors 
show any systematic tendency. Errors consistently 
associated with specific stimuli might then be regarded 
as representing the state of a partially decayed trace. 


Marth 31, 1962 


Sequences containing 6 letters of the alphabet 
formed the material to be recalled. They were drawn 
from the following 10 letters: BO FMNPST V X. 
Six different blocks of 40 seqhences were constructed 
such that in each block each of the 10 test letters 
occurred with equal frequency in the six positions of 
the sequence. 300, fubjects worked through one 
block of 40 sequences each. , i 

The sequences were presented visually, one letter 
at a time, at a rate of 0-75 sec. /letter, with the chance 
of perceptual error known to be neghigible. At the 
end of each sequence subjects immediately wrote 
down what they could recall of the letters in the 
order in which they occurred. Subsequent analysis 
of these data was then restricted to those cases where 
only a single letter was wrong—the sequence other- 
wise being correctly reproduced. Of these errors, 
4 per cent were gubstitutions involving lettera which 
did not belong to the test set. and these were excluded 
from the analysis. Tho remaining data (1,583 errors) 
were examined to determine whether systematic con- 
fusions between letters were present. 

Table 1 gives a condensed view of the results. It 
shows quite clearly that recall errors were not ran- 
domly distributed among the test set. Certain 
letters tended to be confused with certain others more 
often than would be expected by chance (P < 0-001). 


Table 1, MATRIX OF CONFUSIONS IN RECALL 


No 4822 


e Letters presented 
BOPTV FMNSX 
Letters recalled BOPTY 622 202 
PMNSX 171 588 


Now although the sequences were presented to 
subjects visually, ıt is fairly obvious that the con- 
fusions which are made are similar to those likely to 
occur in the auditory perception of spoken letters in 
the presence of masking white noise. 

A speech intelligibility study of the 10 test letters 
was carried out using two speakers and 50 listeners. 
Letters were spoken {1 every 5 sec.) in the conven- 
tional way, and after each one subjects recorded what 
they thought it was. The level of masking noise 
varied from almost zero to 10 decibels above speech 
signal-level. This variation was in steps, but for the 
present discussion dats for all signal/noise ratios are 
pooled, giving an error-level of 34 per cent. Each 
letter was presented 12 times in a basically random 
order. The resulting confusion matrix is shown 
condensed in Table 2. 


Table 2. MATRIX oF AUDITORY PFRCRPTION CONFUSIONS 


Letters presented 
BCPTY FMNSX 
Letters reported BOPTY 1,045 06 
FANSI 82 667 


Clearly then there is an association between letters 
which confuse with each other when heard, and letters 
which confse with each other in short-term memory. 
This association was more adequately tested by 
correlating the values in all of the 90 cells of the two 
matrices from which Tables 1 and 2 were condensed. 
Spearman’s rank-order correlation test yielded a 
value of + 0:56 (¢ = 6-33: P<0-001). 

I have therefore shown that there are systematic 
errors in immediate memory for certain letters of the 
alphabet. These errors are assumed to represent 
the memory trace in a state of partial decay—no 
longer intact, but not yet irrecovetable. Further- 
more, the identification of the partially decayed trace 
is strikingly similar to that of the saurally perceived 
stimulus masked by white noise. The fact that two 
different sensory modes are involved B probably 
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wrelevant; ıt implies only that most subjects in the 
memory situation repeated the letters sub-vocally. 
But it does ensure that the observed errors in the 
memory test are not perceptual errors. The signifi- 
cance of the experiment lies in the fact that neuro- 
logical ‘noise’*'? in the memory system seems to affect: 
the memory trace of a stimulus in much the same way 
as acoustic noise affects its auditory perception. The 
masking experiment thus becomes a predictor of the 
qualitative changes of forgetting. 
R. CONBAD 
Applhed Psychology Research Unit, 
Medical Research Council, 
16 Chaucer Road, Cambridge. 
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Human Response to Classes of Stimuli 


Ir has been shown by Rabbitt! that when a man 
has to make the same response to any one of several 
possible signals, the response time is determined by 
the number of responses between which a choice is 
made rather than by the number of different alterna- 
tive stimuli to which each response is to be made. 
He found that the sorting of cards into two or four 
piles took much the same time whether two, three 
or four different patterns of card were to be put into 
each pile. It was, however, definitely faster to sort 
only one kind of card into each pile than it was to 
sort two kinds into each. He also found that the 
amount of practice required before these patterns 
emerged varied with the nature of the stimulus 
material: when all the stimuli used were letters, 
more practice was needed than when a dichotomy 
was introduced between letters on one hand and 
figures on the other. Thus when a set of stimuli are 
grouped together by common usage the response time 
is, at an earlier stage of practice, independent of the 
response/stimulus ratio. This suggests that learning 
is an important factor in this situation. 

It was thought that it would be interesting to see 
if even the differences between the 1/1 and the 1/2 
response/stimuli ratios found by Rabbitt in all con- 
ditions could be abolished when the two stimuli used 
were such that they required the same response in 
everyday life; such prolonged learning would be 
greater than any which could be given in the lab- 
oratory. The point is important in considering 
theories of human decision such as those put for- 
ward by Stone’. There is also evidence that learning 
will produce this effect in isolated as opposed to 
serial reaction times, in the results of Morin et al.?. 
The two stimuli chosen were upper case and lower 
case lettering of the same town name. Three packs 
of 32 cards were prepared, each pack containing 
8 cards bearing each of the 4 town names, Harlow, 
Roydon, Slough and Welwyn, the name being typed 
across the centre of the card. In one pack all the 
names were in upper case typescript; in another all 
names were in lower case; in the third pack half the 
cards bearing each name had upper case lettering 
while the other half had lower case. The subject. 
holding the cards face down in the non-dominant 
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hand, sorted each pack into four piles, the cards 
bearing each name being placed beside a label of 
that name. Each pack was sorted four times, the 
order being varied for different subjects to avoid 
trends due to practice or fatigue. The times for sort- 
ing were taken with a stop-watch. The labels were 
arranged alphabetically from left to right. 

The results were scored by taking the mean of the 
last three sorting times for each pack. The mean 
time for the mixed pack was compared with the 
average of the other two; the difference (Table 1) 
was slight and completely insignificant, P > 0-5. Only 
five of the ten subjects took longer for the mixed 


pack. 


Table 1. MEAN TIME IN SECONDS PER PAOK OF 82 CARDS SORTHD 
INTO Four CATEGORIES 
Type-face group Lower case Upper oe ~~ 
Station name group Harlow, eto, Bungay, ete, Boxed 
48 7 60 7 54:8 


in the right-hand column, there were two different patterns of card 
to go in each category. In the other columns, there was only one 
pa of card to each category. 


As it is difficult to prove a negative result it was 
decided to confirm that the present situation was 
sufficiently sensitive to reveal the difference between 
the 1/1 and 1/2 response/stimuli condition when the 
two stimuli were most unlikely to have been associated 
with the same response prior to the experiment. 
Accordingly, three more packs were prepared; this 
time all the names were in upper case typescript, 
one pack having the original four names, a second 
pack having another group of four six-letter town 
names: Bungay, Cromer, Potton and Woburn, while 
the third pack had four cards each of the Harlow, 
Roydon, Slough, Welwyn group and four cards each 
of the new set of names. For each of the four points 
where a pile was to be placed there were two labels, 
one from the Harlow group and the other from the 
Bungay set, both being arranged alphabetically from 
left'to right. When sorting the mixed pack the sub- 
jects placed Harlow and Bungay cards on the same 
pile and similarly with the other three pairs. The 
same procedure was adopted as before. Five sub- 
jects were tested, and in each case the mean time 
for the mixed pack was larger than the average 
of the other two. This difference was significantly 
larger (P = 0-02) than that found in the previous 
experiment with upper and lower case lettering. 

Thus it seems likely that with extremely high 
degrees of practice even the difference between one 
and two stimuli per response becomes reduced 
effectively to zero. 

D. E. BROADBENT 
MARGARET GREGORY 
Applied Psychology Research Unit, 
Medical Research Council, 
Cambridge. 
? Rabbitt, P. M. A., Nature, 183, 1212 (1059). 
1 Stono, M, Psychometrika, 25, 251 (1960). 
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MISCELLANEOUS 


An Easily Made Solvent Trough for Use 
in Descending Paper Chromatography 
Ir is usual to make solvent troughs from sealed 
lengths of glass tubing in which the opening for the 
papers is cut’, ground’, or pulled out of heat- 
softened glasst. These methods are difficult and 
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usually involve many fractures. ` Troughs hate also 
been made from stainless steel’* and from pressed 
sheet metal coated witlt resistant enamel’, but these 
are not easy to maké and are relatively costly, 
especially for workers in where financial grants 
are meagre and materials and apparatus difficult to 
obtain. — 

A simple trough, however, is easily made from 
glass rod and medium- or heavy-gauge polythene 
sheet. The size can be adjusted to suit the tanks 
In@lse. i 





(c) 


Fig. 1. a, Framework of rod; 6, pattern for cutting poly- 
thens sheet; ¢, completed trough PR 


The framework (Fig. la) is made from pieces of 
rod cut to size and cemented together with 
‘Araldite’ adhesive. The diameter of the rod used 
wil] depend on the size of the trough and the amount 
of solvent it is to hold. The main part of the trough 
is cut out of polythene sheeting according to the 
pattern given in Fig. 1b. The sheet is folded along 
the line 4A’ and each end is heat sealed by clamping 
the two sides (for example, 4B and AB’) between 
two pieces of wood and playing a flame over the free 
edges. The sheet is then folded along the lines DD’ 
and HH’. These edges are folded outwards over the 
glass framework rods, turned under and heat-sealed 
to the main body of the trough by gently heating with 
a flame and pressing between two pieces of wood. 
The resulting trough (Fig. Ic) is light, stf8ng and of 
a large capacity. It can be used for most descending 
paper chromatographic work. 


M. D. Gwynne 


Botany School, 
University of Oxford. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk > are open to tke public) 


Monday, April 2 


INSTITUTION OF ELBOTRIOAL MENGINEEES, ELECTRONICS AND COM- 
MUNICATIONS SECTION (at Savey Place London, WwW. Ç. 2), at 5.30 p.m. 
—Mr. R. A. Burberry’ *'Progress in craft Actials”. 


Socrry OF ENGINeERS (at the Geological Soolety, Burlington 
House, esar. ED A W.1), at 5.30 p.m.—Mr,. 5. B. Warder: 
Rauway Electrification”. 

Monday, April 2—Wednesday, April 4 e 


BRITISH INSTITUTION OF RADIO ENGINEERS, LONDON SECTION 
{at the School of Pharmac nf Brunswick Square, London, W.C.1), 
at 10 a.m. on Monday and 9.30 a.m. on Tuesday and Wednesday— 
Symposium on “Recent Developments in Industral Electronics”. 


Tuesday, April 3 


INSTITUTION OF BLECTRIOAL ENGIXHERS, MEASUREMENT AND 
CONTROL SHOTION (at Savoy Place, London, W.C.2), at 5 30 p.m— 
Discussion on ‘‘Design and Apphestion of of Read- Only Memories for 
Digital Computers” opened by D. M. Taub. 


BOLENOE FORUM (at Friends House, Euston Road, London, N.W.1), 
at 7.380 p.m.—Alr. N. W. Pirie, F.R.S.. “Food Production for an 
Expanding Population”. 


Wednesday, April 4 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 pm—Mr F. P. W. Win teringham ‘Action and 
Inaction of Insecticides” (Fernhuret Lecture). 


ROYAL STATISTICAL Socupry (at the London Sehool of Hygiene 
and a et Medicine, Ke oprel Street, London, W.C.1), at & p.m.— 
r, G. E. P. Box and Dr. M. Jeninns “Some Statistical Aspects 
of Adaptive Optimuation and Control’. 


ROYAL SOCIETY OF MEDICINE, HISTORY OF MEDICINE SECTION 
(at 1 Wimpole Street, London, W. 1), at 5.15 p m. Dr. K. D. Keele 
‘Harvey as Morbid Anatonust” (Presidential Address). 


INSTITUTE OF PETROLEUM — 61 New Cavendish Street, London, 
a D — 5. 9 p.m.—Mr. J. C. Taylor “Recovery and Con 
o pills 


INSTITUTION OF MIHOHANIOAL ENGISXBERS (at 1 Bird Walk, 
Westminster London, §8.W.1), at 6 p.m.—Major-Genoral D, A. K. 
Redman: “The Corps of Royal Electrical and Mechanical Engineers 
-its Responsibilities and Problema”. 


SOCIETY FOR ANALYTIOAL CHEMISTRY (at the Chemical Sone 
Burlington House, Piccadilly, London, W.1), at 7 p.m—AL. 
Wood and Mr. R.T. Clark: “Square Wave Polarography with i Bpeti 
Reference to the Analysis of Zirconium and Hafnium”’; 
Titley: “The Determination of Gold by Extractive Titzation’’: ; Mr. 
P. G. W. Boott and Mr. T. A. Strivens: “An Automatic Conlometric- 
Titration Assembly’’. 


Wednesday, April 4—Saturday, April 7 


INSTITUTE OF PHYSICH and the PEYSICAL Soormry (in collaboration 
with the BRITISH NUoLBAR ENERGY BOCIETY, at Bournemouth}— 
Symposium on ‘The Physics of Graphite-Moderated Reactors”. 


Thursday, April 5 


BIOCHEMICAL Society (in the William Boveridge a Senate 
House, University of London, W.0.1), at 5.30 p.m.--Dr. P . Zameocnik 
“intermediate Reactions in Pro Biosyntheals”’ (First Jubilee 


INSTITUTH-OF REFRIGERATION 
The Memorial Building, 76 Mark 
Mr. F. L. Pettman: 
Conditioning Units"’’. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy place, London, 
W.C. 2), at 5.80 p.m.—Mr. H. Broadbent, Mr. J. Beasley and 
Mr, O. Turrall. a a a of a Regenerative Braking System 
for Multiple. Umit Stock”. 


Soarety OF CHEMIOAL INDUSTRY, FINE CHRBMICALS GROTP (at 14 
Belgrave 8 ” London, 8 W.1), at 6.30 p.m.-—Annual General 
Meeting. Dr. C. C. Newman: “Some Aspects of the Development 
Problem in the Pharmaceutical Industry” (Chairman’s Address). 


WOMEN’S ENGUYERRIWG ‘SOCIETY, LONDON BRANCH (at “Ho 
eg 45 Great Peter Street, London, B.W.1), at 7 p.m.—Dr. 
In: “The Liquefaction of Gases”, 


Thursday, April 5—Friday, April 6 


NORTHAMPTON COLLEGE OF ADVANCED TECHNOLOGY (in the Chem- 

raat | Department, St. John’s Street, London, #.C.1}—Symposinum 

‘Some Applications of Methods Used for Determining the Number 
and Bize of Molecules”, 


LINNEAN SOCIETY OF Loxpox (at Burlington Sigel Piccadilly, 
London, W.1), at 9.45 a.m. daily Fe play eo weet on 
“The Growth and Development of the Lower Are — is”. 


Friday, April 6 


NORTH EAST COAST INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
(at Bolbeo Hall, Newcastle upon ne — G, Yellowley: "Recent 
Development in the Gotavorken 


at the Inst:tute of Marine Engineers, 
ne, London, #.C.3), at 6 30 p.m.— 
The Design and Manufacture of Packaged Aur 
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BIOCHEMICAL Soorery (in the Department of Biochemistry, Univer- 
sity College, Gower Street, London, W.C.1), at 10 a.m.—Selentific 
Papors. p.m.—Annual General Business esting. 


ROYAL STATISTICAL Socrmry (at the London School of — 
and Pohtical Science, Houghton Street, London, W.C. 2), at 10 — 
Meeting on ‘Food ‘Supp es and Population Growth”. Princi pal 
Speakers Dr B Benjamin, Dr. R. Passmore, Mr. N. W. Pirie, F. R.S., 
and Prof. Colin Olark, 


INSTITUTION OF ELEOTBIOAL ENGINEERS, MEDICAL ELECTRONICS 
AND Disoussion GROUP (at Savoy Place, London, W.C.2), at 8 p.m. 
—~Disoussion on ‘““Analogues’’. 


SOCIETY OF CHEMICAL INDUSTRY (joint meeting of the LONDON 
SHorTIOW and the HEAVY ORGANIO CHEMICALS Page at 14 Be vè 
squ , London, S.W.1), at 6.30 p.m.—Alr. P. E. Rousseau (South 

Ca): “Organic Chemicals and the Tucker owen Synthesis in 
South Africa“. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned: 

SENIOR LECTURER, LECTURER and ASSISTANT LHCOTURER (Grade 
B) LN MATHEMATICS and in PHysics—The Registrar and Clerk to 
the ao College of Technology, Park Road, Portsmouth 


(A 
—— RESEARCH OFFICER or RESEARCH OFFICHR (with a good 
b ground m mathematics, mathematical statistics and economics, 


together with some indus rience and an interest in the prac- 
tical application of mathematical and statistical models to the solu- 
tion o blems) A? THE CENTRE FOR BUSINESS RESEARCH 


ecision 
to work on —— in applisd decision theory-~Prof. J. Johnston, 
— of Economics, The Univermty, Manchester (April 9). 
EVERHULME RESEARCH FELLOW IN THE DEPARTMENT OF PHYSICS 

-~The Secretary, St. Mary’s Hospital Medical School, Paddington, 
London, W.2 — 10). 

L&VERHULME BVVDRNI onii & k posare donio diploma in chemical 
— or — — éations) IN CHEMICAL ENGINEERING 
— ollege (University of London), Strand, 
London, W.C.2 par ah). 


ASSISTANT LECTURER IN VETERINARY PHYSIOLOGY at the Royal 
(Dick) Bchool of Veterinary Studies—The Seoretary, The University, 
Edinburgh (April 12), 

LECTURER or BENIOR LEOTURER IN THEORETICAL PHysics—The 
Rogistrar and Secretary, ’s College (University of Durham), 
Newoastle upon Tyne 1 (April 14). 

LROFURERS or STANT PE ECTURERS (2) IN THE DEPARTMENT OF 
PURE MATHENATIOS—-The Registrar, University College of Wales, 


Ni ina, with particular — to its —— 
e Univeraty, ee. 
RAKION THOHNICIAN ROHMAN IX THE EPARTMENT OF 
AGRICULTURAL CHmnerTay AND PEDOLOGY, Universality of Khartoum 
o Registrar, Umversity of Khartoum, c/o Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, 
w. we 1 (Apri 18). 

RESHARCH FRLLOW IN BIOCHEMISTRY at the Careri oo 
Ibadan, Nigeria—The Secretary, Inter-University Council for — iege, 
Education verseas, 29 Woburn Square, London, W.C.1 (April 19). 

LECTURERS (2) IN PATHOLOGY at the Royal al Infirmary— Seare- 
eg o of ——— Court, The University, Glasgow (April 21). 

OR LECTURER or LEOTURER IN CHEMISTRY at the University 

a Erpe of Universities of oa 


of cape Town—The Secretary 
Commonwealth (Branch Ofhce), Marlborough House, P 


Britis 


Mall, London, 8.W.1, and the Registrar, University of o Town, 
Privato Bag, Rondebosch, Cape Town, South Afmea (April 22). 
ASSISTANT LECTURER IN PHILOSOPHY—The Registrar, The Univer- 


sity, Keele, Staffs (April 28). 

ASSISTANT IN RESRAROH oih an honours in — physi 
or agriculture, and preferably mterests in animal phys ee is IN 
ANIMAL PHYSIOLOGY—The — , School of Agriculture, The 

ridge (April HR 
LECTURER (with a first- or second degree in blo- 
ohemustry, physiology or zoology, and an interest in research into 
ohemical aspects of reproduction In the fowl} IN THE DEPARTMENT 
OF POULTRY RESRAROH-—~The Secretary, Wye College (Umversity of 
London), near Ashford, Kent. (April 80). 

ASSOCIATE PROFESSOR IN MEDICINE at the Univermty of Sydney, 
Australia—The Secretary, Association of Universities of the 
Commonwealth (Branch Office), Marlborou House, Pall Mall, 
London, 8.W.1 (Australia and London, April 80 

CHAIR OF PHYSIOLOGY AND BIOCHEMISTRY—The Secretary and 

trar, The University, Southampton (April 30). 

ECTURER (either a graduate in pharmacy, or a graduate im solence 
with chemistry, onanie ohemistry or — as a principal 
— IN PHARMACKUTICAL CHEMISTRY—The Registrar, The Univer- 

of Adelaide, Adelaide, § South Austraha (A 30). 

ROTURER OT ASSISTANT LECTURER IN CHEMISTRY at the Univer- 
sity of Singapore—The Secretary, Inter-University Couneil for Higher 

ucation Overseas, 29 Woburn Square, London, W.C.1 (April 30); 

CTURHR or ASSISTANT LECTURER (with a special interest in 
microbiology, bactenology or —— IN THE DEPARTMENTS 
OF BOTANY AND — — niversity College, Single- 
ton Park, Swansea (A 30) 

LECTURER (with a eo or second-class honours degree in — 
or m agniculfural botany, or In a combmation of these subjects) IN 
AGRICULTURSL BoTany-—-The Secretary, North of Scotland Co 
of Agriculture, 414 Union Street, Aberdeen (April 30). 

REswARCH FELLOW (graduate ‘tin biochemistry, with research ex- 
porlence, and interested m the study of phy soley ee aspects of em- 
bryonio mortality in pigs) Iv BIOOHEMISTEY at the School of Agri- 
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culture, Sutton Bonington, near Loughborough—The Registrar, The 
University, Nottingham (Apni 30 80) 

LHOCTUBRHR/SERIOR LEOTURER n AGRONOMY at the University of 
Western Australia-——-The Secretary, Association of Universities of the 
British Commonwealth (Branch Office), — — House, Pall 
Mall, London, 8.W.1 (Australia and London, May 5 

BBNIOR LECTURER or LECTURER IN ELBOTRONIO SIOS IX THR 
DEPARTMENT OF ELEOTRICAL ENGINBERING--The Secretary (Univer- 
“y of 8t. Androwa), Queen's College, Dundee (May 12). 

EOTUERER IN SOPHY at the University of Otago Dunedin, 
New Zealand—The Secretary, Association o Universities of the 
British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, 8.W.1 (New Zealand and London, May 15). 

DEMONSTRATOR (graduate In botany and a research intoresat un 
plans physiology) IN THE DEPARTMENT OF BoTany—Prof. Carr, 

nt of Botany, David Kerr Bullding, The University, 8tran- 
Road, Belfast 9 (May 80). 

NORTH THAMES GAS aan RESEKAROH FRLLOW IN THE DEPART- 
MENT OF CHBNIOAL BNGINERRING AND CHEMICAL TEOHNOLOGY, for 
research into carbonization, gaseous fuels and combustion-——-The 
Registrar, Imperial College of Science and Technology, Prince Consort 
Road, Londen: B.W.7 (July 7). 

ANIMAL HUSBANDRY OFFICERS (male, between 28 and 44, with a 
— in fore Shae or veterinary aclence and axperience im animal 

breeding and fodder pi roduction) in Northern Nigora, 
for the the general development of the liveatock industry—The Director 
of Reoruitment, wet ae of Technical Co-operation, Carlton House 
Terrace, London, 8.W.1, quo RC.213/108/04/C1. 

ASSISTANT LECTURER (graduate, with a recognized qualification 
ın microbiology, and preferably some teaching experience) IN MICRO- 
BIOLOGY IN THE DEPARTMENT OF HEALTH uoaTion—The Clerk 
X — Governing Body, Battersea College of Technology, London, 

CHEMISTRY MABTER, for work up to advanced level—The Head- 
master, School Houso, Rugby. 

EDITORIAL ASSISTANT (preferably with some knowledge of chem- 
istry) in the office of Analytical Abstracts--The Editor, Analylical 
Abstracts, 14 Belgrave Square, London, B. W. 1. 

FOREST MEXSUBATIONISTS (with a degree in forestry and experience 
in mensuration, mathematics or statistica) IX THE DEPARTMENT OF 
FORESTRY, Ottawa-—-Civll Service Commission, Ottawa, Canada, 
reques "Information Circular 62-1455. 

HEAD (with the qualifications, —— and research oxporlenee 
necessary for recognition as a teacher of the Univermty of London) 
OF THE DEPARTMENT O¥ MBETALLURGY—Tho Secretary, Sir John Cass 
College, Jewry Street, London, E.C.8. 

JUNIOR LABORATORY TEROHNICIAN, for histological and research 
work IN THE DEPARTMENT OF ANATOMY—Tho Secretary, King's 
Sees RS (University of London), Strand, London, W.0C.2, AROE 

Tare (with a degree in metallurgy or chemistry) In THE DE- 
PARTMENT OF METALLURGY, to teach chemical metallurgy with par- 
ticular reference to one matenals—Prof. F. D. Richardson, Depart- 
ment of Metallurgy, Impenal College of Science and Techno Ogy, 
Prince Consort Road, Lonaon. B.W.7 

LECTURER (with a "good honours — in mathematics and teach- 
ing, and/or research expertence) IN BIATHEMATIOS—The Principal, 
South-East Essex Technical College, Longbridge Road, Dagenham, 
Esser. 

LECTURER (with a speclal interest in numorical analysis) i19 COM- 
PUTING IN THE DHPARTMENT OF MATHEMATIOS—The Clerk to tho 
Governing Body, Battersea College of Technology, London, 8.W.11. 

PHYSICIST, to teach up to Open Sage tg standard—The Master, 
Marlborough College, Marlborough, W 

PROFESSORS OF APPLIED a: PHYSIOS8, MEOHANIOAL 
ENGINEERING, ELECTRICAL ENGINEERING, and AROHITECTURE AND 
TOWN PLANNING at the Institute of Technology, Haifa, Isragl-— 
Britush Technion Society, 88 Wimpole Street, London, W. 1. 

RESBARCH ASSISTANT (science isla iota Me "for gok with tissue 
oulturs in relation to carclnogenesis—Pro Doni artment 
— Kxpenmental Pathology and Cancer — Sron, of Medicine, 

— ASSISTANT (with an honours degree or equivalent quali- 
fication), to assist in research on subjective bnghtness—Head, Depart- 
ment o "AD lied Physics, Northampton College of Advanced Tech- 
nology, 8t. John Street, London, E.0.1. 

RESEARCH ASSISTANT (with a good honours de or equivalent 
qualifications) IN THE SPACH REskAROH GROUP within the Department 
2 Daa r. T. R. Kauer, Department of Physics, The Univorauty, 

ofie 

SENIOR TECHNICIAN IN THE RADIOTHERAPY DEPARTMENT—~The 
Medical Supermtendent, Western Infirmary, Glasgow, W.1. 


REPORTS and other PUBLICATIONS 


(not tneluded in the monthly Books Supplement) 


Great Britain and Ireland 


Balletin of the — Museum (Natural History). Zoology. Vol. 8, 


No. 3: — n Bpen es of the Genus Eupsophus (Anura Loptodacty- 
ludae). C. Grandison. D. A 1~149 + plates 1-7. (London 
British — (Natural History), 1961.) 25s. {2212 
Ministry of Housing and Local Government. Wear and Tees Rrvers : 
Hydrological Survey, (Hydrometric Areas 24 and 25). Pp. iv+103. 
(London: H.M. Stationery eee 1961) 15s, erate 
n 


General Register Offica trar Goneral’'s Quarter! 
nd Marri 


for England and Wales Buths, ths and ages , ections 
Diseases: Weather: Population Estimates, quarter ended 30th 
September 1. Gy pape Pp. 20. n: H.M. Stationery 
Office, 1961.) 2s 2812 
Sonthern eal Connell for Further Education. Fourteenth 
Annual Repoit, October 1961. Pp. 88. (Reading: Southern onal 
Council for Further Education, 1961.) 2912 
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Transactions of the Royal Soclety of pee VoL LAIV, 
No. 15: Some Ptend Seeds from tone 
Series of Berwickshire. Ibert G. Toe Pe 40 +4 
10s 6d. Vol. LXIYV, o, 19 The Tertlary Pollen Flora of M 
Hon Pe iets Pp io — 
ty of Edinturgh, 196 j2o12 


Ge ae 
tant — 1955-4055. — os Reporta. 
Glaciology. 1: Solid Precipitation and Drift H. Mister. 
IE 5145 plates. 302. ek No. 12 :* Metamo — Coal from the 
ron Mountains. By H. B. Brown arid G. H. Taylor. Pp. 1e nig 
plates. 10s. 6d. net. (London - ns-Antarchic Expedition Commi 
22 Gayfere Street, 8.W.1, 1 (2015 
The Oneness of All Being : : a Plea for‘a Compassionate Way of 
Living. By Ernest Breuer. Pp. 1% (Sherborne: Ernest Breuer 
Bleck House: Halwell, 1961.) {11 
Department of Scientific and Industrial Research. Memoirs of the 
Geological Survey of Great Britain-—England and Wales. ee of 
the Country around Clitheros and N apon, (One-Inch Geological pet 
68, New Series.) | Whiteman. With © w, E. G. Poole, D 
Land and Dr. A. J. Whi th contributions by M, A. Onlver, 
W. H. ©. Ramsbottom and Dr. P. A. Sabine pe — 412 plaice. 
(London: H.M. Stationery Office, 1961.) 45s. {11 


Other Countries- 


Canada: Department of Mines and Technical — Geological 
Survey of Canada. Memo ir No, 812: Whit®horse Area, Yukon 
Pamor, 105D. By J. O. Wheeler. Pp. Mier teera pee Ea OS 

-11 : Sections of some Formations of Lower Creta- 
Group near Pine River. British Columbia. oa 
Pp. hi+-61. 50 cents, Geological Maps—Prelimina 
Series. Map 11-1981 : Pine Pass, British Columbia. 34-1981. 
Surfioial Geology-—Rustico (Hast half). (Ottawa: Queen’s Printer, 


Sheet 


re 


0759, N.W.: Wainl, N.W Date Sheet eo 
N.E. (Georgetown : Geological tar Dagio 1961.) 1 dollar (BW. GW.) 
Metropolitan Life Insurance Company. Statistica] Bulletin vå 42, 
— — 1961): The 1961 Company Award for Safety Ressarch. 
tee ital Utilization {n an Industrial Ares-—Surgical Cases. A Decade 
opulation Growth—White and ——— Factors in Mortality 
from Cerebral Vascular Diseases. PD. 12. (New York: Metropolitan 
Life ie tones Company, 1961.) {1912 
Memories dell’Istituto Itahano di Taroblalogia Dott. Marco de 
Marchi, Vol. XIII. Pp. 222. (Verbama Pallanza: Istituto Italiano di 
Idrobrologia Dott. Marco de Marchi, 1961.) 1912 
Durban Museum Novitates. Vol. 6, Part 10 oe Oton I 1): 
On Some Crabs Trawled Off the Natal Coast. B hn B. Grindley. 
ED. 127-184. 30 cents. VoL 6, Part 11 (81st dtobar — 
———— Status and Relationship of Serinus elirwitpectus 
and Lawson, with Notes on Related Members of the Genus. By 
Michael P. Stuart Irwin. Pp. 185-148. 40 cents. V Vol. 6, Part 12 
31 st October 1961): Notes on Southern and East African bats. B 
d L. Harrison. Pp. 149-152. 25 cents. (Durban : Durban Suseus. 


1901, } (1912 

South African Council for Scientific and Industrial Research. 
1981 ter of — Scientific Research at South African Univer- 
sities. . vi+112, (Pretoria: oon African Council for Scentific 


and Industral Research, 1961 ) R. 1 60, (1912 

Solls Research and Survey Section of the Regional Research Centre, 
Imperial College of Tropical ieulture, Trintdad. Soil and Land-Use 
Surveys No. 13: a aoe 1l and Land Capabilit survey of a 
Cacao Area in Trinidad. G. Havord. atine, 


Pp. vi+66 Division of Entomology. Pp. v+46. Animal Research 
Laboratories. Pp. 128. Division of Land Research and Regional 
Survey. Pp. i+36. —— Investigations Pp. 148. Wool 
Research Laboratories Pp.1+41, Division of Fisheries and Oceano- 
— ay 11+81. Division of Plant Industry. Pp? xl+1694, (Mel- 
Canberra: Commonwealth Secentific and Industrial 

Wasearch’ TENT SN 1961 ) [2012 
Australian Aboriginal Rock Art. By Frederick D. McCaithy. Pp 
18+2 plates. Austrahan Aboriginal Decorative Art. By Frederick D. 
phere Pp. 60+2 plates. (Sydney: The Australian Museum 


(2212 

New Zealand Marine Department: Fisheries Technical Report 
No. 8: Fisheries Research in the East Ca Area. By Miss M. K. 
MeKenme. (Paper — at the Royal Society of New Zealand 
Ninth 8ctence Congress, 1980.) Pp. 9. (Wellington, N.Z.: New Zealand 
Marine Department, 1961 ) 2712 

National Academy of Sciences——National Teg gear de 
AS 3047° The BRadiochemis of Silver. By D. N. Sunderman and 

C. W. Townley. Pp. v+55. n, D.C.: Offices of Technical 
Services, Department of Commerce, 1961.) 75 cents, [2712 
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Heathiway 
Glass Working Lathes 


are known throughout 
the world 
© 5 types available 


© May we send you 
leaflets? 





The new universal model in 
its vertical position 


HEATHWAY MACHINERY CO.LTD. 


UXBRIDGE ROAD, HILLINGDON, MIDDLESEX 
TELEPHONE: UXeRtogn 36345 


Agents in the U.S.A. and France 
Richoux Co. Inc., [1133 Broadway, New York 16, N.Y. 
Mts. L. Richoux, 22 Cité Trévise, Paris 9 


£500 A YEAR TAX FREE 
FOR YOUR FAMILY 


The Equitable offers you a special plan to protect your famtly’s 
future at the lowest possible cost. Should you die within a 
period of 20 years your dependants will receive £500 a year 
tax free for the balance of the period. 

You only pay premiums for 15 years and if you are 29 now 
the cost 1s as little as £18.5.0. a year—about 7/- a week. The 
premiums for larger benefits are in proportion. 

The Equitable offers attractive terms because it has no 
shareholders to take any part of the profits and pays no com- 
mission for the introduction of business. 


THE EQUITABLE 
FOR A BETTER DEAL 


The Eourras.e Life Assurance Society, 

ete" 19, Coleman Street, London, E.C.2 

— ere ce send me full details of the ‘Lacome for Dependant’ 
i i cy 
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POLAROID-LAND 
OSCILLOSCOPE 
RECORDING 
CAMERA 








Model No. P.L 1 


The Shackman P.L. 1 Camera is designed to take advan- 
tage of the Polaroid Land system of photography, 
whereby it is possible to produce crisp permanent prints 
within fifteen seconds without recourse to any solutions 
or the use of a darkroom, the whole of the processing 
being carried out in the camera back itself. 


A comprehensive range of materials enables the user to 
produce high quality permanent records of oscilloscope 
traces. By means of suitable mountings the camera can 
also be used for instrument recording, etc. 


The Polaroid Land camera back incorporated in this 
instrument provides a film area of 4* x 3”. 


The longer axis of this format may be located either 
vertically or horizontally in relation to the C.R.T. In 
addition, the camera body may be slid across the longer 
axis, and can be latched in any of seven positions. This 
enables seven exposures to be made on one frame when 
narrow traces are to be recorded, thus providing con- 
siderable economy in photographic material. An addı- 
tional advantage of this procedure is that the images 
are in close proximity for comparison. 


Write for illustrated leaflet and price list to: 


THE INSTRUMENT DIVISION OF 


D. SHACKMAN & SONS 


CHILTERN WORKS, CHESHAM, BUCKS 
Telephone Chesham 4451/2/3 
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CLASSIFIED ADVERTISEMENTS 


mre cnarged at 12s, for the first Une dnd 
63. per hne thereafter. Lines in capitals or 
comtaining words in capitals 12s, per Hne. 
Semi-dispiayed £4 is per sngie column 
inch. Colour (orange) £15 extra. Is. m 
charged for the redirection of replies to 
advertisements with a box number. 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TG: T G. Scott and Son, 
Limuted, 1 Clement's Inn, Strand, London, 
W.C.2. Telephone’ HOLborn 4743. Tele- 
grams Textualist, Estrand, London. 








APPOINTMENTS VACANT 


AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 


THE JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 


Fellowship in the Department of Medical Chem- 
istry. The successful anplicant wil] work in one 
of the following fields’ (a) quantitative studies 
of the binding of meta) fons in solution by 


supervision of Dr. D. D. Perrin); 
infra-red and Raman spectroscopy 
N-heterocychc, and  tautomertrable 
(under the general supervemon of Dri E. Speer). 
The salary range for Research Fellows 12 £A.1,625 
to £A.2,450, with increments of £A.75 per 
annum; initial salary depends on quaHfications 
and experience, Appointment w for three years, 
with posible extension to a maxunam of five 
years. Superanmuation is on the F.S.S.U. pattern. 
Reasonable travel expenses are paid and Banm- 
ance with housing is provided 

Further particulars and information as to the 
method of application may be obtained from the 
Secretary 


Office), 
ing 


May 31, 1962. 


THE PATENT OFFICE 


* 
* 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 


Pharmaceuticals 
Division 





Virologist or Microbiologist 


A Virologist or Microblologist, preferably not over 
thirty and with research experience Is wanted for 
research concerned In the first instance with the mode 
of action of interferon. The successful candidate will 
work at modern well-equipped laboratorles situated 
in rural Cheshire and will have facilities for close 
collaboration with colleagues of other disciplines, 
e.g., chemists, blochemists and pathologists. Presen- 
tation of all worthwhile discoveries at academic 
meetings and their publication In scientific periodicals 
is encouraged, : 


Enquiries with brief details of qualifications and 
experience to the-: 


Staff Manager, 

Imperial Chemical Industries Limited, 
Pharmaceuticals Division, 

Fulshaw Hall, Wilmslow, Cheshire. 


OFFERS SCIENTISTS 
A CAREER WITH AN 
ASSURED FUTURE 


SALARY 


Starting salary within the seale £793 to 
£1,719 according to e¢xpenence, with ad- 


vances in the scale to £961 after two years 
aod to £1,324 after three to five years for 
those starting below these points, One pro- 
motion only (prospects excellent} raises 
Further prospects up 


maximum to £2,715. 
to £4,415, 


QUALIFICATIONS 


Degree or Diploma of Technology with 
first- or second-class honours in physics, 
chemistry, engineenng or mathematics, or 
equivalent qualificanon, eg, <A-.Inst.P., 
A.R.I.C., or corporate membership of 
LC.E., I.Mech.E., or LEE. Upper age 
lumit 35 as at December 31. 


INTEREST 
The examination of patent specifications 
will maintain your knowledge of scrence 
and technology compktely up-to-date since 
you will be deahng with inventions not yet 
avauabie“to the general pable. 


CONDITIONS 


Location, London Five-day week. 
Annual leave four and a half remg to mx 
weeks with conuderabie freedom as to 
when it is udiized. Posts are permanent 
and pensionable (non-contributory). 


Write or telephone for further informa- 
tron or for a ysn to see the work, 
Principal Examiner (Recruitment B), The 
Patent Office, 25 Southampton Bulkiines, 
London, W.C.2. Telephone Holborn 8721, 
Ext. 3. 





UNIVERSITY OF GLASGOW 


LECTURESHIP OR ASSISTANTSHIP IN 
VETERINARY PHYSIOLOGY 
Applications are invited from veterinary, medi- 
cal or science graduates for a lectureship or an 
assistantship in veterinary physiology. Salary 
scale. £1,050 to £1,850 per annum for Lecturers, 
£800 to £950 per annum for Asamtants Initial 
salary and grade of appomtment according to ex- 
perience and qualificauons, Holders of medical 
qualifications would be appomted on the medical 
scale. FS.S.U. and family allowance benefits. 
The person appomted will be required to take 
zome part m teaching in the Department and will 
be encouraged to carry out research. Facilities 
at the Vetermary Hospital are good for work on 
the domesticated animals includmg the large farm 

anitials, 


Applications (ght copies for the Lecturestup, 
Assistantshi 


three copies for the p), shoukl be 
lodged not later than Apri 21, 1962, with the 
underngned, from whom further particulars may 


be obtained. 
ROBT. T. HUTCHESON, 
Secretary of University Court. 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF CHEMISTRY 
GRADUATE APPOINTMENTS 


$3,100 to $3,700 per annum. Approximately 
35 new Teaching Assstantships with accompany- 
ing summer research appointments are opened 
to qualified students proceeding to advanced de- 
grees, Nine hours per week of laboratory instruc- 
tion required during the academe year (emht 
months). Travel allowance. Available at the 
Edmonton and Calgary Campus. Active 
programmes im analytical, tmorganic, organic, 
physical, and theoreucal chemistry leading to 
MSc or Ph.D. degree, 

Apply to. Professor H. E. Gunning, Depart- 
ment of Chemistry, WUnivermty of, Alberta, 
Edmonton, Afberta, Canada. 


UNIVERSITY COLLEGE OF 


SWANSEA 
OR ASSISTANT 
LECTURESHIP IN DEPARTMENTS OF 
BOTANY AND ZOOLOGY 

Applications are invited for an Assistant Lec 
tureship or Lectureship from candidates with a 
special interest im microbiology, bacteriology or 
protozeoclogy. The appointment wll date from 
October 1, 1962. The person appoloted will be 





attached to whichever of the two Departments -° 


most appropriate. Salary scales’ Lectureships, 
£1,050 to £1,850 per annum. Assistant Lecture- 
ships, £800 to £950 per annum. F.S.S.U. benefits 
and family allowances 

Further paruculargs can be obtained from the 
Regtstrar, Unversity College, Singleton Park, 
Swansea, by whom applications (sxx copies) must 
oc ares not later than Monday, April 30, 





THE WAR O@FICE 
CLOTHING AND EQUIPMENT 
PHYSIOLOGICAL RESEARCH 

ESTABLISHMENT, FARNBOROUGH, HANTS 
requires R 

PRINCIPAL SCIENTIFIC OFFICER (Physicist), 
preferably aged about 35 to 40, to take charge of 
Saentfic Facilities Section covering flelds of wo- 
physics, staustics and materials technology; to 
advise on applied physics and to strmulate re- 
search Into methods used by the Applied Physio- 
jogy and Expermental Prychology Sections. 
Should have örs- or good second-class honoura 
degree in physics, and experience of applied and 
fundamental research. Knowledge of mathematics, 
and interest in staustica, electronics or textile 
physice desirable. Salary, according to qualifica- 
— me experience, within the scale of £1,716 
to : k 

Application forms obtainable from the War 
Office, C.13(A)Q), Room 733, Northumberland 
House, London, W.C.2. 
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Reader or Senior Lecturer 
ELECTRONIC ENGINEERING 


(Research experience with semi-conductors 
or gaseous discharges would be an advan- 
tage.) 


Senior Lecturer 
PHYSICS 


Lecturers 
PHYSICS 
(Two posts) 
PHYSICS 
(Acoustics) 


ELECTRICAL POWER 
ENGINEERING 


MECHANICAL ENGINEERING 
Applied Mathematicians and Physicists will 
be considered. 

FLUID MECHANICS 

Applied Mathematicians and Physicists will 
be considered. 


| 
| 


eader : £2,075 X 75—£2,525 

nior Lecturers : £1,975 X 7§5—{£2,425 

ecturers: £1,050 X 50—-{§1,400 X 75—{I,850 
w% 


bplications, stating age, academic qualifica- 

and experience together with the names 
hree referees should be received not later 
à April 21, 1962 by the Registrar from 


THE UNIVERSITY OF LIVERPOOL 


—— are invited for the following posts, 
tenable from 1 October, 1962: 


Lecturers or Assistant Lecturers 
APPLIED MATHEMATICS 
(Three posts) 
NUMERICAL ANALYSIS 


BOTANY 
(to assist in the development of research 


and teaching of fungal physiology) 


Assistant Lecturers 
ZOOLOGY 
MARINE BIOLOGY 
(at Port Erin, Isle of Man) 
{to specialise in Fisheries Biology) 
GENETICS 


Demonstrators 
PHYSICS 
(Two posts) — 


Research Assistants 
BOTANY 
GENETICS 


Salary Scales 


Assistant Lecturers : £800—{950 
Research Assistants : £675—£725 
Demonstrators : £675-—£725 


Initial salaries according to age, qualifications and experience. 


whom further particulars of the conditions 
of appointment may be obtained. Quoting 
reference No. CV/37/N and stating post 


required. 
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STATISTICIAN 


(Man or Woman) * ) 


Cadbury Brothers Limited of Bournville require a Statistician 
to assist in the development of sampling Inspection, tasting 
procedures and related matters. Candidates, who should be 
under 27 years of age, should have an Honours degree in 
Mathematical Statistics or In Mathematics with Diploma in 
Statistics. Experience of industrial statistics or Blometry 
Is desirable but not essential. 


Applications should be addressed to : 


THE EMPLOYMENT MANAGER, 
CADBURY BROTHERS LIMITED, 


BOURNVILLE, 


-BIRMINGHAM 


British Coal Utilization 
Research Association 


. Toe Brhish Coal UWtilrzation Research Association seeks a Director-General of 


Resea 
Candidates 


n view of the impending retirement of Dr. Townend. 
ust have a wide experience in the direction of the work of a large 


research station and should have high sclentiflc atta:mments. 


A knowledge of the Fuel and Power Industries would be an advantage, and the 
successful candidate would be required to famularize himself with the problems of 


these industries and to formulate programmes of basi and applied research directed 
to ther solution. 


As Director of an Establubment cmploying about 100 graduates he will be 
responsible for the general direction of the whole of the sctentific work of the vanous 
research teams and for organrming the service work to the industrial members of the 


Association. 


The salary will be commensurate with the considerable responsibility of the post 


Apphlcatrons, marked ‘‘ Personal,”’ with details of career and qualifications (and 
naming two referees), should be addressed to the Present, c/o the Secretary, Britsh 


Coal Utsrlizatton Research Association, 
April 30, 1962. 


CITY OF PORTSMOUTH 


COLLEGE OF TECHNOLOGY 


DEPARTMENT OF MATHEMATICS AND 
PHYSICS 


Owing to expansion of the College, applications 
are invited for posts of Senior Lecturer, Lecturer 
and Assistant Lecturer Grade “B” in Mathe- 
matics and in Physics Salary scales Senwr Lec- 
turer, £1,800 to £2,000; Lecturer, £1,600 to 
£1,809; Asustant Lecturer, £770 to £1,350, plus 
allowances for approved qualifications and tram- 


Further information and forms of application, 
to be returned by April 6, 1962, obtainable by 
seming a self-addressed foolscanp envelope to the 
Registrar and Clerk to the Governors, College of 
Technology, Park Road, Portsmouth 


N 


Randalls Road, Leatherhead, Surrey, by 





ETHIOPIA 


HAILE SELASSIE I UNIVERSITY 
ADDIS ABABA 


POSTS IN UNIVERSITY COLLEGE, ADDIS 
ABABA 


Apply Premdent, University College, P O. Box 
399, Addis Ababa, Ethiopia. Lecturers in 
Pharmaceutics, Pharmaceutical Chemistry, In- 
organic Chemistry, Vertebrate Zoology, Microbic- 
logy (plants), Botany, Phymcs, Mathematics, Ac- 
counting, Business Administration, Economigs, 
Soctal Work, Home Economics, Mume, Psycho- 
logy, Anthropology Annual net salary £1,800 to 
£2,143, according to qualifications and experience. 
Somewhat more for ‘candidates qualifying as 


Associate Professor Accommodation and 
passage. ‘ 
al : of 


— 
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KWAME NKRUMAH UNIVERSIT 


OF SCIENCE AND TECHNOLOG 
Í DEPARTMENT OF SCIENCE 
«Head of ent K. C. Whittaker, 

N.A.(Oxoq.), B.Sc.dCLondon) ) 
Applicauiogg are invited from suitably qua 
men or women for the following posts 
(1) Senlor and Lecturer 
ns Chemistry, 
e Preferably with qualifications in Inorgs 
Chemistry or Biochemistry, 
(2) Semor Lecturer and Lecturers 
in Physics 
(3) Senior Lecturer or Lecturer 


in Mathematics. 


QUALIFICATIONS: 4 

The qualifications are a good honours degr 
in the appropriate subject, together with sory 
teaching aod research experience, For the senin 
lectureships, considereble research expenence i 
esacntial. £ 

Appointments are normally for five years a 
may be renewed , one term's notice of resignat 
or termination of an aprmmintment m required ¢ 
either side 

Senior Lecturers are required to take char 
of their respective Divisions under the Head O 
the Department. 

Teaching in all subjects is to general degre 
level, and facilities for research are avaiable, 

SALARY SCALES ARE. 

Ghanaian Lecturer 

£G 925 by £G 50 to £G.1,625 
Ghanaian Semor Lecturer: 

£G.1,586 by £G.60 to £G.1,940 
Expatnate Lecturer (Contract): 

£G.1,386 by £G 66 to £G.1,848 by £G.9 

to £G 2,442, £G.2,508 

Expatnate Semor Lecturer (Contract): 

£G 2,310 by £G.99 to £G.2,805. 

Children’s allowances are paxil m respect. o 
Expatriates up to a maximum of five at the rato 
of £50 per annum ‘per child residem m Gh 
and £100 per annum per each dependent child i 
full-tone educauon overseas up to a maumy 
of 21 years of age. 

The Univermty is folly residential and memba 
of staff are normally housed in pleasant mo 
bungalows on the spacious campus; clima 
living condroons are good, 

Annual leave with three free return pase 
four years m granted to members of staf 
thelr famulies. 

Application forms and further informad 
be obtained from the Assistant Registrar, 
Nkromah University of Sclence and Tech 
29 Tavistock Square, London, WC.1, - 
also be glad to answer any questions ab 
conditions m Ghana Completed a 
forms m triplicate, together with two 
hee ade reach him not later 


UNIVERSITY OF EDINBI 
DEPARTMENT OF PHYSIOL 


Applications are invited for or D 
turer m the above 
should hold an honours degree in pi 
allied subjects. Salary scale: £1,050 
£1,450 bar; £1,600 by £100 to £1,900 
with placement according to qualrficaual 
penence, and with srperannuatuon 
family allowance where applicabie. ~ 
ful candidate will be expected to take 
October 1, 1962, 

Further particulars may be@obtain 
underugned with whom applications 
giving tbe names of two referee 
lodged not later than April 17, 196 

CHAR H. 4 


































facturers of plastics matcriab, have 
the Library of ther Research 
Department at Tyseley, Br ; 
Chem (mak or female) with an 

or A.R.LC., who would when ned 
for thelr Librarian. The posto 
prospects amd candidstes must have 
terest m the literature of pure and a 
a logical mind for its classification 
and the abdity to co-operate with otf 
of the technica’ and sales staff,——A 
search and *Development Manager, 
Limited, Tyseley, Birmingham Ifi gy 
qualifications and expenence. 


a” 


